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1. 

INTRODUCTION 

1. AIMS AND SCOPE OF STUDY 

The impression had been gained from both 

l i t e r a t u r e and personal sources that the water vole Arvicola 

t e r r e s t r i s was more diurnal than many other species of small 

B r i t i s h rodents. The object of t h i s study was to discover the 

major period of water vole a c t i v i t y and to examine i t s change 

over the seasons as far as possible, to compare the pattern found 

w i t h that known for other small rodents, p a r t i c u l a r l y close 

r e l a t i v e s , and to consider i f any of the differences could be 

at t r i b u t e d to any ecological factor, 

Barrett-Hamilton (1911) considers the water vole 

to be diurnal. Van Wijngaarden (1954) has analysed trapping results 

and found maximiam a c t i v i t y at 21,00 rapidly dropping overnight and 

then steadily r i s i n g from 04,00 to 21,00, Worall reported by 

Southern (1964) believes maximum a c t i v i t y to be at dusk, Corbet 

(1966) records water voles as being diurnal or crepuscular, 

Ashby et a l (1969) have observed water voles i n the f i e l d over 

24 hour periods and consider a c t i v i t y to be evenly d i s t r i b u t e d 

over the whole day. I n t h i s study, which was carried out close 

to Ashby's (1969) study area i t has been shown that while considerable 

i n d i v i d u a l v a r i a t i o n exists, the general tendency i s for maximum 

a c t i v i t y to occur at night. The f i e l d data suggest that water 

voles may be almost completely nocturnal, while laboratory data 
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indicate a substantial amount of diurnal a c t i v i t y w i t h a series of 

maxima a f t e r dark, A reason for t h i s difference i s suggested. 

This study covers the effects o f day length on the 

a c t i v i t y of water voles i n the laboratory, a consideration of a 

possible relationship between the amount of food eaten d a i l y and 

the amount of a c t i v i t y shown daily, and the e f f e c t of the two 

sexes on the a c t i v i t y of each other. Information i s also given 

on the possible effects of other factors, p a r t i c u l a r l y l i g h t 

i n t e n s i t y , temperature and humidity; these have not been closely 

examined. The f i e l d study covers the general d i s t r i b u t i o n of 

d a i l y a c t i v i t y outside the burrow at two d i f f e r e n t areas for the 

months of June and July. These f i e l d data are only relevant to 

the summer months, and other times of the year s t i l l require 

investigation. I t has not been possible to obtain a clear picture 

of the differences between the sexes as only two females were 

acquired. The differences found are recorded, but generally the 

a c t i v i t y of the females was w i t h i n the range of v a r i a t i o n shown 

by the males. Exhaustive t r i a l s o f the apparatus were not possible 

and thus p o t e n t i a l improvements have not been considered. 
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2. A REVIEW OF THE LITERATURE CONCERNING THE ECOLOGY AND 
BEHAVIOUR OF THE WATER VOLE 

The water vole has never been of economic importance 

i n B r i t a i n and there i s l i t t l e detailed published work i n the 

English language. I n Holland i t i s a pest, causing damage to 

dykes and f i e l d s of cu l t i v a t e d bulbs; Van Wijngaarden (1954) 

has extensively covered the biology and control of the animal i n 

that country. The natural h i s t o r y of the animal i n B r i t a i n has 

been described by Barrett-Hamilton (1911), Ryder (1962), Southern 

(1964) and Corbet (1966), B r i e f notes have been published by 

Dean (1947) on t h e i r above-ground habits and by Stoddart (1965) 

on overwintering. One important difference i n the B r i t i s h and 

continental v a r i e t i e s appears to be the greater dependence on water 

of the former. However, Ashby & Crawley (1967) report having trapped 

two animals at some distance from water. On Reed's Island i n the 

Humber, the voles are found to be almost e n t i r e l y t e r r e s t r i a l 

(Southern 6f Crowcroft 1956), Most watercourses i n B r i t a i n appear 

to be colonised by water voles but t h e i r preference i s for steep 

banks and a constant water depth of over h a l f a meter. Burrows 

are frequently constructed below trees, the roots of which conceal 

entrances at water l e v e l . Food appears to be almost e n t i r e l y 

vegetable, but instances of animal food being taken have been 

recorded by Barrett-Hamilton (1911), Ryder (1962), Southern (1964) 

and Corbet (1966), The adaptation to an amphibious mode of l i f e 
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would appear to reduce predation (Barrett-Hamilton 1911), but 

the above authors have recorded water voles as being preyed 

upon by most of the usual small mammal predators, w i t h the 

pike Esox lucius and the heron Ardea cinerea i n addition. 

Possible competition i s l i m i t e d to the brown r a t Rattus norvegicus 

and possibly the mole Talpa europea^ but an overlap i n habitats 

would appear to be minimal i n both cases. This i s in t e r e s t i n g 

i n that on Reed's Island, both the brown r a t and the mole are 

absent (Southern & Crowcroft 1956), The home range of water voles 

has been studied by Worall (1964) who reports that dispersal appears 

to be very r e s t r i c t e d . Perry (1943) has studied reproduction i n 

the species. I n Russia, study of water voles has been more 

extensive as they are a major source of the ba c i l l u s of tularaemia, 

Panteleev (1962) has described t h e i r changes i n habitat throughout 

the year and Nikolaev & Chertova (1962) have related a c t i v i t y to 

certain aspects of weather. 



5. 

3. ACTIVITY IN SMALL MAMMALS 

The a c t i v i t y of small mammals has been studied 

extensively from behavioural, phynological and ecological standpoints, 

and these have been reviewed by Haj^ker (1958) and Cloudsley-Thompson 

(1961), The nocturnal or diurnal preference of small mammals range 

from the very nocturnal, through those which have no preference, to 

the very diurnal, examples of which are the golden hamster 

Mesocricetus auratus (Cloudsley-Thompson 1961), the guinea pig 

Cavia porcellus (Nicholls 1922) and the ground s q u i r r e l C i t e l l u s 

susllca (Kalabukov 1940) respectively. Among mice and voles 

Apodemus sylvaticus (Elton et a l 1931, M i l l e r 1955, Brown 1956), 

Rattus norvegicus (Chitty 6e Shorten 1946) and various species of 

Peromyscus (Johnson 1926, and H a t f i e l d 1940) show l i t t l e diurnal 

a c t i v i t y , Mus muscuius i s less r i g i d i n i t s behaviour according 

to Chitty & Southern (1954), Pearson (1962)and M i l l e r (1955) 

showed 50 - 607o diurnal a c t i v i t y i n Clethrionomys glareolus» but 

Saint-Girons (1960a,b) only attained comparable figures w i t h 

females. A c t i v i t y i n the males did not exceed 30% i n the daylight 

period, Pearson (1962) found females to be more diurnal than 

males i n Clethrionomys glareolus but i n Clethrionomys rufocanus 

t h i s was reversed, Microtus i s usually considered to be closely 

related to Arvicola (Barrett-Hamilton 1911, Corbet 1966), I t s 

degree of nocturnal preference appears to vary more from season to 

season and from species to species than Clethrionomys, Davis (1933) 

and Brown (1956) found a s l i g h t nocturnal preference i n Microtus 



agrestis as did Calhoun (1945) with Microtus ochogaster, 

H a t f i e l d (1940) found Microtus californicus to show l i t t l e a c t i v i t y 

during the daylight, Hamilton (1937), however, showed Microtus 

pennsylvanicus to have peaks of a c t i v i t y a few hours a f t e r dawn 

and a few hours before dusk, Erikinaro (1961) considers 

Microtus agrestis to show maximum a c t i v i t y at night i n summer, 

and i n the afternoon i n winter, 

A subsidiary rhythm of a c t i v i t y often associated 

wi t h feeding, and recurring every two to three hours, i s accepted 

as being t y p i c a l of small mammals. This was f i r s t suggested by 

Elton et a l (1931), and shown by Davis (1933) for Microtus. I t 

has since been demonstrated for Peromyscus by H a t f i e l d (194P), 

for Mus by Chitty & Southern (1954), for Apodemus by M i l l e r (1955), 

fo r the varying lemming Dicrostonyx groenlandicus by Hansen (1957), 

^ J Saint-Girons (1960a,b) and Pearson (1962) and for the three B r i t i s h 

shrews by Crwocroft (1954), The rhythm appears to vary from 

three-quarters of an hour i n Mus, to four hours i n Rattus 

(Richter 1927). 

A bimodal d i s t r i b u t i o n of nocturnal a c t i v i t y i s 

popularly referred to i n r e l a t i o n to small rodents, Elton et a l 

(1931) and M i l l e r (1955) consider i t to be the v i s i b l e e f f e c t of 

a nocturnal habit on the "short term feeding rhythm", Erikinaro 

(1961) was only able to detect t h i s i n Clethrionomys i n the 

spring and autumn months. 
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LABORATORY STUDY 

1. METHODS 

(1) Trapping and Maintenance 

Voles were trapped on the west bank of the 

River Wear, Co, Durham, about 70-300 metres upstream from the 

junction with the Old Durham Beck where the study of Ashby et a l 

(1969) was carried out; g r i d reference NZ 285420, I n the week 

s t a r t i n g 3 March three male water voles (Ml, M2, M3) and one 

female (F4) were caught using traps of a type designed by 

Lockie (1966) for weasles Mustela n i v a l i s and baited with apple. 

During the l a s t week i n A p r i l , four more males (M6, M8, M9, MlO) 

and two females F5, F7) were caught. One of these (F5) escaped 

shortly a f t e r and a male (MlO) died a f t e r two days i n c a p t i v i t y . 

The l a t t e r was never aggressive and appeared to be i n a r e l a t i v e l y 

poor condition when caught. 

During the experimental period from 5 May t i l l 

18 July the animals were kept on Diet S,G,1 devised by Short & 

Gamage (1959) as an improvement on Diet 18, Worall (1963) has 

successfully used the l a t t e r for water voles. Water was supplied 

as required by the dropper method. Vegetable food was not given 

since i t had been noticed early on that t h i s was always removed 

to the nest w i t h i n quarter of an hour of being given, and might 

have affected the r e s u l t s . This also allowed ah estimate to be 

made of the amount of food being eaten by each animal under the 

d i f f e r e n t experimental conditions. The bedding was a mixture of 
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cotton wool and wood wool. Between experimental periods the 

voles were housed i n simple cages ( 21 x 26 x 40cu,cms), 

No attempt was made to tame the animals and no evidence of 

tameness was noted. No i l l n e s s was noticed i n the period of 

investigation and a l l animals were al i v e ten days afterwards, 

( i i ) Review of methods used i n other work 

A number of d i f f e r e n t methods are available 

for measuring a c t i v i t y i n the laboratory. These have been 

reviewed by Kal'abukov (1940), There are three types of method 

frequently used for rodents. Wheel cages recording the number 

of revolutions have been used by Shirley (1928a,b), Slonaker (1928), 

and Brownman (1943), Shirley (1928a) has shown the consistency 

of the method. Johnson (1926), Davis (1933) and Saint-Girons 

(1960a,b) used actographs which are recording devices sensitive 

to a l l movements of a suspended cage. These may be mechanical, 

e l e c t r i c a l or pneumatic (Nicholls 1922 and Iverson et a l 1967) i n 

p r i n c i p l e , A t h i r d type i s to have a make-brake c i r c u i t controlled 

by a treddle or wire placed i n a r e s t r i c t e d place between feeding 

cage and nest box, Crowcroft (1954) found that f or shrews such 

positioning of the 'switch' i s unnecessary, and that results were 

similar wherever i t was placed i n the cage, H a t f i e l d (1940), 

M i l l e r (1955), Orr (1959), Erikinaro (1961) and Pearson (1962) 

have also used t h i s method, Chitty & Southern (1954) had the 

'switch' attached to a feeding st a t i o n to study feeding a c t i v i t y 

i n Mus. 
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An ac to graph,unless dampened, w i l l record such 

a c t i v i t y as fidgeting and scratching as well as locomotory 

a c t i v i t y . One advantage of t h i s type of apparatus i s that i t gives an 

absolute value for a c t i v i t y rather than a r e l a t i v e index. The wheel 

method i s open to several c r i t i c i s m s . The most important being 

that i t may encourage a c t i v i t y of a meaningless nature. Secondly 

i t may not be expected to measure a c t i v i t y associated w i t h feeding, 

since feeding boxes are usually attached to the axle of the cage. 

Th i r d l y as Kalahukov (1940) points out the measure of a c t i v i t y 

which i s given by the niimber of turns of the wheel i s not d i r e c t l y 

related to time since i t w i l l depend i n part on the speed at 

which the animal moves, Calhoun (1945) used both actograph and 

wheel i n the same apparatus. His results from the two sections of 

the apparatus were d i f f e r e n t for Microtus ochogaster but the same 

i n Sigmodon hispidus. He considered he was examining feeding 

a c t i v i t y and spontaneous a c t i v i t y separately, but one might expect 

the actograph to record a l l types of a c t i v i t y including a 

spontaneous element. The 'switch' method w i l l only give an index 

of a c t i v i t y and attempts to in t e r p r e t i n absolute terms should 

only be accepted when checked against an actograph. I t might 

be expected that spontaneous a c t i v i t y w i l l not be recorded. 

However, the fact that positioning i s not important for reproducable 

results (Crowcroft 1954) suggests that a constant preportion of a l l 

a c t i v i t y i s recorded. 
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The selection of method would depend on the 

type of study involved. For comparison wi t h f i e l d results the 

wheel i s unsatisfactory for reasons given above. Both actograph 

and 'switch' methods can be modified to measure nest and external 

a c t i v i t y separately. This i s important since f i e l d methods are 

not usually concerned with nest or burrow a c t i v i t y . The accuracy 

of comparisons between t h i s type of apparatus and f i e l d conditions 

have not yet been determined, 

( i i i ) The apparatus and techniques used i n t h i s study 

The apparatus used i n t h i s study which i s shown 

i n F i g . I and Plate I i s of the 'switch' type. Each vole had two 

cages (16 x 22 x 37cu.cms) joined together by a steel run 

(5 X 8 X 124cu,cms), the l a t t e r was covered w i t h %cm square mesh. 

One cage was f i l l e d w i t h nesting material, food and water were 

available i n the other. Two units of four such systems were 

used. Neighbouring cages i n each u n i t were separated by t i n p l a t e . 

The animals were thus unable to see each other, the t i n p l a t e also 

cut down auditory and o l f a c t o r y communication. To further 

discourage any i n t e r a c t i o n , each u n i t was arranged so that nesting 

cages alternated with feeding cages. A wire 'switch' mechanism 

F i g , I I was inserted i n the centre of the run. I n the case of the 

female voles a crush was also placed i n the run at t h i s point 

reducing i t s width by 1cm either side of the switch. This 

modification was considered essential from i n i t i a l t r i a l s of the 

apparatus. The 'switches' were wired to "Rustrak" recorders. 



A UNIT OF APPARATUS FOR MEASURING ACTIVITY 
IN FOUR VOLES. 
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PLATE I 

Apparatus used i n the laboratory part of t h i s study 
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Two r e c o r d e r s were used, each having four s e p a r a t e c h a n n e l s . 

E v e r y time a 'swi t c h ' was brushed by a v o l e a s i n g l e mark was 

made on a r o l l o f waxed paper. T h i s moved a t 3 i n c h e s an hour 

i n one r e c o r d e r and 5 i n c h e s an hour i n the o t h e r . The former 

was only changed a t the end of a ten day p e r i o d , the l a t t e r had 

to be changed a f t e r s i x days. 

From 1 6 . 0 0 B.S.T. 1 7 March t i l l 1 6 . 0 0 2 3 March 

four v o l e s (Ml, M 2 , M 3 , F 4 ) were g i v e n a p r e l i m i n a r y t r i a l i n 

the apparatus. The animals were ma i n t a i n e d i n a greenhouse 

without e x t r a h e a t i n g . The temperature over the seven days 

was 4 ° - 7°C, w i t h a maximum a t 1 4 , 0 0 , The hiimidity was constant 

a t 907o f o r the f i r s t f i v e days but during the l a s t two dropped and 

showed d a i l y f l u c t u a t i o n s . The maxima were 8 5 % and 8 0 % and the 

minima 657o and 607o, o c c u r r i n g a t 1 6 , 0 0 and 0 2 , 0 0 r e s p e c t i v e l y , 

on these days. S u n r i s e to sunset was 1 1 hours 5 1 minutes 

i n c r e a s i n g to 1 2 hours 2 1 minutes ( W h i t t a k e r ' s Almanack 1 9 6 9 ) , 

V i s i t s to the v o l e s f o r feeding were once a day a t i r r e g u l a r times 

between 0 9 , 0 0 and 1 7 , 0 0 , No r e c o r d o f the amount o f food eaten 

was k e p t . Three days a c c l i m a t i s a t i o n to the apparatus were 

all o w e d . 

I n a l l other experiments e i g h t v o l e s , s i x male 

and two female, were recorded f o r ten days i n a c o n t r o l l e d 

environment. The maximum and minimian temperatures were 2 5 ° C and 

1 8 ° C r e s p e c t i v e l y w h i l e the d a i l y temperature f l u c t u a t i o n was not 

more than 3°C, These f l u c t u a t i o n s c l o s e l y followed the l i g h t i n g 
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regime w i t h a maximum j u s t b e f o r e ' l i g h t s o f f . The humidity 

approximately followed the r e v e r s e p a t t e r n , w i t h the d a i l y maximum 

bef o r e ' l i g h t s on', but the p a t t e r n was not c o n s i s t e n t , the a b s o l u t e 

v a r i a t i o n was between 52% and 82%, The room was l i t by four 100 

watt l i g h t s g i v i n g an i n t e n s i t y o f 550 - 800 foot-Lamberts, The 

l i g h t s r e q u i r e d t h r e e - q u a r t e r s o f an hour to t u r n on and o f f . 

I n i t i a l l y the v o l e s were kept under a regime o f 16 hours l i g h t , 

th e l i g h t s s t a r t i n g to t u r n on a t 05,00 and o f f a t 21,00. Only 

t h r e e days were given f o r a c c l i m a t i s a t i o n s i n c e the change i n day-

l e n g t h from the greenhouse was l e s s than h a l f an hour. The v o l e s 

were allowed one day to a c c l i m a t i s e to the apparatus i t s e l f . 

V i s i t s f o r feeding were a t 12.00 f o r the f i r s t s i x days and 16,00 

fo r the l a s t f o u r . I n two f u r t h e r experiments 12 hours and 

8 hours l i g h t were provided, ' l i g h t s on' s t a r t e d a t 07,00 and 

09,00, ' l i g h t s o f f s t a r t e d a t 19,00 and 17,00 r e s p e c t i v e l y . 

Ten days a c c l i m a t i s a t i o n were a l l o w e d between each experiment, 

the l a s t day being i n the run. The v o l e s were v i s i t e d f o r feeding 

a t 10,00, I n a l l t h r e e experiments food and water were fed i n 

ex c e s s , the food i n 34 gram p o r t i o n s . At the end o f each 

experimental s e r i e s the r e s i d u a l food was c o l l e c t e d , weighed, 

and the amount o f food e a t e n per day c a l c u l a t e d f o r each v o l e . 

I n the t h r e e experiments above the v o l e s always 

had the same p o s i t i o n s i n the runs as i n T a b l e l ( a ) . To i n v e s t i g a t e 

the e f f e c t s o f the females on the males, the v o l e s were re - a r r a n g e d 

as i n T a b l e l ( b ) . To emphasise the e f f e c t , the t i n p l a t e p a r t i t i o n s 
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between the two neighbouring males and females were removed. 

A l l e i g h t v o l e s were recorded f o r t e n days a f t e r ten days 

a c c l i m a t i s a t i o n . V i s i t s f o r feeding were a t 10,000. The 

amount o f food eaten was not recorded. 

T a b l e l ( a ) 

P o s i t i o n s o f v o l e s i n f i r s t t h r e e experiments under c o n t r o l l e d 
c o n d i t i o n s 

U n i t 1 2 

P o s i t i o n 1 2 3 4 1 2 3 4 

Vole Ml M2 M3 M6 F4 F7 M8 M9 

T a b l e l ( b ) 

P o s i t i o n s o f v o l e s i n f o u r t h experiment under c o n t r o l l e d 
c o n d i t i o n s 

U n i t 1 2 

P o s i t i o n 1 2 3 4 1 2 3 4 

Vole M3 F4 F7 Ml M6 M2 M8 M9 

I t i s not thought t h a t the temperature and 

humidity f l u c t u a t i o n s had an important e f f e c t i n t h i s s e r i e s o f 

experiments, Browman (1943) has shown temperature to be s u b s i d i a r y 

to day l e n g t h i n a f f e c t i n g the a c t i v i t y o f females w h i t e r a t s 

R a t t u s norvegicus v a r , N i k o l a e v & Chertova (1962) found no 

c o r r e l a t i o n between r a i n f a l l and water v o l e a c t i v i t y from t r a p p i n g 

r e s u l t s . The g e n e r a l i m p l i c a t i o n s o f t h e s e two f a c t o r s a r e 

c o n s i d e r e d i n the f i n a l d i s c u s s i o n . 



14. 

Brovm (1956), working from f i e l d data, c o n s i d e r e d 

Clethrionomys to be most a c t i v e a t dusk. P r e v i o u s i n v e s t i g a t o r s 

u s i n g a r t i f i c i a l l i g h t such as Johnson (1926), Calhoun (194 5 ) , 

M i l l e r (1955) and Pearson (1962) have ignored the p o s s i b l e 

importance of p e r i o d s o f reduced l i g h t i n t e n s i t y . Those 

i n v e s t i g a t o r s u s i n g d a y l i g h t ( S a i n t - G i r o n s 1960a,b, E r i k i n a r o 1961) 

have the problem o f change i n daylength to c o n s i d e r . While i t i s 

doubtful t h a t t h i s i s s i g n i f i c a n t i n i t s e f f e c t on a c t i v i t y p a t t e r n s 

over s h o r t p e r i o d s of time, i t s e f f e c t over a month or more i s 

unknown. For these reasons the time s w i t c h causing a p e r i o d o f 

reduced l i g h t i n t e n s i t y was i n c o r p o r a t e d i n t o the apparatus i n 

t h i s study. 

The a n a l y s i s of r e s u l t s used here has been to 

take a minimum p e r i o d o f f i v e minutes and r e c o r d as e i t h e r showing 

some a c t i v i t y or none. T h i s y i e l d s g r e a t e r d e t a i l than the 

s t u d i e s o f Davis (1933) who used s i x minute p e r i o d s . M i l l e r (1955) 

who used hour p e r i o d s , and Pearson (1962) who used ten minute 

p e r i o d s , but l e s s than Crowcroft (1954) who used a p e r i o d o f 

t h r e e q u a r t e r s o f a minute. F i v e minutes was s e l e c t e d as the 

s m a l l e s t u n i t which was e a s i l y i d e n t i f i e d . The f a s t speed o f the 

r e c o r d e r s made a s m a l l e r u n i t p o t e n t i a l l y p o s s i b l e , but on odd 

o c c a s i o n s b l o c k s o f unjsepacated marks o f up to t h r e e minutes d u r a t i o n 

c o u l d be found on the r e c o r d i n g paper. These appeared to be due to 

v o l e s snapping or s c r a t c h i n g a t the ' s w i t c h ' . The treatment o f 

these b l o c k s of marks as more than a s i n g l e u n i t would have h e a v i l y 

weighted the data f o r the p e r i o d o f the day i n which they o c c u r r e d . 
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2, RESULTS 

Throughout t h i s d e s c r i p t i o n o f r e s u l t s the 

experiments w i l l be r e f e r r e d to as f o l l o w s ; the p r e l i m i n a r y 

greenhouse t r i a l as PT, the t h r e e i n i t i a l experiments under 

c o n t r o l l e d c o n d i t i o n s o f 16 hours, 12 hours, and 8 hours l i g h t 

as L16, L12 and L8 r e s p e c t i v e l y , and the experiment i n v o l v i n g 

p o s i t i o n a l changes as S16, A c t i v i t y i s e x p r e s s e d as the number 

of u n i t f i v e minute p e r i o d s i n which any a c t i v i t y was found, 

except where i n d i c a t e d elsewhere. The times r e f e r to B,S,T, 

u n l e s s s t a t e d o t h e r w i s e . 

( i ) The e f f e c t o f i n t e r r u p t i o n s f o r f e e d i n g 

The r e s u l t s o b t a i ned from PT, where the v o l e s 

were v i s i t e d f o r feeding a t s p o r a d i c times i n the day, suggested 

t h a t such v i s i t s were l i k e l y to i n c r e a s e a c t i v i t y a t those times, 

N i c h o l l s (1922) found t h i s was so i n the guinea-pig and d i s c a r d e d 

r e s u l t s o b t a i ned i n the hour o f f e e d i n g , O r r (1959) found the 

same w i t h Peromyscus leucopus. I v e r s o n e t a l (1967) found t h a t 

a v a r i e t y o f h a i r l e s s mouse was most a c t i v e a t 12,00, T h i s was 

a l s o the time when they were fed, but the authors do not comment 

on the f a c t . T h i s r e s u l t would be un u s u a l i f the animal was a 

v a r i e t y o f house mouse Mus muscuius which C h i t t y & Southern (1954) 

have shown to be n o c t u r n a l . 

To examine t h i s problem i n t h i s study the 

i n t e r r u p t i o n s f o r feeding were made a t two d i f f e r e n t times o f the 
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day i n L16, The v a l u e s c a l c u l a t e d below have been taken from 

seven v o l e s (F4 i s not i n c l u d e d as i t s ' s w i t c h ' broke down f o r 

four days i n the experiment). Student's t t e s t has been used 

to compare the r e s u l t s f o r the h a l f hour a f t e r 12,00 f o r the 

f i r s t s i x days w i t h r e s u l t s f o r the same time on the l a s t four 

days, t = 1,76, 0.1>P>0.05, 68 d.f. The h a l f hour a f t e r 

16,00 hours has been compared f o r the same two p e r i o d s i n the 

same way, t = 2,88, P<0.01, 68 d.f. At both times the mean 

number o f u n i t f i v e minute p e r i o d s a c t i v e i s g r e a t e r i n the 

h a l f hour a f t e r i n t e r r u p t i o n than not, but these r e s u l t s a r e not 

e n t i r e l y c o n c l u s i v e i n showing the d i f f e r e n c e . Comparison o f 

the d a i l y p a t t e r n o f a c t i v i t y o f a l l male v o l e s together from 

t h i s experiment. F i g , V ^ ( a ) w i t h the e q u i v a l e n t p a t t e r n from S l 6 

F i g , Vlilf) shows an important d i f f e r e n c e . The former has a 

moderate p e r i o d o f a c t i v i t y a t 12.00, the l a t t e r shows a d i s t i n c t 

low a t t h i s time. ( N e i t h e r the d i u r n a l nor n o c t u r n a l p a r t s o f 

the p a t t e r n a r e randomly d i s t r i b u t e d i n t i m e ) . S i n c e the v o l e s 

were not v i s i t e d a t 12.00 i n the l a t t e r experiment t h i s a l s o 

suggests t h a t there i s i n c r e a s e d a c t i v i t y a t i n t e r r u p t e d times. 

P e r s o n a l o b s e r v a t i o n s o f the v o l e s a t feeding times i n a l l 

experiments confirms t h i s o p i n i o n , but a l s o i n d i c a t e s t h a t the 

response i s not the same i n each v o l e , nor from day to day i n any 

one v o l e . The r e s u l t s over t h e s e i n t e r r u p t e d p e r i o d s have been 

i n c l u d e d f o r the sake o f completeness. T h e i r p o s s i b l e b e a r i n g 

on other r e s u l t s i s c o n s i d e r e d i n the r e l e v a n t s e c t i o n . 
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( i i ) The d a i l y v a r i a t i o n i n a c t i v i t y 

The d a i l y t o t a l s o f a c t i v i t y o f a l l v o l e s 

together, and the d a i l y t o t a l s o f a c t i v i t y f o r each v o l e , a r e 

shown i n T a b l e I l ( a - e ) , together w i t h the r e s p e c t i v e v a l u e s o f 
2 

X and P, Where P<0,05, suggesting t h a t the v a r i a t i o n i n d a i l y 

a c t i v i t y i s s i g n i f i c a n t l y g r e a t e r than would be expected by chance, 
2 

the i n d i v i d u a l v a l u e s which a r e s i g n i f i c a n t , X > 3,8, 1 d,f,, a r e 
+ * marked i f g r e a t e r than the mean and i f l e s s than the mean. 

No s i g n i f i c a n c e was found i n the d a i l y v a r i a t i o n o f a c t i v i t y o f a l l 

v o l e s together f o r PT, L l 6 and L 8 , I n L12 two days were s i g n i f i c a n t l y 

h i g h e r and two s i g n i f i c a n t l y lower than the mean a c t i v i t y v a l u e . 

I n S16 two days were s i g n i f i c a n t l y h i g h e r and one s i g n i f i c a n t l y 

lower than the mean a c t i v i t y v a l u e . None o f t h i s v a r i a t i o n was 

d i r e c t l y a t t r i b u t a b l e to any extreme f l u c t u a t i o n s o f temperature 

or humidity by i n s p e c t i o n . Another p o s s i b l e reason f o r the h i g h 

d a i l y v a r i a t i o n i n a c t i v i t y c o u l d be i n s u f f i c i e n t time being give n 

to a l l o w v o l e s to s e t t l e t o given c o n d i t i o n s . To examine t h i s , 

the t o t a l a c t i v i t y o f a l l v o l e s taken together, on the f i r s t f i v e 

days o f each experiment, has been compared w i t h t h a t on the l a s t 

f i v e days. ( I n PT the f i r s t t h r e e days have been compared w i t h 

the l a s t four d a y s ) . The d i f f e r e n c e s a r e o n l y s i g n i f i c a n t i n L l 2 

(X^ = 29,83, P<0,001, 1 d.f.) and S16 (X^ = 9,36, P<0.01, 1 d.f,) 

i n both c a s e s more a c t i v i t y was recorded i n the f i r s t f i v e days. 
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T h i s suggests t h a t the s i g n i f i c a n t v a r i a t i o n shown above i s due 

to an apparent t r e n d to d e c r e a s i n g a c t i v i t y w i t h time i n these two 

experiments. However, the l e n g t h o f time the experiments r a n i s 

h a r d l y s u f f i c i e n t to e s t a b l i s h a d i r e c t r e l a t i o n s h i p between t h i s 

drop i n a c t i v i t y and the l e n g t h o f time o f a c c l i m a t i s a t i o n , L8 

i n which the v o l e s had a s i m i l a r p e r i o d o f a c c l i m a t i s a t i o n d i d not 

show t h i s t r e n d . Among i n d i v i d u a l v o l e s showing s i g n i f i c a n t 

v a r i a t i o n i n d a i l y a c t i v i t y , i n s p e c t i o n suggests o n l y one w i t h 

any notable t r e n d , M9 i n L16 shows a steady i n c r e a s e i n a c t i v i t y 

from day 4 to day 9. The reason f o r t h i s i s not known, but i t does 

emphasise t h a t the above i m p r e s s i o n may not be regarded as c o n c l u s i v e 

s i n c e i t cannot apply to t h i s v o l e , 

Slonaker (1928) found a c t i v i t y i n female wh i t e r a t s 

i n c r e a s e d every t h r e e to four days c o i n c i d e n t w i t h o e s t r u s ; t h i s 

p a t t e r n was not found i n the males. The water v o l e has a s i m i l a r 

r e p r o d u c t i v e c y c l e ( P e r r y 1943), T a b l e I I I shows the s t a n d a r d 

d e v i a t i o n s o f the i n d i v i d u a l v o l e s ' d a i l y t o t a l s . These v a l u e s 

g i v e no i n d i c a t i o n t h a t the d a i l y v a r i a t i o n o f a c t i v i t y i s g r e a t e r 

i n the females than i n the males. While i t i s not to be expected 

t h a t ten days' r e s u l t s would produce c o n c l u s i v e evidence on t h i s 

p o i n t , s i n c e a maximum o f t h r e e c y c l e s i s a l l t h a t c o u l d be shown 

by any female v o l e i n the time, i n s p e c t i o n o f the r e s u l t s o f the 

two females only suggests a t h r e e to four day c y c l e w i t h F4 i n L8. 

Even here the l a s t o f the two peaks i s the o n l y one s i g n i f i c a n t l y 

g r e a t e r than the d a i l y mean ( f o r day 7 X = ^ - ^ j P<0.05, 1 d . f , ) . 
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T a b l e I I I 

Standard d e v i a t i o n s o f the d a i l y a c t i v i t y t o t a l s f o r a l l 
v o l e s i n a l l experiments 

VOLES EXPERIMENTS 

PT L16 L12 L8 S16 

Ml 2,39 10.58 8,16 2.84 19,30 

M2 2,10 3.44 4.95 3.66 7,68 

M3 5.97 8.66 7.35 4.00 25,52 

M6 - 8.80 8.10 7,39 10.69 

M8 - 15,93 11.47 6,20 9.24 

M9 - 28.29 5,83 9,98 5.43 

F4 6,19 - 6.25 11,12 19.57 

F7 - 8,46 4.80 4.86 10,90 

The d a i l y v a r i a t i o n has a l s o been examined to see 

i f neighbouring v o l e s were a f f e c t i n g each o t h e r ' s a c t i v i t y . The 

c o r r e l a t i o n c o e f f i c i e n t \j c a l c u l a t e d from the d a i l y a c t i v i t y t o t a l s 

o f neighbouring v o l e s i s o n l y s i g n i f i c a n t P<0,05, 9: d.f, i n two 

p a i r s o f v o l e s i n L12 (Ml and M2, r =*0,71) and (M8 and M9, r = +0,76) 

and one p a i r i n S16 ( F 4 and F7, r = +0,89), T h i s i s t h r e e p a i r s o f 

v o l e s showing s i g n i f i c a n t c o r r e l a t i o n out o f a p o s s i b l e twenty t h r e e . 

These r e s u l t s might be expected to occur by chance, and t h e r e i s no 

evidence to suppose i n t e r a c t i o n o f any s o r t between neighbouring v o l e s 
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None o f the h i g h d a i l y v a r i a t i o n i n a c t i v i t y 

above can be d i r e c t l y a t t r i b u t e d to any one o f the f a c t o r s examined. 

I t may be due to a complex i n t e r a c t i o n of the above f a c t o r s , or i t 

may be w i t h i n the range o f a c t i v i t y f o r the given c o n d i t i o n s and 

s i g n i f i c a n t o n l y by chance. No evidence o f the v o l e s a f f e c t i n g 

each o t h e r ' s a c t i v i t y has been found, 

( i i i ) The e f f e c t o f one sex on another 

R i c h t e r (1927) r e c o r d s t h a t female white r a t s 

w i l l decrease t h e i r a c t i v i t y f o r the f i r s t few days when p l a c e d w i t h 

male r a t s , Calhoun (1945) has found the same w i t h Sigmodon h i s p i d u s . 

Slonaker (1928) has found t h a t male white r a t s i n cages near the 

females tended to f o l l o w the four day c y c l e o f the l a t t e r . I n 

t h i s study i n L16, L12 and L8, M8 and M9 were c o n s i s t e n t l y the 

most a c t i v e male v o l e s and a l s o those i n the same apparatus u n i t as 

the females. Thus i t was c o n s i d e r e d p o s s i b l e t h a t the females might 

be s t i m u l a t i n g these males to g r e a t e r a c t i v i t y . To i n v e s t i g a t e t h i s 

p o s s i b i l i t y the v o l e s had t h e i r p o s i t i o n s changed as o u t l i n e d on page 13. 

T a b l e IV summarises the t o t a l l e d a c t i v i t y over ten 

days f o r each v o l e i n S l 6 compared w i t h L16, i n which day l e n g t h was 

the same. A l l o t h e r f a c t o r s except the times o f feeding were 

s i m i l a r . The s i g n i f i c a n c e o f i n t e r r u p t i o n s has been d i s c u s s e d , 

i t s e f f e c t i n t h i s context i s thought to be n e g l i g i b l e s i n c e the 

number and l e n g t h o f i n t e r r u p t i o n s were the same i n both c a s e s . 

The mean t o t a l a c t i v i t y i n S16 was 15% g r e a t e r than i n L16 i n the 
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male v o l e s , and 25% g r e a t e r i n the females. T h i s has been 

s u b t r a c t e d from the a c t u a l percentage change i n each v o l e a c c o r d i n g 

to sex to enable comparison between the v o l e s . I n T a b l e IV the 

v o l e s a r e arranged i n p a i r s which r e c e i v e d s i m i l a r treatments, 

M8 and M9 do not compare e x a c t l y s i n c e the l a t t e r v o l e , though 

near to the females i n L16, was not next to them. S i n c e the 

i n d i v i d u a l s o f each p a i r o f v o l e s show the o p p o s i t e changes i n 

a l l c a s e s , i t would seem most u n l i k e l y t h a t any e f f e c t s o f s e x u a l 

s t i m u l a t i o n have been shown. 

I t has a l r e a d y been i n d i c a t e d i n the s e c t i o n on 

d a i l y a c t i v i t y t h a t the a d j a c e n t couples i n S l 6 show no s i g n i f i c a n t 

c o r r e l a t i o n i n t h e i r d a i l y a c t i v i t y . (The two females a r e an 

e x c e p t i o n but t h i s r e s u l t could have a r i s e n by chance), The 

c o r r e l a t i o n c o e f f i c i e n t f o r the two couples i n S16, not quoted 

i n t h a t s e c t i o n , were r = +0.10 f o r Ml and F4, and r = +0.14 f o r 

M3 and F7, P>0.1 and .9 d.f, i n both c a s e s . 
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No evidence o f s t i m u l a t i o n o f e i t h e r sex, 

by the other, to i n c r e a s e or decrease t h e i r l e v e l o f a c t i v i t y 

has been found. I n a l l f u r t h e r c o n s i d e r a t i o n o f r e s u l t s from 

L l 6 and S16, the e f f e c t s o f p o s i t i o n a l changes w i l l be regarded 

as n e g l i g i b l e . 

( i v ) T o t a l a c t i v i t y 

The changes i n mean a c t i v i t y per v o l e over t e n 

days, f o l l o w i n g the changes i n le n g t h o f hours o f l i g h t , f o r the 

four c o n t r o l l e d experiments a r e shown i n F i g , I I I . The o v e r a l l 

decrease i n a c t i v i t y from L16 to L8 i s 13% i n the males, 5% i n 

the females. A n a l y s i s of v a r i a n c e o f the i n d i v i d u a l r e s u l t s f o r 

the males i n L16, L l 2 , and L8 g i v e s F = 1.14, P<0.2, 17 and 15 d.f., 

showing i n d i v i d u a l v a r i a t i o n to be more s i g n i f i c a n t than the drop 

i n a c t i v i t y . I t was thought p o s s i b l e t h a t the time between 

experiments might be i n s u f f i c i e n t f o r the v o l e s to e x h i b i t a 

s i g n i f i c a n t change i n t o t a l a c t i v i t y . Student's t t e s t has been 

used to compare the t o t a l a c t i v i t y o f the male v o l e s i n L16 w i t h 

those i n L8, t = 1.84, P<0.1, 10 d.f. No s t a t i s t i c a l t e s t s have 

been a p p l i e d to the females but t h e i r changes i n a c t i v i t y a r e 

c l e a r l y not s i g n i f i c a n t . Treatment of the data f o r a l l e i g h t 

v o l e s together, as the data of the males has been t r e a t e d above, 

g i v e s F = 1.48, P<0.02, 23 and 21 d.f., and t = 1.98, P<0.1, 

14 d.f. These r e s u l t s i n themselves cannot be regarded as 

c o n c l u s i v e i n showing d e c r e a s i n g a c t i v i t y w i t h d e c r e a s i n g amounts 
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o f l i g h t , but they do not negate the p o s s i b i l i t y . A f t e r L8 the 
voles were r e t u r n e d to a regime o f 16 hours l i g h t f o r S16. Comparison 
o f L16 and S16 u s i n g student's t t e s t gives t = 1,19, 10 d.f,, i f the 
males o n l y are considered, and t = 1,17, 14 d.f,, i f both sexes are 
considered, P > 0 . 4 i n both cases. Thus 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 data f o r L16 and S16. I f we compare L8 w i t h 
S16 f o r the males alone, t = 2.28, P < 0 . 0 5 , 10 d,f,, and f o r a l l 
e i g h t animals together t = 2,85, P < 0 . 0 2 , 14 d.f. This c l e a r l y 
shows a s i g n i f i c a n t increase i n a c t i v i t y from L8 to S16. This 
increase i s 527o i n the males and 317o i n females. The d i f f e r e n c e 
i n a c t i v i t y between males and females i s o n l y s i g n i f i c a n t ( P ^ 0 . 0 5 ) 
i n L 8 , but even here M9 was more a c t i v e than both females. The 
comparison i s shown i n Table V, The response o f the males to 
a l l changes i n l i g h t i n g c o n d i t i o n s i s greater than t h a t o f the females; 
t h i s i s shown by the slope o f the graph i n F i g . I I I . 



F i g . I I I . 

Th« 20% a c t i v i t y l e v e l has been included for comparison 

with o t h e r work. I t s v a l i d i t y depends on a vole being a c t i v e for 

the whole of any f i v e minute period i n which a c t i v i t y was recorded, 

and not being active when no a c t i v i t y was found. Thla iias not been 

demonstrated i n t h i s study. 





. Table V 

D i f f e r e n c e i n number o f u n i t 5 minute periods, recorded over 
10 days, between males and females 

25. 

A c t i v i t y 
Observed Expected 

Males 
Females 
T o t a l 

Males 
Females 
T o t a l 

Males 
Females 
T o t a l 

Males 
Females 
T o t a l 

3427 
1108 
4535 

2945 
1044 
3989 

2598 
1058 
3656 

3938 
1388 
5326 

3401 
1134 
4535 

2992 
997 

3989 

2742 
914 

3656 

3995 
1331 
5326 

L16 

L12 

L8 

S16 

X 

0.20 
0.59 
0.79 

0.74 
2.21 
2.95 

7.56 
22.69 
30.15 

0.80 
2.40 
3.20 

< 0.5 

< 0 . 1 

< 0.001 

< 0 . 1 

I t may be concluded t h a t the i n t e n s i t y o f a c t i v i t y 

i n the male voles decreases w i t h decreasing day l e n g t h and increases 

w i t h i n c r e a s i n g day l e n g t h . Under the c o n d i t i o n s o f t h i s study the 

response to the former i s less than the response to the l a t t e r . 

The female voles appear to respond i n the same way as the males 

but o n l y the increase i n a c t i v i t y i s s i g n i f i c a n t . 
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( v ) The r e l a t i o n s h i p between amounts o f food eaten and amounts 

of a c t i v i t y shown 

The weight o f food eaten by each vo l e i n L16, L12 

and L8 was recorded to see i f a d i r e c t r e l a t i o n s h i p between food 

i n t a k e and a c t i v i t y could be shown. The c o r i f e l a t i o n c o e f f i c i e n t 

between mean d a i l y a c t i v i t y and mean d a i l y food i n t a k e i s not 

s i g n i f i c a n t , r = +0.33, P > 0 , 1 , 23 d.f. The d i f f e r e n c e s i n the 

amounts o f food eaten between L16 and L8 are not s i g n i f i c a n t , 

t = 0.97, P 0.1, 14 d.f. The a c t u a l amounts eaten per day by 

each vole are shown i n Table V I . The on l y evidence o f storage o f 

food by voles was given by M3 i n PT, 

Table V I 

Weights o f food eaten per day f o r each vo l e (g) 

Vole 
Exper-
iment Ml M2 M3 M6 M8 M9 F4 F7 Mean 
L16 
L12 
L8 

23.5 
21.7 
18.9 

22.7 
19.8 
21.6 

20,5 
19,1 
15,6 

23,8 
18,3 
18,0 

20,5 
19,1 
21.2 

28.4 
28.2 
22.0 

18,8 
17,4 
13,5 

20.5 
21.1 
19.3 

22.3 
20.6 
18,7 

( v i ) Nocturnal and d i u r n a l a c t i v i t y 

The r e l a t i o n s h i p s between n o c t u r n a l and d i u r n a l 

a c t i v i t y i n experiments L 1 6 , L l 2 , L8 and S 1 6 are shown i n F i g , IV, 

I n a l l experiments the l i g h t and dark periods have been regarded 

as s t a r t i n g h a l f an hour a f t e r the l i g h t s .started t o t u r n on and 

o f f r e s p e c t i v e l y . Table V I I shows t h a t b oth male and female voles 

are s i g n i f i c a n t l y more a c t i v e i n the dark than i n the l i g h t i n a l l 

regimes. Only F4 i n L 1 6 and L l 2 and M2 i n L8 show a greater 



< 
< 
ZD 
\— o o 
Q 

< 

< 
cr 
ZD 
I — H 
Q 
Ll 
O 

CD 

< 
X 

> 



27. 

Table V I I 

Ten day t o t a l s o f a c t i v i t y f o r the day and n i g h t periods 

( A c t i v i t y i n u n i t s o f 5 minute periods showing any a c t i v i t y , t o t a l s 
from s i x male voles and two female v o l e s ) 

L16 L12 ' L8 S16 
Males Females Males Females Males Females Males Females 

D i u r n a l a c t i v i t y 1929 666 1189 437 685 308 1989 852 
Nocturnal a c t i v i t y 1498 442 1748 604 1913 749 1949 536 

166.47 21.46 106.39 26.79 56.75 8.35 462.16 17.27 
p ( 1 d . f . ) 0.001 0.001 0.001 0.001 0.001 OjOl 0.001 0.001 

i n t e n s i t y o f a c t i v i t y i n the l i g h t than i n the dark. On decreasing 

d a y l i g h t from 16 hours to 8 hours d i u r n a l a c t i v i t y drops 30% i n the 

male voles and 31% i n the females. I n c r e a s i n g d a y l i g h t again from 

8 hours to 16 hours i n S16 caused d i u r n a l a c t i v i t y t o increase 25% 

i n the males and 327o i n the females. I f there were no change i n 

the d i u r n a l t o n o c t u r n a l r a t i o o f i n t e n s i t y o f a c t i v i t y , changes o f 

30% would be expected. The mean r a t i o s o f d i u r n a l to n o c t u r n a l 

a c t i v i t y are given i n Table V I I I , The maximum was given by Ml i n 

S16 (1:2.96), the minimum by M2 i n L8 (1:0.85), Student's t t e s t 

has been used t o compare t h i s r a t i o f o r the male voles o n l y , i n 

p a i r s o f experiments. A s i g n i f i c a n t d i f f e r e n c e was o n l y found 

between L8 and S16, t = 2.86, P<0.05, 10 d,f. The males are more 

n o c t u r n a l than the females under a l l l i g h t i n g regimes, but the 

d i f f e r e n c e i s on l y s i g n i f i c a n t i n the two regimes p r o v i d i n g 16 hours 

l i g h t ( f o r L16 X^ = 4.99, P<0.05, 1 d.f, and f o r S16 X^ = 48.77, 

P<0.001, 1 d . f . ) . 
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Water voles show a n o c t u r n a l preference which may 

be stronger i n long hours o f d a y l i g h t , but t h i s l a t t e r p o i n t i s 

not conclusive. The d i f f e r e n c e s i n the sexes may not be taken 

as v a l i d f o r a l l water voles since o n l y two females were examined. 

There i s some overlap,between the sexes, i n the d i u r n a l t o n o c t u r n a l 

a c t i v i t y r a t i o except i n S16, D i u r n a l values given i n Table V I I 

may be regarded as maximal, since a l l i n t e r r u p t i o n s f o r feeding 

occurred i n the p e r i o d regarded as day, thus i n c r e a s i n g the amount 

and percentage o f d i u r n a l a c t i v i t y , 

( v i i ) The p r e l i m i n a r y t r i a l 

I n PT the l i g h t p e r i o d has been taken as 07,30-19.30, 

However, t h i s experiment was c a r r i e d o u t on the s p r i n g equinox, i n 

the seven days covered sunrise changed from 07,20-07.03. The t o t a l 

a c t i v i t y recorded over these seven days was 486 u n i t f i v e minute 

periods f o r Ml, M2 and M3 and 261 f o r F4, The female was s i g n i f i c a n t l y 
2 

more a c t i v e X = 3.97, P<0.05, 1 d.f. The males showed 43% o f a l l 

a c t i v i t y i n the l i g h t , the female 57%; t h i s d i f f e r e n c e was also 
2 

s i g n i f i c a n t , X = 14.3, P^O.OOl, 1 d.f. Since the r a t i o o f l e n g t h 

o f day t o le n g t h o f n i g h t i s 1:1, the above percentages also r e f l e c t 

the r a t i o o f a c t i v i t y i n each p e r i o d o f the day. I n Table IX the 

a c t i v i t y o f the four voles concerned i s compared i n PT and L12, 

where the l i g h t p e r i o d was o f s i m i l a r l e n g t h . Both males and female 

increased t h e i r mean a c t i v i t y per day when indoors, the males by 58%, 
2 

the female by 31%. C a l c u l a t i o n o f X from a 2 x 2 contingency t a b l e 

shows t h a t the p r o p o r t i o n o f d i u r n a l a c t i v i t y i s s i m i l a r i n the two 
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Table IX 

Comparison o f a c t i v i t y i n PT and L12 

( A c t i v i t y i n u n i t 5 minute periods showing any a c t i v i t y ) 

Males Females 
PT L12 PT L12 

Mean a c t i v i t y / d a y / v o l e 27.1 36.7 37.3 48.8 

% i n day 43% 42% 57% 51% 

% a t n i g h t 57% 58% 43% 49% 

regimes f o r the males, but s i g n i f i c a n t l y smaller i n L12 f o r the 

female (X^ = 19.7, P<0.001, 1 d . f . ) . 

The most important f a c e t o f a c t i v i t y i n PT i s t h a t 

the mean d a i l y a c t i v i t y i s much less than i n L12, Other d i f f e r e n c e s 

do not m e r i t f u r t h e r comment because o f the low numbers o f voles 

i n v o l v e d . 

( v i i i ) The s u b s i d i a r y a c t i v i t y phase 

The d i s t r i b u t i o n o f u n i t f i v e minute periods du r i n g 

any a c t i v i t y , over the seven days o f PT suggested a rhythm o f 

a c t i v i t y s u b s i d i a r y to the d i u r n a l n o c t u r n a l rhythm. F i g . V shows 

a frequency diagram o f i n t e r v a l s o f time between two successive f i v e 

minute periods showing any a c t i v i t y . These i n t e r v a l s have been 

arranged i n 20 minute classes to show the p a t t e r n c l e a r l y . The 

data from each vo l e i n PT are p l o t t e d s e parately. These frequency 

curves appear to have two separate elements. Periods o f i n a c t i v i t y 

o f less than 80 minutes occur on a random b a s i s . Periods o f longer 
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than t h i s are more normally d i s t r i b u t e d around a time o f 160-210 
minutes. The exact time o f the l a t t e r v a r i e s from v o l e to v o l e . 
The o v e r a l l p i c t u r e i s thus o f groupings o f a c t i v i t y periods 
separated by periods o f i n a c t i v i t y o f a r e l a t i v e l y w e l l defined 
l e n g t h . F i g , V has been used to c a l c u l a t e the mean number o f 
peaks o f a c t i v i t y per day, and the mean l e n g t h o f i n t e r v a l between 
each peak, f o r each v o l e . This i s shown i n Table X, The number 

Table X 

Mean number o f peaks o f a c t i v i t y per day i n PT f o r each vo l e 

Ml M2 M3 F4 

4,9 6.0 5.0 6,4 
(4,9) (6.6) (5,3) (6,0) 

Mean l e n g t h o f time between each peak 

Mi MX M3 F4 

Nearest 20 minutes 3H,50min [ 2^V40min 3H,15min 2H,35min 
Nearest 30 minutes (3H.15min) (2H.5min) (2H.50min) (2H.5min) 

o f periods o f a c t i v i t y can be more approximately i d e n t i f i e d by 

counting the number o f periods o f i n a c t i v i t y o f greater than h a l f an 

hour between any h a l f hour periods showing a c t i v i t y . These i n a c t i v e 

periods separate the a c t i v i t y peaks g i v i n g the values i n brackets i n 

Table X, 

For other experiments, M6 and M8 were s e l e c t e d from 

S16 f o r b r i e f examination. These two were se l e c t e d since they 

showed r e l a t i v e l y low and h i g h a c t i v i t y under c o n d i t i o n s very d i f f e r e n t 
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from PT, Neither o f the two voles showed the bimodal p a t t e r n 

demonstrated i n Fig.V, using a h a l f h o u r l y class grouping. The 

frequency o f such h a l f hour class groups i s shown i n Table X I , 

No s u b s i d i a r y rhythm i s i n d i c a t e d . 

Table X I 

Frequency o f h a l f hour class groups o f i n a c t i v i t y f o r 
two voles i n S16 

No, o f h a l f hours 
i n group 1 2 3 4 5 6 7 

Frequency i n (M6 57 17 15 14 2 2 1 
each vo l e (M8 33 18 4 2 1 _ _ 

To t e s t i f any s i g n i f i c a n t aggregation o f h a l f h o u r l y 

periods showing i n a c t i v i t y was r e c u r r i n g w i t h these two voles, a 

2 x 2 contingency t a b l e was constructed. The values t e s t e d against 

each other were the number o f a c t i v e h a l f h o u r l y periods f o l l o w e d by 

a c t i v e h a l f hour periods, the number f o l l o w e d by i n a c t i v e h a l f hour 

periods and vice-versa. This was done separately f o r the two voles 

f o r l i g h t and dark periods o f the day i n S 1 6 . The c a l c u l a t e d values 
2 

o f X and P f o r 1 d.f. are shown i n Table X I I . This a n a l y s i s f a i l s 

t o r e v e a l any s i g n i f i c a n t aggregation o f a c t i v e or i n a c t i v e h a l f -

hour periods f o r e i t h e r v o l e during the dark p a r t o f the day. 

For the l i g h t p a r t o f the day M6 shows no s i g n i f i c a n t aggregation, 

but M8 shows s i g n i f i c a n t l y greater aggregation than would be expected 

by chance. This i n d i c a t e s t h a t a c t i v i t y does not occur a t random f o r 

t h i s v o l e f o r t h i s p a r t o f the day, suggesting a rhythm may be present. 



THE DIEL DISTRIBUTION OF ACTIVITY OF ALL 
VOLES IN THE FOUR CONTROLED TRIALS 

a) 
L16 ^ 

t 
5 
m 

i 
n 
u 
t 
e 
P 
e 
r 
i 

o 

ISO 

TOO 

50 

b) d 
S16^ 

12-00 f: 

2 0 0-1 

s 
h 
o 
W I 5 0 j 

i 
n 
g ; 
a 
n 
y 
a 
c 
t 

t 
V 

1 00 

5 0 1 

r u i 

if 

I T 

Fig.VI. 
"L r 
u h 

n 

21-00 24*00 O&OO 12-00 

ru 
Ln 

[I 

u LnJ 

1200 21-00 24-00 05-Od 1200 



u 
n 

i 
c) t 

L12 

d) 
L8 

5 150 

m 

n 
u 
t 
e 

1 ooH 

P 50 

e 
r 

o 
d 
s 

12-00 

1501 

F i g V I 

"U 

a. 

r 

1900 2A-00 07 00 12-00 

p i 

12-00 1 7 0 0 2A-00 0 9 00 12 00 

t 
y 



32, 

Table X I I 

L i g h t p e r i o d Dark p e r i o d 
Voles X2 = 1.7 P>0.2 X2 = 2 . 2 4 > P 0.2 

(M8 X^ = 10.4 P<0.01 X = 1.90 > P 0.2 

The s u b s i d i a r y rhythm shown i n PT has not been found 

i n e i t h e r o f two voles i n S16. The a n a l y s i s o f the data f o r the 

l a t t e r has not e s t a b l i s h e d whether the rhythm i s no longer present 

or has m e r e l y l o s t the form shown i n PT, 

i x ) The o v e r a l l p a t t e r n s o f a c t i v i t y 

The o v e r a l l p a t t e r n s o f d i e l a c t i v i t y f o r a l l experiments 

except PT are shown i n F i g . V I . The d i s t r i b u t i o n s o f a c t i v i t y are 
2 

not random, X t e s t s when a p p l i e d to the h a l f h o u r l y values o f 

a c t i v i t y give h i g h l y s i g n i f i c a n t r e s u l t s (Table X I I I ) f o r both 

p a r t s o f the day i n a l l experiments. The data from the males and 

females have been combined, since the d i f f e r e n c e i n p a t t e r n between 

the two females i s greater than between i n d i v i d u a l males and females. 

The f o l l o w i n g features are found under a l l regimes; a p e r i o d o f 

r e l a t i v e l y l i t t l e a c t i v i t y a t or before l i g h t s o f f i s f o l l o w e d by an 

increase i n a c t i v i t y which reaches a maximum several hours a f t e r 

l i g h t s o f f . This was shown by a l l voles a t a l l times except M6 

i n L16, the reason f o r t h i s apparent aberrance i n unknown. The 

l e n g t h o f time between the s t a r t o f " l i g h t s o f f " and the f i r s t 

maximum o f a c t i v i t y increases w i t h the decreasing number o f l i g h t 

hours; t h i s i s shown i n F i g , V I I , A second maximum o f n o c t u r n a l 
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Table X I I I 

2 Values o f X c a l c u l a t e d f o r the d l e l a c t i v i t y p a t t e r n s shown 
i n F i g . V I , from the h a l f h o u r l y data f o r the l i g h t and dark 

periods o f the day taken separately 

L16 

L i g h t Dark 

X^ 110.81 47.58 
P <0.001 <0.001 
d.f. 31 15 

L12 

X^ 141.93 247.29 
P <0.001 <0.001 
d.f. 23 23 

L8 

X^ 127.97 284.03 
P <0.001 -<0.001 
d.f. 15 31 

S16 

X^ 289.36 47.46 
P <0.001 <0.001 
d.f. 31 15 

a c t i v i t y i s found i n a l l experiments. I n L8 the two peaks are less 

c l e a r l y separated than i n L16, L12 and S16. This appears to be because 

the i n d i v i d u a l v a r i a t i o n i n the number o f n o c t u r n a l peaks o f a c t i v i t y 

i s g reater i n the former experiments. There appears t o be a tendency 

f o r more peaks o f n o c t u r n a l a c t i v i t y t o occur i n the longest dark 

p e r i o d . A d i u r n a l peak o f a c t i v i t y i s c o n s i s t e n t l y found i n mid-

morning. This might have been associated w i t h the morning feeding 
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time, but the p a t t e r n from L16 also shows t h i s peak. As feeding 

was not c a r r i e d out a t 10.00 i n t h i s experiment, the peak o f a c t i v i t y 

does not appear t o be induced. However, i t seems probable t h a t 

i n t e r r u p t i o n s have tended to increase the si z e o f t h i s peak o f 

a c t i v i t y . A smaller peak o f d i u r n a l a c t i v i t y i s found i n the 

e a r l y afternoon o f a l l experiments except L16; since t h i s experiment 

was i n t e r r u p t e d f o r feeding a t both 12.00 and 16,00 i t seems l i k e l y 

t h a t these i n t e r r u p t i o n s have a l t e r e d the exact time o f a c t i v i t y i n 

the afternoon i n t h i s experiment. 

The s u b s i d i a r y rhythm o f a c t i v i t y has been demonstrated 

as o c c u r r i n g i n PT, Two forms were found, one i n Ml and M3 has 

the peaks o f a c t i v i t y o c c u r r i n g a t the same time o f day every day 

causing an o v e r a l l phased p a t t e r n F i g . V l l l ( a ) and ( c ) , i n the 

other as i n M2 the peaks o f a c t i v i t y do not occur a t the same time 

each day and no phased p a t t e r n i s shown F i g . V l l l ( b ) . F4 was 

int e r m e d i a t e i n t h a t the p a t t e r n became f i x e d o n l y i n the l a s t t h r e e 

days, the r e s u l t i s F i g . V l l l ( d ) which i s phased a t n i g h t but not 

du r i n g the day. The o v e r a l l p a t t e r n F i g . V l l l ( e ) i s phased w i t h 

three n o c t u r n a l peaks o f a c t i v i t y , the f i r s t o c c u r r i n g a few hours 

a f t e r dusk. 

The o v e r a l l p a t t e r n s o f a c t i v i t y have been shown to be 

phased, t h i s phasing a l t e r s to some extent w i t h the time a t which 

feeding occurs. The time between the s t a r t o f decreasing l i g h t 

and the increase i n a c t i v i t y a f t e r dark increased w i t h decreasing 

day l e n g t h . 
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FIELD STUDY 

1. METHODS 

(1) Review o f methods used i n other work 

F i e l d methods o f measuring a c t i v i t y are diverse, but can 

be c l a s s i f i e d i n t o two basic types. One i s the continuous r e c o r d i n g 

o f a c t i v i t y , the other i s spot observations a t r e g u l a r time i n t e r v a l s 

t o y i e l d an index o f a c t i v i t y . I n the f i r s t category Canivance & 

Lachaud (1957) have emplanted r a d i o t r a n s m i t t e r s under the s k i n o f 

badgers and f o l l o w e d t h e i r a c t i v i t y from a r e c e i v i n g s t a t i o n , 

Ashby e t a l (1969) have c a r r i e d out twenty four hour watches on 

water v o l e s , Meese & Cheesman (1969) have l a b e l l e d moles w i t h 

r a d i o a c t i v e t a i l r i n g s and f o l l o w e d them using a Geiger-counter, 

This l a t t e r technique was f i r s t used by Godfrey (1954) f o r studying 

home-range i n Microtus a g r e s t i s . I n the second category Hamilton (1937) 

and C h i t t y & Shorten (1946) used the amount o f b a i t removed from a 

b a i t - s t a t i o n t o provide an index o f a c t i v i t y . Van Wijngaarden (1954), 

Brown (1956), Gentry & Odum (1957) and Nikolaev & Chertova (1962) 

have obtained a c t i v i t y i n d i c e s from t r a p p i n g r e s u l t s . Hamilton (1939) 

compressed the tunnels o f Brewer's mole Parascalops breweri and used 

the time o f unblocking as an index. Recently photographic techniques 

have been t r i e d , Pearson (1959) has used a camera, which was set 

o f f by a t r e d d l e placed i n a vol e run, t o study the a c t i v i t y o f small 

v e r t e b r a t e s . 

Continuous methods, w h i l e g i v i n g the most d e t a i l e d p i c t u r e 

o f a c t i v i t y , are handicapped by the operator's time i n v o l v e d . 
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This can be overcome i n the case o f r a d i o t e l e m e t r i e and r a d i o a c t i v e 

techniques by usi n g expensive r e c o r d i n g devices. Radioactive 

techniques have an advantage i n t h a t they can be used t o re c o r d 

nest and burrow a c t i v i t y . Results obtained i n t h i s way should be 

more comparable w i t h the l a b o r a t o r y actograph than other f i e l d 

techniques. A major drawback o f t h i s technique i s t h a t o n l y one 

animal can be s t u d i e d i n one area a t a time. F i e l d index methods 

l i k e those i n the l a b o r a t o r y r e q u i r e a check before absolute values 

o f a c t i v i t y can be obtained. Both b a i t s t a t i o n s and traps may 

encourage a c t i v i t y i n the animals t o be s t u d i e d . The use o f tunnel 

compressing i s r e s t r i c t e d t o burrowing animals and even then r e s u l t s 

are o n l y r e l e v a n t t o a c t i v i t y i n surface burrows. Photographic 

techniques appear t o be promising but they do not yet appear t o have 

been a p p l i e d to small mammals i n a q u a n t i t a t i v e manner. Time lapse 

photography ( p i c t u r e s taken a t shor t r e g u l a r i n t e r v a l s ) has been used 

to study behaviour i n sheep and c a t t l e ( R u t t e r 1968). This technique 

could be used to study a c t i v i t y ; i t has an advantage i n t h a t the 

time i n t e r v a l between p i c t u r e s i s so shor t t h a t any index obtained 

i s l i k e l y t o come very close to the r e a l a c t i v i t y values. 

E f f e c t i v e and e f f i c i e n t f i e l d techniques f o r s t u d y i n g 

a c t i v i t y are expensive. A number o f simple index techniques are 

a v a i l a b l e but none are s u i t a b l e f o r refinement to o b t a i n accurate 

measurements o f a c t i v i t y i n the f i e l d . A l l these simple techniques 

r e q u i r e round the clock attendance by the observers i n v o l v e d . 
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( i i ) The technique used i n t h i s study 

I n i t i a l l y observation had been chosen t o study water v o l e 

a c t i v i t y i n the f i e l d , Ashby e t a l (1969) found i t a s u i t a b l e 

technique i n summer, w h i l e Dean (1947) and Ryder (1962) both i n d i c a t e d 

t h a t water voles can be watched w i t h comparative ease. However, i t 

became apparent i n t h i s study t h a t t h i s method would not y i e l d r e s u l t s 

i n any q u a n t i t y . I n 30 hours observation from November 1968 t o A p r i l 

1969, i n periods o f between two and f i v e hours each, o n l y three voles 

were s i g h t e d . 

Dropping boards were also t r i e d . I n an i n i t i a l t r i a l 

twenty f i v e 100cm square boards were covered w i t h t i n f o i l and smeared 

w i t h water v o l e faeci.es. These boards were placed a t r e c e n t l y used 

l a t r i n e s along 125 yards o f the east bank o f the River Wear a t Maiden 

Castle Durham C i t y , They were l e f t f o r f i v e days w i t h o u t examination. 

At the end o f t h i s p e r i o d o n l y twenty boards were l e f t , o f which only 

one had been used. 

I n the s e c t i o n o f work f o l l o w i n g , the p a r t done a t Maiden 

Castle was c a r r i e d out w i t h the help o f Mr, M,J, Creasy, The author 

would l i k e t o thank him f o r permission to use these j o i n t observations. 

The f i e l d work was c a r r i e d out on a shared b a s i s ; the a n a l y s i s o f 

r e s u l t s i s the author's own work. 

Water voles leave c l e a r t r a c k s i n the mud alongside water­

courses ( B a r r e t t - H a m i l t o n 1911, Ryder 1962), These tracks were 

u t i l i s e d i n the study o f water v o l e a c t i v i t y a t two places. 
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F i r s t l y , about 5 0 0 metres o f the west bank o f the River Wear a t 

Maiden Castle; g r i d reference NZ 2 8 8 4 1 1 - NZ 2 8 5 4 1 6 ( P l a t e I I I ) . 

Secondly, about 2 0 0 metres o f a small beck alongside the A l road, 

n o r t h o f P i t y Me, Co. Durham; g r i d reference NZ 2 6 5 4 6 0 - NZ 2 6 5 4 6 3 

( P l a t e I I ) , Patches o f mud o f v a r y i n g size and d i s t r i b u t i o n were 

sel e c t e d f o r ease o f i d e n t i f i c a t i o n and access. These were cleaned 

o f a l l f o o t p r i n t s , marked, and examined at r e g u l a r i n t e r v a l s afterwards 

The s i z e o f the s i t e was estimated to the nearest 0 , 1 M̂ , or 0 , 0 5 M̂  

i n the case o f patches less than 0 , 1 M̂ . At each examination o f a 

patch o f mud, the percentage cover o f f o o t p r i n t s was recorded t o the 

nearest 5 7 o , the i n t e n s i t y o f marking was recorded on a 1 t o f i v e scale, 

and the s i t e was again cleaned. An i n t e r p r e t a t i o n o f the i n t e n s i t y 

scale i s given i n Table XIV. Plates IV and V are examples, the 

former showing an i n t e n s i t y o f f i v e , the l a t t e r showing an i n t e n s i t y 

o f f o u r . F i f t y s i t e s were examined every f o u r hours f o r four days 

i n June a t Maiden Castle. Twenty s i x s i t e s were examined every s i x 

hours f o r s i x days i n e a r l y J u l y a t P i t y Me, 

Observer i n t e r f e r e n c e i n the above method i s r e s t r i c t e d to 

a c t u a l disturbance o f the voles and the scent o f man l e f t i n c l e a r i n g 

muddy patches. These are regarded as n e g l i g i b l e since o n l y one v o l e 

was known t o be d i s t u r b e d i n the e n t i r e f i e l d study and no evidence 

o f r eluctance to use r e c e n t l y cleaned s i t e s was noted i n the r e s u l t s . 

The question o f some o f the f o o t p r i n t s being made by the brown r a t 

Rattus norvegicus a r i s e s . This i s f e l t u n l i k e l y on a number o f 

p o i n t s . F i r s t l y , no r a t s were seen or trapped on t h a t p a r t o f 





PLATES IV and V 

Mud patches showing f o o t p r i n t s made by water voles 
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Table XIV 

Scale o f i n t e n s i t y o f f o o t p r i n t s on muddy patches 

I n t e n s i t y D e f i n i t i o n 

1 Single f o o t p r i n t s 

2 Single sets o f t r a c k s 

3 Single sets o f tracks w i t h some side tracks 

4 Extensive cross tracks 

5 Extensive puddling o f the mud 

the r i v e r . Secondly, though there i s some overlap i n the s i z e and 

type o f tracks made by the two species, those t r a c k s found showed 

gr e a t e r resemblance to those o f the water v o l e ( B a r r e t t - H a m i l t o n 1911), 

T h i r d l y , r a t s are s e n s i t i v e t o h a b i t a t disturbance ( C h i t t y & Shorten 

1946), and t h i s might be expected t o show i n the r e s u l t s , which i t 

d i d n o t . The method i s r e s t r i c t e d i n f l a s h r i v e r s such as the Wear 

by sudden r i s e s i n water l e v e l o c c u r r i n g a few hours a f t e r the 

beginning o f heavy r a i n . This occurred on one day when records 

were taken, a number o f s i t e s were under water f o r two four-hour 

periods a t Maiden Castle. The r e s u l t s f o r t h i s time have not been 

co r r e c t e d f o r the smaller number o f s i t e s a v a i l a b l e , since those 

s i t e s which were a v a i l a b l e should be p r o p o r t i o n a t e l y more used. 

Heavy r a i n also l i m i t s the method i n t h a t f o o t p r i n t s are washed away. 

On none o f the days o f observation was the r e more than a s l i g h t 

d r i z z l e . 
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2, RESULTS 

The f i e l d r e s u l t s are shown i n F i g , IX, The r e s u l t s are 

shown i n three ways, a) i s the d i s t r i b u t i o n o f a c t i v i t y over the 

day, shown as the percentage o f used s i t e s a t a given time out o f 

a l l used s i t e s . S i m i l a r l y b) i s the percentage o f area covered 

a t a given time out o f the t o t a l area covered, c) shows the change 

i n mean i n t e n s i t y a t used s i t e s . The l a t t e r has o n l y been in c l u d e d 

as a check on the former two, since i t i s po s s i b l e f o r a c t i v i t y t o 

increase at one p o i n t w i t h o u t i n c r e a s i n g the number o f s i t e s or the 

area covered. The r e s u l t s from s e c t i o n c) viewed i n t h i s l i g h t 

emphasise the r e s u l t s o f the other two se c t i o n s . The r e s u l t s from 

Maiden Castle are the same f o r both ways i n which the data i s expressed; 

7 5 7 o o f a l l a c t i v i t y o c c u r r i n g between 22.00 and 06,00, and 90% o f a l l 

a c t i v i t y between 18.00 and 06,00. The area cover method (b) from 

P i t y Me i s i n close agreement, but the s i t e method (a) would suggest 

a lower percentage o f a c t i v i t y from 18.00 t i l l 06,00 o f 15%, This 

s l i g h t discrepancy between the r e s u l t s o f the two areas suggests t h a t 

d i u r n a l a c t i v i t y i s l i k e l y t o be l i m i t e d t o s o r t i e s close to the holes. 

These s o r t i e s would be less l i k e l y t o show i n the l a r g e r areas. I t 

may also be due t o the number o f voles i n v o l v e d i n each case. The 

number a t Maiden Castle was not estimated but was c e r t a i n l y greater 

than a t P i t y Me where evidence suggested t h e r e were no more than two 

p a i r s . 
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DISCUSSION 

The importance o f a c t i v i t y rhythms i n animal ecology has 

been stressed by M i l l e r (1955), There are two major t h e o r e t i c a l 

reasons f o r t h i s approach t o a c t i v i t y . The f i r s t i s the po s s i b l e 

importance o f time i n the avoidance o f i n t e r s p e c i f i c c o m p e t i t i o n . 

M i l l e r (1955) and Brown (1956) compared the a c t i v i t y o f Apodemus 

s y l v a t i c u s w i t h Clethrionomys glareolus,which have many s i m i l a r 

e c o l o g i c a l requirements, i n an attempt t o c l a r i f y t h e i r r e l a t i o n s h i p . 

Both authors showed d i f f e r e n c e s between the two species, but f a i l e d 

t o show these were important e c o l o g i c a l l y . The most important 

demonstration o f t h i s p r i n c i p l e has been by Scha l l e r (1967), He 

has shown t h a t competition i n some species o f larg e I n d i a n herbivores 

i s avoided by feeding a t d i f f e r e n t times o f the day. The major 

suspected competitor o f the water vole i s the brown r a t , but the 

p a t t e r n o f a c t i v i t y o f the former as found i n t h i s study i s s i m i l a r 

t o t h a t found i n the l a t t e r ( C h i t t y and Shorten 1946), Further 

the l a b o r a t o r y data found here shows a s i m i l a r p a t t e r n to t h a t 

found i n the l a b o r a t o r y f o r Clethrionomys g l a r e o l u s by M i l l e r (1955), 

Saint-Girons (1960a,b) and Pearson (1962) and f o r Microtus a g r e s t i s 

by Davis (1933). A l l t h i s suggests t h a t the n o c t u r n a l p a t t e r n s o f 

a c t i v i t y which are found i n many small rodents may be more important 

f o r other reasons. This leads to the second p o i n t which i s t h a t 

many small mammals may avoid heavy p r e d a t i o n by being n o c t u r n a l . 
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Many small-mammal predators are apparently most a c t i v e when t h e i r 

prey are and t h i s would negate any advantage gained by the l a t t e r . 

However, there i s no d e t a i l e d a n a l y s i s t o confirm t h i s g e n e r a l l y 

h e l d o p i n i o n , most animals simply being considered as d i u r n a l , 

n o c t u r n a l or crepuscular. I n the case o f the water v o l e the 

importance o f p r e d a t i o n i s unknown. The type o f h a b i t a t occupied 

suggests a measure o f p r o t e c t i o n from the usual small-mammal predators 

but then others already mentioned have to be considered. Much more 

work needs to be done on p r e d a t i o n i n water voles before the importance 

o f a n o c t u r n a l h a b i t a t can be evaluated i n t h i s respect. 

A c t i v i t y has an e q u a l l y important bearing on more c e n t r a l 

e c o l o g i c a l problems i n an i n d i r e c t way. This i s the question o f 

i n t e r p r e t a t i o n o f r e s u l t s o f studies on animal numbers and d i s t r i b u t i o n . 

The chances o f making any type o f observation on an animal depend not 

only on how many there are but also on how a c t i v e they are. This 

problem can be e l i m i n a t e d by marking animals, but where t h i s i s not 

p o s s i b l e , allowances may be made i f the a c t i v i t y p a t t e r n i s w e l l 

understood. The possible e f f e c t s o f such f a c t o r s as food, weather 

and day len g t h on a c t i v i t y are important i n t h i s respect. The 

problems o f t r y i n g to estimate the changes i n numbers o f an animal 

w i t h a g r e a t l y reduced w i n t e r a c t i v i t y are considerable. 

No e f f e c t o f one sex on the other was found under the 

c o n d i t i o n s o f t h i s study. However, t h i s f a c t o r has been found i n 

other rodents. The p o s s i b l e r e s u l t should be considered i n any 

f i e l d study o f a c t i v i t y , p a r t i c u l a r l y i n s p r i n g . I n considering 
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the e f f e c t o f day l e n g t h on a c t i v i t y , one important f a c t must be 

borne i n mind. At the s t a r t o f the experiments under c o n t r o l l e d 

c o n d i t i o n s the voles were coming i n t o breeding c o n d i t i o n . Both 

the females were p e r f o r a t e and w h i l e the f e c u n d i t y o f the males 

was not confirmed owing to d i f f i c u l t i e s o f h a n d l i n g w i t h o u t 

anaesthetics, a r i s e i n agression on being handled was n o t i c e d 

i n the three males which had been i n c a p t i v i t y a month. Baker and 

Ranson (1932) kept Microtus a g r e s t i s i n two groups, one w i t h 15 hours 

l i g h t , the other w i t h 9 hours l i g h t . The c a p a c i t y t o breed i n the 

l a t t e r regime was r e s t r i c t e d i n both sexes. Relationships between 

breeding c o n d i t i o n and a c t i v i t y have been e s t a b l i s h e d i n w h i t e r a t s , 

i n c l u d i n g the r e l a t i o n s h i p o f both these f a c t o r s t o age ( S h i r l e y 1928b), 

Thus some a c t i v i t y i n rodents would appear to be r e l a t e d to day l e n g t h 

v i a the r e p r o d u c t i v e c o n d i t i o n o f the animal. The p e r i o d o f decreasing 

day l e n g t h from the end o f L16 to the s t a r t o f L 8 was o n l y 30 days, 

a t the end o f L8, the females and a t l e a s t three males were s t i l l 

fecund. The decreasing day l e n g t h had not o b v i o u s l y a f f e c t e d the 

r e p r o d u c t i v e c o n d i t i o n s o f the v o l e s . Thus decreasing the day 

l e n g t h decreases a c t i v i t y i n s p i t e o f the r e p r o d u c t i v e c o n d i t i o n 

and the r e s u l t i s not s i g n i f i c a n t i n i t s e l f . On i n c r e a s i n g the 

day l e n g t h , both t h i s f a c t o r and the breeding c o n d i t i o n a c t 

together t o increase a c t i v i t y . I f t h i s e f f e c t i s r e a l , then 

the reverse might be expected from a s i m i l a r set o f experiments 

c a r r i e d out i n autumn; t h i s remains to be examined. L i t t l e comment 

has been found concerning the e f f e c t s o f decreasing daylength on 
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t o t a l a c t i v i t y i n other rodents. Hansen (1957) has shown an 

increase i n a c t i v i t y w i t h decreasing daylength i n the v a r y i n g 

lemming; t h i s he considers t o be an adaption to l i f e i n the a r c t i c . 

Saint-Girons (1960a,b) found maximum a c t i v i t y i n w i n t e r i n Clethrionomys 

g l a r e o l u s and minimum i n the autumn; the females (1960b) also showed 

a s p r i n g maximum. M i l l e r (1955) showed decreasing a c t i v i t y w i t h 

decreasing d a y l i g h t i n both Apodemus s y l v a t i c u s and Clethrionomys 

g l a r e o l u s but d i d not consider the l a t t e r r e s u l t s i g n i f i c a n t . The 

r e s u l t s found here f o r the water v o l e are c o n s i s t e n t w i t h i t s known 

b i o l o g y . Barret-Hamilton (1911) has suggested they h i b e r n a t e and 

w h i l e t h i s i s not regarded as t r u e , Ryder (1962) i n d i c a t e s extensive 

periods spent i n t h e i r burrows i n w i n t e r . Evidence o f water v o l e 

a c t i v i t y i n w i n t e r was not c o l l e c t e d i n a q u a n t i t a t i v e manner i n 

t h i s study, but a f o r t n i g h t ' s t r a p p i n g i n February f a i l e d to c o l l e c t 

any water voles, and other evidence o f t h e i r presence was also 

r e l a t i v e l y scarce. Food storage by water voles has been recorded 

by B a r r e t t - H a m i l t o n (1911), I t was also found i n an i s o l a t e d 

instance i n t h i s study. No food storage occurred on r e d u c t i o n o f 

day l e n g t h as M i l l e r (1955) found i n Apodemus s y l v a t i c u s and 

Clethrionomys g l a r e o l u s j but since i t has been recorded, i t seems 

l i k e l y t h a t e i t h e r the l e n g t h o f time o f the experiments was i n s u f f i c i e n t 
f 

to e l i c i t t h i s type o f response, or t h a t o ther stimulae than day l e n g t h 

are i n v o l v e d . I f much o f the summer a c t i v i t y o f water voles i s 

associated w i t h feeding, then we might expect t h i s p o r t i o n o f a c t i v i t y 

to be reduced i n w i n t e r when less food i s a v a i l a b l e above ground. 



45. 

The f a c t t h a t no d i r e c t r e l a t i o n s h i p between amounts o f a c t i v i t y and 

amounts o f food eaten was found may be a t t r i b u t e d e i t h e r t o l a c k o f 

i n f o r m a t i o n or to the f a c t t h a t the r e l a t i o n s h i p i s not d i r e c t , 

H a t f i e l d (1940) was also unable to e s t a b l i s h t h i s type o f simple 

r e l a t i o n s h i p i n Microtus pennsylvanicus. Hitchcock (1928) has 

found t h a t white r a t s show a considerable increase i n a c t i v i t y on 

p r o t e i n f r e e and s t a r v a t i o n d i e t s . Further study i n t h i s d i r e c t i o n , 

e s p e c i a l l y under f i e l d c o n d i t i o n s , would be valuable i n i t s bearing 

on studies o f small mammal populations, p a r t i c u l a r l y a t times o f 

peak numbers. 

This study has shown the water v o l e to have a n o c t u r n a l 

preference f o r a c t i v i t y . The l a b o r a t o r y data gives 57% o f a l l d i e l 

a c t i v i t y between 18.00 and 16.00 f o r L16 and 59% f o r S16. The f i e l d 

data, however, gives values o f over 90% f o r the same time. This 

discrepancy could be accounted f o r by a c t i v i t y i n the nes.t and 

burrow which would not be recorded i n the f i e l d by the method used. 

The i n f o r m a t i o n from o t h e r sources i n d i c a t e s a higher l e v e l o f 

a c t i v i t y above ground i n the daytime. This may be r e a l , and the 

populations examined i n t h i s study may be unusually n o c t u r n a l , 

but i n a l l cases except Van Wijngaarden (1954) the i n f o r m a t i o n appears 

to be based on general impressions. The above author used a t r a p p i n g 

technique t o examine a c t i v i t y i n water v o l e s , and her r e s u l t s d i f f e r 

from those i n t h i s study mainly i n t h a t ^he found l i t t l e a c t i v i t y 

a f t e r 24,00. This could be due to the f a c t t h a t a l l voles were 
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caught a t e a r l i e r times (Woral l 1964 has shown them to be h i g h l y 

t r a p p a b l e ) , the disturbance o f capture being s u f f i c i e n t to prevent 

recapture the same n i g h t . 

The p e r i o d o f decreasing l i g h t appears to act as a stimulus 

to the higher l e v e l o f a c t i v i t y found a t n i g h t . This was also found 

by Saint-Girons (1960a,b) i n Clethrionomys g l a r e o l u s , but she found 

the l e n g t h o f time between dusk and peak a c t i v i t y was maximal i n 

summer when the day was longest. This study found the reverse 

e f f e c t w i t h the above p e r i o d o f time g r e a t e s t i n the experiment w i t h 

the longest dark p e r i o d . I n an animal which i s p r e f e r e n t i a l l y 

n o c t u r n a l , as water voles have been found i n t h i s study, i t might 

be expected t h a t the fewer the hours o f darkness the more f u l l y 

they would be used. The r e s u l t s are thus t o be expected. 

Two important d i f f e r e n c e s were found between I T and L l 2 , 

The f i r s t i s the low l e v e l o f a c t i v i t y found i n the former. This 

could be due to d i f f e r e n c e s i n breeding c o n d i t i o n o f the voles i n 

the two experiments but t h i s has already been discussed. Three 

other f a c t o r s were also d i f f e r e n t between the two experiments. 

The h u m i d i t y was about 30% higher i n the former, the temperature 

15°C lower. The l i g h t i n t e n s i t y was much lower i n L12 and the 

l i g h t meter used gave a comparable reading i n e a r l y evening i n 

d a y l i g h t . The e f f e c t o f t h i s l a s t f a c t o r cannot be assessed; 

l i t t l e work has been found on the t o p i c . I t i s thought p o s s i b l e 

t h a t i t may have c o n t r i b u t e d t o the h i g h l e v e l o f a c t i v i t y i n the 

c o n t r o l l e d experiments. Maximov i n Nikolaev and Chertova (1962) 
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which can be gained i n the l a b o r a t o r y , t h e i r composition depending 

on a l l the f a c t o r s mentioned so f a r . The p o s s i b i l i t y remains t h a t 

t h i s phasing woiild not be seen i n a l a r g e r number o f voles taken over 

a long p e r i o d o f time and t h i s would e x p l a i n much o f the controversy 

over general p a t t e r n s found i n the l i t e r a t u r e . The a l t e r n a t i v e i s 

t h a t the phasing o f general p a t t e r n s has some greater s i g n i f i c a n c e 

i n which case t h e i r demonstration i n the f i e l d would be va l u a b l e . 
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8, A s u b s i d i a r y rhythm o f a c t i v i t y o f about 2% hours p e r i o d i c i t y 

was found under n a t u r a l l i g h t i n March, the temperature was 5°C 

the humidity 90%, This rhythm could not be detected by a s i m i l a r 

simple a n a l y s i s i n the experiments under a r t i f i c i a l l i g h t i n g o f a 

lower i n t e n s i t y , where the temperature was 20°C and the h u m i d i t y 

65%, The o v e r a l l data suggests such a rhythm may s t i l l be 

present, 

9, The a c t i v i t y p a t t e r n s o f water voles do not d i f f e r i n any 

important respect from other small rodents. This suggests t h a t 

the e c o l o g i c a l importance o f a c t i v i t y rhythms i n t h i s group o f 

animals i s associated w i t h common f a c t o r s i n t h e i r l i v e s , such 

as p r e d a t i o n and a c q u i s i t i o n o f food, r a t h e r than d i f f e r e n c e s i n 

h a b i t a t between them. 
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