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The study of the individt~al components of daily actiri V and of their effect In forming the diurnal stereo- 
type of physiolog!caI functions, in particular of motor function, is of considerable importance in the physiology 
of labor and sport. 

A large number of papers have been devoted to the study of the diurnal periodicity of motor activity, In 
relation to nutrition, illumination, temperature, and other factors [1, 2, 3, 4, 6, 8, 9, 12, 14, 15, 16, 18, 19, 20, 21, 
22, 23, and many others]. Relatively few papers [5, 7, 10, 11, 13, 17] have dealt with the formation of the diurnal 
rhythm of motor activity, In connection with muscular activity. But this subject is of particular Importance to 
the stud), of the physiology of work and of physical training. 

In the present paper we have attempted to answer the question of whether the tlme at which work is per- 
formed, and the environmental conditions In which it takes place, are factors affecting formation of diurnal 
periodicity. We applied the conditioned reflex method to the study of this problem. 

EXPERIMENTAL METHOD 

Our experiments were performed on long-eared hedgehogs, which under natural conditions display a pro- 
nounced diurnal rhythm of physiological function. We examined their motor activities, which were recorded by 
means of an actograph. The.animals were placed in a cage, connected through a corrugated tube with a pressure 
capsule (tambour). The lever of the tambour was in contact with the surface of a drum. which rotated once In 
24 hours. In this way, we recorded any oscillations of the cage due to the movements of the animal. 

When under observation, the animals were placed in cages situated In a room in which temperature and Il- 
lumination were kept constant. Each animal regularly performed a given amount of work (running in a treadmill). 
at a fixed time of day, and was only removed from Its cage forthis time. Having become habituated to this 

routine, the animals needed no inducement to enter the wheel. The mere presence of the wheel acted as a stim- 

ulus to active running, 

The animals were fed once daily (always at the same time), and were always given the same food. An in- 
terval of several hours Intervened between feeding and experimental physical work (work was performed in the 

mornings, feeding in the evenings). 

EXPERIMENTAL RESULTS 

A" F ~ 1 7 6  W i t h i n  t he  D i u r n a l  S t e r e o t y p e .  o f  C o n d i t i o n e d  R e f l e x e s  to t he  T i m e  

a n d  P__.___~lace o f  P e r f o r m a n c e  o f  P h y s i c a l  Work 

Our experiments showed that regular performance of physical work at a fixed time of day caused changes 
In the diurnal rhythm of motor activity exhibited by the animals at the beginning of the experiment. Thus, we 
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In response to physical work (Hedgehog No. 3): I) 
training day; experiment of October 20. 1950; II) 

5 6 ? 8 ,9 /0 11 12 training day; expeliment of October 21, 1950; III) 
test day; October 22, 1950. Below: time of day. 

Fig. 1. Formation of a conditioned reflex to 
the time of performance of physical work 
(Hedgehog No. 1). Tracings of motor activity, noticed that after being exercised in the wheel they con- 
The arrows show the t ime of placing the an/-  tinued to run backwards and forwards in their cages for 
ma! in the wheel, and of its removal from it; a certain t ime (Figure 1: I. II. Iit). With continued 
I) experiment of October 26. 1950; H) October repetition of their daily training runs. phases of motor 
27, 1950; Ill) October 28~ 1950; IV) October activity began to appear in the diurnal cycle, preceding 

their transfer to the wheel (Figure 1: IV, Figure 2: I, II); 
3 0 .  1 9 5 0 ;  V ) O c t o b e r  31, 1950. Below: time 
of day. these were of the nature of a conditioned reflex to the 

t ime of performance of physical work. at a fixed hour 
of the day. 

Once these two phases of activity had been formed within the diurnal stereotype - one preceding, and the 
other following, the training run - they could be observed not only on days In which such runs took place, but 
also on days of  rest (Figure 2: III, and Figure 3: I, IlL which is evidence of stabilization of the experimental di- 
urnal stereotype. Thus, new phases of "spontaneous" motor activity had appeared in the diurnal cycle as a result 
of regular performance of physical work at a fixed time of day. 

It Is evident, however, from the recordings, that motor activity was not seen during the period which cor- 
responded with that of the routine training run. But if the animals were taken out of the cages at this time, and 
raised to the wheel, they jumped In, and began to run. It follows that the motor excitation observed while the 
animals are In the wheel may be considered to be a conditioned reflex to the environmental cond!tiom. When 
the animals were left in their cages this reflex was Inhibited. owing to the absence of cendttion~ adequate for 
muscular exertion. 

B. Extinction of Condltlon.,ed Reflexes to the Time,,a,.nd..Placr of Performance of 
Physical Work 

A reconstruction of the stablHzed diurnal stereotype was effected, with the object of extinguishing the ex- 
perlmentally formed reflexes,to the time and place of performance of physical work. For this purpose we dlscon. 
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tint~ed the training r~m~. and shifted the feeding time to anothe~ time of day. All tim other experlme~ltal condi- 
tlom remMt~ed unchauged. 

Ftgure 3 show~ the actogram~ recorded before reconstruction of the stabHlz.ed stereotype, and while this 
was In progress. The t~o upper aetograms (I and tl) show clearly the pha,e~ of motor activity related to the time 
of performance of physical work and appearing at about 9 a.m., before the regular exercise period, and at 10:30- 
I1 a.m., after this period. 

On the second day of conversion (Figure 3: Ill), when the feeding time was moved from 6 p.m. to 12 noon, 
the cor reflex ~cr u~ually seen at 9 a.m., in connection With the training run, persisted, although at 
a slightly different time. On the following day this conditioned reflex acttvity was absent, but on the same day 
we observed the appearance of a newcondlttorved reflex, expressed as motor activity seen between 11 and 12 a.m., 
I.e., at a time connected with the new feeding schedule of the animals (Figure 3: IV). 
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Fig. 3. Extinction of a conditioned reflex to time of per- 
formance of physical work, during the process of conver- 
sion of a diurnal stereotype (Hedgehog No. 2): A - before 
conversion of the diurnal stereotype: I) 21st day after be- 
ginning of training at a fixed time of day (October 15, 
195~); II) 24th day after beginning of training at a fixed 
time of day (October 18, 1950). B) After conversion of the 
diurnal stereotype: III) first day of extinguishing the re- 
flex (October 19, 1950); IV) second day of extinguishing 
the reflex (October 20, 1980); V) third day of extinguishing 
the reflex (October 21, 1950). Below: time of day. 

Discontinuation of the training runs was associated with change In the signal significance of environmental 
stimuli which coincided with this activity. Thus, during the experiments, signal significance was acquired by 
sounds connected with the entry Into the room of the experimenter (footsteps, opening of the door), and with the 
noise made by the rotating wheel. The entry of the experimenter into the room, however quietly this was effected~ 
invariably gave rise to increased motor activity of the hedgehogs. It should be noted that the effect of the morn- 
ing visit of the experimenter was always reinforced by the training run, and of the evening visit by provision of 
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food. Thu~, the experimenter fulfilled the role of a p~:~i~ve stimulating signal, releasi~g motor activity in the 
animal. This wa~ very clearly ~how~ on occasion~ when the animals had con~rived to ope~l the cages, from 
which they e~caped, arid hid ~em~elve~ under ~ny available covet In the corners of the room. As soon as the ex- 
perimenter entered the room, however, they, at once ~bandoned their cover ~nd tan towards him. This behavior 
was the rule before cow, version of the diurnal stereotype. From the moment this wa~ ~chieved, the signal slgntt l-  
cance of auditory' stimuli conr~ected with the entry of the experimenter undervcent change. The e y e i n g  visit 
was no longer ~ c I ~ t e d  ~'itb ~'ovision of food. Training ~n~ no longeffollo~ed the morning vls~t~ of the ex- 
perlmenter. 

The motor act~rtty re~pcr::~:-- o( the  anfma/~s to the presence of the experimenter changed accordingly. It Is 
evident from Figure 3 (III) that on the fir.or day of the changed schedule the arrival of the experimenter In the 
morning, at the time at which the training run used to take place, was associated with the apFearanceof motor 
�9 r However, on thls day the conditioned reflex formed to the time of the training runs was not reinforced 
by a run in the wheel. On. the following :day (Figure 3: IV) extinction of the conditioned reflex was .teen. The 
animal evtnced no motor aetivl W In response to the entr)' of the experimenter. The same applied to the next 
day (Figure 3: V), although the wheel was turned within the room. The cessation of motor acdvlty wa~ found to 
have taken place some hours be(ore the morning visit of the experimenter. 

As feeding time appr0ached (at 12 noon on the new schedule, Instead of at 6 p.m. as previously), the ani- 
mal,  which had until the~ been immobile, got up and moved rapidly around the cage. 

Hence, the absence of motor activity, at those times of the day which, before conversion of the stereotype, 
corresponded with perlod~ of c~::~hioned reflex excitation connected with impending exercise, Is evidence of the 

presence of an active conditioned reflex inhibitory process in the motor analysor. 

Thus, the absence Of physical exercise which had been performed by the animals at a fixed time (training) 
converts this time into a negative signal stimulus. In place of excitation, m~v.ifested as motor activity of the 
animals  at times corresponding with the former training schedule, conditioned reflex inhibition now supervenes. 
External stimuli whose incidence coincided with these times now also acquire the significance of negative sig- 
nals. It Is of special Interest that the influence of the Inhibitory process developing in the diurnal stereotype on 
extinction of the conditioned reflex to t ime of performance of physical wor[: was now also apparent during the 
period preceding that of former excitation. Concentration ofinhibition was only achieved on the fourth day of 
conversion of the diutna! stereotype. Inhibition then applied only to the time of motor activity related, before 

extinction, to the training run. 

Our findings permit the following conclusions. 

Stimulation by meap.s of signals of motor activity of an animal is an Important factor, determining the or- 
ganization of any motor activity in time. The time of performance of physical work, and the environment In 
which it is performed, are components of the process of formation of the diurnal rhythm of motor activity, since 
they represent signals evoking excitation or inhibition of the motor analysor. The positive conditioned reflexes 
to t ime and place of performance of physical work are thus to be included among the causes of apparently "spon- 

taneous" motor activity. 

S U M M A R Y  

The investigations established that the time of accomplishment of muscular work and the environmental 
conditions In which It Is performed are the factors which organize the ?A-hour periodicity of motor activity. 
This Is due to the fact that both the time factor and the environmental conditions are the signals for the appear- 
ante  of excitation and Inhibition In the motor analysor. Formation of positive conditioned reflexes to time and 
environment in which the muscular work Is performed Is one cause of the occurrence of the so-called "spontane- 

ous" motor activity. 
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