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SUMMARY 
The sh o r t - t e r m a c t i v i t y rhythm of the bank v o l e , 

Clethrionomys g l a r e o l u s , was studied i n the l a b o r a t o r y . 
Two methods of study were used: an automatic a c t i v i t y 

m o n i t o r i n g u n i t , which gave a continuous running l e n g t h of 
15m., covered by wire mesh, and a d i r e c t o b s e r v a t i o n study 
which i n v o l v e d watching an i n d i v i d u a l i n an obse r v a t i o n cage. 

I n the automatic a c t i v i t y m o n i t o r i n g u n i t , e i g h t v o l e s 
were used, ( s i x males and two females), one f o r each month 
from January t o August 1967. They were a l l subjected t o 
n a t u r a l daylength, v a r y i n g w i t h season. 

A well-marked f o u r - h o u r l y rhythm was noted. This rhythm 
was removed by the presence of an i n t e r m i t t e n t d i s t u r b a n c e , 
i . e . a c u r r e n t of a i r . The rhythm returned when the d i s ­
turbance was d i s c o n t i n u e d . 

The rhythm was also removed when the uncovered u n i t was 
covered w i t h brown paper s t r i p s t o provide a r t i f i c i a l ground-
cover corresponding t o t h a t found i n the w i l d . 

No d e f i n i t e o v e r a l l c o r r e l a t i o n between a c t i v i t y peaks 
and dusk or dawn were shown. 

The d i r e c t o b s e r v a t i o n study was made u s i n g the v o l e , 
(male), subjected t o 12 hour daylength. The v o l e was observed 
i n red l i g h t d u r i n g the dark p e r i o d . A c t i v i t y p a t t e r n s d u r i n g 
day and n i g h t were s i m i l a r . The i n d i v i d u a l was seldom " i n a c t i v e " 
i . e . asleep o r r e s t i n g , f o r any l e n g t h of time. I t showed 
short periods of a c t i v i t y f o r a few minutes f o l l o w e d by a r e s t 

( 
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p e r i o d . Above-ground, a c t i v i t i e s took up approximately 35^ 

of both day and n i g h t a c t i v i t y . 
I t i s suggested t h a t the d i e l a c t i v i t y p a t t e r n s of 

Clethrionomys g l a r e o l u s may be more l a b i l e and v a r i a b l e than 
has p r e v i o u s l y been considered and t h a t the s h o r t - t e r m rhythm 
of 2 - 4 h o u r l y p e r i o d i c i t y which has been described i n t h i s 
species may be a r e a c t i o n t o abnormal3.y u n i f o r m l a b o r a t o r y 
c o n d i t i o n s , and t h a t i t i s u n l i k e l y t h a t such a. rhythm could 
be maintained i n the w i l d . 
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INTRODUCTION 
This p r o j e c t was o r i g i n a l l y intended t o be a compara­

t i v e study of the a g o n i s t i c behaviour p a t t e r n s of 
Clethrionomys g l a r e o l u s and Apodemus s y l v a t i c u s . These 
species l i v e i n close p r o x i m i t y t o each ot h e r , though the 
former p r e f e r s denser cover. I t was thought p o s s i b l e t h a t 
there might be a g o n i s t i c i n t e r a c t i v i t y between them which 
might a f f e c t the d i s t r i b u t i o n and p o p u l a t i o n d e n s i t i e s of 
the two species. These might be i n the nature of d i r e c t 
a t t a c k s o r a l t e r n a t i v e l y s i g n a l l e d aggression. The 
importance of i n t r a - s p e c i f i c s o c i a l s i g n a l s i n small mammals 
has been w e l l demonstrated by work on l a b o r a t o r y r a t s . 
B a r n e t t (1965) has shown t h a t i n r a t s s o c i a l s t r e s s can 
produce death i n a subordinate animal w i t h no major e x t e r n a l 
i n j u r i e s , where r e t r e a t i s imp o s s i b l e . A. s y l v a t i c u s and 
0. g l a r e o l u s are l i k e l y t o meet f r e q u e n t l y i n the w i l d unless 
there are s p e c i a l l y developed behaviour p a t t e r n s which act 
t o reduce such i n t e r s p e c i f i c c o n t a c t s . I t was hoped t o f i n d 
out what occurred d u r i n g these encounters and whether i n t e r ­
s p e c i f i c s o c i a l s i g n a l s were present. 

Ashby (1967) has shown t h a t A. s y l v a t i c u s does not show 
l a r g e p o p u l a t i o n f l u c t u a t i o n s from year t o year w i t h peaks 
and crash phases w h i l e C. g l a r e o l u s does, behaving i n t h i s 
respect l i k e M i c rotus sp. and Lemmus sp. I t was hoped t o 
discover whether a g o n i s t i c behaviour acts as an i n t r a -
s p e c i f i c density-dependent c o n t r o l of p o p u l a t i o n d e n s i t y i n 
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A. s y l v a t i c u s but not i n C. g l a r e o l u s , u s i n g l e v e l s of 
aggression i n males as the index of aggression. S a d l e i r 
(1965) has shown t h a t an increase i n aggressiveness i n 
deermice (Peromyscus maniculatus) a t the beginning of the 
breeding season normally g r e a t l y l i m i t s the r a t e of increase 
i n p o p u l a t i o n d e n s i t y of the species u n t i l the e a r l y autumn. 

I t was found t h a t l i t t l e work on the a g o n i s t i c behaviour 
of e i t h e r C. g l a r e o l u s or A. s y l v a t i c u s had been pu b l i s h e d . 
Therefore, i t was necessary t o study the range of v a r i a t i o n 
of the behaviour o f i n d i v i d u a l s of the two species i n an 
attempt t o e s t a b l i s h the normal l i m i t s of v a r i a b i l i t y . During 
the i n i t i a l stages of s e t t i n g up t h i s p r o j e c t i t became c l e a r 
t h a t the conclusions drawn from the s t u d i e s of ot h e r authors 
of t r a p p i n g and automatic r e c o r d i n g s t u d i e s on the s h o r t - t e r m 
a c t i v i t y c y c les i n these species d i d not seem t o be borne 
out by personal o b s e r v a t i o n , and i t was decided t o i n v e s t i g a t e 
them f u r t h e r . I n the end t h i s became the t o p i c of i n v e s t i g a ­
t i o n and the o r i g i n a l aims were not pursued beyond a 
reconnaisance study. 

K i l l e r (1955) s t u d i e d the f e e d i n g a c t i v i t y of Apodemus 
and Clethrionomys i n response t o d i f f e r e n t daylengths. He 
noted the amount of a c t i v i t y d u r i n g the d i e l c y c les w i t h 
c o n t r o l l e d daylengths of si x t e e n , t w e l v e and e i g h t hours 
d u r a t i o n r e s p e c t i v e l y . He found t h a t the a c t i v i t y rhythms 
of both species were r e a d i l y m o d i f i a b l e according t o the 
daylength and seemed t o vary i n p a t t e r n as a f u n c t i o n of each 
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species n o c t u r n a l preferences and food h a b i t s . He found t h a t 
the percentage of d i u r n a l a c t i v i t y was g r e a t e s t when daylength 
was 16 h r s . at 51.4'^. Twelve hour daylength gave 33'''° d i u r n a l 
a c t i v i t y and e i g h t hours, 28/o. The amount of a c t i v i t y o u t s i d e 
the nest decreased c o n s i d e r a b l y when food s t o r i n g became p a r t 
of the behaviour p a t t e r n of each species but was otherwise 
approximately constant. A podemus began food s t o r i n g v;hen the 
daylength was reduced from 16 t o 12 h r s . , and Clethrionomys 
when i t was decreased from 12 t o 8 h r s . The corresponding 
re d u c t i o n s i n amount of a c t i v i t y (mean number of a c t i v e 
periods per d i e l c y c l e ) were of the same r e l a t i v e p r o p o r t i o n 
f o r each species. Progressive decreases i n daylength 
produced p a r a l l e l changes i n n o c t u r n a l preference between the 
two species. He suggested t h a t the r o l e of a c t i v i t y rhythms 
i n the community r e l a t i o n s of \podemus and Glethrionomys i s 
a c r i t i c a l one and an important f e a t u r e of any c o m p e t i t i o n 
between them. His r e s u l t s were obtained by u s i n g a l a r g e l y 
automatic r e c o r d i n g system. 

Brown (1956) showed by t r a p p i n g t h a t the above ground 
a c t i v i t y of Apodemus peaked d u r i n g the n i g h t and Clethrionomys 
d u r i n g the day. This a c t i v i t y p a t t e r n would e f f e c t i v e l y 
prevent many meetings between Apod emus and CIethrionomy s 
i n d i v i d u a l s i n the w i l d , though a considerable amount of 
dusk and dawn a c t i v i t y was noted f o r both species. 

I n order t o d i s c o v e r whether meetings d i d occur i n the 
w i l d and what e f f e c t , i f any, they had on the behaviour of 

file:///podemus


each species, the author found i t necessary t o t r y t o watch 
the animals i n the w i l d . An area i n Houghall Wood near 
Durham was se l e c t e d , i t was i n a f a i r l y open oak and "beechwood 
on a slope g i v i n g a good view from the t o p , but c o n t a i n i n g a 
few patches of brambles t o provide cover f o r the animals. 
A f t e r many days and n i g h t s o b s e r v a t i o n , though no encounters 
between Clethrionomys and 'podemus were seen, some d a y l i g h t 
a c t i v i t y by Apodemus wag noted, i . e . coming t o the mouth of 
the burrow and l o o k i n g out then r e t u r n i n g . I n one c^se an 
Apodemus was seen apparently sunbathing i n the area, immediately 
i n f r o n t of the burrow. This behaviour i n a supposedly 
n o c t u r n a l animal was s u r p r i s i n g . CIe t h r i onomy s were also 
observed moving about l a t e a t n i g h t . 

The author began t o suspect t h a t small mammal a c t i v i t y 
p a t t e r n s were,perhaps, more complex and v a r i a b l e than e i t h e r 
M i l l e r ' s o r Brown's r e s u l t s i n d i c a t e d . Also, the experience 
of spending days and n i g h t s i n the same environment as the 
small mammals st u d i e d showed t h a t many random s t i m u l i acted 
on them, which could a f f e c t t h e i r a c t i v i t y rhythms. 

A p a r t i c u l a r aspect of a c t i v i t y reporter; by many observers 
e.g. Davis (1933), H a d f i e l d ( 1 9 4 0 ) , Southern (1954), M i l l e r 
(1955), was the s h o r t - t e r m rhythm of between 2 - 4 h o u r l y 
p e r i o d i c i t y shown by many small rodents, experience i n the 
f i e l d watching Olethrionomys and Apodemus and the changing 
c o n d i t i o n s of t h e i r environment l e d the author t o doubt t h a t 
a rnythm of t h i s k i n d could be maintained i n n a t u r a l c o n d i t i o n s . 



9 

The study by automatic r e c o r d i n g methods while g i v i n g 
u s e f u l data on a c t i v i t y , provides i n f o r m a t i o n on only l i m i t e d 
aspects of the animal's behaviour. The research on a c t i v i t y 
c a r r i e d out by the author u s i n g such devices has t h e r e f o r e 
been supplemented by v i s u a l study of an i n d i v i d u a l ' s t o t a l 
behaviour t o r e v e a l i n p a r t i c u l a r what the animal was doing 
d u r i n g the lo n g periods when, according t o automatic r e c o r d i n g 
data, i t was i n a c t i v e . I n a d d i t i o n , when u s i n g automatic 
r e c o r d i n g the h a b i t a t of the animal being s t u d i e d was made 
as n a t u r a l as po s s i b l e t o avoid the p r o d u c t i o n of a r t e f a c t s 
of behaviour r e s u l t i n g from abnormal environmental c o n d i t i o n s . 

The study was commenced u s i n g C1ethrionomys owing t o i t s 
g r e a t e r d o c i l i t y ^nd t h e r e f o r e ease of h a n d l i n g i n comparison 
w i t h Apodemus. At the beginning of the s t i i d y , the work by 
c ' t . Girons (1960, 1961) was unknown t o the author as was t h a t 
of Stebbins (196b) and Grodzinski (1963), but t h e i r work and 
t h a t of others i s considered i n the Discussion. Had these 
r e s u l t s been known, however, the v a r i a b i l i t y i n small rodent 
behaviour would have been more immediately evident t o the 
author. 

The p e r i o d of study was c u r t a i l e d from t h r e e t o one year 
d u r i n g the course of the work, which made i t impossible t o 
c a r r y out the p a r a l l e l , comparative study w i t h Apodemus which 
had been intended. 
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METHODS 
Automatic M o n i t o r i n g of Movement 

Most l a b o r a t o r y s t u d i e s of small mammal a c t i v i t y u s i n g 
automatic r e c o r d i n g apparatus have been concentrated on 
m o n i t o r i n g the occurrence of f e e d i n g . For example, 
M i l l e r (1955) and otebbins (1971) used separate compartments 
f o r food and n e s t i n g space and monitored the number of 
journeys through the i n t e r v e n i n g door as an index of 
a c t i v i t y . The space allowed each animal has u s u a l l y been 
very small and o p p o r t u n i t i e s f o r a c t i v i t i e s not i n v o l v i n g 
f e e d i n g , such as e x p l o r a t i o n , t e r r i t o r y marking, searching 
f o r food, food storage and s o c i a l i n t e r a c t i o n s , e t c . have been 
r e s t r i c t e d . I t was decided, t h e r e f o r e , t o c o n s t r u c t an 
automatic m o n i t o r i n g u n i t (which w i l l be r e f e r r e d t o as the 
"run") which would g i v e the animal a much l a r g e r area i n 
which t o pursue i t s a c t i v i t i e s , , I n t h i s way i t was hoped 
t h a t the r e s u l t s obtained might be more r e p r e s e n t a t i v e of 
the behaviour of animals i n the w i l d . 

The u n i t was designed t o provide as much space as 
p o s s i b l e w i t h i n the l a b o r a t o r y c o n d i t i o n s a v a i l a b l e . I t 
was c o n s t r u c t e d from m i l d s t e e l t o prevent the animals 
from gnawing t h e i r way out and was designed as a s e l f -
contained semi-portable u n i t t o f a c i l i t a t e t r a n s p o r t from 
one t e s t area t o another. 

The design and measurements of the run were as f o l l o w s : 
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A box was c o n s t r u c t e d 30.5 cm. wide and 4.27 m. l o n g 
and w i t h sides 7.6 cm. h i g h . I t was d i v i d e d l o n g i t u d i n a l l y 
i n t o f o u r lanes each 7.6 cm. wide. I n the c e n t r a l p n r t i t i o n 
there was a gap at one end of the run, and t h e r e was a gap 
i n each of the two l a t e r a l p a r t i t i o n s at the o t h e r end, which 
gave a continuous running l e n g t h of 17.39 m. The food was 
placed at the end of lane f o u r and the nest box at the 
beginning of lane one (see Pig. l a ) . A Rustrak f o u r pen 
continuous t r a c k r e c o r d e r was used t o monitor e n t r y i n t o and 
e x i t from each lane. I n the d e f i n i t i v e design of the r e c o r d i n g 
u n i t , each pen was a c t i v a t e d by a mercury s w i t c h operated by 
a t i p p i n g t r e a d l e which an animal had t o cross on e n t e r i n g 
and l e a v i n g a given l a n e . 

Each switch was "on" when the lane was occupied and 
" o f f " when the lane was vacated. Thus a t r a c e was shown on 
the r e c o r d i n g paper i n d i c a t i n g the times of e n t r y and e x i t 
from each of the f o u r lanes. 

The run as a whole was covered by h i n c h weldmesh h e l d 
i n place by rubber loops t o prevent the animal from escaping. 
The loops were made from \ i n c h square c a t a p u l t rubber and 
p r o t e c t e d underneath by 2 i n c h wide metal s t r i p s t o stop the 
animal gnawing the rubber. The run was p a i n t e d i n s i d e and 
out w i t h b l a c k gloss polyurethane p a i n t f o r ease of c l e a n i n g 
and t o p r o t e c t the m i l d s t e e l from r u s t . The p a i n t l a s t e d 
very s a t i s f a c t o r i l y , being u n a f f e c t e d by prolonged u r i n a t i o n . 
The nest box was provided w i t h bedding m a t e r i a l . Soon a f t e r 
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P i g . l a . Diagram of Automatic A c t i v i t y M o n i t o r i n g U n i t 
(Top View) 

30.7 
cm 

g 

4.27m 

a nest box 
b lane 1 
c lane 2 
d lane 3 
e lane 4 
f perspex t r e a d l e 
g glass tube and b a l l - b e a r i n g 
l i mercury switch 
i water p o i n t 
j g r a i n p o i n t 
k s h i e l d t o prevent v o l e g e t t i n g under t r e a d l e 
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the f i r s t animal was i n t r o d u c e d i n t o the run, i t "became 
obvious t h a t the t e s t animal was not comfortable on the 
hard f l o o r of the run. The animals paws became damaged 
through c o n t i n u a l contact w i t h the s t e e l , so :V an i n c h deep 
sawdust was s c a t t e r e d i n the run. The sawdust prevented such 
damage and als o made i t po s s i b l e t o observe t e r r i t o r y -
marking since u r i n a t i o n on the sawdust produced a y e l l o w i s h 
st.ain which could e a s i l y be seen. 
Design of Treadles and Associated Switches 

A system of p h o t o c e l l s was considered i n i t i a l l y f o r 
t h i s purpose, but i t was decided t h a t not only were they 
n e e d l e s s l y complex, but also t h a t more i n f o r m a t i o n could be 
gained by the use of a mechanical system, which could be 
designed t o switc h e i t h e r on or o f f according t o which 
d i r e c t i o n the animal was moving. I t was then necessary t o 
design a see-saw or t i p p i n g t r e a d l e system which was both 
s e n s i t i v e enough t o react t o the small weight of the animal 
c r o s s i n g i t , and would also remain i:a e i t h e r the up or down 
p o s i t i o n a f t e r the animal had passed. 

Various designs were t r i e d out i n i t i a l l y . The f i r s t 
t r e a d l e s were made of aluminium but problems i n f i x i n g the 
centre s p i n d l e made i t d i f f i c u l t t o make the t r e a d l e s 
balance p r o p e r l y . M i l d s t e e l sheet was then t r i e d : s p i n d l e s 
made of piano wire were easy t o s o l d e r i n t o p o s i t i o n , but the 
t r e a d l e was then p r o h i b i t i v e l y heavy,. This problem was 
overcome by s u b s t i t u t i n g g i n c h perspex f o r the s t e e l sheet. 
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The piano wire s p i n d l e s were heat-melted i n t o the perspex 
and i t was p o s s i b l e t o o b t a i n an exact balance w h i l e at the 
same time the o v e r a l l weight was not excessive. 

A device was then needed which would h o l d the t r e a d l e 
i n e i t h e r the "on" or " o f f " (up or down) p o s i t i o n except 
when the animal crossed i t . The f i r s t device t e s t e d c o n s i s t e d 
of small magnets attached t o each end of the t r e a d l e s . 
Corrosion due t o u r i n a t i o n coupled w i t h the a c t i o n of t h i s 
device being hampered by becoming blocked w i t h sawdust i n the 
t r e a d l e compartment prevented t h i s method p r o v i n g s u c c e s s f u l . 
A second and more successful device t e s t e d was a glass tube 
attached t o the side of each t r e a d l e c o n t a i n i n g a small s t e e l 
b a l l - b e a r i n g and sealed at both ends. The b a l l - b e a r i n g ran 
down the tube when the t r e a d l e t i p p e d and was e f f e c t i v e i n 
h o l d i n g i t i n p o s i t i o n . Various weights of b a l l - b e a r i n g s 
were t r i e d and a s e r i e s a p p r o p r i a t e f o r each, t r e a d l e and each 
animal was determined. 

The f i r s t switches t r i e d were two simple contacts 
placed on the f l o o r of the t r e a d l e compartment, a copper bar 
on the edge of the t r e a d l e completed the c i r c u i t as the 
t r e a d l e f e l l . This system worked w e l l f o r some time but the 
conta c t s e v e n t u a l l y became corroded by a r c i n g and also 
became contaminated w i t h sawdust, faeces and u r i n e . 

E x t e r n a l switches were then devised which used the 
b a l l - b e a r i n g as the c o n t a c t . These worked f o r some time 
but were not r e l i a b l e , due again t o spark c o r r o s i o n . 
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F i n a l l y , mercury switches were t r i e d which were found t o 
he e x c e l l e n t , and operated w i t h o u t breakdown f o r the 
d u r a t i o n of the experiment. This type of s w i t c h uses 
tungsten e l e c t r o d e s and mercury as the c o n t a c t , and work i n 
a vacuum. They were i d e a l since they s w i t c h on and o f f by 
t i p p i n g . 

A f i n a l problem was t o devise a means of p r e v e n t i n g 
the animal c r a w l i n g under the t r e a d l e i n s t e a d of over i t , 
and thus r e v e r s i n g the t r a c e . To do t h i s the animal needed 
e i t h e r t o l i f t the t r e a d l e from the f r o n t or crawl underneath 
from the s i d e . Both were prevented by p l a c i n g guards a t the 
e n t r y and e x i t sides of the t r e a d l e , which f i t t e d t i g h t l y 
a g ainst the sides of the run. 

A l l the systems were designed so t h a t they could be 
e a s i l y removed. This was made necessary, p a r t l y t o ensure 
ease of replacement, but mainly t o permit easy c l e a n i n g . 
The t r e a d l e s q u i c k l y became f o u l e d w i t h u r i n e and faeces as 
the animals used them as t e r r i t o r y marking p o i n t s . 
Automatic M o n i t o r i n g Feeding and D r i n k i n g 

A method of r e c o r d i n g f e e d i n g and d r i n k i n g was devised 
which u t i l i s e d the f a c t t h a t a momentary break i n the 
c i r c u i t from the t r e a d l e t o the recorder would produce a 
s i n g l e l i n e " t i c k " on the t r a c e which recorded the e n t r y 
and e x i t i n t o the run. 

*. small diameter perspex tube was placed at the end of 
lane f o u r i n such a p o s i t i o n t h a t the animal had t o go 
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through i t t o reach the food c o n t a i n e r . The l a t t e r was 
designed t o c a r r y corn and d e l i v e r only one or two g r a i n s at 
a time by means of a simple g r a v i t y feed system w i t h a g r a i n -
sized h o l e . 

\s the animal went through the tube i t stepped on a 
oedal which, when c a r r y i n g i t s f u l l weight, a c t i v a t e d a 
mi c r o - s w i t c h which broke the c u r r e n t t o the pen r e c o r d i n g 
the presence of the animal i n the lane i n which the food 
c o n t a i n e r was placed. Since t h i s occurred as the animal 
entered and l e f t the c o n t a i n e r , the frequency w i t h which 
each animal v i s i t e d the food was given by h a l v i n g the 
number of t i c k s on the t r a c e . V i s i t s t o the water b o t t l e 
were monitored i n the same way i n lane t h r e e . The d r i n k i n g 
tube from the water b o t t l e was i n s e r t e d i n t o the perspex 
tube which also contained a pedal operated m i c r o - s w i t c h . 

D i f f i c u l t y was experienced i n o b t a i n i n g switches which 
were s e n s i t i v e enough t o r e g i s t e r when the animal stepped 
on the pedal. This problem was overcome by counter-
w e i g h t i n g the s w i t c h on the t r i g g e r . The size of the 
counter-weight used was adjusted t o correspond w i t h the 
weight of each animal. At f i r s t the a c t i v a t i n g pedal was 
placed close t o the g r a i n s i l o and the water tube. This 
r e s u l t e d i n the animal s i t t i n g on the pedal when e a t i n g and 
d r i n k i n g , which caused confusion since the r e s u l t i n g t r a c e 
on the record tape s t r o n g l y resembled a short v i s i t t o the 
lane. This problem was overcome by i n c r e a s i n g the distance 
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between the pedal and the tube. Problems al s o arose from 
m a t e r i a l such as bedding and faeces becoming lodged under 
the pedal. 

I n v e s t i g a t i o n of the e f f e c t s of disturbance and cover 
The automatic u n i t described above was i n o p e r a t i o n 

from January t o August 1967. E a r l y t e s t runs showed t h a t 
a q u i t e r e g u l a r f o u r - h o u r l y rhythm i n the degree of a c t i v i t y 
appeared i n i n d i v i d u a l s kept i n the u n i t . I t seemed 
po s s i b l e t h a t t h i s s h o r t - t e r m rhythm was a r t i f i c i a l l y 
produced by the v o l e s r e a c t i n g t o the u n u s u a l l y u n i f o r m 
c o n d i t i o n s i n the u n i t and might be absent i n n a t u r e . I t 
was decided t o t e s t t h i s hypothesis by s i m u l a t i n g some 
aspects of a more n a t u r a l h a b i t a t . 

F i r s t l y , i n the w i l d , v oles must be subjected t o many 
d i f f e r e n t s t i m u l i , most of them i r r e g u l a r i n t h e i r t i m i n g 
sequence. I n order t o give the animals an environment which 
approximated more c l o s e l y t o n a t u r e , a form of disturbance 
was arranged. The s t i m u l u s was a c u r r e n t of a i r s i m u l a t i n g 
a s t r o n g wind which blew f o r two minutes at a time down the 
l e n g t h of the run. This was produced by an e l e c t r i c f a n , 
which, because of i t s age, a l s o s u p p l i e d a c e r t a i n amount of 
noise. This disturbance was g i v e n every t h r e e hours. I t 
was t h e r e f o r e a r e g u l a r s t i m u l u s l a s t i n g f o r two minutes. 
A disturbance at random i n t e r v a l s would have been more n a t u r a l , 
but t h i s could not be arranged w i t h the f a c i l i t i e s a v a i l a b l e 
at the beginning of the s e r i e s of experiments. The t h r e e -
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h o u r l y p e r i o d i c i t y was chosen t o prevent the v o l e from 
r e l a t i n g the p r e - e x i s t i n g f o u r - h o u r l y rhythm t o t h a t of the 
new s t i m u l i . The e f f e c t of i n t r o d u c i n g and subsequently 
removing t h i s form of disturbance was t e s t e d from January 
t o A p r i l 1967 i n c l u s i v e . 

Another aspect of the normal environment of Glethrionomys 
t h a t was not taken account of i n the s t u d i e s on a c t i v i t y by 
previous workers o r i n the i n i t i a l experiments w i t h the 
present run was the s t r o n g preference of a v o l e f o r moving 
under cover. I n f a c t areas of open ground are u s u a l l y 
avoided by t h i s animal while p r o v i d i n g e x c e l l e n t l i v i n g 
space f o r Apodemus s y l v a t i c u s . Trapping i n Houghall Wood 
j u s t o u t s i d e Durham (Ashby 1967) showed t h i s c l e a r l y . The 
bare open run may have been r a t h e r a h o s t i l e environment 
f o r an animal which would n o r m a l l y move under dense ground 
v e g e t a t i o n . 

A c r i t i c a l a p p r a i s a l of the l a y o u t of the run and 
e a r l i e r records was made, coupled w i t h a study of the degree 
of ground cover present i n an area i n Houghall Wood i n which 
the d e n s i t y of C. g l a r e o l u s was h i g h . The percentage cover 
there was estimated u s i n g random quadrats i n each of the 
two 25 metre square t r a p p i n g g r i d s and was estimated t o be 
65$. I t was decided t o place s t r i p s of brown paper over 
p a r t s of each lane so as t o give t h i s degree of cover f o r 
the run as a whole. The o p a c i t y of the brown paper was such 
as t o a l l o w the p e n e t r a t i o n of roughly the same p r o p o r t i o n 
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of the l i g h t f a l l i n g on i t as d i d the leaves of the ground 
v e g e t a t i o n i n the wood. I f time had p e r m i t t e d , t h i s 
experiment would have been elaborated by changing the 
percentage cover as occurs i n na t u r e i n s p r i n g and autumn 
to see the r e s u l t i n g e f f e c t on a c t i v i t y . 

T his experiment began i n May 1967 and ran through t o 
August of t h a t year. Four v o l e s were used i n t h i s s e r i e s 
of experiments. 
P r e p a r a t i o n of Animals f o r t e s t i n g i n the Automatic 
A c t i v i t y M o n i t o r i n g U n i t 

P r e l i m i n a r y t r i a l s showed t h a t considerable i n i t i a l 
d isturbance t o an i n d i v i d u a l ' s a c t i v i t y rhythm occurred on 
i t s removal from the very constant environmental c o n d i t i o n s 
of the animal house t o those of the experimental u n i t i n the 
l a b o r a t o r y . A small cage was prepared i n a quiet corner of the 
l a b o r a t o r y , a.nd the animal t o be i n v e s t i g a t e d wa,s put i n t h i s 
t r a n s i t i o n a l u n i t i n an attempt t o e f f e c t some a c c l i m a t i s a ­
t i o n t o the l a b o r a t o r y c o n d i t i o n s . The l o n g e s t t r a n s i t i o n a l 
p e r i o d necessary was found t o be two weeks before i n t r o ­
d u c t i o n t o the automatic r e c o r d i n g u n i t . This p e r i o d was 
determined by checking r e s u l t s from animals placed i n the 
run immediately on removal from the animal house. 

Most animals d u r i n g the i n i t i a l s e r i e s of p i l o t 
experiments found i t d i f f i c u l t t o operate the t i p p i n g t r e a d l e 
systems. They reacted t o the closed t r e a d l e by t r y i n g t o 
d i g underneath i t or by t r e a t i n g i t as a closed entrance. 



I t t h e r e f o r e "became necessary t o i n t r o d u c e each animal t o 
the t r e a d l e system before p l a c i n g i t i n the run. A t r e a d l e 
w i t h mercury-switch and b a l l - b e a r i n g tube c l o s i n g mech-nism 
was set up i n the a c c l i m a t i s a t i o n cage between the f e e d i n g 
area and the n e s t i n g box. The v o l e was encouraged t o cross 
the t r e a d l e several times t o show the animal t h a t the u n i t 
would t i p under i t s weight. This i n t r o d u c t i o n t o the t r e a d l e 
was also used t o determine the size of the counterweights t o 
be used i n the run. 

Since the run was a much l a r g e r area than the animals 
were used t o i n the standard l a b o r a t o r y cage, i t was 
i n i t i a l l y considered necessary t o give each animal a day t o 
a c c l i m a t i s e t o the run, but i t became c l e a r from direct-
observations t h a t the animals r e q u i r e d only a short time t o 
get used t o the u n i t a f t e r a c c l i m a t i s a t i o n t o l a b o r a t o r y 
c o n d i t i o n s i n general had occurred. There was intens e 
e x p l o r a t o r y a c t i v i t y as i n the sm a l l e r cages o f t e n l a s t i n g 
f o r 5 - 1 0 minutes. This d i d not show very s t r o n g l y on the 
automatic recorder since the minimum d i s c r e t e p e r i o d noted 
on the r e c o r d i n g tape was f i v e minutes. An inten s e bout 
of a c t i v i t y f o r f i f t e e n minutes w i l l show the same t r a c e as 
i f the animal moves through the run three times, once every 
f i v e minutes. The v o l e could make many t r i p s through the 
run i n each f i v e minute p e r i o d and only a s i n g l e record be 
i n d i c a t e d on the tape. The f i v e minute r e c o r d i n g u n i t was 
chosen because of the l a r g e number of records i n v o l v e d , e.g. 
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f o r the whole e i g h t month s e r i e s about 70,000 i n d i v i d u a l f i v e 
minute u n i t s had t o be checked f o r the presence or absence 
of a c t i v i t y . Had a s m a l l e r time i n t e r v a l been chosen, e.g. 
one minute, then computer a n a l y s i s would have probably been 
necessary. The author would l i k e t o emphasise t h a t w h i l e the 
u n i t was running, o t h e r experiments were being undertaken at 
the same time, some of which do not come i n t o t h i s study and 
the tapes were not analysed a f t e r each d i e l c y c l e due t o l a c k 
of time. 

Each animal was i n t r o d u c e d a t twelve midnight t o standard­
i s e the time t h a t each experiment began. The f i r s t experiment 
was begun at t h i s time and i t was considered advisable t o 
continue the same procedure. 
M r e c t Observation of T o t a l A c t i v i t y 

The main requirement was t o make a u n i t i n which the 
animal could be watched w h i l e i t was unaware of the observer's 
presence. A cage measuring 46 x 32 x 32 cm. was co n s t r u c t e d 
c o n s i s t i n g of a wooden box w i t h one side replaced by g l a s s , 
i l l u m i n a t e d from above through a small wire mesh l i d by 
e i t h e r white ( t u n g s t e n ) or red l i g h t . 

A l a r g e expanded poly s t y r e n e box measuring 1.8 x 0.9 x 0.9 
metres was b u i l t t o act as l i g h t - p r o o f c o n t a i n e r t o the cage 
since i t was not p r a c t i c a l t o black cut the whole l a b o r a t o r y . 
The box was open at one end which r e s t e d over-hanging the 
edge of the bench. I t s l o n g a x i s was h o r i z o n t a l , and the 
cage was placed at the closed end. A roughly s e m i - c i r c u l a r 
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s e c t i o n was cut away from the bottom side at the open end 
t o accommodate the upper p a r t of the observer's body. A 
t h i c k , black c u r t a i n was fastened t o the top and sides of 
the open end of the box, l o o s e l y , so t h a t the observer could 
tuck i t round him t o exclude extraneous l i g h t . V e n t i l a t i o n 
holes were cut i n the top of the box and shielded t o prevent 
l i g h t e n t e r i n g . Thus, the observer s a t , w i t h the upper h a l f 
of h i s body i n the box, i n the dark, w i t h the cage i l l u m i n a t e d 
from the i n s i d e . Under these c o n d i t i o n s the observer could 
watch the animal through the glass side of i t s cage w i t h o u t 
being seen by i t . The cage contained sawdust 2.5 cm. deep, 
an exercise wheel, va,rious small branches about 0.5 cm. i n 
diameter and a water p o i n t . Pood was s c a t t e r e d i n the cage 
at random thus p r o v i d i n g the animal w i t h an i n c e n t i v e t o 
c o l l e c t i t t o g e t h e r i n t o a. s t o r e . 

I t was suspected at the beginning of these experiments 
t h a t G. g l a r e o l u s might be p r i m a r i l y n o c t u r n a l i n i t s 
a c t i v i t y . I t was t h e r e f o r e decided "co t r y t o reverse the 
d i e l c y c l e of the animal so t h a t i t would be a c t i v e d u r i n g 
the observer's day. This was done by g i v i n g the animal a 
co n t i n u o u s l y dark p e r i o d of t w e n t y - f o u r hours f o l l o w i n g 
which a l t e r n a t i n g twelve hour l i g h t and twelve hour dark 
periods were begun. The v o l e v/as then l e f t u n d i s t u r b e d f o r 
two weeks t o s e t t l e down t o i t s new l i g h t / d a r k c y c l e . The 
time s w i t c h used was of a simple on/off type, and i t was 
not p o s s i b l e t o i n c o r p o r a t e a dawn and dusk e f f e c t i n the 



d i e l c y c l e . When observations were commenced, the cage was 
i l l u m i n a t e d by red l i g h t d u r i n g the 'dark'' p e r i o d of the 
d i e l c y c l e on the assumption based on observations by 
Cleminson (unpublished) and c'o\ithern (1954, 1964) on the 
fe e d i n g of 0. g l a r e o l u s t h a t v o l e s are i n s e n s i t i v e t o the 
deeper red end of the l i g h t spectrum,, Hence i t was assumed 
t h a t the experimental animal behaved i n red l i g h t as i t d i d 
i n the dark. This made i t p o s s i b l e t o study behaviour over 
the whole of the d i e l c y c l e . 

I n i t i a l l y , observations were hampered by the animal's 
h a b i t of b u i l d i n g an elaborate nest and h i d i n g i n i t f o r 
most of the time. To overcome t h i s problem, a l l the n e s t i n g 
m a t e r i a l was removed and a small b o t t l e approximately 7.6 cm. 
lo n g w i t h a neck of 2.1? cm. diameter was placed i n the cage. 
A small amount of n e s t i n g m a t e r i a l which the v o l e had already 
used, was placed i n the b o t t l e . The vol e then r e a d i l y nested 
i n the b o t t l e close t o the glass f r o n t of the cage and was 
q u i t e easy t o observe w i t h i n i t at close q u a r t e r s from 
outside the cage. The maximum l e n g t h of time t h a t continuous 
o b s e r v a t i o n could be maintained w i t h an adequate degree of 
c o n c e n t r a t i o n was about f i v e hours. Many such periods 
exceeded two hours. 

I t soon became c l e a r t h a t t o t a l a c t i v i t y would have t o 
be analysed i n t o i t s v a r i o u s components t o enable an 
organised w r i t t e n record t o be made. Experience i n watching 
i n d i v i d u a l s i n the u n i t and i n the f i e l d i n d i c a t e d t h a t the 
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d i v i s i o n of a c t i v i t y i n t o the f o l l o w i n g twelve types could 
be observed and recorded competently by the observer u s i n g 
• i w r i t t e n record sheet. 

(a) l e e p 
I n t h i s s t a t e the eyes are shut, the ears are f o l d e d 

down, the whiskers l i e f l a t along the muzzle, and r e s p i r a t i o n 
i s n o t i c e a b l y deeper and slower than normal. The animal i s 
r e s i s t a n t t o d i s t u r b a n c e , responding only t o q u i t e s t r o n g 
s t i m u l i such as l o u d taps on the cage, bangs outside and 
the observer sneezing. 

(b) Doze 
This i s l i g h t sleep w i t h ears e r e c t , whiskers 

r a i s e d , but w i t h r e s p i r a t i o n s t i l l f a i r l y slow and the eyes 
closed. The animal can be awakened q u i c k l y by s l i g h t d i s ­
turbance such as w h i s t l e s , heavy b r e a t h i n g and even the act 
of w r i t i n g w i t h a f o u n t a i n pen. I t was found p r e f e r a b l e t o 
use a b a l l - p o i n t pen when r e c o r d i n g a . c t i v i t y as t h i s seemed 
t o cause the l e a s t d i s t u r b a n c e . When dozing, the vo l e o f t e n 
moves i t s l e g s as i f w a l k i n g and o c c a s i o n a l l y makes grooming 
movements. I t i s tempting t o suggest t h a t d u r i n g sleep l i k e 
t h i s the v o l e may be showing the e q u i v a l e n t t o dreaming, i . e . 
R.E.M. sleep i n man. This may i n d i c a t e t h a t d u r i n g doze the 
animal i s , at times, much more deeply asleep than a t o t h e r s , 
since i n man and o t h e r mammals ±i.E.M. sleep i s marked by a 
l o w e r i n g of s e n s i t i v i t y t o e x t e r n a l s t i m u l i . 



( c ) Resting 
The eyes are open, ears are f o l d e d down (as opposed 

t o erected i n doze), whiskers u s u a l l y h a l f e r e c t , r e s p i r a t i o n 
i s normal. The animal i s i n a c t i v e and u s u a l l y r e s t s i n the 
nest. 

(d) A l e r t 
I n t h i s a t t i t u d e the eyes are wide open and prominent, 

ears and whiskers are f u l l y e r e c t , the animal stands h i g h on 
f r o n t toes, breathes q u i c k l y and s n i f f s . 

(e) Grooming 
This i n c l u d e s washing, r e - a r r a n g i n g f u r and h u n t i n g 

f o r p a r a s i t e s . I t u s u a l l y occurred i n the ne s t , o f t e n 
f o l l o w i n g sleep. The animal tended t o r e t u r n t o the nest 
even f o r short grooming periods. A l l v o l e s were observed t o 
have p a r a s i t e s . Pleas could be seen moving about i n the f u r 
and o c c a s i o n a l l y mites were found attached behind the ears. 
The c h a r a c t e r i s t i c method of h u n t i n g f o r e c t o p a r a s i t e s i s 
t o use both f r o n t paws t o p a r t the f u r i n a shallow V-shape 
and expose the p a r a s i t e . Fleas were not always caught, but 
were always eaten when captured. 

( f ) K e f e c t i o n 
This c o n s i s t s of e a t i n g faeces. I t was seen t o 

occur only i n the nest and u s u a l l y occurred j u s t a f t e r 
waking. The a c t i o n was q u i t e d i s t i n c t from normal 
d e f a e c a t i o n . The faeces were taken d i r e c t l y from the anus, 
chewed and swallowed. They were l i g h t e r i n c o l o u r than 
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normal faeces and seemed s o f t e r . The animal was o c c a s i o n a l l y 
observed t o drop the p e l l e t and p i c k i t up again. 

(g) Defaecation 
The animal, when d e f a e c a t i n g when i n the ne s t , 

removed each p e l l e t of faeces from the anus as i t emerged 
and threw i t forwards away from the nest w i t h a c h a r a c t e r i s t i c 
f l i c k i n g upward movement of the head. The v o l e o f t e n 
defaecated i n t h i s manner outside the nest. 

(h) E x p l o r a t i o n 
Each animal's i n i t i a l e x p l o r a t i o n of a new cage was 

very pronounced and took between twenty t o t h i r t y minutes. 
The animal then g r a d u a l l y began t o s e t t l e down and f o l l o w e d 
well-used routes t o d i f f e r e n t p a r t s of the cage, o f t e n going 
much f u r t h e r than necessary t o reach an o b j e c t i v e . The 
animal p r e f e r r e d t o move close t o the side of the cage under 
the branches provided. The v o l e was i n d i f f e r e n t t o the 
exercise wheel provided perhaps due t o the l a r g e size of 
the cage. 

( i ) D r i n k i n g 
The animal soon learned t o d r i n k from a glass tube 

attached t o a b o t t l e . I t a l s o took condensation from the 
glass o r water d r o p l e t s on the branches. Most of the food 
o f f e r e d was dry, hence d r i n k i n g may have been more pronounced 
than i n the w i l d , 

( j ) E a t i n g 

Food was picked up w i t h the t e e t h , t r a n s f e r r e d t o 
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the f r o n t paws and then chewed. During the whole time of 
obs e r v a t i o n no animal was ever observed t o use i t s fore-paws 
t o p i c k up food and then t r a n s f e r i t t o the mouth f o r 
chewing. 

( k ) U r i n a t i o n 
I t was done i n a t y p i c a l crouching a t t i t u d e , t a i l 

s l i g h t l y r a i s e d , h i n d f e e t a p a r t . I n males marking 
t e r r i t o r i e s , the g e n i t a l r e g i o n was o f t e n rubbed i n the 
area t o be marked. This was als o observed i n the w i l d . 

(1) Nesting 
This a c t i v i t y c o n s i s t s of a r r a n g i n g and c o l l e c t i n g 

n e s t i n g m a t e r i a l . The m a t e r i a l i s c o l l e c t e d i n the mouth 
and c a r r i e d t o the nest where i t i s a.rranged by the animal 
p l a c i n g the m a t e r i a l i n a p i l e , then s i t t i n g on top of the 
p i l e , t u r n i n g round on i t and making a hol l o w . lviore m a t e r i a l 
i s then c o l l e c t e d from around the nest and p u l l e d towards the 
animal. Males make r a t h e r p e r f u n c t o r y n e s t s , o f t e n mere 
scrapes i n the m a t e r i a l . Females make complex ones u s i n g 
coarse m a t e r i a l on the o u t e r l a y e r s w i t h s o f t e r m a t e r i a l , 
e.g. c o t t o n wool, i n the c e n t r e . These o f t e n have a r o o f 
and two or three entrances and are cons t r u c t e d by pregnant 
f e n n l e s . The j u v e n i l e s which are about t o be weaned show 
t y p i c a l n e s t - b u i l d i n g a c t i v i t y , o f t e n adding t o t h e i r 
mothers nest and improving i t . 



KKSULTS 
Automatic A c t i v i t y M o n i t o r i n g U n i t 

Eight v o l e s were used i n these experiments, which 
were d i v i d e d i n t o two s e r i e s each of f o u r months d u r a t i o n . 
I n the f i r s t s e r i e s , l a s t i n g from January t o A p r i l , an 
attempt was made t o disc o v e r the e f f e c t of disturbance on 
any rhythm which may have developed under normal l a b o r a t o r y 
c o n d i t i o n s . Each experiment l a s t e d f o u r weeks. During the 
f i r s t week the animal was l e f t u n d i s t u r b e d and i n each case 
a f o u r - h o u r l y rhythm appeared. 

During the next two weeks of each experiment a t h r e e -
h o u r l y disturbance was used, c o n s i s t i n g of an a i r c u r r e n t 
produced by a f a n as described on Page 17. The stimulus 
was removed d u r i n g the f i n a l week t o see i f the sh o r t - t e r m 
a c t i v i t y rhythm would be r e - i n s t a t e d . Pigs. 1 - 4 show the 
e f f e c t of t h i s disturbance on the short term a c t i v i t y and 
of i t s removal. Pigs. 30 - 33 give the numerical r e s u l t s 
f o r t h i s s e r i e s . 

I n the second s e r i e s of experiments, from May t o August, 
the e f f e c t of the absence and presence of cover was 
i n v e s t i g a t e d u s i n g the technique described on Page 13. During 
the f i r s t two weeks a bare run was used w i t h no cover and 
f i x e d food and water p o i n t s . This gave ample time f o r a 
sho r t - t e r m rhythm t o be developed. During the second two 
weeks the run was provided w i t h 65'^ ground cover by u s i n g 
brown paper s t r i p s as described on Page lb' , and food was 



29 

s c a t t e r e d randomly i n the run t o make f o r a g i n g necessary t o 
l o c a t e i t . Pigs. 5 - 8 show the e f f e c t of p r o v i d i n g cover 
on the s h o r t - t e r m rhythm and F i g s . 34 - 37 give the numerical 
r e s u l t s f o r t h i s s e r i e s . 

F i g . 9 shows the sumraated r e s u l t s f o r both s e r i e s . 
Those f o r a l l the u n d i s t u r b e d weeks have been combined, which 
shows the f o u r - h o u r l y rhythm t o i t s best advantage. The 
weeks concerned are week 1 d u r i n g January t o A p r i l and weeks 
1 and 2 i n May and June. The data f o r weeks 2 and 3 from 
January t o A p r i l have been combined t o show the e f f e c t of 
disturbance. The data f o r weeks 3 and 4 of foay t o August 
have been combined t o show the e f f e c t of cover. 

No .animal was re-used f o r a second experiment. 
Series 1 - E f f e c t of Disturbance 
1. J ANUARY 

The animal used was a male which had been kept f o r two 
months i n constant c o n d i t i o n s i n the animal house. I t was 
then given two weeks t o become used t o the l a b o r a t o r y i n 
the a c c l i m a t i s a t i o n cage and i n t r o d u c e d t o the automatic 
a c t i v i t y r e c o r d i n g u n i t at 12.00 midnight on 1st January. 

( a ) Undisturbed Phase 
The main c h a r a c t e r i s t i c s d u r i n g the f i r s t 24 hours 

were as f o l l o w s : For the f i r s t f i v e minutes, no a c t i v i t y was 
recorded then a l o n g p e r i o d of a c t i v i t y f o l l o w e d which, w i t h 
two i n t e r m i s s i o n s of 20 and 10 minutes r e s p e c t i v e l y , l a s t e d 
u n t i l 1.40 (see Page 141). A c t i v i t y then ceased u n t i l 3*55 



30 

when another session of a c t i v i t y of e i g h t periods of f i v e 
minutes occurred f i n i s h i n g a t 4.35. A c t i v i t y began again a t 
7.25 and l a s t e d u n t i l 9.30. There were two short breaks 
adding up t o s i x f i v e - m i n u t e periods g i v i n g a t o t a l of 
nine t e e n a c t i v e periods between these two times. A c t i v i t y 
next occurred from 11.30 t i l l 12.00 and from 12.10 t i l l 
12.30. During the a f t e r n o o n a c t i v i t y occurred from 13.45 
t o 14.15, 15.00 t o 15.30, 15.45 t o 16.25 and then continued 
w i t h short r e s t periods u n t i l 18.15* The next and f i n a l 
a c t i v i t y p e r i o d of the f i r s t 24 hours began at 20.25 and 
ended at 20.55. An i n d i c a t i o n of a f o u r - h o u r l y rhythm was 
already appearing, as can be seen from the d i e l c y cle diagrams 
i n the appendix (Page. 141 ) . 

The second day commenced w i t h a c t i v i t y from 00.00 t o 
00.20 (see Page 141). F u r t h e r a c t i v i t y periods occurred from 
1.20 t o 1.25, 2.10 t o 3.30 and 4.15 t o 4.45. There was a 
quiescent period u n t i l 7.00 f o l l o w i n g which there was a 
t o t a l of 15 f i v e - m i n u t e a c t i v i t y periods i n the next two 
hours. As on the f i r s t day, the v o l e was again a c t i v e at 
midday, t h i s time f o r a t o t a l of nine f i v e - m i n u t e p e r i o d s , 
but d u r i n g the a f t e r n o o n a c t i v i t y was l e s s i n t e n s e than on 
the f i r s t day, being recorded from 13.00 t o 13.15, 14.40 t o 
15.05, 16.00 t o 16.30 and 17.35 t o 18.05. A r e s t of one and 
a h a l f hours then occurred f o l l o w e d by a c t i v i t y from 19.40 
to 20.20 and then a l o n g r e s t of 3 h r s . 25 mins. u n t i l 23.45 
when t h r e e a c t i v e periods were recorded. 
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On the 3rd January, t o t a l a c t i v i t y increased s l i g h t l y 
from 91 f i v e minute periods on the 2nd t o 102 a c t i v i t y p e r i o d s , 
w i t h a c t i v i t y c e n t r i n g around 3.00 t o 4.00, 8.00 t o 9.30, and 
12.00 t o 13.00. Then th e r e f o l l o w e d a p e r i o d of prolonged 
a c t i v i t y from 14.30 to 21.05 (see Paqel42). A s i m i l a r 
l e n g t h y a c t i v i t y period occurred on the 1 s t . At t h i s t ime, 
the v o l e seemed t o be p r e f e r r i n g t o be a c t i v e d u r i n g the 
evening p e r i o d , but o v e r a l l t h i s can be seen on the graph i n 
Fi g . 1. 

On the 4 t h the f o u r - h o u r l y rhythm can be seen w e l l i n 
the d i e l c y c l e diagram (see Page 142)., a c t i v i t y c e n t r i n g around 
00.00, 4.00 t o 5.00, 7.00 t o 9.00, 11.00 t o 12.45, 16.00 t o 
lb. 0 0 , and 20.00 t o 21.00. There i s s t i l l evidence here of 
more a c t i v i t y i n the evening but t h i s was d i m i n i s h i n g i n 
e x t e n t ; t h e r e were 29 a c t i v e periods on the 4 t h between 16.00 
and 21.00 as compared w i t h 35 periods on the 3rd. 

The 5th and the 6 t h day als o show the s h o r t - t e r m rhythm 
w e l l , suggesting t h a t the animal was becoming w e l l a d j u s t e d 
t o the l a b o r a t o r y environment and the u n i t . The o v e r a l l 
rhythm, can be seen best i n the graph on Pig. 1 which shows 
the percentage of time i n each hour t h a t the animal was 
a c t i v e ( s o l i d l i n e ) f o r 1st t o 7 t h January. Well marked 
peaks at midn i g h t , 4.00, 8.00, 12.00 and 16.00 are present. 
The increased a c t i v i t y of the animal d u r i n g the evening period 
shows the peak at 18.00 h r s . f l a t t e n i n g and extending t o 
17.00. The percentage time a c t i v e also does not f a l l as low 
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d u r i n g the morning. The midnight peak i s also f o l l o w e d by 
h i g h e r percentage a c t i v i t y d u r i n g the trough from 1.00 t o 
3.00 h r s . than the troughs o c c i i r r i n g d u r i n g the day. This 
does show t h a t t h i s v o l e showed a preference f o r dusk and 
n o c t u r n a l a c t i v i t y under the c o n d i t i o n s i n the l a b o r a t o r y a t 
t h a t t i m e . 

(b) D isturbed Phase 
The t h r e e - h o u r l y disturbance was begun on the 7 t h 

of the month, the f i r s t such period, being a p p l i e d a t midnight 
(00.00 h r s ) . No a c t i v i t y occurred u n t i l 1.25, and then nine 
5-minute periods f o l l o w e d d u r i n g the p e r i o d up t o 2.20. No 
f u r t h e r a c t i v i t y then occurred u n t i l 6.10. This represents 
a l a r g e drop i n a c t i v i t y (over 50 :. ) i n comparison w i t h the 
previous undisturbed, morning, e.g. on the 6 t h 20 5-minute 
a c t i v i t y periods were recorded from 00.00 t o 6.00 h r s . The 
f o u r - h o u r l y rhythm i s no l o n g e r evidemt i n the d i e l c y c l e 
diagram f o r 7 t h January (see appendix), a c t i v i t y subsequently 
o c c u r r i n g at 6.10 - 6.20, 7.20 - 7.59, 9.20 - 10.20, 12.00, 
13.15 - 15.20 and 18.20 - 20.00 h r s . No p e r i o d of a c t i v i t y 
exceeded f o u r 5-minute u n i t s and none of them occurred a t the 
times d u r i n g which the stimulus was a.pplied. The t o t a l 
number of 5-minute a c t i v i t y periods on the 7 t h were 40 as 
compared w i t h 78 a c t i v i t y periods on the 6 t h . This i n d i c a t e s 
t h a t the s t i m u l u s s t r o n g l y a f f e c t e d the amount of a c t i v i t y as 
w e l l as i t s d i s t r i b u t i o n over the d i e l c y c l e . 
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On the b t h , 42 5-minute a c t i v i t y periods were recorded 
and these were again grouped i n a manner which showed no 
s h o r t - t e r m rhythm. They centre around 1.00 - 2.00, 5-00, 
7.00 - 9-00 h r s . and then f o u r short periods of a c t i v i t y 
t o t a l l i n g 19 5-minute u n i t s d u r i n g the p e r i o d from 14.00 -
19.00 h r s . At 18.00 h r s . the v o l e was out i n the run when 
the f a n s t a r t e d "blowing. I t stayed i n the run f o r t h r e e 
5-minute u n i t s i n the same lane and then r e t u r n e d t o the 
nest box and d i d not emerge again u n t i l 1.40 on the 9 t h . 
The t o t a l amount of a c t i v i t y per d i e l c ycle began t o increase 
back t o the normal l e v e l on the 9 t h w i t h 57 a c t i v i t y u n i t s 
being recorded on t h a t day. This tendency continued w i t h 
occasional lapses u n t i l the end of the d i s t u r b e d phase. 
Indeed, on the 16th, f o r example, a t o t a l of 74 a c t i v i t y 
periods were recorded. 

The graph of the d i s t u r b e d phase i n F i g . 1 shows a u i t e 
c l e a r l y t h a t the w e l l e s t a b l i s h e d f o u r - h o u r l y rhythm was 
d i s r u p t e d d u r i n g t h i s phase as a whole, although on the 16th 
there were signs of such a p e r i o d i c i t y w i t h a c t i v i t y maxima 
about 24.00, 4.00, 8.00, 12.00, 16.00 and 20.00 h r s . Though 
there seems t o be l i t t l e r h y t h m i c a l a c t i v i t y a t a l l i n t h i s 
s e r i e s , the vole may have been becoming used t o the disturbance 
d u r i n g the l a t e r stages, shown by the r e s u l t s f o r the 16th. 

( c ) Recovery Phase 
On the 19th, the disturbance ceased a t 00.00 h r s . 

The immediate e f f e c t of i t s removal c m be seen by r e f e r r i n g 
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t o the d i e l c ycle diagram f o r t h i s day. There were 80 
5-minute a c t i v i t y periods here, but they show a d i f f e r e n t 
d i s t r i b u t i o n than f o r the 18th. Long periods of i n a c t i v i t y 
occurred between 5.00 and 7.00, 9.00 and 13.00, and 14-.00 
and 16.00 h r s . 

Throughout t h i s week a c t i v i t y g r a d u a l l y increased, e.g. 
on the 25th t h e r e were 82 5-minute a c t i v i t y periods and on 
the 26th 80 5-minute a c t i v i t y p eriods. The f o u r - h o u r l y 
rhythm also began t o re-appear w i t h peaks c e n t r i n g nround 
24.00 - 1.00, 3.00 - 4.00, 7.20 - 10.00, 12.00 - 13.00, 
16.00 - 18.00.and 19-00 - 20.00 h r s . On the graph of 5 time 
a c t i v e i n each hour ( P i g . 1, d o t t e d l i n e ) the f o u r - h o u r l y 
rhythm i s not so d e f i n i t e as i n the u n d i s t u r b e d phase but 
shows d e f i n i t e signs of r e t u r n i n g . The peak a t 4.00 h r s . i s 
s h i f t e d back t o 3.00 h r s . however, a:nd the 12.00 mrt 20.00 
h r s . peaks are r a t h e r low. 

Recording of v o l e 1 was ended on the 29th and a new 
animal introduced t o the u n i t on February 1 s t . 
2. FEBRUARY 

A female was used which proved t o be pregnant although 
the f a c t was not known a t the time of i n t r o d u c t i o n t o the 
run. The elaborate nest b u i l d i n g a c t i v i t y produced by t h i s 
animal towards the end of the experiment l e d t o an i n v e s t i g a ­
t i o n i n t o her c o n d i t i o n , and she subsequently produced a 
l i t t e r . This was most unexpected since, a t t h i s time of year 
females are not u s u a l l y pregnant. 
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On 21st February a. power f a i l u r e t o the recorder due t o 
a f a u l t y connection occurred f o r almost the whole d i e l c y c l e 
making t h i s day1?, tapes useless. 

(a) Undisturbed Phase 
A f t e r two weeks a c c l i m a t i s a t i o n t o the l a b o r a t o r y , 

the v o l e was i n t r o d u c e d t o the run on February 1st at 
midnight (00.00 h r s . ) . I n t h i s i n d i v i d u a l ' s case the primary 
s h o r t - t e r m rhythm of f o u r - h o u r l y d u r a t i o n was not so c l e a r l y 
e s t a b l i s h e d before the d i s t u r b e d periods began as i n the 
case of the i n d i v i d u a l s t e s t e d i n January, March and A p r i l . 
The tapes were not analysed u n t i l the end of the month and 
i t was only then t h a t the e f f e c t of i t s pregnancy was noted. 
On the graioh i n F i g . 2, t h i s can be seen as a s h i f t of 
emphasis i n a c t i v i t y from f o u r - h o u r l y periods, seen i n the 
male d u r i n g the u n d i s t u r b e d phase i n January (see F i g . 2 ) and 
l i k e w i s e i n March and \ p r i l (see Fi g s . 3 - 4 ) , t o a s e r i e s of 
roughly t h r e e - h o u r l y ones and then back t o a f o u r - h o u r l y 
p e r i o d , e.g. a c t i v i t y peaks a t 00.00, 4.00, 7.00 - b.00, 
11.00 - 12.00, 15.00 and 20.00 h r s . g i v i n g a p e r i o d i c i t y of 
4 h r s . , 3 h r s . , 3 h r s . , 3 h r s . , 5 h r s . , ana 4 h r s . The time 
between 15.00 and 20.00 h r s . shows a r e l a t i v e l y h i g h l e v e l 
of c r e p u s c u l a r and n o c t u r n a l a c t i v i t y i n each hour. 

The d i e l c ycle diagrams f o r the u n d i s t u r b e d p e r i o d show 
th-^t the enrohasis on evening a c t i v i t y was not constant f o r 
each day. For example, on the 1 s t , f o u r - h o u r l y p e r i o d i c i t y 
occurred from 00.00 - 1.30 h r s . , 4.00 - 5.00, 7.00 - 8.20, 
and 11.00 - 12.20 h r s . There was then q u i t e extensive 
a c t i v i t y from 14.15 - 20.20 h r s . t o t a l l i n g 35 5-minute p e r i o d s . 

file:///pril


36 

On the 5 t h , however, a f o u r - h o u r l y rhythm i s beginning t o 
appear throughout the 24 hours and from 14.00 - 20.00 h r s . 
only 15 a c t i v i t y periods were recorded. On the 6 t h , 22 
a c t i v i t y periods were recorded d u r i n g the same p a r t of the 
d i e l c y c l e and the t r e n d towards a f o u r - h o u r l y p e r i o d i c i t y 
continued though there was s t i l l no c l e a r minimum a t lb.00 h r s . 

(b) Disturbed Phase 
Disturbance began on the 7 t h and the v o l e showed a 

very c l e a r r e a c t i o n t o t h i s . The number of a c t i v e periods 
dropped t o a mere 28 compared w i t h 70 a c t i v e periods f o r the 
previous 24 hours. 

On the 8 t h the number of a c t i v i t y periods began t o 
increase again t o t a l l i n g 50 on t h a t day and reaching 80 by 
the 13th ( o n l y f o u r d i e l cycles l a t e r ) thus exceeding on t h a t 
day the number f o r the 6 t h , the l a s t u n d i s t u r b e d d i e l c y c l e . 
An i n t e r e s t i n g p a t t e r n of a c t i v i t y periods began t o appear on 
the 17th, they are arranged i n approximately t h r e e - h o u r l y 
groups w i t h the peaks of a c t i v i t y f a l l i n g a t or j u s t before 
the time of the disturbance. On the 19th t h i s i s shown 
p a r t i c u l a r l y w e l l . I t may be t h a t the v o l e was beginning t o 
use the disturbance as a t i m i n g device, but i f the r e s u l t s 
from 17th t o 22nd are grouped t o g e t h e r there i s no d e f i n i t e 
evidence of a t h r e e - h o u r l y rhythm, so these may be i s o l a t e d 
i nstances of r h y t h m i c a l a c t i v i t y . 

i'he graph showing the fo time a c t i v e per hour ( P i g . 2) 
shows t h a t the s h o r t - t e r m rhythm which may have been appearing 
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was removed d u r i n g the d i s t u r b e d phase. One peak stands out 
i n t h i s graph a t 17.00 h r s . , and a s m a l l e r one at 24.00 h r s . 

( c ) Recovery Phase 
On the 23rd the disturbance was d i s c o n t i n u e d . The 

record, suggests t h a t the stimulus may have become an 
expected event i n t h i s p a r t i c u l a r animal's a c t i v i t y p a t t e r n 
since on the 22nd, 87 a c t i v i t y periods were recorded compared 
w i t h 61 on the 23rd. This shows a r e d u c t i o n of 26 a c t i v i t y 
periods i n one d i e l c ycle on removal of the s t i m u l u s . 

°dnce the f o u r - h o u r l y rhythm had not f u l l y developed i n 
the f i r s t p a r t of the experiment, i t was perhaps u n l i k e l y 
t h a t one would be set up f o l l o w i n g the period of d i s t u r b a n c e . 
I t can be seen from F i g . 2 and the d i e l cycles f o r the 23rd 
t o 28th February t h a t i n f a c t no recognisable rhythm re-appeared. 
3. MARCH 

(r-) Undisturbed Phase 
The male used, was introduced, t o the run a t midnight 

(00.00 h r s . ) on the 1 s t of March a f t e r two weeks a c c l i m a t i s a ­
t i o n i n the l a b o r a t o r y . I t showed, a good f o u r - h o u r l y rhythm 
from the 1st t o the 6 t h of the month (see P i g . 3 ) . I"b was a 
d o c i l e animal, and became used t o the run very q u i c k l y . I n 
F i g . 3 the percentage of time t h a t t h i s animal was a c t i v e i n 
each hour of the d i e l c ycle can be seen. The undisturbed 
phase i s shown as a s o l i d l i n e . Peaks a t 4.00, 8.00, 12.00, 
20.00 and 24.00 h r s . are w e l l shorn w i t h a s m a l l e r peak a t 
15.00 - 16.00 h r s . 
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(b) Disturbed Phase 
This phase was begun on March 7 t h . The i n t r o d u c t i o n 

of the t h r e e - h o u r l y stimulus has a marked e f f e c t on s h o r t -
term a c t i v i t y rhythm of the v o l e . The f o u r - h o u r l y rhythm 
broke down (broken l i n e , Pig. 3» Page 44). During t h i s 
phase a c t i v i t y peaked a t 7.00 h r s . w i t h small peaks a t 14.00 
and 19.00 h r s . 

On the 7 t h t o t a l a c t i v i t y dropped from 85 a c t i v i t y 
periods i n the previous d i e l c ycle t o 30 periods (see d i e l 
cycle diagrams). On the 8 t h , a c t i v i t y began t o increase t o 
41 a c t i v i t y periods and on the 9 t h , 47 periods were recorded. 
By the 14th ILarch. the e f f e c t of the stimulus was becoming 
l e s s evident as a c t i v i t y periods reached 71. During t h i s 
d i e l c y c l e the animal was a c t i v e i n every two-hourly p e r i o d 
except between 14.00 and 16.00 h r s . , and 22.00 and 24.00 h r s . 

By the 22nd of the month, the v o l e was a c t i v e f o r 87 
periods, 2 periods more than on the 6th Ikarch, the d i e l 
c y cle before the disturbance began. 

( c ) Recovery Phase 
The t h r e e - h o u r l y disturbance was removed on the 23rd. 

The n o t i c e a b l e drop i n a c t i v i t y from 87 periods on the 22nd 
t o 67 on the 23rd shows t h a t the l a c k of st i m u l u s d i d have an 
e f f e c t . However, the drop i n a c t i v i t y was not as marked as 
i n the January 

A c t i v i t y began t o increase s t e a d i l y reaching 90 periods 
on 27th and the f o u r - h o x i r l y s h o r t - t e r m rhythm began t o re-appear. 
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This can be seen as the d o t t e d l i n e i n P i g . 3. 
4. APRIL 

(a) Undisturbed Phase 
A male w as used as i n January and March. I t was 

i n t r o d u c e d t o the run a t midnight (00.00 h r s . ) on A p r i l 1st 
a f t e r two weeks a c c l i m a t i s a t i o n i n the l a b o r a t o r y as described 
p r e v i o u s l y . The f i r s t weeks r e s u l t s show t h a t a good f o u r -
h o u r l y rhythm had. developed, ( F i g . 4, s o l i d l i n e ) . This 
vole had a h i g h a c t i v i t y l e v e l w i t h 10<j a c t i v i t y T D e r i o d s on 
i t s second d i e l c y c l e i n the run, f o l l o w e d by 103, 95, 96 and 
89 5-rciinute u n i t s f o r the consecutive days. 

(b) Disturbed Phase 
The disturbance began at 00.00 h r s . on the 7 t h . ^ s 

i n the previous experiments the i n i t i a t i o n of the disturbance 
caused a st r o n g change i n the f o u r - h o u r l y rhythm. A c t i v i t y 
dropped from b'9 periods on the 6 t h t o 44 periods on the 7 t h . 
The f o l l o w i n g day, on the 6 t h , t h e r e were two periods of 
a c t i v i t y from 24.00 h r s . on the 7th to 3.00 h r s . t o t a l l i n g 
t e n f i v e - m i n u t e u n i t s . There were s i x a c t i v i t y periods from 
4.45 t o 5.15 h r s . A c t i v i t y was beginning t o increase but not 
u n t i l 18.00 h r s . on the 8 t h was the animal outside the nest 
when the f a n was blowing. The a c t i v i t y p e r i o d concerned 
l a s t e d from 18.00 t o 18.05 h r s . From then on u n t i l 00.20 h r s . 
on the 9 t h the animal stayed i n the nest i n d i c a t i n g perhaps 
t h a t i t had. been f r i g h t e n e d by being caught outside the nest 
d u r i n g the disturbance w i t h no cover, as i n the case of the 
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January animal on the 8 t h January (see Page 144). On the 9 t h 
the s w i t c h c o n t r o l l i n g the f a n did not operate at 09.00 h r s . 
and gave no disturbance at t h a t time, and then f a i l e d t o 
switch o f f the disturbance commencing at 12.00 h r s . which 
ran c o n t i n u o u s l y u n t i l 15.00 h r s . A.s cpn be seen from the 
d i e l c ycle diagram f o r the 9 t h A p r i l . , t h i s caused considerable 
m o d i f i c a t i o n i n a c t i v i t y . There was no a c t i v i t y a t a l l from 
12.00 t o 19.00 h r s . on t h a t day. The readings from 8.00 t o 
10.00 h r s . on t h a t day are not r e l i a b l e since one of the pens 
i n the recorder jammed and i n d i c a t e d a continuous a c t i v i t y . 
The t i m i n g of the disturbances was re-set and. the r e c o r d e r 
repaired a t 18.00 h r s . on the 9 t h . 

On the 10th a c t i v i t y began t o increase again a f t e r the 
strong r e d u c t i o n i n the previous d i e l c y c l e . There was 
considerable a c t i v i t y from 01.30 u n t i l 4.30 h r s . , p o s s i b l y 
i n d i c a t i n g increased f o r a g i n g i n response t o the l a c k of 
a c t i v i t y i n the l a t t e r h a l f of the previous d i e l c y c l e . On 
the 11th the animal seemed t o be a s s o c i a t i n g i t s a c t i v i t i e s 
around the t h r e e - h o u r l y disturbance u n t i l 12.00 h r s . , when 
there was a massive drop i n a c t i v i t y - none being recorded 
u n t i l 19*30 h r s . , and the subsequent a c t i v i t y period con­
s i s t e d of only f i v e 5-minute a c t i v i t y u n i t s . This was the 
only a c t i v i t y recorded between 12.00 and 24.00 h r s . on the 11th. 
On the 12th, the 5-minute a c t i v i t y periods began t o i n c r e a s e ; 
t h i s t r e n d continued f o r the next f i v e days, e.g. on the 14th 
there was a t o t a l of 85 a c t i v i t y p eriods. 
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On the l a t h the number of 5-minute a c t i v i t y periods 
dropped d r a s t i c a l l y t o only 2o - p o s s i b l y i n d i c a t i n g t h a t the 
animal was u n w e l l , although t h e r e may have been an e x t e r n a l 
disturbance which was not recorded. 

( c ) Recovery Phase 
On the i g t h the f a n was d i s c o n t i n u e d and the cy c l e 

diagram shows a considerable change i n a c t i v i t y d i s t r i b u t i o n 
f o r t h a t day; p o s s i b l y i n r e a c t i o n t o t h i s but also t o the 
drop i n a c t i v i t y d u r i n g the l o t h . A l o n g period of e x p l o r a ­
t i o n or f o r a g i n g occurred from 03.05 t o 05.05 h r s . on the 
19th. The drop i n a c t i v i t y which occurred from 05.05 t i l l 
24.00 h r s . on the 19th (compared t o records l i k e 17th, 16th 
et c . ) was continued i n t o the 20th. 

The f o u r - h o u r l y rhythm showed d e f i n i t e signs of 
re-appearance ( d o t t e d l i n e , F i g . 4 ) , but the 20.00 h r s . peak 
d i d not r e t u r n . 
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Series 2 - E f f e c t of I n c r e a s i n g Cover 
This s e r i e s of experiments, c a r r i e d out from May t o 

August i n c l u s i v e , was intended t o determine the e f f e c t s o f 
cover and the need t o search f o r food, on the s h o r t - t e r m 
rhythm. At t h i s stage no attempt was made t o d i f f e r e n t i a t e 
between these two f a c t o r s , f o r example, by s c a t t e r i n g the 
food i n the run w i t h no cover provided, since t h i s was an 
attempt t o make the s i t u a t i o n i n the run approximate more 
c l o s e l y t o n a t u r a l c o n d i t i o n s . 

Four voles were used i n t h i s s e r i e s of experiments, 
one animal f o r each month. Each animal was giv e n two weeks 
(14 days i n May and J u l y and 15 days i n June and August) t o 
a l l o w s h o r t - t e r m rhythms t o become w e l l e s t a b l i s h e d . I n 
June and August an e x t r a day was added t o the uncovered 
phase by mistake. Cover, i n the form of brown paper s t r i p s 
l a i d along the run, was then provided f o r the remaining days 
of each month and food was s c a t t e r e d as randomly as p o s s i b l e 
at i r r e g u l a r i n t e r v a l s i n the uncovered p o r t i o n s of the run. 
1. MAY 

(a) Uncovered Phase 
The f i r s t animal i n t h i s s e r i e s was a male and was 

i n t r o d u c e d t o the run at midnight on 1st May, 1967, a f t e r 
two weeks i n the a c c l i m a t i s a t i o n cage. During the uncovered 
phase a good f o u r - h o u r l y rhythm appeared which can be seen 
w e l l i n P i g . 5 ( s o l i d l i n e ) , and i n the d i e l c y c l e diagrams 
f o r May i n the appendix. 
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(b) Covered Phase 
The run was covered f o r t h i s phase as described i n 

the Methods on Page I B , on the 15th May. The. sh o r t - t e r m 
rhythm began t o break down and e v e n t u a l l y vanished (see 
Pig. 5, d o t t e d l i n e ) . During the f i r s t week of the covered 
phase o v e r a l l a c t i v i t y increased, f o r example, th e r e were 
422 a c t i v i t y periods i n the l a s t week of the uncovered 
phase and 629 a c t i v i t y periods i n the f i r s t week of the 
covered phase. I n f a c t , t h i s v o l e showed a c o n s i s t e n t 
increase i n a c t i v i t y d u r i n g the covered phase, 1,395 
a c t i v i t y periods compared w i t h 922 f o r the uncovered phase. 
The d i f f e r e n c e i s exaggerated since the covered phase l a s t e d 
three d i e l cycles l o n g e r than the uncovered, but i t i s s t i l l 
marked, i . e . t o make up the d i f f e r e n c e i n a c t i v i t y periods 
the v o l e would have had t o have been a c t i v e f o r about 157 
periods each day f o r t h r e e uncovered days. The numeric i l 
r e s u l t s f o r May can be seen i n Pig. 34. 

During the f i r s t week of the covered phase the v o l e 
began t o b u i l d s u b s i d i a r y nests i n the lanes of the run and 
du r i n g the second week i t began to spend a l l i t s time i n 
the run and v i r t u a l l y abandoned the nest box. This made 
i n t e r p r e t a t i o n of the record tapes d i f f i c u l t since p r e v i o u s l y 
the end of an a c t i v i t y p e r i o d could be t r a c e d back t o t r a c k 
1 on the tape as the animal r e t u r n e d t o the nest box. The 
problem was overcome by f r e q u e n t l y checking which lane 
contained the main nest area. This was done as c a r e f u l l y as 
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possible i n order not t o d i s t u r b the v o l e . 
2. JUNE 

(a) Uncovered Phase 
I n June a female was used. This animal was not 

pregnant. I t was i n t r o d u c e d t o the run at midnight on 
June 1st a f t e r two weeks i n the a c c l i m a t i s a t i o n cage. A 
good foui"-hourly rhythm appeared d u r i n g the f i r s t f i f t e e n 
days as can be seen i n P i g . 6 ( s o l i d l i n e ) . The b u i l d up 
of t h i s rhythm can be seen from the c'liel c y c l e diagrams 
f o r June i n the appendix and also from the numerical r e s u l t s 
f o r June ( P i g . 35). For example, on the 1st a c t i v i t y peaked 
at 00.00 h r s . , 3.00 h r s . , 8.00 h r s . , 12.00 h r s . , 16.00 h r s . , 
and 20.00 h r s . During the uncovered phase th e r e was a 
small a d d i t i o n a l a c t i v i t y peak at 10.00 h r s . 

(b) Covered Phase 
As i n the previous experiment d u r i n g t h i s phase, 

the f o u r - h o u r l y rhythm e v e n t u a l l y disappeared (see P i g . 6, 
do t t e d l i n e ) , f o r example, on 16th ( t h e f i r s t covered d i e l 
c y c l e ) , a c t i v i t y peaks were at 00.00 h r s . , 4.00 h r s . , 7.00 
h r s . , 11.00 - 13.00 h r s . , 16.00 h r s . , and 19.00 h r s . By 
the 30th the vole was most a c t i v e at 1.00 h r s . , 5.00 h r s . , 
11.00 h r s . , and 16.00 h r s . (see P i g . 35 and d i e l c ycle 
diagrams), showing no d e f i n i t e r h y t h m i c a l a c t i v i t y . 

During the covered phase o v e r a l l a c t i v i t y increased 
d u r i n g the e a r l y morning <and at mid-day, and was reduced i n 
the a f t e r n o o n , i . e . from 3.00 h r s . t o 6.00 h r s d u r i n g the 
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uncovered phase 187 a c t i v i t y periods were recorded, compared 
w i t h 266 a c t i v i t y periods f o r the same p e r i o d d u r i n g the 
covered phase. At mid-day, from 11.00 h r s . t o 13*00 h r s . , 
the r e were 128 a c t i v i t y periods d u r i n g the uncovered phase 
and 199 d u r i n g the covered phase. Both these sets of f i g u r e s 
show a d e f i n i t e increase i n a c t i v i t y a t these times d u r i n g 
the covered phase. The reason f o r the increase i s d i f f i c u l t 
t o deduce from the evidence a v a i l a b l e . However, i n the 
l a s t two weeks of June, a p e r i o d of hot weather caused the 
o v e r a l l temperature i n the l a b o r a t o r y t o increase d u r i n g the 
aft e r n o o n which may have caused a drop i n the vole's a c t i v i t y 
a t t h i s t ime. 

As i n the f i r s t experiment (May) of t h i s s e r i e s , o v e r a l l 
a c t i v i t y increased i n the covered phase t o 1376 a c t i v i t y 
periods from 1045 i n the uncovered phase. 
3. JULY 

(a) Uncovered Phase 
I n J u l y another male was used. The procedure f o r 

i n t r o d u c t i o n and a c c l i m a t i s a t i o n was the same as described 
i n the previous experiments. During the uncovered phase an 
e x c e l l e n t f o u r - h o u r l y rhythm developed as can be seen from 
Pig. 7 ( s o l i d l i n e ) . I t s development can be seen from 
Pig. 36 and the d i e l c y c l e diagrams f o r J u l y . For example, 
on the 1 s t , a c t i v i t y peaked at 00.00 h r s . , 4.00 h r s . , 10.00 
h r s . , 12.00 h r s . , and 16.00 - 17.00 h r s . By the 14th, the 
l a s t day of the uncovered phase a c t i v i t y peaked at 00.00 h r s . , 



E f f e c t of I n c r e a s i n g Cover on t o t a l amount of a c t i v i t y per clay 

E - Uncovered 
P - Covered 

MAY Pig. 8a 

No 
of 
5 

minute 
a c t i v i t y 
u n i t s <•* 
ner 
day 

E P IS 

t • 

10 i t Jo 

Pay 

JUNE Pig . bb 
10* 

7S 
No S of 

minute 
c t i v i t j i 
u n i t s w" 
per 
day 



O o 
o 

- A 

3 
5 

<- -» 

CO OA 55 
v_n 

o 
CO 4 o (0 H - cn < c + CO CD 

CD o 
CD 

fo P B P-
P-

<-* 

a* a" O s 
a> CD o 03 03 

CD 
ts 4 

" d • H -

rs 03 o CO 
<! C+ 

S» H -
P» c+ 

& P- CD <: 
P< O 

CD CD 
••—. 

CO CD 
CD CD 

O o O p=r 
H ) o CO 

3 P-
o o -— 

c+ \-J> 
c i - t o 

J3" 3 
1 

CD 
CD t—1 

fa­
03 c t ­

s' 

C"3 

H j 

M> 
CD 
O C+-
O 

o o < 
CD 

O 

CO 
3 1 

o 
hi 
c + 
I 

H -
CD 
H 
3 
4 

J3-
13 
% 

tn 
c t -

c f 

4-
4-



' ) 1 

x ~o ovo" 
«— — m ?3 < m 

C O CO 

w 
5 

CD H -
<+ CO 

CD 

£» S» 
c t - c + 

c f r j * 
CD 5 

H * H * 

H * H -

cq 
co p 

Pi p « 

CD a 

Pi P< 
o O 

w 

o 6 
3 

VJ1 
> \ 

o 

p i 

o 
o 
< 

CD 

•3 
o 
< 
H -
P. 
CD 
Pi 
CD 
O o 2 

o 
o 

< 
CD 

CD 
P. 
£ 

c+ 

H -

CO 
H -

c + 

O 

< 
CD 
CD 

;>r 
03 

fa 

0N 

i-*J 
t-+( 
CD 
O 
<r<-

O 

o 
p 

< 
CD 

o 

w 

o 
.4 

<ri-
I 
c+ 
CD 
3 



5 2 £ = o\o O m n » -H > 
53 O in O O 

> -0 

VJ1 

CO 
CD 0? 

4 CD CO 

r-1 fD 

P- O ED SO 

O CD 

o 
0= 

-i 

?3 H CO 
4 
CO 
c + 

cr P. CO £0 
CD 3 

p . 

CD CD 
3 CD CO 

P< CD 

CO 73 3 
p -

o 01 
ct O c i -c t -

i 
CD 

co 

\ 
cf-
! 

03 

* -

* 

/ 



O S o » -4 
JO < 

K3 j O i I 

H 

i oo 
ra 

to CO CO CTs 
CD 

CD 
03 CD 

\ CD 

CD CO 
p i 

\ CD CD CD 

CD 
4 

CO 
3 4 era o 60 

So 0> 
P. 

p i 

CD CD 

P. P> CD JO co CD o l-t) 

Pi o o 3 ct 

CD 
CD 

ct-Ui 

i / 09 



s> 3 
E f f e c t of I n c r e s i n g Cover on t o t a l amount of a c t i v i i JULY T y E uncovered 
«3 Cove re dc i g 0 

7r No. 
of 
5 

minute 
a c t i v i t y 
u n i t s 
per 
day 

E 
F 

I 
7> 

AUGUST 
Pi 6d 

No. 
of 
2 

minute 
c t i v i t y 
u n i t s 
d a y 

E P 

r'\yn 



60 

Summated Results f o r Automatic Recordings 
I n P i g . 9 the summated r e s u l t s of the whole e i g h t 

months' recordings are shown. The s o l i d l i n e shows the 
f o u r - h o u r l y rhythm f o r a l l the e i g h t animals from January 
t o August. The broken l i n e i s the t o t a l of the f o u r 
months' r e c o r d i n g (January t o A p r i l ) showing the e f f e c t of 
the t h r e e - h o u r l y disturbances. The d o t t e d l i n e i s the 
summated r e s u l t s from the covered phases from May t o August. 

Prom Pig. 9 i t can be seen t h a t , w h i l e the f o u r - h o u r l y 
rhythm i s well-marked i n the u n d i s t u r b e d phase i t i s not 
shown a t a l l c l e a r l y i n the d i s t u r b e d phase, although i n 
the l a t t e r s e r i e s t h e r e i s a suggestion of t h r e e peaks a t 
midnight, 7.00 t o 8.00 h r s . , and 17.00 h r s . r e s p e c t i v e l y . 
I t might be suggested t h a t the l a s t two resu3.ts may i n d i c a t e 
a dawn and dusk a c t i v i t y peak d u r i n g the d i s t u r b e d phase, 
but the s h o r t - t e r m rhythm d i d not change with, the photo-
p e r i o d or the time of dawn and dusk. This l a c k of e f f e c t i s 
most i n t e r e s t i n g and w i l l be discussed more f u l l y i n the 
Discussion on Page 115. 

During the d i s t u r b e d phases as shown i n Pigs. 1 - 4 , 
the f o u r - h o u r l y rhythm d i d not appear. However, i n the 
graph of the summated r e s u l t s , P i g . 9, there may be a 
suggestion t h a t i t was damped down r a t h e r than removed 
completely. Co-incident peaks i n F i g . 9 are at 00.00 h r s . , 
7.00 t o 8.00 h r s . , and 16.00 t o 17.00 h r s . , small peaks 
can be seen also at 4.00 h r s . , 11.00 h r s . , and 20.00 h r s . 
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i n the graph of the disturbed, phase. Thus the s h o r t - t e r m 
rhythm may have been mo d i f i e d by the disturbances which 
occurred every t h r e e hours. 

For example, a f t e r the 00.00 h r s . d i s t u r b a n c e , a c t i v i t y 
dropped t o a low p o i n t a t 1.00 h r s . and began t o r i s e a t 
2.00 h r s . The graph i s lowered again at 3.00 h r s . i n 
a s s o c i a t i o n w i t h the di s t u r b a n c e . At 4.00 h r s . a c t i v i t y 
rose a l i t t l e (by 2'fo) but d i d not reach the same l e v e l of 
a c t i v i t y as the 4.00 h r s . peak d u r i n g the u n d i s t u r b e d phase. 
A c t i v i t y continued t o r i s e at 5.00 h r s . and was not a f f e c t e d 
by the 6.00 h r s . disturbance as much as t h a t a t 3.00 h r s . 
Possibly dawn acted as a s t r o n g e r stimulus t o increase 
a c t i v i t y than the dampening e f f e c t of the disturbance. At 
7.00 h r s . a c t i v i t y began t o f a l l again and the drop continued 
at 8.00 h r s . , missing the 8.00 h r s . peak seen i n the 
un d i s t u r b e d pha.se. The 9.00 h r s . disturbance i s associated 
w i t h a drop i n a c t i v i t y . At 10.00 h r s . a c t i v i t y began t o 
increase again and then dropped again at 11.00 h r s . Despite 
the disturbance a t 12.00 h r s . the graph begins t o r i s e 
again, a c t i v i t y increased p o s s i b l y because i t had been 
reduced so much p r e v i o u s l y t h a t the animals were f o r c e d t o 
leave the nest t o feed and d r i n k more o f t e n . A c t i v i t y 
s l o w l y increased between 13.00 and 17.00 h r s . , but the 
16.00 h r s . peak ( e q u i v a l e n t t o t h a t of the u n d i s t u r b e d phase) 
d i d not appear, i t was moved t o 17.00 h r s . , and o v e r a l l 
a c t i v i t y was d e f i n i t e l y lower. A f t e r 17.00 h r s . t h e r e i s 
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another drop i n a c t i v i t y t o 18.00 h r s . where the disturbance 
probably reduced the r i s e i n a c t i v i t y which would have 
occurred i n the u n d i s t u r b e d phase by 5 $ . A c t i v i t y at 
20.00 h r s . was much lower i n the d i s t u r b e d phase by a f a c t o r 
of„17# and began t o drop again. The 21.00 h r s . disturbance 
pushed a c t i v i t y down again and i t reached i t s lowest p o i n t 
a t 23.00 h r s . During 23.00 t o 00.00 h r s . a c t i v i t y increased 
again p o s s i b l y a f e e d i n g response t o the l a c k of a c t i v i t y a t 
20.00 h r s . 

I n a d d i t i o n t o changing the sh o r t - t e r m rhythm, the 
disturbances caused an a c t u a l depression i n the t o t a l 
a c t i v i t y d u r i n g the d i s t u r b e d phase. During t h i s phase the 
animal was only 8 7 . 5 ' as a c t i v e as i n the u n d i s t u r b e d phase. 

I n view of the e f f e c t of the disturbances i t might be 
suggested the r e g u l a r f o u r - h o u r l y rhythm shown i n the 
undisturbed phases was, i n f a c t , a f e e d i n g rhythm which 
showed a "hunting" p e r i o d i c i t y , i . e . the animal was f o r c e d 
out t o feed and d r i n k i n the " h o s t i l e " environment of the 
uncovered run a t r e g u l a r i n t e r v a l s associated w i t h hunger 
and t h i r s t . 

T his i n t e r p r e t a t i o n of the f i r s t s e r i e s of experiments 
i s supported by the r e s u l t s of the second s e r i e s u s i n g a 
covered run. Here the "environment" i n the ruin approximated 
more c l o s e l y t o t h a t found under n a t u r a l c o n d i t i o n s . The 
summated r e s u l t s of the covered phases are shown as the 
d o t t e d l i n e i n Pig. 9. Prom t h i s graph i t can be seen t h a t 
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a c t i v i t y i n the covered run seems t o have been u n i f o r m over 
the whole d i e l c y c l e . O v e r a l l a c t i v i t y v a r i e d by only 8i 
per hour. The h i g h e s t percentage time a c t i v e per hour was 
30$ at 7.00 h r s . w h i l e the lowest was 22$ a t 14.00 h r s . No 
s h o r t - t e r m rhythm i s immediately d i s c e r n i b l e from t h i s 
s e r i e s . 
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D i r e c t Observation Experiments 
I n t h i s s e r i e s , three male v o l e s were used. Two of 

these animals were used only i n i n i t i a l t r i a l s designed t o 
t e s t the apparatus and t o work out the s e r i e s of a c t i v i t i e s 
which would be pos s i b l e f o r a s i n g l e observer t o handle u s i n g 
a w r i t t e n record sheet. The r e s u l t s given are from the t h i r d 
animal which was observed i n l i g h t and dark periods of twelve 
hours d u r a t i o n . 

Each a c t i v i t y was, of n e c e s s i t y , a w i d e l y based one and 
could have been f u r t h e r d i v i d e d i n t o s e v eral aspects. For 
example, grooming could have been d i v i d e d i n t o washing, 
s c r a t c h i n g , f u r a r r a n g i n g and p a r a s i t e c a t c h i n g . I n f a c t , 
the i n a c t i v e phase of r e s t i n g i n the nest was f u r t h e r sub­
d i v i d e d i n t o three separate phases, sleep, doze and r e s t . 
These phases were chosen because they obviously described, 
d i f f e r e n t s t a t e s of r e s t i n g i n a l l three animals. Each 
s t a t e played an important p a r t i n the t o t a l a c t i v i t y and 
showed a s i g n i f i c a n t percentage time spent i n the nest. 

The v o l e was observed i n the l i g h t on nine separate 
occasions making a t o t a l of 21 h r s . 55 minutes o b s e r v a t i o n 
between M-j 4 t h 1967 and May 26th 1967. The animal was 
observed i n the dark a l s o on nine separate occasions f o r a 
t o t a l of 24 h r s . 50.5 minutes between Hay 28th 1967 and 
June 14th 1967. The numerical r e s u l t s f o r t h i s s e r i e s of 
experiments can be seen i n F i g . 38. 
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Length of Continuous periods engaged i n one? a c t i v i t y 
The graphs i n Pigs. 10 - 16 (Pages 71 - 7 7 ) show the 

d i s t r i b u t i o n of the l e n g t h of observed a c t i v i t y periods. The 
modal value f o r the l e n g t h of time t h a t any given a c t i v i t y 
l a s t e d was one t o two minuter, i n a l l cases except sleep and 
doze where a second peak occurred rat s i x minutes. A combined 
graph of these two a c t i v i t i e s i s given i n Pig. 12 . The 
peaks are much f l a t t e r than i n doze or sleep and the h e i g h t 
of the main peak i s much lower which could be an i n d i c a t i o n 
t h a t deep and l i g h t sleep a l t e r n a t e . 

Rest ( F i g . 13 ) has a peak a t one minute and the graph 
shows a small peak a t f o u r minutes. A l e r t , as might be 
expected, i s a. s h o r t - t e r m a c t i v i t y ar..d l a s t e d u s u a l l y f o r 
only one minute, the t a i l of the curve ( F i g . 14 ) i s very 
s h o r t . Grooming also tended t o be a s h o r t - t e r m a c t i v i t y of 
one t o two minutes. Explore u s u a l l y took between one t o two 
minutes, but the animal was i n such a r e s t r i c t e d environment 
t h a t the r e s u l t s cannot r e a l l y be used as an i n d i c a t i o n of 
normal behaviour p a t t e r n s . D r i n k , eat and nest were al s o 
s h o r t - t e r m sequences l a s t i n g between one and two minutes. 

The longest p e r i o d f o r any a c t i v i t y was recorded d u r i n g 
sleep, a period of 10 minutes. The longest periods f o r each 
a c t i v i t y were as f o l l o w s : doze 8 minutes, r e s t 9 minutes, 
a l e r t 4 minutes, groom 6 minutes, explore 3 minutes, eat 
3 minutes and nest 2 minutes. 

D r i n k , u r i n a t i o n , d e f a e c a t i o n and r e f e c t i o n were such 
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short a c t i v i t i e s t h a t l e n g t h s of time f o r them would have 
been measured i n seconds r a t h e r than minutes and were noted 
simply as events, f o r example, the percentage t o t a l time 
spent i n these a c t i v i t i e s were as f o l l o w s : d r i n k 1.21$, 
u r i n a t i o n 1.97', defaecate 2.56 , ;i, and r e f e c t i o n 2.31'. The 
numerical r e s u l t s f o r t h i s s e r i e s of d i r e c t o b s e r v a t i o n 
experiments i s g iven i n P i g . 3<3 . 

A s t a t i s t i c a l treatment of the r e s u l t s of the d i r e c t 
o b s e r v a t i o n experiments i s gi v e n i n the appendix (Page 12d ) 
which s t r o n g l y i n d i c a t e s t h a t the f i g u r e s given above pre 
not due t o chance. Therefore i t would seem v a l i d t o assume 
tha-t C. g l a r e o l u s tends t o show short b u r s t s of a c t i v i t y 
r a t h e r than prolonged oeriods of a c t i v i t y . 

The g r e a t e r p a r t of each period of o b s e r v a t i o n showed 
the vole e i t h e r "sleep or r e s t i n g , no d i f f e r e n c e between 
l i g h t and dark was observed. O v e r a l l percentage breakdown 
of a c t i v i t i e s was as f o l l o w s : 
Ueep sleeo (much slowed r e s p i r a t i o n , v i b r i s s a e 29% 

and ears f l a t ) 
l i g h t sleep (slowed, r e s p i r a t i o n , v i b r i s s a e and 14' 

ears e r e c t ) 
Resting (eyes onen, r e s p i r a t i o n normal) 19' 
A l e r t 10 ' 
Grooming 13"f' 
Feeding, e x p l o r a t i o n 15-' 

I t can be seen from the "bove r e s u l t s t h a t a c t i v i t i e s 



which could be Recorded above ground made up only yd* of the 
t o t a l a c t i v i t y spectrum. 62 * of the t o t a l a c t i v i t y s t u d i e d 
occurred i n the ne s t , e.g. s l e e p i n g and r e s t i n g . Indeed, 
grooming which took up 13 ' of the t o t a l o f t e n occurred i n 
the nest a l s o , thus, the t o t a l percentage of possible above-
ground a c t i v i t i e s may h^ve been lower. 
R e l a t i o n s h i p of A c t i v i t i e s t o one another (Pigs.17 - 28) 

Using the r e s u l t s from d i r e c t o b s e r v a t i o n , i t i s po s s i b l e 
t o produce a p i c t u r e of r e l a t i o n s h i p s between each a c t i v i t y . 
Pigs. 17 - 28 show the percentage frequency t h a t o t h e r 
a c t i v i t i e s f o l l o w e d given a c t i v i t y . I t must be emphasised 
t h a t t h i s data WHS obtained from one animal watched on 18 
separate occasions f o r d i f f e r e n t l e n g t h s of time, i n l i g h t 
and dark from 4 t h May 1967 t o 14th June 1967. The author 
would h e s i t a t e t o suggest t h a t these f i g u r e s pre t y p i c a l f o r 
the species as a whole, but personal o b s e r v a t i o n of s m " l l 
mammal a c t i v i t y by the author supports t h e i r v a l i d i t y . 

A f t e r s l e e p i n g ( P i g . 17), grooming occurred most o f t e n 
f o l l o w e d by a l e r t and doze which were s l i g h t l y l e s s u s u a l . 

A f t e r doze (Pig.18 ) the animal was most l i k e l y t o sleep, 
then e i t h e r °lert or groom f o l l o w e d by r e s t . 

A f t e r r e s t i n g ( P i g . 19 ) , i t might be expected t h a t 
sleep/doze would be the most f r e q u e n t a c t i v i t y . I n f a c t , 
grooming was most fr e q u e n t w i t h a l e r t and. explore f o l l o w i n g 
c l o s e l y i n t h a t order, sleep coming only f o u r t h i n t h e s e r i e s . 

A f t e r a l e r t ( P i g . 20) sleep was most common f o l l o w e d by 
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doze °nd groom. 
A f t e r grooming ( F i g . 21) a c t i v i t i e s were evenly 

d i s t r i b u t e d . A l e r t was most f r e q u e n t by I t . o n l y , f o l l o w e d 
by eat, sleep, doze ?nd r e s t , ^11 ^ t the same frequency. 

A f t e r d e f a l c a t i o n ( F i g . 22) r e f e c t i o n occurred most 
o f t e n w i t h doze, a l e r t , sleep and nest f o l l o w i n g i n t h a t 
order. 

A f t e r explore ( F i g . 2.3) r e s t was most common f o l l o w e d by 
groom, then sleep. 

D r i n k i n g ( F i g . 24) was f o l l o w e d by r e s t , then a l e r t , and 
then doze and groom e q u a l l y . 

A f t e r e a t i n g ( F i g . 25) sleep was most common f o l l o w e d 
by r e s t then a l e r t , groom ^nd explore. 

The p a t t e r n a f t e r u r i n a t i o n ( F i g . 26) was most i n t e r e s t i n g . 
Rest was most fr e n u e n t w i t h sleep a close second. There i s 
then a l a r g e drop t o doze and groom s t ±0%, w h i l e explore 
comes next. 

Nesting ( F i g . 27) was f o l l o w e d by a l e r t , sleep and groom 
on the same frequency, w i t h r e s t , e a t and explore only 2i 
below these. 

As might be expected grooming was the most freq u e n t 
a c t i v i t y a f t e r r e f e c t i o n ( F i g . T6 ) w i t h a l e r t , sleep and 
nest °n equal t h i r d . 
Comparison of Behaviour i n L i g h t and Dark 

I n F i g . 29 the r e l a t i v e t o t a l time spent i n each 
a c t i v i t y i n l i g h t and dark periods i s shown. The numerical 
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r e s u l t s from t h i s experiment can be seen i n P i g . ^ . As can 
be seen from both these f i g u r e s a c t i v i t y i n l i g h t ^nd dark 
seems v i r t u a l l y the same. A s t a t i s t i c a l treatment of these 
r e s u l t s i s given on Page 136 i n the appendix and i n d i c a t e s 
t h a t there i s no s i g n i f i c a n t d i f f e r e n c e between the two 
re s u i t s . 

The times d u r i n g which t h i s v o l e was observed had, t o 
be chosen t o f i t i n w i t h other work which was being under­
taken at the time and, t h e r e f o r e , no attempt could have been 
made t o make r e g u l a r observations. However, the observations 
were arranged, as f a r as was p o s s i b l e , t o cover a l l p a r t s of 
the l i g h t and dark p e r i o d s , at some time. I t i s 
impossible t o r e l a t e these r e s u l t s to dawn and dusk since 
no p r o v i s i o n f o r t h i s e f f e c t was i n c o r o o r a t e d i n the equipment. 
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DISCUSSION 
The r e s u l t s from the Automatic A c t i v i t y Recorder 

described here show t h a t the C. g l ^ r e o l u s used, under 
normal cage c o n d i t i o n s , developed a d e f i n i t e r h y t h m i c a l 
behaviour p a t t e r n of approximately f o u r - h o u r l y p e r i o d i c i t y . 
The occurrence of sh o r t - t e r m r h y t h m i c a l a c t i v i t y has been 
reported p r e v i o u s l y i n many species of sm°ll mammals. 
Crowcroft (1954) demonstrated such rhythms i n Sorex araneus 
and c'orex minutus. "rniong the C r i c e t i d a e , M i l l e r (1955), 
' t . Gdrons (1960, 51) and : t e b b i n s (1965) found t h a t 
01ethrionomys d i d show r h y t h m i c a l behaviour w h i l e .avis 
(I93.5) and H a d f i e l d (1940) demonstrated, the same i n M i c r o t u s . 
":outhern (1954) working on Mus muscuius and Grodzinsky (19&3) 
on Apodemus a g r a r i u s were able t o demonstrate rhythms i n K u r i d s . 

The present s e r i e s of experiments was designed t o 
discover whether the rhythm shown by the t e s t animals i n the 
l a b o r a t o r y w s ^ n a t u r a l response or whether they were 
r e a c t i n g t o abnormally u n i f o r m l a b o r a t o r y c o n d i t i o n ; ] . Having 
e s t a b l i s h e d a w e l l - d e f i n e d f o u r - h o u r l y rhythm i n the 
automatic r e c o r d i n g u n i t (" rhythm b u i l t up over three weeks' 
l a b o r a t o r y a c c l i m a t i n a t i o n ) , the short t h r e e - h o u r l y d i s t u r ­
bance q u i c k l y destroyed i t . 

This would seem t o i n d i c a t e t h - t , i n the w i l d , n a t u r a l 
disturbances would q u i t e e a s i l y remove any short-terra 
p e r i o d i c behaviour. For examole, occurrences l i k e s t r o n g 
winds, presence of predators, he^vy r a i n and f r e e z i n g 
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c o n d i t i o n s must a f f e c t the behaviour p a t t e r n s of small 
mammals. This does not mean t h a t more d e f i n i t e d i u r n a l 
rhythms geared t o dawn and dusk are not present i n the wild, i n 
some species, but i t does i n d i c a t e t h a t s h o r t - t e r m rhythms 
described from l a b o r a t o r y experiments may not appear i n w i l d 
p o p u l a t i o n s . The dawn and dusk a c t i v i t y peaks are w e l l shown 
from t r a p p i n g and. t r a c k i n g r e s i x l t s i n , f o r example, 'Ipodemus 
and Peromyscus, which r a r e l y seem to come above ground d u r i n g 
d a y l i g h t (Brown 1956, outhem 1964, P a l l s 1968). I n the w i l d 
i t seems t h a t Apodemus so. and Peromysous sp. have a d i e t 
r i c h e r i n p r o t e i n and f a t than Glethrionomys and M i c r o t u s , and 
feed h e a v i l y on e.g. i n s e c t s and o t h e r arthropods. I t may then 
be p o s s i b l e f o r species e x p l o i t i n g such a d i e t , f o r example, 
ftlus musculus and Peromyscus maniculatus t o s u r v i v e w i t h o u t 
food d u r i n g the hours of d a y l i g h t ; though t h e r e i s some 
i n d i c a t i o n t h a t '.nodemus burrows of-;en c o n t a i n food, s t o r e s 
(Cleminson, personal communication). Cleminson also demonstrated 
u s i n g time l^pse photography t h a t \podemus d i d not emerge from 
the nest i n the l a b o r a t o r y d u r i n g d a y l i g h t hours ( e i g h t hours 
l i g h t , s i x t e e n hours dark, no dusk or dawn e f f e c t ) , and 
t h e r e f o r e showed, no s h o r t - t e r m rhythm associated, w i t h f e e d i n g . 

He presumes t h a t any e a t i n g d u r i n g d a y l i g h t must be 
l i m i t e d , t o r e f e c t i o n since the i n d i v i d u a l s studied, did. not 
s t o r e food i n the n est, ne d i d have v i s u a l (photographic) 
evidence of r e f e c t i o n , but could not separate t h i s from 
grooming. I n 01ethrionomys, d u r i n g the d i r e c t o b s e r v a t i o n 
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experiments, the auth o r was able t o observe r e f e c t i o n c l o s e l y 
and i t has since been noted i n a breeding colony of Apodemus 
obtained from the South of France. I n the past, i t has been 
noted t h a t o t h e r species may, as an ab n o r m a l i t y , p r a c t i c e 
coprophagy i n c a p t i v i t y , f o r example g o r i l l a s and chimpanzees. 
However, a growing amount of evidence i s appearing which 
i n d i c a t e s t h a t not only r a b b i t s (Kulwiek, Roman , S t r a g l i a 
and Pearson, 1953) but many rodents depend on r e f e c t i o n t o 
provide v i t a m i n s . Sharkey (1971) compared the e f f e c t of 
f e e d i n g r a b b i t s and guinea pigs ( b o t h prevented from r e f e c t i n g ) 
on f r e s h l u c e r n e . The r a b b i t s s u r v i v e d i n d e f i n i t e l y but the 
guinea pigs survived f o r short periods o n l y . E a r l i e r 
experiments by Hi n t z (1969) showed t h a t the p r e v e n t i o n of 
r e f e c t i o n i n guinea pigs decreased the apparent d i g e s t i b i l i t y 
of dry m t t e r , organic matter, crude p r o t e i n , e t h e r e x t r a c t 
and a c i d detergent f i b e r when these rodents were f e d on 
a l f a l f a meal or a s e m i - p u r i f i e d d i e t . Faeces from semi-
p u r i f i e d d i e t animals were analysed f o r e i g h t minerals u s i n g 
mass spectroscopy and showed an increase of minerals i n 
faeces compared w i t h anima,ls allowed t o p r a c t i c e coprophagy. 
Hintz t h e r e f o r e suggests t h a t r e f e c t i o n i s important i n the 
u t i l i s i n g of n u t r i e n t s by rodents and should be considered i n 
any d i g e s t i o n t r i a l . S t i l l i n g s and Hackler (1966) s t u d i e d the 
e f f e c t of r e f e c t i o n on p r o t e i n u t i l i s a t i o n i n the l a b o r a t o r y 
r a t . I n a. metabolic study i n which male weanling r a t s 
consumed 5 g. d a i l y of d i e t s c o n t a i n i n g 10% p r o t e i n , the 
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p r e v e n t i o n of r e f e c t i o n decreased n i t r o g e n a b s o r p t i o n and 
increased u r i n a r y n i t r o g e n e x c r e t i o n and metabolic f a e c a l 
n i t r o g e n . I n a growth study i n which r a t s were given d i e t s 
c o n t a i n i n g 10% p r o t e i n w i t h no r e s t r i c t i o n on amount of food 
provided, p r e v e n t i o n of r e f e c t i o n gave lower p r o t e i n 
e f f i c i e n c y r a t i o s and weight gains, but h:.d l i t t l e e f f e c t on 
food i n t a k e . 

I t seems, t h e r e f o r e , t h a t r e f e c t i o n i n Olethrionomys 
may be present under n a t u r a l c o n d i t i o n s , but more d e t a i l e d 
work needs t o be c a r r i e d out on r e f e c t i o n i n small mammal 
species. For species l i k e Clethrionomys w i t h t h e i r b ulky 
d i e t of f o l i a g e , b e r r i e s , e t c . , i t may be necessary f o r them 
to forage more o f t e n than Apodemus and r e f e c t i o n may play a 
smaller p a r t i n t h e i r d i e t a r y requirements. 

I n the f i r s t s e r i e s of experiments, from January t o 
A p r i l , the uncovered run may have been a r a t h e r " h o s t i l e " 
environment f o r the v o l e s and the f o u r - h o u r l y rhythm could 
have been a r e g u l a r f e e d i n g a c t i v i t y d i s r u p t e d by a st r o n g 
stimulus as mentioned i n the summated r e s u l t s s e c t i o n (Page b 2 ) . 
When the run was covered t o 'approximate more c l o s e l y t o 
n a t u r a l c o n d i t i o n s and g r a i n was s c a t t e r e d randomly i n the 
run t o produce the need f o r f o r a g i n g as the v o l e would have 
had t o do i n the w i l d , then the rhythm broke down. Soon the 
animal began t o s t o r e food and ceased t o use the run merely 
as c o r r i d o r s between nest and food boxes,indeed, a f t e r a few 
days, s u b s i d i a r y nests were b u i l t i n the c o r r i d o r s near t o 
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some of the food s t o r e s . Both sets of experiments would seem 
to i n d i c a t e t h a t s h o r t - t e r m r h y t h m i c a l a c t i v i t y may be unusual 
i n the w i l d . The need t o c o l l e c t and stor e food, make nests 
and become i n v o l v e d i n s o c i a l i n t e r a c t i o n s means t h a t the 
animal w i l l respond t o many non-rhythmical s t i m u l i d u r i n g the 
d i e l c y c l e . 

A f a i l i n g of most a c t i v i t y r e c o r d i n g apparatus i s t h a t 
i t seldom records a n y t h i n g but f e e d i n g or o c c a s i o n a l l y 
movement (Ashby 1972). For example, what were the v o l e s doing 
when they were " i n a c t i v e " according to the automatic recording? 
There are many aspects of the l i f e of small mammals which can 
only be s t u d i e d by v i s u a l o b s e r v a t i o n over a prolonged p e r i o d 
or by very s o p h i s t i c a t e d equipment l i n k e d t o a computer t o 
analyse the data.. The second s e r i e s of experiments u s i n g 
d i r e c t o b s e r v a t i o n showed t h a t the v o l e s t u d i e d was seldom 
" i n a c t i v e " , though i t may not have been a c t i v e l y moving about 
the cage. This f a c t could not ha.ve been more than guessed 
at except by d i r e c t o b s e r v a t i o n . The techniques used i n the 
d i r e c t o b s e r v a t i o n experiments were s i m i l a r i n p r i n c i p l e t o 
those used by Orowcroft (1966) t o study s o c i a l i n t e r a c t i o n s 
i n the house mouse. A percentage breakdown of a c t i v i t i e s 
has been given i n the r e s u l t s s e c t i o n . About 60% of every 
d i e l c y c l e was spent immobile and asleep and r e s t i n g and 35% 
of the t o t a l was spent i n a c t i v i t i e s which could have e i t h e r 
been seen above ground o r deduced by t r a p p i n g . The v o l e 
s t u d i e d i n these d i r e c t o b s e r v a t i o n experiments was i n a 
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r e s t r i c t e d environment compared w i t h t h a t found i n the "run" 
.and i n the w i l d . The cage was s m a l l , food was r e a d i l y 
a v a i l a b l e and t h e r e was no need f o r prolonged e x p l o r a t i o n s 
or f o r a g i n g a c t i v i t y , hence r e s t i n g (eyes open, r e s p i r a t i o n 
normal) may not be as important i n the v / i l d . A f a i r 
p r o p o r t i o n of the 19% t o t a l f o r t h i s a c t i v i t y should be 
perhaps t r a n s f e r r e d t o f e e d i n g / e x p l o r a t i o n under n a t u r a l 
c o n d i t i o n s . I t must be emphasised t h a t , though the v o l e i s 
i n i t s burrow or n e s t , i t i s not n e c e s s a r i l y i n a c t i v e , and 
a l s o t h a t doze/sleep which i s the only p e r i o d of time of 
i n a c t i v i t y r a r e l y occupies as much as f i f t e e n minutes 
c o n s e c u t i v e l y . I t i s r a r e f o r any o t h e r a c t i v i t y t o l a s t 
more than f i v e minutes c o n t i n u o u s l y . One minute i s the modal 
p e r i o d shown i n the observed a c t i v i t y graphs. 

The c o n d i t i o n of the f u r i n small mammals i s v i t a l t o 
t h e i r h e a l t h , hence the ±yf° of the time spent i n grooming. 
I n species l i k e Clethrionomys which spend l e n g t h y periods 
underground i n damp burrows and forage e x t e n s i v e l y i n l e a f -
l i t t e r , e t c . , the f u r could r a p i d l y become d i r t y and matted 
w i t h e a r t h and vegetable r e f u s e , which would i m p a i r i t s 
e f f i c i e n c y as an i n s u l a t o r . Grooming also can h e l p t o remove 
e c t o - p a r a s i t e s such as f l e a s , l i c e and mites. 

I t i s i n t e r e s t i n g t o note t h a t the r e l a t i v e t o t a l time 
spent i n each a c t i v i t y shows v i r t u a l l y no d i f f e r e n c e between 
the l i g h t and da.rk p e r i o d s . This may not be a t r u e r e f l e c t i o n 
of normal behaviour since the r e s u l t s are so u n i f o r m . However, 
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the red f i l t e r used d u r i n g the dark periods was the same as 
t h a t employed by Cleminson. This f i l t e r was the only one 
immediately a v a i l a b l e a t the time, and i t had proved 
s a t i s f a c t o r y i n Cleminson's experiments, which would seem 
t o r u l e out the p o s s i b i l i t y t h a t the vole was r e g i s t e r i n g 
d a y l i g h t . Southern (1964) has i n d i c a t e d t h a t 0. g l a r e o l u s 
does not respond t o l i g h t i n the deeper red end of the 
spectrum. I f the behaviour of the v o l e s t u d i e d was t y p i c a l 
then i t would i n d i c a t e i n u n i f o r m c o n d i t i o n s C. g l a r e o l u s 
may have the same a c t i v i t y spectrum d u r i n g day and n i g h t , 
though once again, the extremely r e s t r i c t e d c o n d i t i o n s i n 
which the animal was observed make i t d i f f i c u l t t o be sure 
t h a t these r e s u l t s apply i n w i l d p o p u l a t i o n s . I n any case, 
the l a b i l i t y of d i e l a c t i v i t y p a t t e r n s i n small mammals may 
be much g r e a t e r than e a r l i e r r e s t r i c t e d l a b o r a t o r y s t u d i e s 
w i t h r e s t r i c t e d cages have shown. For example, G-rodzinsky 
(1963) has shown t h a t Microtus a g r e s t i s and 0. g l a r e o l u s 
have r a t i o s of a c t i v i t y between day and n i g h t which vary w i t h 
season. He suggests t h a t they are mainly n o c t u r n a l i n summer 
and d i u r n a l i n w i n t e r and s p r i n g . He also considers t h a t 
there may be more s h o r t - t e r m a c t i v i t y periods per d i e l c y c l e 
i n w i n t e r than summer p o s s i b l y c o r r e l a t e d w i t h increased need 
t o o b t a i n food t o m a i n t a i n body heat d u r i n g the c o l d weather. 
He noted t h a t i n Apodemus agrarius,when l i v i n g on a bul k y 
d i e t , t o t a l a c t i v i t y per d i e ! c y c l e increased and thr e e 
n o c t u r n a l a c t i v i t y peaks were present i n s t e a d of one when the 
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animal was f e d on a concentrated d i e t d u r i n g a nine or t e n 
hour n i g h t . Thus the composition of d i e t i s another f a c t o r 
which can a f f e c t s h o r t term rhythm i n small mammals. 

Long term, i.e. dawn and dusk, rhythms can a l s o be sur­
p r i s i n g l y v a r i a b l e . This v a r i a t i o n has been admirably 
demonstrated by recent work on water v o l e s , A r v i c o l a t e r r e s t r i s . 
Southern (1964) and Stoddart (1969) found t h a t the p o p u l a t i o n s 
t h a t they s t u d i e d were mainly d i u r n a l . But Ashby, H a r l i n g 
and Whiles (1969) u s i n g v i s u a l observations of a p o p u l a t i o n 
i n Old Durham Beck, near Durham, have shown an almost constant 
l e v e l of a c t i v i t y throughout the d i e l c ycle d u r i n g the l a t e 
s p r i n g and e a r l y summer. L a t e r s t u d i e s a t the same time of 
year by Creasy, Duckett and Ashby (unpublished) on o t h e r v o l e 
h a b i t a t s on the r i v e r gave even more d i v e r g e n t r e s u l t s . 
I n i t i a l l y , the River Wear, a few hundred yards from the 
previous study area, was watched by Ashby on a succession of 
evenings. No a c t i v i t y was recorded. Using a t r a c k i n g 
technique Creasy and Duckett then s t u d i e d the area concerned 
over periods of 24 hours. They used the e x t e n t of f o o t p r i n t s 
made by A r v i c o l a as an index of a c t i v i t y . This technique 
i n v o l v e d r e c o r d i n g the number of s i t e s v i s i t e d by A r v i c o l a , 
the p r o p o r t i o n of each s i t e walked over and the i n t e n s i t y of 
f o o t p r i n t i n g . Four t r i a l s were c a r r i e d out d u r i n g a t h r e e 
week p e r i o d i n which the mud a t 50 s i t e s was examined and 
then smoothed over at f o u r - h o u r l y i n t e r v a l s . The a c t i v i t y 
recorded was concentrated i n the p e r i o d from 22.00 t o 06.00 
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h r s . A p a r a l l e l study on a small side stream some distance 
away again showed more n o c t u r n a l and c r e p u s c u l a r a c t i v i t y 
than d i u r n a l and the most inten s e a c t i v i t y was recorded before 
m i d n i g h t . 

Duckett (unpublished) also accompanied t h i s f i e l d study 
by a l a b o r a t o r y study c a r r i e d out i n s p r i n g and summer on 
s i x males and two females u s i n g a m o d i f i c a t i o n of the 
automatic r e c o r d i n g u n i t described i n t h i s t h e s i s . During 
the s p r i n g normal seasonal increase i n daylength was used. 
I n midsummer daylength was reduced from 16 hours t o 12 hours 
and again t o 8 hours. The t i m e s w i t c h used provided a dawn 
and dusk e f f e c t and a few days a c c l i m a t i s a t i o n were allowed 
a f t e r each change before a c t i v i t y records were made. 

I n IViardh, the degree of a c t i v i t y by day and n i g h t was 
almost the same. With normal daylength, i n summer a c t i v i t y 
was h i g h e r i n darkness by about 75%, but w i t h reduced day-
l e n g t h the d i s t i n c t i o n between n o c t u r n a l a.nd d i u r n a l a c t i v i t y 
was reduced but not removed. Bynchx^onous peaks of a c t i v i t y 
were shown i n a colony kept i n separate runs, f i v e peaks were 
present i n 24 hours u s i n g 12 hours and 16 hours of d a y l i g h t 
and f o u r u s i n g 8 hours cLaylength. No d i f f e r e n c e s between 
sexes were apparent i n t h i s study. 

These r e s u l t s show c l e a r l y t h a t the d i e l a c t i v i t y p a t t e r n s 
of the water v o l e can vary c o n s i d e r a b l y i n the f i e l d and i t 
can also vary i n the l a b o r a t o r y depending on the c o n d i t i o n s 
provided. Ashby (personal communication, 1972) considers t h a t 
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d i s turbance may be a f a c t o r i n the d i f f e r e n c e between a c t i v i t y 
on the Ri v e r Wear and. the oth e r s i t e s , but t h a t i t could not 
be completely r e s p o n s i b l e . He suggests t h a t the amount of 
cover a v a i l a b l e along the water courses ( t h i c k e r cover on the 
side streams) may account f o r the h i g h degree of d i u r n a l 
a c t i v i t y . Vincent (unpublished) i n a. more recent study near 
Durham concluded t h a t the f a c t o r s c o n t r o l l i n g a c t i v i t y 
p a t t e r n s i n A r v i c o l a are complex and t h a t the a c t i v i t y 
p a t t e r n i s h i g h l y l a b i l e and v a r i a b l e . These conclusions may 
also apply t o the a c t i v i t y p a t t e r n s i n Clethrionomys i n view 
of the r e s u l t s described here u s i n g the automatic a c t i v i t y 
m o n i t o r i n g u n i t d u r i n g the months from May t o August, where 
cover was provided. I n t h i s s e r i e s of experiments r h y t h m i c a l 
a c t i v i t y was removed when more " n a t u r a l " c o n d i t i o n s (cover 
and. food f o r a g i n g ) were provided i n s t e a d of an open run. I t 
i s c l e a r from Figs. 5 - 8 t h a t d i u r n a l a c t i v i t y and n o c t u r n a l 
a c t i v i t y were n e a r l y the same and d u r i n g the d i r e c t observa­
t i o n experiment the vo l e used also showed almost the same 
a c t i v i t y p a t t e r n d u r i n g l i g h t and dark periods ( F i g . 29 ) . 

Work by St. Girons (1960) found t h a t i n the s i x 
C. g l a r e o l u s males subjected t o normal l i g h t i n g and d a i l y 
temperature v a r i a t i o n which she s t u d i e d , a s h o r t - t e r m rhythm 
of two t o three h o u r l y p e r i o d i c i t y appeared. This was 
u n a f f e c t e d by seasonal v a r i a t i o n of e i t h e r f a c t o r s mentioned 
above, daylength o r temperature. This r e s u l t i s i n t e r e s t i n g 
i n tha,t throughout the author's s e r i e s of experiments u s i n g 
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the run, the s h o r t - t e r m rhythm was also u n a f f e c t e d by the 
photoperiod or time of dawn and dusk. 

However, Grodzinski (1963) has pointed out t h a t d i u r n a l 
and n o c t u r n a l r a t i o s of a c t i v i t y i n small rodents can vary 
markedly w i t h seasonal changes. He considers t h a t M i crotus 
a g r e s t i s and Glethrionomys g l a r e o l u s have been shown t o be 
mainly n o c t u r n a l i n summer and d i u r n a l d u r i n g the r e s t of the 
year, t h a t there are more s h o r t - t e r m a c t i v i t y periods per 24 
hours i n w i n t e r (8 - 10) than i n summer (5 - 7 ) , t h a t o v e r a l l 
a c t i v i t y i s g r e a t e r i n w i n t e r than i n summer and t h a t males 
are more a c t i v e than females. The l a s t c o n c l u s i o n may 
i n d i c a t e t h a t more females should have been used i n the 
author's experiments. Grodzinski also noted t h a t d i e t can 
a f f e c t a c t i v i t y p a t t e r n s ; when Apodemus a g r a r i u s was f e d a 
bulky d i e t , the l e n g t h of time soent a c t i v e i n each 24 hour-
cycle increased, and three peaks of a c t i v i t y occurred d u r i n g 
the n i g h t . On a concentrated d i e t only one peak of a c t i v i t y 
occurred d u r i n g a 9 - 1 0 hour n i g h t . 

Work by Stebbins (1968) supports G-rodzinski • s conclusions 
about the l a b i l i t y of r h y t h m i c a l a c t i v i t y i n small mammals 
and has added t o the number of f a c t o r s known t o cause 
v a r i a b i l i t y i n a c t i v i t y of members of the U r i c e t i d a e . His 
experiments were c a r r i e d out i n the f i e l d , on the seasonal 
changes i n the a c t i v i t y of C. g a p p e r i , C. r u t i l i s and 
Peromyscus maniculatus kept i n w i r e mesh enclosures c o n t a i n i n g 
nest boxes. Two areas of study were used one at Edmonton, 
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and a t Heart Lake (62°N) i n the n o r t h of the f o r e s t b e l t of 
Canada. The most i n t e r e s t i n g r e s u l t s were those obtained 
by a comparative study of a c t i v i t y of C. gapperi from the 
two s t a t i o n s . During the summer o v e r a l l a c t i v i t y increased 
when the animals were i n breeding c o n d i t i o n and though the 
amount of a c t i v i t y was much the same at both s i t e s , i t s 
d i s t r i b u t i o n d i f f e r e d markedly and c o n s i s t e n t l y throughout 
the year. F i r s t , a t the n o r t h e r n s i t e , i n summer and w i n t e r , 
a s t r o n g peak of a c t i v i t y occurred one and a. h a l f hours a f t e r 
sunset f o l l o w e d by a second peak three hours l a t e r . A small 
peak occurred one and a h a l f hours a f t e r sunrise and then an 
i r r e g u l a r a c t i v i t y s e r i e s f o r the remainder of the d.iel c y c l e . 
Secondly, i n the southern s i t e t h i s p i c t u r e was almost com­
p l e t e l y reversed. The main peak of a c t i v i t y , i n summer and 
w i n t e r , occurred about an hour a f t e r s u n r i s e , a smaller peak 
three t o f o u r hours a f t e r w a r d s , f o l l o w e d by an i r r e g u l a r 
rhythm f o r the r e s t of the d i e l c y c l e . The lowest a c t i v i t y 
was recorded i n the e a r l y morning. Thus, i n the n o r t h , 
C. gapperi was v i r t u a l l y nocttirna.1 and i n the south d i u r n a l . 
Even more i n t e r e s t i n g i s t h a t i n d i v i d u a l s changed from n o r t h 
t o south changed from n o c t u r n a l t o d i u r n a l a c t i v i t y , s t r o n g l y 
i n d i c a t i n g t h a t t h e i r a c t i v i t y p a t t e r n s were governed 
l a r g e l y by environmental c o n s i d e r a t i o n s . This i s a co n c l u s i o n 
which i s supported by the author's r e s u l t s . As soon as the 
un i f o r m l a b o r a t o r y environment was changed by the i n t r o d u c t i o n 
of a disturbance or cover, r e g u l a r r h y t h m i c a l a c t i v i t y was 
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removed. But as /Vshby (1972) has pointed out, Stebbins' 
animals could not have been a f f e c t e d by distLirbances as they 
needed t o burrow through snow i n w i n t e r t o reach t h e i r f ood. 
Daylength, however, was not the most important f a c t o r since 
i t v a r i e d i n the n o r t h e r n s i t e more e x t e n s i v e l y than i n the 

southern, being l o n g e r i n w i n t e r than summer. 
The e f f e c t of daylength was not i n t e n t i o n a l l y s t u d i e d i n 

the author's experiments. I n the v i s u a l o b s e r v a t i o n e x p e r i ­
ments th e r e was no p r o v i s i o n made f o r a dusk and dawn e f f e c t . 
However, n a t u r a l daylength was used throughout the automatic 
r e c o r d i n g s e r i e s . Thus daylength v a r i e d throughout the p e r i o d 
of study from January t o August. I n January t h e r e was a peak 
of a c t i v i t y a t dusk and dawn but these were of much the same 
size as those a t o t h e r f o u r - h o u r l y rhythm peaks d u r i n g the 
un d i s t u r b e d phase. During the d i s t u r b e d phase there were 
small peaks a t dusk and dawn. I n February, the female used 
showed an a c t i v i t y peak a t dawn and not dusk i n the u n d i s ­
turbed phase. During the d i s t u r b e d phase a peak at dusk and 
dawn was evident. I n the recovery phase peaks a t dusk and 
dawn were shown. I n March each phase showed dusk and dawn 
peaks though the mid-day peak shown by t h i s v o l e was h i g h e r 
than e i t h e r dusk or dawn. I n A p r i l the d i s t u r b e d and recovery 
phases showed a dawn peak w h i l e a dusk peak appeared only 
d u r i n g the undisturbed, week; the recovery and d i s t u r b e d phases 
showed a d e f i n i t e drop i n a c t i v i t y at t h i s time. 

I n May, the f i r s t of the covered versus uncovered s e r i e s , 
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t h e u n c o v e r e d phase showed no peak a t dawn b u t one a t dusk, 

d u r i n g t h e cover e d phase t h e r e was a s l i g h t i n c r e a s e i n 

a c t i v i t y a t dawn "but none a t dusk, d u r i n g June, a peak was 

e v i d e n t a t dawn i n "both phases but o n l y a t dusk i n t h e 

uncovered weeks. I n J u l y , a c t i v i t y peaked a t dawn and dusk 

d u r i n g t h e uncovered phase. D u r i n g t h e c o v e r e d weeks, however, 

no peaks appeared a t e i t h e r t i m e . Dusk and dawn i n Durham 

( l a t . 54°W) a t t h i s t i m e are v e r y p r o l o n g e d and on Midsummer 

day d a r k n e s s n e v e r r e a l l y f a l l s , t h e r e i s a l m o s t c o n t i n u o u s 

t w i l i g h t . I n August, a c t i v i t y peaked o n l y a t dusk d u r i n g t h e 

un c o v e r e d phase, no o t h e r peaks were e v i d e n t . No p o s i t i v e 

c o r r e l a t i o n between dusk °nd dawn and s e a s o n a l v a r i a t i o n o f 

a c t i v i t y can be deduced f r o m t h e s e r e s u l t s . 

These r e s u l t s do n o t c o r r e s p o n d t o t h o s e n o t e d by " . t . G i r o n s 

(1950, 196.1) i n G. g l a r e o l u s . She found t h a t t h e d u r a t i o n and 

h e i g h t o f peaks o f a c t i v i t y were i n f l u e n c e d by s e a s o n a l f l u c t u a ­

t i o n i n d a y l e n g t h . Her male v o l e s were most a c t i v e d u r i n g t h e 

w i n t e r and a c t i v i t y was a t i t s h i g h e s t i n F e b r u a r y and l o w e s t 

i n September. !he c o n s i d e r s t h ^ t t h e i n f l u e n c e o f t h e s o l a r 

r h y t h m i s i m p o r t a n t . \ peak o f a c t i v i t y wag r e c o r d e d s h o r t l y 

a f t e r dusk and a n o t h e r d i s t i n c t l y b e f o r e dawn. The i m p o r t a n t 

f a c t o r seems t o be s u n r i s e . The number o f a c t i v i t y p e r i o d s i n ­

c r e a s e d d u r i n g t h e w i n t e r , on average of 10 d u r i n g t h e d i e l 

c y c l e i n ecember and 5-7 i n J u l y . D i u r n - 1 a c t i v i t y i n s p r i n g and 

summer v/a S more marked t h a n i n w i n t e r r e p r e s e n t i n g 31 • o f t h e 

t o t a l d i e l a c t i v i t y i n June and o n l y 63 i n November. -he 
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a t t r i b u t e 3 t h i n v a r i a t i o n t o changes i n d a y l e n g t h . 

I t may be u s e f u l t o m e n t i o n h e r e an a s p e c t o f t h e l o c a l 

e n v i r o n m e n t w h i c h t h e a u t h o r had n o t c o n s i d e r e d d u r i n g t h i s 

s e r i e s o f e x p e r i m e n t s . T h i s i s t h e e f f e c t on " d a y l e n g t h " o f 

t h e s t r e e t l i g h t i n g i n t h e a r e a o f t h e l a b o r a t o r y i n w h i c h 

t h e e x p e r i m e n t a l a n i m a l s were housed. The l a b o r a t o r y windows 

were l a r g e a l l o w i n g l i g h t t o f a l l on t h e r u n , t h e i n t e n s i t y 

was a p p r o x i m a t e l y t h a t o f f u l l - m o o n l i g h t . The p o s s i b i l i t y 

t h a t t h e s e l i g h t s m i g h t have a f f e c t e d t h e r e s u l t s was n o t 

c o n s i d e r e d u n t i l a l l t h e e x p e r i m e n t s had been c o n c l u d e d . 

There i s e v i d e n c e t h a t s t r o n g m o o n l i g h t can p r e v e n t n o c t u r n a l 

a c t i v i t y i n Apodemus s y l v a t i c u s ( Kikkawa, u n p u b l i s h e d ) . Thus 

t h e a c t i v i t y c y c l e s o f t h e v o l e s used i n t h e s e e x p e r i m e n t s 

may have been a f f e c t e d b u t w i t h o u t r e p e a t i n g t h e e x p e r i m e n t s 

e x c l u d i n g t h e s t r e e t l i g h t s t h i s e f f e c t , i f any, cannot be 

deduced. 

B e h a v i o u r i n s m a l l mammals i s a complex s t u d y , d i e l 

a c t i v i t y b e i n g an o v e r a l l r e f l e c t i o n o f t h e way an a n i m a l 

r e a c t s t o i t s e n v i r o n m e n t . S o c i a l i n t e r a c t i o n s must be con­

s i d e r e d i n such a s t u d y and t h e i r i m p o r t a n c e depends upon t h e 

s o c i a l h i e r a r c h y i n a p a r t i c u l a r p o p u l a t i o n . Brown (1966 and 

1969) has shown t h a t a system o f dominance i s p r e s e n t i n 

Apodemus s y l v a t i c u s . T h i s s o c i a l h i e r a r c h y produces a s t a b l e 

s o c i e t y c o n t r o l l e d by a dominant male, w h i c h r e g u l a r l y p a t r o l s 

i t s t e r r i t o r y o f f o u r t o s i x a c r e s m a i n t a i n i n g i t s p o s i t i o n 

by a g g r e s s i o n and t e r r i t o r y m a r k i n g . Brown s t a t e s t h a t 
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i n t r a s p e c i f i c c o n t r o l by a d u l t males keeps t h e p o p u l a t i o n 

r e l a t i v e l y s t a b l e d u r i n g t h e s p r i n g and e a r l y summer when r a p i d 

b r e e d i n g i s o c c u r r i n g , t h e young b e i n g f o r c e d t o - v o i d t h e 

dominants o r d i s p e r s e . " i n c e t h e dominant male may be c a l l e d 

upon t o defend h i s t e r r i t o r y / - a t any t i m e , c e r t a i n l y d u r i n g t h e 

n i g h t , t h e t i m e o f maximum a c t i v i t y , s h o r t - t e r m rhythms such ->s 

th o s e shown by M i l l e r (1955) may n o t be p o s s i b l e i n t h e w i l d , 

'although t h e r e i s no d i r e c t e v i d e n c e t h ^ t C. g l a r e o l u s p o p u l a ­

t i o n s have t h e name k i n d o f s o c i a l h i e r a r c h y as A. s y l v a t i c u s 

i . e . where a dominant male may c o n t r o l a l a r g e t e r r i t o r y , t h e r e 

can be l i t t l e doubt each male and p r o b a b l y each female has i t s 

own t e r r i t o r y and b u r r o w systems w h i c h i t w i l l d e f end a g a i n s t 

i n t r u d e r s . D u r i n g p r e l i m i n a r y t r i a l s w i t h t h e r u n a " s t r a n g e " 

male w°s i n t r o d u c e d t o t h e r u n w h i l e i t s p r e v i o u s occupant was 

s t i l l i n r e s i d e n c e . T h i s r e s u l t e d i n s e v e r a l b o u t s o f m u t u a l 

a g g r e s s i o n w i t h t h e i n t r u d e r b e i n g a t t a c k e d c o n t i n u o u s l y u n t i l 

i t was a b l e t o r e t r e a t b e h i n d a c l o s e d t r e a d l e . Each f i g h t 

i n v o l v e d c o n s i d e r a b l e p r e l i m i n a r y s q u e a k i n g . T h i s was n o t e d 

s e v e r a l t i m e s i n t h e w i l d when t r a p p i n g , i f a r e l e a s e d v o l e 

r a n down t h e wrong burrow, i t was soon e j e c t e d . However, t h e 

a u t h o r was n e v e r a b l e t o a s c e r t a i n w h e t h e r t h e i n t r u d e r had 

e n t e r e d an Apodemus o r C l e t h r i o n o m y s burrow. 

A g g r e s s i o n can, t h e r e f o r e , be an i m p o r t a n t f a c t o r i n 

c o n t r o l l i n g s m a l l r o d e n t b e h a v i o u r . I n f a c t , B a r n e t t (1965) 

and Grant and M a c k i n t o s h (I963) have d e m o n s t r a t e d t h a t 

a g o n i s t i c c o n f l i c t i n male R a t t u s n o r v e g i c u s can cause s t r e s s 

syndromes, e.g. enl a r g e m e n t o f t h e a d r e n a l g l a n d s and even 
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d e a t h , w i t h l i t t l e s i g n o f e x t e r n a l i n j u r y , where r e t r e a t 

by t h e s u b o r d i n a t e i s p r e v e n t e d . Any s t u d y o f a c t i v i t y 

p a t t e r n s i n s m a l l r o d e n t s must t h e r e f o r e c o n t a i n an element 

o f s o c i a l i n t e r a c t i o n i f t h e r e s u l t s a re t o r e f l e c t what 

happens i n t h e w i l d . The v i s u a l o b s e r v a t i o n e x p e r i m e n t s were 

a p r e l i m i n a r y a t t e m p t t o produce a v e r y g e n e r a l p i c t u r e o f t h e 

o v e r a l l a c t i v i t y p a t t e r n s o f G. g l a r e o l u s i n a s i m p l e 

e n v i r o n m e n t . o c i •! i n t e r a c t i o n s were t o be s t u d i e d l a t e r . 

Ashby (1972) r e p o r t s o b s e r v a t i o n s o f a c o l o n y o f 

G. g a p p e r i w h i c h were c o n t i n u a l l y a c t i v e f o r s i x h o u r s a f t e r 

a r e s t i n g p e r i o d p o s s i b l y due t o s o c i a l s t i m u l a t i o n . I n t h e 

a u t h o r ' s b r e e d i n g c o l o n i e s o f f o r t y A. s y l v a t i c u s and n i n e 

i\cornys ( s p i n y mice) once a c t i v i t y has begun ( u s u a l l y a t d u s k ) , 

i t c o n t i n u e s t h r o u g h o u t t h e n i g h t w i t h o u t pause. While some 

i n d i v i d u a l s a.re r e s t i n g , o t h e r s w i l l be a c t i v e , some f e e d i n g , 

some f i g h t i n g , e t c . The cage c o n t a i n i n g t h e Spiny mice has 

a wheel w h i c h a c t s as an i m p o r t a n t " a c t i v i t y s i n k " , much i n 

t h e same way as a p i e c e o f m e t a l i n e l e c t r o n i c s can a c t as a 

"heat s i n k " . One, two o r sometimes t h r e e i n d i v i d u a l s use 

i t a t once, a t l e a s t e v e r y f i v e m i n u t e s . Ksvanau (1966) 

i n d i c a t e s r u n n i n g a c t i v i t y i n a wheel t o be a r e l i a b l e 

measure o f t o t a l a c t i v i t y . I t w o u l d have been i n t e r e s t i n g t o 

compare wheel a c t i v i t y i n G. g l a r e o l u s w i t h d a t a f r o m t h e 

a u t o m a t i c a c t i v i t y m o n i t o r i n g u n i t . However, t h e v o l e used 

c o u l d n o t be persuaded t o run. i n t h e wheel p r o v i d e d . T h i s may 

have been a q u i r k on t h e p a r t o f t h i s i n d i v i d u a l s i n c e Ashby 
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( p e r s o n a l c o m munication) had no d i f f i c u l t y i n g e t t i n g 

G l e t h r i o n o m y s t o use wheels i n h i s e x p e r i m e n t s . 

The d i r e c t o b s e r v a t i o n e x p e r i m e n t s show t h a t 

C I e t h r i o n o m y s may be a c t i v e f o r a f a r l o n g e r t i m e d u r i n g t h e 

d i e l c y c l e t h n n Grod.zinski e t a.l have suggested. F o r example, 

G r o d z i n s k i and G o r e c k i ( 1 9 6 7 ) , G-orecki (1968) and arozdz 

(1968) have suggested t h a t C l e t h r i o n o m y s i s a c t i v e i . e . moving 

about o u t s i d e t h e n e a t , f o r about 15 ' o f t h e 24 h o u r s . I n t h e 

e x p e r i m e n t s made by t h e a u t h o r , t h e v o l e s t u d i e d was a c t i v e 

f o r 3 5 ' o f t h e t i m e d u r i n g w h i c h i t was o b s e r v e d , i n b o t h 

l i g h t and d a r k . T h i s r e s u l t shows t h a t n o t o n l y was, t h i s 

i n d i v i d u a l more a c t i v e t h a n P o l i s h w o r k e r s have c o n s i d e r e d 

C l e t h r i o n o m y s i n g e n e r a l t o be, b u t i t showed v i r t u a l l y t h e 

same a c t i v i t y r > a t t e m d u r i n g l i g h t and d a r k p e r i o d s , w h i c h 

i n d i c a t e s t h a t , i n t h e w i l d , n o c t u r n a l ^nd d i u r n a l a c t i v i t y 

i n C l e t h r i o n o m y s may be much more u n i f o r m t h a n has h i t h e r t o 

been c o n s i d e r e d . 

P«clleir ( p e r s o n a l c o m m u n i c a t i o n ) has suggested t h a t 

Peromyscus m a n i c u l a t u s spends a much g r e a t e r p o r t i o n o f t h e 

24 h o u r s a c t i v e t h a n t h e a u t h o r s mentioned above b e l i e v e t o 

be t h e case w i t h C1ethrionomys. V i n c e n t ( u n p u b l i s h e d ) has 

observed i n d i v i d u a l s and groups o f •"•rvicola i n l a r g e o u t d o o r 

e n c l o s u r e s . He r e c o r d s t h a t 2 5 ' o f each 24 h o u r s i s spent 

a c t i v e i n w i n t e r and a l m o s t 40 f- i n mid-summer. 

The m a j o r c o n c l u s i o n s w h i c h can be drawn f r o m b o t h t h e 

a u t o m a t i c r e c o r d i n g and t h e d i r e c t o b s e r v a t i o n s are as f o l l o w s . 



120 

The a c t i v i t y p a t t e r n o f C. g i a r e o l u s can v a r y c o n s i d e r a b l y 

d epending on t h e c o n d i t i o n s i n t h e l a b o r a t o r y . I f a s h o r t -

t e r m r h y t h m • ia'oe"rs i t can be removed by a s t r o n g s t i m u l u s 

i n d i c a t i n g t h a t i n t h e w i l d t h i s k i n d o f p e r i o d i c i t y may r a r e l y 

o c c u r , t h o u g h t h e r e i s p o s s i b l y an i n n a t e r h y t h m a s s o c i a t e d 

w i t h t h e need t o f e e d a t r e g u l a r i n t e r v a l s . I n t h e l a b o r a t o r y 

a c o n s t a n t t e m p e r a t u r e was m a i n t a i n e d . I t may be t h a t i f 

t e m p e r a t u r e was l o w e r e d t h e f o u r - h o u r l y r h y t h m c o u l d become 

s h o r t e r as t h e need t o e a t more o f t e n t o m a i n t a i n body he°t 

becomes a p p a r e n t . 

A c t i v i t y peaks a t dusk and dawn u n d e r n a t u r a l l i g h t i n g 

c o n d i t i o n s i n Durham are shown, b u t i n many cases t h e s e a r e 

n o t g r e a t e r t h a n peaks a t o t h e r t i m e s . No d e f i n i t e c o r r e l a t i o n 

between dusk and dawn s t i m u l i and a c t i v i t y a r e shown. T h i s may 

be a s s o c i a t e d w i t h t h e f a c t t h a t C. g l a r e o l u s i n t h e b u r r o w and 

u n d e r c o v e r may be c o n t i n u o u s l y a c t i v e t h r o u g h o u t t h e d i e l 

c y c l e when c o n d i t i o n s a r e f a v o u r a b l e , e.g. l a c k o f p r e d a t o r s , 

absence o f extreme h e a t o r c o l d , good f o o d s u p p l y , e t c . V i s u a l 

o b s e r v a t i o n s o f a c t i v i t y d e m o n s t r a t e t h a t t h e v o l e l i v e s i n 

s h o r t b u r s t s o f a c t i v i t y w i t h " i n a c t i v e " p e r i o d s seldom l a s t i n g 

f o r more t h a n f i f t e e n m i n u t e s . 

The summated r e s u l t s show t h a t w i t h an open r u n i n u n i f o r m 

c o n d i t i o n s a f o u r - h o u r l y rhythm i s v e r y marked. - c t i v i t y i s 

f a i r l y c o n s t a n t w i t h a covered r u n nnd t h e need t o f o r a g e °nd 

s t o r e f o o d . 

I t i s suggested t h a t more work i s n e c e s s a r y on d i e l 
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rhythms i n C. g l a r e o l u s . L a b o r a t o r y e x p e r i m e n t s i n w h i c h t h e 

v a r i e t y o f s t i m u l i f o u n d i n n a t u r e are "oresent s h o u l d be 

designed and v i s u a l o b s e r v a t i o n - , b o t h i n t h e l a b o r a t o r y and 

i n t h e f i e l d , may produce ^ more complex -nr] complete p i c t u r e 

o f t h e l i f e o f t h i s s m a l l mammal. 
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S t a t i s t i c a l t r e a t m e n t o f D i r e c t O b s e r v a t i o n R e s u l t s 

S m a l l numbers o f random e v e n t s t e n d t o f o l l o w a 

P o i s s o n D i s t r i b u t i o n and s u c c e s s i v e terms o f t h e e x p a n s i o n 

e ~ m ( 1 + m * m 2 + m^ + m^ ....) g i v e t h e p r o b a b i l i t y o f 
21 31 4/ 

t h e o c c t i r r e n c e 0, 1 , 2, 3> 4 e v e n t s e t c . where e i s 2.7183 

(a u n i v e r s a l c o n s t a n t ) and m i s t h e average number o f e v e n t s . 

These p r o b a b i l i t i e s can be o b t a i n e d f r o m t a b l e s o f t h e 

P o i s s o n " d i s t r i b u t i o n F u n c t i o n e m_ f o r t h e i n d i c a t e d 
x! 

v a l u e s of. x and m. F r e q u e n c i e s can t h e n be c a l c u l a t e d by 

m u l t i p l y i n g t h e p r o b a - b i l i t y by t h e t o t a l number o f observed 

e v e n t s . C h a r t s showing these d a t a a r e g i v e n below and t h e s e 

are e x p r e s s e d g r a p h i c a l l y i n F i g - 4 1 • 

A " C h i - s q u a r e " t e s t c°n be a p p l i e d t o t h e s e data, t o 

show how w e l l t h e observed data f i t t h e f i g u r e s w h i c h would 

be e x p e c t e d i n a P o i s s o n D i s t r i b u t i o n . C h i - s n u a r e i s t h e 

sum o f t h e souare o f t h e d i f f e r e n c e between observed and 

• e. X2 = ̂ T(0 - E) : 

e x p e c t e d f r e q u e n c i e s d i v i d e d by t h e e x p e c t e d f r e q u e n c y . 

E 
where _ ohi-square 

= " t h e sum o f " 

0 = observed f r e q u e n c y 

E = e x p e c t e d f r e o u e n c y 

H a v i n g o b t a i n e d a v a l u e f o r ~ ) ( ^ ' we can use t a b l e s o f 
p 

d i s t r i b u t i o n , w h i c h show t h e p r o b a b i l i t y o f t h e 

d i f f e r e n c e s between observed "nd e x p e c t e d f r e q u e n c i e s a r i s i n g 

by chance, f o r g i v e n degrees o f freedom. The number o f 
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degrees o f freedom measures t h e e x t e n t t o w h i c h t h e sample 

f r e q u e n c i e s are known i n advance t o agree w i t h t h e 

h y p o t h e s i s e d f r e q u e n c i e s . I n a l l t h e f o l l o w i n g cases 2 degrees 

o f freedom a. re l o s t because t h e mean has been e s t i m a t e d f r o m 

d a t a as w e l l as making t h e t o t a l s a g r e e . I n a l l cases t h e 
p 

v a l u e s o b t a i n e d f o r show th°t t h e f i g u r e s do n o t f i t a 

P o i s s o n D i s t r i b u t i o n ana t h e d i f f e r e n c e s between observed and 

expec t e d f r e q u e n c i e s a r e n o t due t o chance. 

SLEEP 

Time spent s l e e p i n g (Add 0.5 min. r e s u l t s t o 1.0 min. r e s u l t s 

because d i v i s i o n s must be o f e a u a l s i z e 

f o r a n a l y s i s ) 

Number o f observed s l e e p i n g p e r i o d s Time spent s l e e p i n g 
40 1 min. 
20 o mins. 
12 3 mins. 
7 4 mins. 
8 5 mins. 
9 6 mins. 
4 7 mins. 
6 8 rains. 
1 9 mins. 
2 10 mins. 
0 11 rains. 
0 12 mins. 
1 13 mins. 
0 14 mins. 
1 15 minr.. 
1 16 mins. 

112 

Dean l e n g t h o f s l e e p p e r i o d i s about 3.4 mins. 
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L e n g t h o f 0 1 2 3 4 5 6 7 8 
P e r i o d 

P r o b a b i l i t y Q 3 3 4 m l l 3 5 .1929 .2186 .1858 .1264 .0116 .0348 .0148 
of o c c u r r e n c e 

Frequency 3 * 7 1 2 , 7 2 1 , 6 2 4 * 5 2 0 ' 8 1 4 * 2 '6'° 3 * 9 1 ' 7 

Observed _ 4 Q 2 Q i 2 7 8 9 4 6 
Frequency 

L e n g t h o f g 1 Q 1 ± 1 2 1 3 1 4 1 5 1 6 T o t a i s 
P e r i o d 

P r o b a b i l i t y .Q056 .0019 .0006 .0002 .0000 .0000 .0000 .0000 
o f o c c u r r e n c e 
Expected Q # 6 Q # 2 > Q 7 > Q 2 Q Q Q 0 m.99 
Frequency 

Observed 1 2 0 0 1 0 1 1 112 
Frequency 

SAMPLE SUM OF SQUARE- = 1038.12 

SAMPLE VARIANCE = 9 - 3 

STANDARD DEVIATION = 3.05 

KEM* = 3.4 

U s i n g p r o b a b i l i t y t a b l e above and g r o u p i n g 0 + 1 , and 

7, 8, 9, 10, 11 + 12, because t h e f o r m u l a " ^ 2 = ^ T ( 0 - E ) 2 

does n o t work f o r e x p e c t e d f r e q u e n c i e s s m a l l e r t h a n 5, we g e t 
2 

a v a l u e f o r o f 58.95. 
Number of degrees o f freed o m i s (No. o f groups t e s t e d ) - 2, 

= 7 - 2 = 5 . 
2 degrees o f fr e e d o m a r e l o s t because t h e mean has been 
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es t ima ted f r o m ca t " as w e l l as making the t o t a l s agree . 

Since ^ £ 55.95 i s w e l l a,bove the va lue f o r 0 . 1 on the 

d i s t r i b u t i o n w i t h 5 degrees o f f reedom we must sssume t h a t 

the observed f i g u r e s do not f i t a Poisson d i s t r i b u t i o n a t a l l , 

and t h a t the d i f f e r e n c e s between observed and expected 

f r e q u e n c i e s must be cue t o something o t h e r than chance. 

GROOMING 

Time spent grooming Number o f observed grooming p e r i o d s 

1 m i n . 61 
2 mins . 14 
3 mins . 6 

4 min a. 5 
5 mins . 3 
6 mins . 2 

7 mine. 0 
8 mins . 0 

9 mine. 0 
10 mins . 0 

T o t a l 91 

Mean l e n g t h of grooming ner iods i s 1.7 minu te s . 

Length of 0 1 2 3 4 5 6 7 8 9 10 
Period 

P r o b a b i l i t y < l b 2 ? ^ 1 Q 6 > 2 6 4 Q > 1 4 9 6 < Q 6 3 6 > 0 2 1 6 > Q 0 5 1 > 0 0 1 5 > 0 0 0 3 > 0 0 0 1 > 0 0 0 0 

o f occurrence 

Expected 1 6 g 2 a 2 4 2 4 > Q 1 3 # 6 r ^ Q 1 > 9 0 > 6 0 . 1 0.3 .009 0 
.^resuency 

Observed - 61 14 6 5 3 2 0 0 0 0 
Frequency 
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SUIPLE SW OF SQUARE"" = 137.39 

SAMPLE V'.RIANCE = 1 . 5 

S T A N D D E V I A T I O N = 1.225 

KEAN = 1.7 
p 

Working out as b e f o r e we get a va lue of 63.31 w i t h 
3 degree i3 o f f reedom, once aga in showing 

no t f i t a Poisson l i s t r i b u t i o n . 

ALERT 

Time suent a l e r t Number of Observed 

1 m i n . 85 

2 rains. 13 
3 rains. 3 
4 mins . 0 

5 rains. 0 
6 rains. 0 

7 mins . 0 
8 rninr:. 0 

9 rains. 0 
10 mins . 0 

T o t a l 101 

Mean l e n g t h of a l e r t pe r iods i s 1.2 minu tes . 

Pe r iod ° f 0 1 2 3 4 5 6 7 8 9 10 

o ? ° o c c u r r e n c e - 3 0 1 2 ' 3 6 1 4 ' 2 l 6 9 - ° 8 6 7 - 0 2 6 0 * 0 0 6 2 ' 0 0 1 2 * 0 0 0 2 • 0 0 0 ° • 0 0 0 ° • 0 0 0 ° 

Frequency 3 ° * 4 3 6 ' 5 2 1 ' 9 8 * 8 2 * 6 ° " 6 ° ' 1 ° ' 0 2 0 0 0 

Observed. - 85 13 3 0 0 0 0 0 O 0 Freouency op ± j j j u j u j j o 
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SAMPLE SUM OP SQUARES = 21.44 

SAMPLE VARIANCE = 0 .21 

STANDARD DEVIATION = 0.46 

MEAN = 1 . 2 
p 

Working "p^ out as be fo re we get a va lue o f 105*3 w i t h 

2 degrees of f reedom, once aga in showing t h a t the f i g u r e s do 
no t f i t p Poisson Di s t r i b u t i on. 

DOZE 

Time spent doz ing Number o f obs e rve d 

1 m i n . 51 
2 mins . 21 

3 n i n s . 8 
4 mins . 6 

5 mine. 3 
6 mins . 0 

7 mins . 2 
8 mins . 1 
9 rains. 0 

10 rains. 0 
T o t a l 92 

Mean l e n g t h o f doze pe r iods i s 1.9 

Length o f 0 1 2 3 4 5 6 7 8 9 10 
Per iod 

P r o b a b i l i t y 1 4 g g 2 g 4 2 ^ 1 Q Q 1 7 1 0 o 8 l 2 0 - 5 o g o o g g Q Q 2 j ^OQo6 ^ 0 Q 1 Q 

of occurrence 

Expected 1 3 Q 2 6 x 2 4 > 8 1 5 > ? y > 5 2 g Q < g Q > 2 0 < Q 6 > Q o g Q 

Frequency 

Observed - 5 1 21 8 6 3 0 2 1 0 0 
Frequency 
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SAMPLE FUM OP HQUAREv- = 195-72 

SAMPLE VARIANCE = 2 . 1 

ST'ND^PJ.) DEVIATION = 1.4 

MEAN = 1 . 9 

Working "X. o u ^ a s b e f o r e we get a va lue of 41.9 w i t h 

3 degrees o f f reedom, once aga in showing t h a t the f i g u r e s do 

no t f i t a Poisson D i s t r i b u t i o n . 

RESTING 

Time spent r e s t i n g Number o f observed r e s t pe r iods 
1 m i n . 38 
2 mine . 18 

3 mins . 7 
4 mins . 9 

rains. 4 
6 mins . 2 
7 min 8. 0 
8 mins . 1 

9 mins . 0 
10 mins . 0 

T o t P l 79 

Wiean l e n g t h of r e s t i n g pe r iods i s 2.2 mins . 

Pe r iod ° f 0 1 2 3 4 5 6 7 8 9 10 

P r o b a b i l i t y l l o 8 2^q , 2 6 8 l .1966 .1082 .0476 .0174 .0055 .0015 .0004 .0001 
of occurrence 

Expected Q Q i g 3 2 1 2 1 5 5 Q ^ : j Q 1 ^ Q ^ Q < 1 # Q 3 > Q 0 8 

Frequency J ^ ^ ^ 

Obse rved 
Frequency - 38 18 7 9 4 2 0 1 0 0 
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SAMPLE SUM OP SQUARES = 190.8 

SAMPLE VARIANCE = 2.4 

STANDARD DEVIATION = 1 . 5 

MEAN = 2.2 

Working "X. o u " t as b e f o r e we get a va lue o f 32.36 w i t h 

4 degrees o f f reedom, once aga in showing t h a t the f i g u r e s do 

no t f i t a Poisson D i s t r i b u t i o n . 

EXPLORATION 

Time spent on e x p l o r a t i o n Number o f observed e x p l o r a t i o n pe r iods 
1 m i n . b8 
2 mins . 24 
3 mins . 2 

4 mins . 0 

5 mins . 0 
6 mins . 0 
7 mins . 0 
8 mins . 0 
9 mins . 0 

10 mins . 0 
T o t a l 94 

Mean l e n g t h o f t ime spent i n e x p l o r a t i o n i s 1.3 mins . 

Length of 0 1 2 3 4 5 6 7 8 9 10 
Pe r iod 

P r o b a b i l i t y 2 ? 2 5 2 3 Q 3 Q g 9 b ( ) 3 2 4 Q 0 Q ^ 0 0 1 g > 0 0 0 3 0 0 0 1 0 0 0 0 0 Q 0 0 

o f occurrence 

Expected 2 5 g 2 1 6 g > 4 3 Q 0 8 Q 2 0 < 0 3 Q 0 0 g Q Q 

Frequency 

Observed - 68 24 2 0 0 0 0 0 0 0 
Preouency 
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°AMPLE fHJK OP SQUARES = 23.66 

SAMPLE VARIANCE = 0.25 

STANDARD DEVIATION = 0.5 

MEAN = 1 . 3 

Working "X. out as be fo re we get a va lue o f 71.76 w i t h 

2 degrees o f f reedom, once aga in showing t h a t the f i g u r e s do 

no t f i t r Poisson D i s t r i b u t i o n . 

The f i g u r e s f o r s l eep , doze and r e s t and those f o r e x p l o r e , 

a l e r t and groom were added i n ~n a t tempt t o compare passive 

and a c t i v e behav iou r . Poisson d i s t r i b u t i o n s f o r each, group 

were c a l c u l a t e d and a l l f o u r d i s t r i b u t i o n s are expressed, 

g r a p h i c a l l y i n P i g . 1*1. . Since a l l s i x a c t i v i t i e s s epa ra t e ly 

have a l r eady been t e s t e d f o r goodness o f f i t t o Poisson 

D i s t r i b u t i o n s and have been shown no t t o f o l l o w t h i s p a t t e r n , 

i t was decided no t t o use the Chi-square t e s t f o r these 

r e s u l t s . The d i f f e r e n c e between the observed a c t i v i t y and 

the expected a c t i v i t y u s i n g a Poisson D i s t r i b u t i o n i s shown 

f a i r l y w e l l i n the g raph . 

I t can a l so be seen f r o m the graph t h a t the modal va lue 

f o r passive and a c t i v e behav iour i s the same, a l t h o u g h the 

mean f o r passive behav iou r i s 2.4 mins . w h i l e t h a t f o r a c t i v e 

behav iour i s 1.4 mins . 
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PASSIVE 
RT.EEP. POZE, REST . 
T i T r ~ 1 — + ^ P ^ s i v e Behaviour ^ a b e r ^ f , oh served p e r i o d 

1 rain. 152 

2 mins . 59 

3 rains. 27 

4 mine. 22 
15 

5 mins . 
15 

6 mins . 11 6 mins . 
7 mins . 6 7 mins . 
8 mins . 8 

1 
9 mine. 

10 mins . 2 10 mins . 
11 mins . 0 

12 mins . 0 

13 mins . 1 

14 mins . 0 

15 mins . 1 15 mins . 
16 mins . 1 16 mins . 

T o t a l 306 

Hean i s 2.4 mins . 

Length o f 
P e r i o d 

0 1 2 3 4 5 6 7 8 

P r o b a b i l i t y 
of occurrence .0907 .2177 .2613 .2090 .1254 .0602 .0241 .0083 .0025 

Expected 
Frequency 27.7 66.6 79.9 63.9 38 .4 18.4 7.4 2.5 0.8 

Observed 
Frequency 

- 152 59 27 22 15 11 6 8 

Length o f 
Pe r iod 

9 10 11 12 13 14 15 16 

P r o b a b i l i t y 
o f occurrence .0007 .0002 0 0 0 0 0 0 

Expected 
Frequency 0.2 0.06 0 0 0 0 0 0 

Observed 1 2 0 0 1 0 1 1 
Frequency 
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ACTIVE 

EXPLORE, ALERT, GROOM 

Time spent i n A c t i v e Behaviour Number o f Observed Per iods 
1 min . 214 
2 mins . 51 
3 mins . 11 
4 mins . 5 
5 mins . 3 
6 mins . 2 
7 mins . 0 
8 mins . 0 
9 mins . 0 

10 mins . 0 
T o t a l 286 

Mean i s 1.4 mins . 

Length o f 0 1 2 3 4 5 6 7 8 9 10 
Per iod 

P r o b a b i l i t y j _ 1 2 8 < 0 1 1 1 > 0 Q 2 6 > 0 0 0 5 > 0 0 0 1 Q Q 

of occurrence 

Frequency 7 0 , 5 9 8 , 7 6 9 , 1 3 2 , 3 1 1 , 3 3 * 4 0 , 8 0 , 2 * ° 3 ° ° 

Observed - 214 51 H 5 3 2 0 0 0 0 
Frequency 

A Chi-square t e s t was a p p l i e d t o see how w e l l the data i n 

P i g . 2.9 f o r t o t a l t ime spent i n each a c t i v i t y i n the dark 

f i t t e d the data i n the same f i g u r e f o r the t o t a l t ime spent i n 
2 

each a c t i v i t y i n the l i g h t . The va lue o f ob ta ined was 

0.72 w i t h 12 degrees of f reedom showing t h a t t he r e i s no 

s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e between these two se ts o f 

f i g u r e s . 
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