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INTRODUCTION 

This study i s a f i e l d investigation of the a c t i v i t y patterns 
of Clethrionomys glareolus (Schreber), the bank vole, and 
Apodemus syl v a t i c u s (Linnaeus), the wood or long-tailed f i e l d 
mouse, recorded during the months of May, June and July 1974 
in Houghall Wood, one mile south of Durham. 

Numerous ecological studies have been made of both species 
p a r t i c u l a r l y concerning population, movement and home range 
(e.g. M i l l e r 1953, Kikkawa 1964, Tanton 1965, Ashby 1967), 
general ecology, including dietary and habitat preferences 
(e.g. Evans 1942, M i l l e r 1954, Delaney 1957, Fullager, Jewell, 
Lockley and Rowlands 1960, Newsori 1963, Crawley 1965, Drozdz 
1966, 1967, Watts 1963) and metabolism and energy budgets (e.g. 
Grodzinski and Gprecki 1967, Gorecki 1968). There have also 
been several stujdies of a c t i v i t y patterns; of Clethrionomys by 
M i l l e r 1955, Brown 1956, Ostermann 1956, Saint-Girons 1960, I 9 6 l , 

Pearson 1962 and by Grodzinski 1962 , 1963 , and of Apodemus by 
Elton, Ford, Baker and Gardner I 9 3 I | M i l l e r 1955, Brown 1956 , 

Ostermann 1956 , Zollhauser 1958 and Saint-Girons 1959 . 

Nearly a l l published work related to the a c t i v i t y of small 
mammals has been c a r r i e d out in the laboratory. Although 
laboratory studies allow considerable control over the major 
physical factors or "Zeitgeber" to which a c t i v i t y patterns are 
geared, information obtained in t h i s way concerning wild species 
must be interpreted with care, however much i t may provide 
information which i s of value i n interpreting f i e l d observations. 

6 DEC 1974 
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Only Elton et a l . ( I 9 3 D , Brown (1956), and to a limited extent 
Kikkawa (1964), studied a c t i v i t y in the f i e l d i n either 
Clethrionomys or Apodemus. 

There i s general agreement that Apodemus i s either a 
predominantly or s t r i c t l y nocturnal species,, Concerning 
Clethrionomys there i s l e s s agreement. Barrett-Hamilton (1910-
192I) f i r s t suggested that i t i s active at in t e r v a l s throughout 
the day as w e l l as night. M i l l e r (1955)» using single animals 
in a laboratory (16 hour day, 8 hour night), recorded 5I»4# of 
t o t a l a c t i v i t y during the day and 43.6% during the night, and 
considered that Clethrionomys was showing some degree of 
nocturnal preference. Brown (1956) found i n Silwood, Berkshire 
that Clethrionomys was mainly diurnal when Apodemus was present, 
but with overlap between them at dawn and dusk. A c t i v i t y of 
Clethrionomys i n June peaked well after sunrise and continued 
at a high rate throughout the day with no noticeable peak at 
sunset. Grodzinski (1963) suggested that Clethrionomys was 
mainly nocturnal i n summer, but diurnal i n winter and spring 
and reached similar conclusions to both Saint-Girons (1960, 
1961) and Pearson (1962). However Kikkawa (1964) considered 
that i n Whytham Woods, Berkshire Clethrionomys was diurnal 
w h i l s t showing marked peaks at dawn and dusk. Sewell (1973) 
again i n a laboratory study found no correlation between a c t i v i t y 
peaks and dawn or dusk, and that a c t i v i t y , any short term 
rhythm apart, was evenly distributed throughout the 24 hour period. 

Notwithstanding the obvious v a r i a t i o n i n r e s u l t s recorded 

1 
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for Clethrionomys, there has been l i t t l e research conducted 
under natural environmental conditions. For t h i s M i l l e r (1955) 
considered that, 

"....of the various techniques that have been used to 
study animal a c t i v i t y a periodic trapping census i s the 
only p r a c t i c a l f i e l d method, since small mammals are 
impossible to keep under direc t observation and i n f a c t 
seldom seen except when trapped", 

a technique used by Elton et a l . (1931), Brown (1956), and 
Kikkawa (1964). Trapping has obvious lim i t a t i o n s , the most 
important being that i t immobilises the animal, although 
Harling ( I 9 7 D , using continuously recording traps, was able 
to overcome t h i s problem in a study of Peromyscus maniculatus. 
However i t did not solve, the problem of dealing with individual, 
species and also possible seasonal v a r i a t i o n i n trap response 
(Tanton 1965, 1969)» and i n t e r s p e c i f i c competition for traps 
(Brown 1956). 

i 
Other f i e l d methods which have been used to study the 

! 

a c t i v i t y or movement of small mammals include direct observation 
of Arvicola amphibius (Ashby, Harling and Whiles 1969)i the 
use of tracking sheets to map the movements of Apodemus sylvaticus 
(Brown 1969), the frequency and time d i s t r i b u t i o n of track 
marks i n sand in a study of a c t i v i t y i n Peromyscus maniculatus 
( F a l l s 1968), radioactive tagging of Microtus agrestis (Godfrey 
1954), telemetry, the implantation of a radio transmitter 
into Peromyscus (Marten 1973)» and the introduction of a 
thermistor probe into the nest of,Microtus agrestis (Flowerdew 
1973). 



4 

In t h i s study evidence w i l l be presented to show that 
observation at baited s i t e s and the unobserved removal of a 
standard ba i t (dried peas) are s a t i s f a c t o r y and inexpensive 
means of determining an index of above ground a c t i v i t y and 
i t s p e r i o d i c i t y throughout the day in both Clethrionomys and 
Apodemus. 

i 
I 

i 
i 
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HABITAT and METHODS . 
i 

The investigation conducted i n Houghall Wood involved both 
observation at a baited s i t e and the c o l l e c t i o n of data from 
unobserved removal of dried peas from four s i t e s . Peas were 
selected as a food due to t h e i r suitable s i z e for counting 
compared with other a r t i f i c i a l foods such as grain, and their 
a v a i l a b i l i t y compared with natural seeds. Removal was recorded 
i n a l l instances at one or two hourly i n t e r v a l s depending on 
the number of s i t e s i t was possible to cover. Observation 
was c a r r i e d out i n s i x hourly periods and arranged so that 
the 24 hour period was recorded during three consecutive days. 

Study Area. 

The work was c a r r i e d out in a small section of mixed woodland 
close to the lower half of Transect 3 used by Ashby (1967) 
(see Figure I ) , O.S. map reference 276408. On ground sloping 
to the south, beech, Fagus s y l v a t l c a , sycamore* Acer pseudo-
planatus and oak, Quercus petrea, are the dominant tree species 
providing a complete canopy cover over most of the area. 

I n i t i a l l y four s i t e s were selected for baiting with dried 
peas, each s i t e being about 100 metres from any other. S i t e I 
lacked any ground vegetation cover but had a thick upper 
canopy cover of holly, I l e x aquifolium. S i t e s 2 and 3 had 
both a dense canopy of beech, sycamore and oak, and a ground 
cover of bramble, Rubus fruticosus, while S i t e 4 had a thin 
canopy of sycamore, no ground cover, but was close to a dense 
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Figure I.. 

Diagram of the section of Houghall Wood i n which the investigation 
was.iconducted, showing the positions of the feeding stations 
and Transect 3 f used by Ashby (1967). 
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area of bracken, .Bteridium aquilinum. S i t e s I and 4 were 

near the upper section of the wood where drainage was good, 
i 

whereas S i t e s 2 and 3 were situated close to the lower edge 
where conditions were more sheltered and often damp. 

Method of Study. 

The f i r s t part of the study involved the marking of some of 
those Clftthrionomvs and Anodgmug individuals caught on 
Transect 3 during a routine census on 25 May. Five voles 
(four females, one male) and two female mice were given a 
d i s t i n c t i v e mark to aid i n the i d e n t i f i c a t i o n of individuals 
a f t e r release. A mixture of a commercial hair bleach (L'Oreal) 
and 20$ hydrogen peroxide solution was brushed onto the hair 
of each animal and l e f t for 30 minutes. To prevent the animals 
from removing the bleach they were confined i n a small upturned 
p l a s t i c beaker. After half-an-hour the fur was thoroughly 
washed with tap water. The coat was allowed to dry before the 
animals were released back into the wood at t h e i r point of 
capture. The bleached fur was e a s i l y v i s i b l e i n both species. 

B a i t i n g of the s i t e s began on 25 May. Approximately 
every s i x hours-, 200 peas were put down in petri-dishes. Each 
dish was covered by a small wooden shelter, f i r s t l y to allow 
access only to small mammals and prevent peas being removed 
by Wood Pigeons, Columba palumbrus, and Jays, Oarrulus glandjrius,-/ 
although neither were seen close to any s i t e at ground l e v e l 
during the course of the study, and b i r d droppings were very 



infrequently recorded (5 occasions) within i metre of the 
s i t e s , and secondly to shelter the peas from r a i n thus 
preventing them from softening and swelling. S q u i r r e l s , the 
only other possible removers of peas, were not present i n 
the wood. 

During the preliminary baiting period the lar g e s t number 
of peas was removed from s i t e 3, so t h i s s i t e was selected 
for observation. Between 27-29 May and 3-5 June the removal 
of peas from s i t e 3 was observed for two 24 hour periods. 
The 24 hour cycle was covered by regularly spaced observations 
of s i x hours duration, separated by twelve hour i n t e r v a l s 
during each period of three consecutive days. The s i t e was 
watched from a distance of f i v e metres. Records were made of 
a l l sightings of small mammals within a 50 square metre area 
i n the v i c i n i t y of the feeding station, the approximate area 
v i s i b l e to the observer. The species involved, the time of 
removal of peas from the petri-dish, the mode of approach and 
withdrawal of the animal to and from the s i t e , and whether 
the individual was adult or juvenile, were noted on standard 
census sheets. 

Observation at night was at f i r s t c a r r i e d out using a 
headlamp covered with a red f i l t e r connected to a car battery, 
but i t appeared to disturb the animals and was replaced by a 
small hand torch covered with a deep red cellophane, giving 
a type of l i g h t not r e a d i l y detected by mammals (Southern 1955, 
Finley 1959)•j This seemed to aff e c t the animals l e s s and on 
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the second'night of observation (4 June) v i s i t s to the s i t e 
were more frequent. 

The i n i t i a l observations established that at s i t e 3 

93% of peas were taken, and 95% of sightings of Clethrionomys 
occurred between 04 .00 hours and 2 2 . 0 0 hours B.S.T., the 
approximate hours of daylight during June. From 10-19 June 
therefore a ten day continuous record of peas taken from a l l 
s i t e s was noted every two hours between 04 .00 hours and 2 2 . 0 0 

hours. Every tw6 hours the peas remaining at each s i t e were 
- removed, counted and replaced by a standard sample of 50 peas 
at s i t e s I and 4, one o f 100 peas at s i t e 2 and of 150 peas 
at s i t e 3> the number i n a l l cases exceeding the number of peas 
taken in any two hour period during the day. Overnight, that 
i s between 2 2 . 0 0 hours and 04 . 00 hours, 200 peas were deposited j 

at a l l s i t e s to determine the number of peas being taken by 
Apodemu3. This procedure continued u n t i l 2 2 . 0 0 hours on 19 

\ June when s i x Longworth traps, baited with peas and grain, 
were positioned around each s i t e . These were checked on the 
following two days at 04 . 00 hours, 12 .00 hours and 2 2 . 0 0 hours 
in an attempt to discover the number of individuals of both 
Clethrionomys and Apodemus v i s i t i n g each s i t e . No Microbus 
ag r e s t i s were observed or trapped at any of the four s i t e s . 

More observations at s i t e 3 were c a r r i e d out on 21-23 

June, 24 -26 June, 4-6 July and 7 -9 July. The mode of watching 
was s i m i l a r to that prior to the 10 day continuous record, i n 
that to cover the 24 hour cycle i n three consecutive days there 
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were four 6 hour periods of observation, each followed by a 
twelve hour i n t e r v a l . F i n a l l y , i n order to obtain information 
which was continuous throughout a 24 hour period, from 10-25 
July, 6 periods, each covering 24 hours, were recorded at 
s i t e 3« The procedure was to note the number of peas removed 
from the feeding station every hour. To of f s e t the possible 
effect of inducing a surge of a c t i v i t y at the s t a r t of each 
baiting period, the s i t e was prebaited with 300 peas s i x hours 
before the hourly v i s i t s began, while the time of commencement 
of each 24 hour check was s i x hours l a t e r than the time of 
beginning the proceeding check, throughout the s i x day t r i a l . 

i 



RESULTS 

S e c t i o n 1. 

R e s u l t s of the 10 day study, 10-19 June. 

Data c o l l e c t e d from observation a t the end of May and beginning 

of June i n d i c a t e d t h a t Clethrionomys and Apodemus were a c t i v e 

together only to a very l i m i t e d extent. Whereas 93$ of peas 

taken by Clethrionomys were removed between 04.00 hours and 

22.00 hours, the approximate hours of d a y l i g h t (dawn OA.35 hours, 

dusk 21.33 hours), l e s s than 5% of peas removed by Apodemus 

were taken during t h i s period. The extent and f l u c t u a t i o n s i n 

b a i t removal were thus a t t r i b u t a b l e to Clethrionomys during the 

d a y l i g h t p e riod and Apodemus during the s i x hour n i g h t . The 

f u l l d a t e , are given i n the Appendix, Tables 1-6. 

F i g u r e 2 shows the cumulative 10 day t o t a l s f o r the number 

of peas taken from each s i t e during the s u c c e s s i v e two hour 

pe r i o d s . I t i s evident t h a t throughout the day there i s some 

v a r i a t i o n i n «.-e number of peas taken during each time period, 

when compared to any other. Rank c o r r e l a t i o n s were c a l c u l a t e d 

between a l l p o s s i b l e p a i r i n g s of s i t e s , to t e s t the hypothesis 

t h a t the f l u c t u a t i o n s e x h i b i t e d a t each s i t e were s i m i l a r . 

I n a l l c a s e s there was no s i g n i f i c a n t c o r r e l a t i o n (p>0.5)» and 

s t r e s s e d the heterogeneity of the data. Major f l u c t u a t i o n s 

i n pea removal were shown only a t s i t e 3» and to a l e s s e r e xtent 

a t s i t e 2. 

The number of peas removed during the two hour periods 



12 

F igu re 2 . The number o f peas taken f rom the f o u r s i t e s 

d a r i n g each two hour p e r i o d (04.00-22.00 hou r s ) , 

between 10 and 19 June. 

+ S i t e l , D S i t e 2, A S i t e 3 | O S i t e 4. 
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Figure J . The number o f peas tak*n f rom a l l s i t e s d u r i n g 
each two hour p e r i o d f r o m 10-19 June i n c l u s i v e . 
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on each i n d i v i d u a l day i s shown i n Figure } . The d a i l y p a t t e r n s 

o f peaks and t roughs do not appear to be c o n s i s t e n t i n t i m i n g 

f r o m day to day. To t e s t whether these f l u c t u a t i o n s were 

c o r r e l a t e d between days, the t o t a l s f o r the va r ious days f o r 

each two hour p e r i o d were ranked i n decreasing order o f the 

number o f peas t aken . Some o f the days are more s i m i l a r than 

would be expected by chance, to v a r y i n g l e v e l s o f s i g n i f i c a n c e . 

Day 1 i s s i m i l a r to Day 3, ( r s 0 .79 , d . f . 7, p < 0 . 0 2 ) , Day 6, 

( r s 0 .75 , p < 0 . 0 5 ) and to Day 7, ( r s 0 .36 , p < . 0 . 0 1 ) . 

Day 2 i s s i m i l a r to Day 6, ( r s 0 .33 , p<0 .02 ) . 

Day 3 i s s i m i l a r to Day 6, ( r s 0 .35 , p<0.01) and to Day 7, ( r s 

0 .66, p < 0 . 0 5 ) . 

Day 6 i s s i m i l a r t o Day 7, ( r s 0 .73 , p«s:0.02) . 

Day 3 i s s i m i l a r to Day 10, ( r s 0 . 7 1 , p < 0 . 0 5 ) . 

N o t w i t h s t a n d i n g these c o r r e l a t i o n s , the o v e r a l l p a t t e r n t h a t 

emerges i s one o f i n c o n s i s t e n t changes i n the t i m i n g o f increases 

and decreases i n pea removal . Th i s may be an accura te r e f l e c t i o n 

of a c t i v i t y or a l t e r n a t i v e l y an i n d i c a t i o n t h a t a two hour 

p e r i o d i s i n s e n s i t i v e , i n t h a t i t i s too l ong to show any r e g u l a r 

sho r t term changes i n pea removal t h a t may be o c c u r r i n g . 

V a r i a t i o n i n the number o f peas taken f r o m day to day, and 

between s i t e s . 

F igure k i s the t o t a l number o f peas removed f r o m each s i t e 

between 04.00 hours and 22.00 hours f o r each day. F igu re 5 

i s the e q u i v a l e n t t o t a l s between 22.00 hours and 04.00 hours . 



Figure 4: The number of peas taken/day between 04 .00-22 .00 15 
hours a t s i t e s 1-4 on successive days f r o m 10-19 June. 

F igure 5: The number of pess taken/day between 22.00-04.00 
hours a t s i t e s 1-4 on successive days f r o m I I - 1 9 June. 
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Clethr ionomys took very d i f f e r e n t numbers o f peas f rom 

the f o u r s i t e s , 3% be ing f rom s i t e 1 , 26% f rom s i t e 2, 55% f r o m 

s i t e 31 and Ufa f r o m s i t e 4. Those removed by Apodemus were 

taken more even ly , 26% f r o m s i t e 1 , 14% f rom s i t e 2 , 33% f r o m 

s i t e 3 , ±*nd 27% f r o m s i t e 4. 

Some r e d u c t i o n i n the r a t e o f removal was noted a t a l l 

s i t e s over the 10 day p e r i o d . As the s i t e s were p r e b a i t e d f o r 

two days, t h i s r e d u c t i o n might be due to s a t i a t i o n . The increase 

i n consumption i n the l a s t th ree days, compared w i t h the p rev ious 

f o u r days would however suggest t h a t s a t i a t i o n was no t a major 

I n f l u e n c e of envi ronmenta l f a c t o r s on the removal o f peas. 

I n an at tempt t o account f o r some o f the v a r i a t i o n i n the number 

o f peas removed and the s i m i l a r i t y between the v a r i a t i o n 

recorded f o r b o t h Clethrionomys and Apodemus. rank c o r r e l a t i o n s 

were c a l c u l a t e d f o r the number o f peas taken on each day and 

v a r i o u s envi ronmenta l f a c t o r s , r a i n f a l . l ; hours c f sunshine, 

maximum temperature and mean c loud cover . The r e s u l t i n g data 

are g iven i n Table 1 . 

any one o f the p h y s i c a l f a c t o r s looked a t , and the number o f 

peas removed on the day concerned. 

Peas taken: I n c r e a s i n g r a i n f a l l ( r s 0 . 6 1 , d . f . 3, p > » 0 . 1 ) . 

Peas taken: Decreasing hours o f sunshine ( r s 0 . 3 , p p » 0 . 1 ) . 

Peas taken: Decreasing maximum temperature ( r s 0 .47 , p : > 0 . 1 ) . 

Peas taken: I n c r e a s i n g mean c loud cover ( r s 0 .33 , p^=*0.1). 

f a c t o r . 

There are no s i g n i f i c a n t c o r r e l a t i o n s ( p ^ 0 . 0 5 ) between 



Table 1 . 

The number of peas taken/day f rom a l l s i t e s between 64 . 00 -

22 .00 hours f o r t e n days comm encing 10 June, and va r i ous p 

f a c t o r s recorded on those sam e days.. 

Day: T o t a l peas Rain Sun Mean c loud Temp 
t aken . mms. hours . cover . max. 

1 1032 3.6 3.9 8 14.6 

2 1034 0 . 1 3 . 1 3.5 14.5 

3 947 0 .0 6.3 5 19.0 

4 635 0 .0 12.8 1 15.3 

5 557 0 .0 14.0 0 . 1 13 .0 

6 574 0 .0 5.0 7 .4 21.9 

7 635 0 .0 0.3 7 .6 17.2 

3 913 1 2 . 1 0 . 1 . 7.3 18.2 

9 771 4 .0 5.6 4 .4 16 .0 

10 737 0 . 1 6.6 3.6 16.5 

However i t i s w o r t h w h i l e n o t i n g t h a t a l l the c o r r e l a t i o n s are 

p o s i t i v e , and t h a t the minimum removal o f peas by Cle thr ionomys 

and Apodemus, occur red d u r i n g a warm, dry and c l o u d l e s s p e r i o d , 

whereas maximum removal c o i n c i d e d w i t h wet, c o o l e r overcas t 

c o n d i t i o n s . 

Resul ts o f t r a p p i n g and the r a t e s o f pea removal by Apodemus 

and Cle thr ionomys . 

Trapping on 20 and 21 June a t a l l f o u r s i t e s , caught a t o t a l o f 

13 Clethrionomys^ s i x males and seven females , a l l a d u l t s excep 
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one male j u v e n i l e f rom s i t e 4, and eleven Apodemus, s i x males 

and f i v e females , i n c l u d i n g th ree j u v e n i l e s . No i n d i v i d u a l 

Clethr ionomys was recorded a t more than one s i t e , whereas one 

a d u l t male Apodemus, was t rapped a t s i t e 3 on 20 June, and 

f o l l o w i n g re lease a t 04 .00 hours , i t was recaught a t s i t e 4 on 

21 June, 24 hours l a t e r . The numbers caught a t each f e e d i n g 

s t a t i o n are shown i n Tables 2 and 3. 

A l l Clethr ionomvs were t rapped between 04 .00 hours and 

22.00 hours , whereas a l l Apodemus were caught between 2 2 . 0 0 hours 

and 04 .00 hours, apar t f r o m one female j u v e n i l e caught on s i t e 1 

a t 2 2 . 0 0 hours on 21 June. 

I t i s seen f rom Tables 2 and 3 t h a t those s i t e s (2 and 3) 

i n which the l a r g e s t numbers o f Clethr ionomys i n d i v i d u a l s were 

t rapped , were a l so those f r o m which the g r e a t e s t number o f peas 

were ramoved, and each animal g ives a h ighe r value o f remova l / 

i n d i v i d u a l / d a y than a t the o the r two s i t e s . A t s i t e 1, w i t h 

the lowest number o f peas removed d u r i n g the 10 day p e r i o d , 

on ly two animals were t rapped, and the removal r a t e / i n d i v i d u a l 

was on ly 31 .9/day compared w i t h a mean of 60 .7/day f o r a l l f o u r 

s i t e s , and a maximum of 37 .3/day . The d i f f e r e n c e s i n the mean 

number o f p=as t a k e n / i n d i v i d u a l / d a y a t each s i t e are s i g n i f i c a n t 

U 2 = 3 3 . d . f . 3 , p < 0 . 0 0 1 ) . 

Apodemus, on the o the r hand, showed a much less marked 

s i t e p r e f e r e n c e . The l a r g e s t number o f peas taken by t h i s 

species was f r o m s i t e 3 , which was also v i s i t e d by more 

i n d i v i d u a l s than any other s i t e , as was the case w i t h Clethrior .omys 

However the r a t e o f r e m o v a l / i n d i v i d u a l / d a y was lower than 

fflethrionomys a t each s i t e . The d i f f e r e n c e s i n the number o f 
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Table 2. The number of i n d i v i d u a l s o f Glqthr iqnomys t rapped 

a t each s i t e , and the r a t e o f pea r e m o v a l / i n d i v i d u a l / d a y . 

I n d i v i d u a l s Number of Mean number o f peas 
t rapped. peas taken . t a k e n / i n d i v i d u a l / d a y . 

S i t e 1: 1 male 
1 female 639 31 .9 

S i t e 2: 1 male 
3 females 2016 50 .4 

S i t e 3: 2 males 
3 females 4366 37.3 

S i t e 4: 2 males 
335 41.7 

T o t a l : 6 males 
7 females 7390 60.7 

Table 3« The number o f i n d i v i d u a l s o f Apodemus t rapped a t 

each s i t e , and the r a t e o f pea r e m o v a l / i n d i v i d u a l / d a y . 

S i t e 1: 

I n d i v i d u a l s Number o f Mean number o f peas 
t rapped . peas taken . t a k e n / i n d i v i d u a l / d a y = 

2 males 
1 female 

S i t e 2: 2 males 

S i t e } : 2 males 
3 females 

S i t e 4: 1 male x 

1 female 

T o t a l : 6 males 
5 females 

,413 15 

223 

527 

443 

1606 

12 

12 

25 

17 

x A d u l t male caught a t 04-00 hours on 21 June had 

been t rapped p r e v i o u s l y a t s i t e 3-
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peas t a k e n / i n d i v i d u a l / d a y a t each s i t e are not s i g n i f i c a n t 

(X 2 =7.0 , d . f . 3, P > . 0 5 ) . 

Number o f peas removed by both species and a c o n s i d e r a t i o n o f 

§ n e r g y budgets. 

Of the 9496 peas taken dur ing the 10 day p e r i o d , i t i s es t imated 

f rom the f requency o f removal c a l c u l a t e d f rom o b s e r v a t i o n , t h a t 

33% were taken by Clethr ionomys and 17% by Apodemus. The 

d i f f e r e n c e may be s o l e l y a f u n c t i o n of the amount of t ime each 

species was spending a c t i v e and above ground d u r i n g the day. 

Clethr ionomys was observed f o r approx imate ly 13 hours /day , 

whereas Apodemus was recorded f o r on ly 6 hours/day. From the 

amount o f t ime each species was a c t i v e above ground and the 

t o t a l number o f i n d i v i d u a l s t rapped , the r a t e o f pea removal / 

i n d i v i d u a l / h o u r was 3.4 f o r Clethr ionomys and 2.3 f o r Apodemus. 

The probable f a t e o f the peas, and t h = i r c o n t r i b u t i o n to 

the metabolism o f the p o p u l a t i o n , was determined by a c o n s i d e r a t i o n 

of the energy budgets of Clethr ionomys and Apodemus. The 

c a l o r i f i c value o f one d r i e d pea i s approximate ly 0.7 c a l o r i e s , 

o f which 0.62 c a l o r i e s are me tabo l i sab le energy ( B o u l t e r , D. 

personal communicat ion) . Drozdz (1967) cons idered t h a t i n the 

order of 35% o f the metabol i sab le energy in t ake o f mice and 

voles f e e d i n g on seeds was a s s i m i l a t e d , so t h a t each pea i f 

consumed c o u l d c o n t r i b u t e 0.53 c a l o r i e s to the energy budget 

of an i n d i v i d u a l . According t o Drozdz (1967), the average d a i l y 

metabol ic r a t e i n summer o f Cle thr ionomys corresponds to an 

energy expendi ture o f 0.55 c a l s . / g . of body w e i g h t , and i n 

Apodemus to 0.47 c a l s . / g « °f body we igh t . 
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Over the 10 day p e r i o d Clothr ionomys took an es t imated 

7332 peas, a r a t e of 7*33/day. An average s ized Clethr ionomys 

of 20g. r equ i r e s a d a i l y i n t ake o f 12 c a l o r i e s , approx imate ly 

e q u i v a l e n t to 23 peas/day, a l though l a c t a t i n g females have an 

energy requirement nea r ly double the normal f i g u r e (Kaczmarski 

1966, Migula 1969) . The peas removed would supply 415 c a l o r i e s / 

day of a s s i m i l a t a b l e energy. The number o f peas removed by 

CI?thrionomys cou ld support a maximum p o p u l a t i o n o f 35 i n d i v i d u a l s 

over the pe r iod o f the t r i a l s , i f each i n d i v i d u a l had an energy 

requirement o f 12 c a l o r i e s / d a y . However, i f h a l f the t o t a l 

number o f peas taken were consumed by l a c t a t i n g females , then, 

a p o p u l a t i o n o f 25 i n d i v i d u a l s would be the maximum number 

t h a t cou ld be main ta ined by the q u a n t i t y of peas removed. These 

es t imates compare w i t h the t o t a l of 13 Cle thr ionomys caught 

when the s i t e s were t r apped . 

Apodemus removed 1614 peas over the t en days a t a r a t e of 

161/day, supp ly ing a s s i m i l a t a b l e energy o f 35 c a l o r i e s / d a y . 

Al though Apodemus r equ i r e s a lower number o f c a l s . / g . o f body 

we igh t than Cle thr ionomys , i t s s l i g h t l y h igher average body 

we igh t a lso means t h a t i t r e q u i r e s an es t imated 12 c a l o r i e s / d a y . 

The peas taken would support a p o p u l a t i o n f e e d i n g e x c l u s i v e l y 

on t h i s seed o f seven i n d i v i d u a l s , compared w i t h a t rapped t o t a l 

o f e leven an imals . 

H a b i t a t p re fe rence . 

Conclusions r e g a r d i n g h a b i t a t preferences are l i m i t e d by the 

number o f b a i t e d s i t ^ s a v a i l a b l e . .Nevertheless, f r om the q u a n t i t y 



of p*as removed, i t i s apparent t h a t Clethr ionomys was 

e x h i b i t i n g g rea te r a c t i v i t y where the ground cover was more 

abundant, i n t h i s case bramble a t s i t e s 2 and 3» and l e s s 

a c t i v i t y and fewer i n d i v i d u a l s where the h a b i t a t was more open. 

The a c t i v i t y of Apodemus was more g e n e r a l l y d i s t r i b u t e d and 

l e s s i n f l u e n c e d by the dens i ty of ground vege ta t ion* 
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S e c t i o n 2 . 

The r e s u l t s of o b s e r v a t i o n a t s i t e -3, 27-May-9 J u l y . 

I t has a l ready been no ted t h a t f l u c t u a t i o n s i n the two hour ly 

r a t e c f pea removal occur red d u r i n g the day, bu t t h a t these 

were no t neces sa r i l y c o r r e l a t e d between s i t e s and f rom day to 

day. The remainder of the study i s concerned w i t h a c t u a l 

o b s e r v a t i o n of a c t i v i t y and the assessment of a c t i v i t y pa t t e rn s 

f r o m one hour ly r e c o r d s . 

S i t e 3 was watched f rom a d is tance o f 5 met res . I t was 

p o s s i b l e t o observe d u r i n g the day an area around the s i t e o f 

approximate ly 50 square metres<> At n i g h t , us ing a t o r c h e m i t t i n g 

a narrow beam of r e d l i g h t , t h * area v i s i b l e was decreased. 

A l l sma l l mammals observed were recorded , but as f a r as pos s ib l e 

an i n d i v i d u a l was n o t recorded a second t ime i f i t o n l y 

t e m p o r a r i l y disappeared f r o m view, bu t remained above ground 

and then reappeared.. A l l v i s i t s t o the b a i t e d s i t e were t r e a t e d 

as separate ro - jo rds . 

I t can be seen f r o m Figures 6 and 7 t h a t the number o f 

peas taken d u r i n g each hour o f obse rva t ion i s c o r r e l a t e d w i t h 

the number o f Clethr ionomys and Apodemus seen above ground. 

I n both cases the c o r r e l a t i o n i s very h i g h l y s i g n i f i c a n t ( p < 0 . 0 0 1 ) 

The c o r r e l a t i o n c o e f f i c i e n t s must be viewed w i t h some c a u t i o n 

and no t regarded as g i v i n g an a b s o l u t e l y accurate es t imate o f 

p r o b a b i l i t y o f c o r r e l a t i o n , g iven t h a t the data dev ia tes somewhat 

f r o m a b i v a r i a t e normal d i s t r i b u t i o n . However i n both casos 
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Figures 6 and 7 . The number of psas taken d u r i n g each hour o f 

o b s e r v a t i o n compared w i t h the number of s i g h t i n g s of Cle thr ionomys 

and Apod*mus. 
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the c o e f f i c i e n t i s so h igh t h a t one i s j u s t i f i e d i n r e g a r d i n g 

i t as g i v i n g the order o f p r o b a b i l i t y o f the observa t ions 

o c c u r r i n g by chance. 

The p a t t e r n o f a c t i v i t y i n Clethrionomys and Apodernus. 

Th-s observat ions show t h a t Clethrionomys i s main ly d i u r n a l 

and Apodemus i s predominant ly n o c t u r n a l (see Figure 3 ) . Of th? 

t o t a l number o f s i g h t i n g s of Clethrionomys recorded over the 

s i x day p e r i o d , $7% occurred between the time o f sunr i se and 

sunset , whereas $$% o f those of Apodemus were between sunset 

and s u n r i s e . From 27 'May-9 J u ly sunr i se v a r i e d f r o m 0 4 . 2 6 -

04 .39 hours B . S . T . and sunset f r o m 21 .29 -21 .49 hours B . S . T . . 

F u l l data t a b l e s are g iven i n the Appendix (Tables 7 - 1 4 ) . 

F o l l o w i n g a r a p i d increase , a c t i v i t y i n Cle thr ionoicys 

peaked two hours a f t e r dawn. I t con t inued a c t i v e th roughou t 

the day, peaking again a t dusk. Var ious major or s u b s i d i a r y 

peaks were recorded d u r i n g the day, the most n o t a b l e be ing 

between 1 1 . 0 0 - 1 2 . 0 0 hours , f i v e hours a f t e r the f i r s t peak. 

Un l ike Apodemus, Clethr ionomys was observed d u r i n g every hour 

o f the day and n i g h t , though i n f r e q u e n t l y when dark. 

The emergence o f Apodemus c o i n c i d e d c l o s e l y w i t h sunset 

bu t i t s a c t i v i t y /remained low f o r some t ime be fo re r i s i n g 

r a p i d l y t o a peak between 23 .00 and 24 .00 hours , see F igu re 3. 

A c t i v i t y o f the p o p u l a t i o n then began to dec l ine a l though a 

s u b s i d i a r y peak i s present between 03 .00 hours and 04 .00 hours 

The a s s o c i a t i o n o f cessa t ion o f a c t i v i t y w i t h sun r i se was l e s s 
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s t r i c t s ince animals were observed up t o two hours a f t e r dawn. 

The l a r g e s t percentage o f a c t i v i t y i n any one hour i s 

g rea te r i n Aoodernus. s ince i t i s above ground f o r cons ide rab ly 

less t ime than Cle thr ionomys . 21/o o f the t o t a l number o f 

observa t ions o f Apodemus occurred between 23.00 and 24.00 hours , 

whereas no one hour recorded more than 10% o f t o t a l a c t i v i t y 

i n Cle th r ionomys . 

Comparison o f a c t i v i t y i n a d u l t s and . juven i l e s . 

Dur ing the f i r s t two days o f obse rva t ion no j u v e n i l e Apodemus 

.or Cle thr jonomys were recorded v i s i t i n g the f e e d i n g s t a t i o n . 

Subsequent obse rva t i on showed t h a t j u v e n i l e s g r a d u a l l y became 

more f r e q u e n t v i s i t o r s to s i t e 3i see Table 4. I t i s probable 

t h a t the i n f l u x o f young i n d i v i d u a l s i s an i n d i c a t i o n o f an 

o v e r a l l increase i n the p o p u l a t i o n as the p e r i o d o f s tudy 

co inc ided w i t h the middle o f the breeding season. 

Table 4. 

The mean number o f s i g h t i n g s / h o u r o f j u v e n i l e and a d u l t 

Clethr ionomys and Apodemus recorded between 27 May and 9 J u l y . 

J u v . C l e t h . A d u l t C l e t h . Juv. Apo. A d u l t Apo. 

27-2? May : 0 3.35 - -
3-5 June : 0 4.53 0 1.3 

21-23 June: 2.16 3.7 1.3 2.2 

24-26 June: 2 .33 3 . 91 1.5 2 .0 

4-6 J u l y : 3.33 3.95 3.7 3 .2 

7-9 J u l y : 3 .62 4.03 4.3 4 .7 
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The number of records during each hour f o r a d u l t s and 

j u v e n i l e s of both s p e c i e s were compared (see F i g u r e s 9 and 10, 

and Tables 9, 10, 13 and 14 i n the Appendix). D i s t r i b u t i o n s 

were ranked i n order of abundance, and i n both spec i n s a d u l t 

and j u v e n i l e a c t i v i t y p a t t e r n s were very highly s i g n i f i c a n t l y 

c o r r e l a t e d (Clethrionomys r s 0 .83, d.f. 22, p<c0.001, Apodemus 

r s 0 .96, d.f. 9, p-^0.001) . 

Notwithstanding the s i m i l a r i t i e s between a d u l t and 

j u v e n i l e r e c o r d s , i t was n o t i c e a b l e that j u v e n i l e Apodemus 

were i n v a r i a b l y observed f i r s t between.20.00 and 21.00 hours, 

p r i o r to any genera l i n c r e a s e i n a c t i v i t y by a d u l t s , and t h a t 

p r o p o r t i o n a t e l y the number of s i g h t i n g s was g r e a t e r during t h i s 

p e r i o d f o r j u v e n i l e s than a d u l t s . Following the decrease i n 

a c t i v i t y before dawn, young animals tended to remain a c t i v e 

above ground f o r up to two hours a f t e r s u n r i s e , and f o r a longer 

time than a d u l t s , though they were not n e c e s s a r i l y v i s i t i n g the 

b a i t e d s i t e f o r food. 

A c t i v i t y of an a d u l t female Cl=?thri6nomys. 

One of the problems of drawing c o n c l u s i o n s about the a c t i v i t y 

p a t t e r n s of s p e c i e s from o b s e r v a t i o n i s th a t , e s p e c i a l l y w i t h 

s m a l l mammals, i t i s d i f f i c u l t to i d e n t i f y i n d i v i d u a l s , 

p a r t i c u l a r l y when they are i n f r e q u e n t l y seen together. Thus 

the a c t i v i t y recorded i s t h a t e x h i b i t e d by a s e c t i o n of the 

population as a whole. An attempt was made to overcome t h i s 

problem by b l e a c h i n g the f u r of s e v e r a l i n d i v i d u a l s , r e l e a s e d 

on 25 May. 
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From 27 May u n t i l 3 J u l y none of the marked animals 

v i s i t e d s i t e 3i or was trapped a t any of the other s i t e s . 

However between k-9 J u l y one marked a d u l t female Clethrionomys 

made r e g u l a r v i s i t s to s i t e 3> t a k i n g 1-3 peas on each v i s i t . 

F i g u r e 11 shows the time of a l l v i s i t s t h a t t h i s animal made. 

Conclusions are l i m i t e d by the s m a l l number of o b s e r v a t i o n s . 

A c t i v i t y began one hour a f t e r dawn and continued throughout the 

day u n t i l j u s t before dusk. Altogether 33 v i s i t s were made but 

they were not evenly d i s t r i b u t e d i n time. I n s t e a d b u r s t s of 

a c t i v i t y were recorded followed by prolonged periods of absence. 

The i n t e r v a l s of time between b u r s t s of a c t i v i t y observed on 

the same day were one hour 45 minutes on 7 J u l y , and two hours 

and one hour on 8 J u l y . 

Behaviour of Clethrionomys and Apodemus. 

Clethrionomys i n v a r i a b l y approached the b a i t e d s i t e through 

areas w i t h dense undergrowth. Movement was smooth and r e g u l a r , 

only o c c a s i o n a l l y would the animal stop, put i t s head upwards 

and s n i f f the a i r . Those i n d i v i d u a l s nut concerned w i t h removing 

peas were o f t e n seen moving through the l e a f l i t t e r , sometimes 

s c r a t c h i n g a t the s u r f a c e and l e s s f r e q u e n t l y f e e d i n g on l i v e 

v e g e t a t i o n , which i n t h i s area was e i t h e r bramble or l e a v e s of 

g r a s s e s . Movement was p a r t i c u l a r l y r a p i d i f an animal had to 

c r o s s a s e c t i o n of wood devoid of ground vegetation. 

There were a t o t a l of 575 records of v i s i t s to thfi s i t e 

by Clethrionomys i n which the approach and withdrawal paths of 

the animal were v i s i b l e over a d i s t a n c e greater than two metres 
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from the s i t s . On 220 occasions (33%), withdrawal was along 

the path of approach, whereas on 355 occasions (62/&) , the path 

of withdrawal was d i f f e r e n t to t h a t of approach. The f a c t t h a t 

i n the m a j o r i t y of c a s e s animals do not use a s i m i l a r pathway 

of approach and r e t r e a t may be of s e l e c t i v e advantage i n the 

avoidance of predators, i n that i t does not e s t a b l i s h p r e d i c t a b l e 

l i n e s of movement. 

I t was a l s o evident t h a t during b u r s t s of a c t i v i t y of 

s p e c i f i c i n d i v i d u a l s that peas removed, i f not immediately 

consumed, were not a l l taken away and deposited i n the same 

p l a c e , s i n c e the modes of approach and withdrawal were not 

c o n s i s t e n t from v i s i t to v i s i t . On one occasion an a d u l t 

Clethrionomys recovered a pea b u r i e d i n the l e a f l i t t e r about 

four metres from the s i t e and t r a n s p o r t e d i t another s i x metres 

before again d e p o s i t i n g i t i n the ground. 

The ieng t h of time t h a t any Clethrionomys spent a t the 

b a i t was s h o r t and never longer than 30 seconds. G e n e r a l l y 

approach was from the s i d e or behind the s i t e . U s u a l l y only 

one pea was taken. T h i s was i n v a r i a b l y the case w i t h j u v e n i l e s , 

l i m i t e d by t h e i r s i z e of mouth, but a d u l t s o f t e n tock two peas 

and o c c a s i o n a l l y t h r e e . The f i r s t pea was normally p i c k e d up 

d i r e c t l y i n t o the mouth without a i d of the f r o n t f e e t , w h i l e 

the s e c u r i n g of second and t h i r d peas was a s s i s t e d by the f r o n t 

l e g s as the animal s a t upright. I f three peas were taken, two 

were p o s i t i o n e d i n the cheek pouches while the t h i r d ^vss held 

between the f r o n t t e e t h . T h i s method of food g a t h e r i n g was a l s o 
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used i n the s e l e c t i o n of l e a v e s . The animal would s i t upright 

on i t s haunches and use mouth and fo r e l e g s to s e c u r e a piece 

of vegetation, grasp i t between the f r o n t legs and b i t e s e c t i o n s 
i 

o f f w i t h i t s t e e t h . 

The movement of Apodemus c l o s e to the s i t e was more j e r k y 

than Glethrionornys and more r e a d i l y i n t e r r u p t e d by stoppages 

arid d e v i a t i o n s from a d i r e c t mode of approach. The d i r e c t i o n 

of approach was u s u a l l y from the s i d e of the s i t e , and from 

areas not f r e q u e n t l y used by C1ethrionomys. Apodemus on the 

whole spent longer a t the "feeding s t a t i o n and would wander over 

the p e t r i - d i s h before s e l e c t i n g a pea and moving o f f , often 

s w i f t l y with a jump. Only one pea was taken a t each v i s i t . 

As they were a c t i v e a t n i g h t when the use of a r e d l i g h t 

r e s t r i c t e d the area v i s i b l e , i t was not p o s s i b l e to determine 

to what extent i n d i v i d u a l Apodemus used d i f f e r e n t d i r e c t i o n s 

of approach and withdrawal. Furthermore, the a b i l i t y to i d e n t i f y 

i n d i v i d u a l s was s e v e r e l y l i m i t e d , p a r t i c u l a r l y as no marked ones 

were recorded. Animals were separated only i n t o a d u l t s and 

j u v e n i l e s by s i z e . I t was apparent though t h a t i n the t r a n s i t i o n 

between dusk and night, Apodemus would more r e a d i l y move i n t o 

a r e a s devoid of ground cover and o f t e n approached i n the open 

w i t h i n one metre of the observer. 

Both Apodemus and Clethrionomy3 used the p e t r i - d i s h e s and 

the surrounding areas as p l a c e s f o r the deposition of f a e c e s 

and u r i n e . 



I n t r a s p e c i f i c and I n t e r s p e c i f i c encounters. 

Although 150 hours were spent i n observation a t s i t e 3, the 

number of encounters between animals was few. Aggressive 

behaviour was seen once between the marked female Clethrionomvs 

and a j u v e n i l e , i n which the a d u l t threatened the. j u v e n i l e 

behind the f e e d i n g s i t e . The young i n d i v i d u a l r a p i d l y r e t r e a t e d 

i n the a c t of running away i t jumped 30 cms. i n the a i r . 

The u s u a l s i t u a t i o n encountered i f more than one animal 

was i n v o l v e d i n v i s i t i n g the feeding s t a t i o n was t h a t , 

p a r t i c u l a r l y when a j u v e n i l e was i n the process of removing 

a pea, i t would often r e t r e a t without completing the operation, 

to be followed s h o r t l y afterwards by an adult, which would 

take a pea and depart, a f t e r which the d i s p l a c e d j u v e n i l e 

would r e t u r n . Although i t i s not demonstrated c o n c l u s i v e l y 

t h a t the displacement of i n d i v i d u a l s was a d i r e c t r e s u l t of the 

presence of another animal nearby, the observer was able to 

a n t i c i p a t e on many occasions the occurrence of such behaviour, 

before another i n d i v i d u a l came-into s i g h t , e i t h e r by the noise 

of movement w i t h i n the undergrowth or by squeaks from the 

approaching animal. 

On s i x oc c a s i o n s Apoderaus came i n t o contact w i t h 

Clethrionornys. N e ither seemed to t o l e r a t e the presence of 

the other, but whether one s p e c i e s was dominant over the other 

was not apparent from so few encounters. The outcome of any 

meeting was t h a t both animals bolted. On four o c c a s i o n s 

Apodemus was present a t the s i t e vihen Clethrionomvs approached, 



f o r the other two the r e v e r s e was the case. Once an a d u l t 

Apod^mus and j u v e n i l e Clethrionomys moved towards each other, 

ending up nose to nose without touching and without d i s p l a y i n 

any v i s i b l e a g o n i s t i c behaviour or emitting any a u d i b l e sound 

before both animals r a n o f f . I t may be s i g n i f i c a n t t h a t of 

the s i x encounters, on f i v e occasions i t was Apodemus which 

r e t u r n e d to the s i t e f i r s t to remove a pea, o f t e n as r a p i d l y 

as l e s s than ten seconds a f t e r the encounter. 
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S e c t i o n 3. 

The s i x day unobserved 2k hour study and a comparison w i t h 

the observed. 

The e f f e c t of disturbance on the l e v e l of a c t i v i t y . 

I t was obvious t h a t during the study there was a s i g n i f i c a n t 

r e d u c t i o n between the number of peas taken when the s i t e was 

being watched, compared w i t h the number removed when the s i t e 

was undisturbed. During the s i x days of observation there 

were 920 separate records of Clethrionomys and 343 of Apodemus, 

.compared with t o t a l s f o r the s i x day undisturbed period in. 

J u l y of an estimated 5352 peas taken by Clethrionomys and 1405 

by Apodemus. The number of s i g h t i n g s of Clethrionomys i s only 

17% of the number of peas taken when the s i t e was not watched, 

and 2Q?o i n the case of Apodemus. However the observed period 

began before the i n f l u x of j u v e n i l e s i n t o the population a t the 

end of June and beginning of J u l y , consequently the l e v e l of 

a c t i v i t y should be lower. The e f f e c t of an observer being 

p r e s e n t was probably l e s s than the percentages i n d i c a t e , 

although seme degree of disturbance was apparent. 

Despite a f f e c t i n g the i n t e n s i t y of a c t i v i t y , i t was 

e s s e n t i a l t h at o b s e r v a t i o n was not i n f l e n c i n g the p e r i o d i c i t y . 

I t was t h e r e f o r e n e c e s s a r y to determine whether the use of a 

r e d l i g h t was having a d i f f e r e n t i a l e f f e c t on the l e v e l of 

a c t i v i t y i n the two s p e c i e s . Apodemus was a c t i v e during a l l 

the period of i l l u m i n a t i o n and appeared unconcerned. The 

a c t i v i t y of Clethrionomys during the same period was c o n s i d e r a b l y 

reduced, although some recordings were made during a l l the 
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hours when the red l i g h t was used. 

There are s e v e r a l points which suggest t h a t giethrionomys, 

was t o l e r a n t of red l i g h t and not a d v e r s e l y a f f e c t e d by i t . 

F i r s t l y , the amount of a c t i v i t y had a l r e a d y reached a low l e v e l , 

21.00-22.00 hours, before the r e d l i g h t was switched on, u s u a l l y 

22.00-22.30 hours. Secondly, the i n c r e a s e i n a c t i v i t y l e a d i n g 

to the morning peak began before the r e d l i g h t had been 

switched o f f , 04 .00-04 .30 hours. 

Table 5. 

The percentage of.peas taken by each s p e c i e s during the hours . 

when both s p e c i e s were v i s i t i n g s i t e 3i c a l c u l a t e d from 

o b s e r v a t i o n on 21-23> 24-26 June, 4-6, 7 -9 , 26 -27 J u l y . 

(20 equals 20.00-21.00 hours, 21 equals 21 .00- 22.00 hours e t c . ) . 

Time, hours :20 21 22 23 24 01 02 03 04 05 06 

T o t a l peas taker- :66 39 56 76 51 46 23 43 32 61 63 

Peas taken by C l e t h . :59 34 23 20 7 2 1 6 21 52 63 

Pea3 taken by Apo. : 7 5 " 33 56 44 44 22 37 ' 11 9 0 

% peas taken by Cleth.:39 37 41 26 U 4 4 16 66 35 100 

$ peas taken by Apo. :11 13 59 74 34 96 96 34 34 15 0 

T h i r d l y , from the overlap period of observed a c t i v i t y of 

Clethrionomys and Apodemus i n June and J u l y , the percentage 

of the t o t a l number of pans taker, during each hour by the two 

sp e c i e s was c a l c u l a t e d (see Table 5 ) . These percentages were 

used to c a l c u l a t e the number of peas removed by both Clethrionomys 



and Apodemus when t h e i r a c t i v i t y c o i n c i d e d daring the s i x day 

unobserved period. I f the a c t i v i t y of Clethrionomys a t n i g h t 

i n c r e a s e d to a l e v e l approaching i t s daytime i n t e n s i t y then the 

number of peas taken during the unobserved p e r i o d would r e f l e c t 

any i n c r e a s e i n a c t i v i t y . A d i s p a r i t y between the observed 

and unobserved d i s t r i b u t i o n of a c t i v i t y would then e x i s t . 

During June and J u l y , of the 757 records of Clethrionomys, 690 

were between 04.00 hours and 22.00 hours, and 67 between 22.00 

and 04.00 hours, the approximate period when the r e d l i g h t 

was being used. For the s i x day unobserved t r i a l i t i s c a l c u l a t 

that 5046 peas were taken by Clethrionomys from 04.00-22.00 

hours, and 306 from 22.00-04.00 hours. The use of a 2X2 

contingency t a b l e shows t h a t t h ere i s no evidence to l e a d to 

the r e j e c t i o n of the hypothesis t h a t the r e d u c t i o n i n a c t i v i t y 

recorded when the r e d l i g h t was switched on, was s i m i l a r to the 

r e d u c t i o n i n a c t i v i t y during the unobserved period, and t h a t 

the d i s t r i b u t i o n of a c t i v i t y i n both c a s e s was s i m i l a r (X 1.3, 

p > 0 . 2 ) . F i n a l l y , there was no s i g n i f i c a n t d i f f e r e n c e between 

the proportionate d i s t r i b u t i o n of the t o t a l number of s i g h t i n g s 

of both s p e c i e s combined, during the s i x observed days, 22.00-

04.00 : 04.00-22.00, 351 : 905, and the d i s t r i b u t i o n of peas 

taken during the s i x unobserved days, 22.00-04.00 : 04.00-22.00, 

1682 : 5034, ( X 2 1.03, p > 0 . 2 ) . 

The r e s u l t s of the s i x day unobserved 3tudy. 

The number of peas taken during each one hour i s shown i n the 

Appendix, T a b l e s 15-17. The d i s t r i b u t i o n of the number removed 
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by the two s p e c i e s was estimated from the observed overlap 

p e r i o d (see Table 5)» The percentage taken by each s p e c i e s 

d a r i n g each hour when both s p e c i e s were observed a c t i v e was 

used to c a l c u l a t e the number of peas taken by the two s p e c i e s 

from the t o t a l number of peas removed i n each unobserved hour 

during the s i x days (see Tables 16 and 17 i n the Appendix). 

F i g u r e 12 shows the mean number of peas taken and the estimated 

r a t e of removal/hour by Clethrionomys and Apodemus. 

The mean r a t e of removal/hour by both s p e c i e s was ranked 

and compared to the ranked t o t a l s f o r the observed s i x days. 

There i s a very h i g h l y s i g n i f i c a n t c o r r e l a t i o n between the 

d i s t r i b u t i o n of a c t i v i t y throughout the observed and unobserved 

s i x de.ys, (Clethrionomys r s 0.6i*, d.f. 22, p«=l0.001: Apodemus 

r s 0.93, d.f. 9, j x O . 0 0 1 ) . 

Fi g u r e s 13 and Ik show the percentage of peas taken during 

each hour f o r the s i x days by Clethrionomys. and F i g u r e s 15 and 

16, the same f o r Apodemus. I n both spe c i e s the populations 

were e x h i b i t i n g a d a i l y polyphasic rhythm of i r r e g u l a r l y spaced 

peaks. To d i s c o v e r whether the o v e r a l l p a t t e r n s were c o r r e l a t e d 

from day to day, hourly records were ranked and c o r r e l a t i o n s 

c a l c u l a t e d f o r a l l p a i r i n g s of days (see Tables 13 and 19 i n 

the Appendix). The rank c o r r e l a t i o n s demonstrate i n each s p e c i e s 

an o v e r a l l resemblance i n a c t i v i t y . They are a f f e c t e d mainly 

by the day/night d i f f e r e n c e s i n a c t i v i t y of Clethrionomys and 

Apodemus, and do not n e c e s s a r i l y i n d i c a t e t h a t the l e s s e r 

f l u c t u a t i o n s i n a c t i v i t y are synchronised over the p e r i o d of 

the t r i a l . 



F i g u r e s 13 and 14. Estimated percentage of peas taken during 

each hour by Clethrionomys recorded over s i x 24 hour p e r i o d s 

between 10 and 25 J a l y . 

S u n r i s e 
Sunset 

10=11 J u l y . 

Time 

S u n r i s e Sunset 

13-14 J u l y . 

Time 

Sunset S u n r i s e 

16-17 J u l y . 

Time 



F i g u r e 14. 

Su n r i s e Sunset i t 

10*,. 
CD 19 J u l y 
c6 

CO 

CD 

I I I I I I 

Time 

S u n r i s e Sunset Sunset 

v 
101 

22-23 J u l y CD 

CO 

I I I I I I I I I 

Time 

S u n r i s e Sunset 

lOt 
24-25 J u l y CD 

» 5 
0) 

W. 0 I 1 ! I I I to t l l l i S H oS M ( ] •( e l I O I I iZ U I* \S \lm 11 If H to 21 IX. IX 

Time 



43 

F i g u r e s 15 .and l b . Estimated percentage of peas taken during 
each nour by ilpodemus recorded over s i x 24 hour periods 
between 10 and 2? J u l y . 
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F i g u r e 16. 
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Of the 15 c o r r e l a t i o n s f o r Clethrionomys. Ik are h i g h l y 

s i g n i f i c a n t ( r s 0.65-0.59, p<C0.001), Day 3 i s c o r r e l a t e d w i t h 

Day 5, ( r a 0.54, p<0.01) . Ten c o r r e l a t i o n s f o r Apodemus are 

s i g n i f i c a n t to l e v e l s v a r y i n g from p-sTO.02 to p-^0.001, ( r s 0.72-

0.92). Day 3 accounts f o r the f i v e c o r r e l a t i o n s which are not 

s i g n i f i c a n t ( p X ) . l to p<0.05, r s 0.52-0.69). 

Daring the periods of o b s e r v a t i o n i t e v e n t u a l l y became 

p o s s i b l e to d i s t i n g u i s h v a r i o u s i n d i v i d u a l s t h a t were v i s i t i n g 

the s i t e , by colour or s i z e , although to c o n c l u s i v e l y d i s t i n g u i s h 

them was d i f f i c u l t s i n c e only one was marked and r e a d i l y 

i d e n t i f i a b l e . During J u l y , a t l e a s t seven Cl-?thrionomys ( t h r e e 

a d u l t s and four j u v e n i l e s ) ware r e g u l a r l y v i s i t i n g the s i t e . 

From the mean summated data shown i n Figure 12, i t would appear 

t h a t these i n d i v i d u a l s were e x h i b i t i n g four main peaks periods 

of a c t i v i t y a t four hourly i n t e r v a l s during the day. 

The f i r s t peak occurred about two hours a f t e r dawn a t 

07.00 hours, the second a t 11.00 hours, the t h i r d i n mid 

afternoon, 15.00-l6.00 hours, and f i n a l l y one a t dusk, 19.00-

20.00 hours. T h i s f l u c t u a t i n g p a t t e r n of a c t i v i t y i s s i m i l a r 

to the observed p u l s e s of a c t i v i t y of the marked i n d i v i d u a l 

( s e e Figure 11) t i n t h a t the timing of a c t i v i t y i n the s i n g l e 

animal occurred during the four peak periods shown by the 

population as a whole. 

The peaks a t dawn and dusk during the unobserved s i x day 

study were l e s s marked than those recorded from observation, 

and the d i s t r i b u t i o n of t o t a l a c t i v i t y was mor* evenly spread 

http://15.00-l6.00
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throughout the d a y l i g h t hours ( s e e F i g u r e s 3 and 12). O v e r a l l 

92% of peas taken were removed between dawn and dusk, and fyo 

between dusk and dawn. 

The p a t t e r n of a c t i v i t y of Apodemus, with i n c o n s i s t e n t 

peaks and troughs from day to day, was very v a r i a b l e . However, 

the o v e r a l l p i c t u r e t h a t emerged (see F i g u r e 12) was one of 

a r a p i d i n c r e a s e i n a c t i v i t y peaking between 23.00 and 2^.00 

hours, about two hours a f t e r dusk. Then followed a slow d e c l i n 

w i t h p o s s i b l y a s u b s i d i a r y peak between 03.00 and 04.00 hours, 

but the general t r e n d was one of a unimodal d i s t r i b u t i o n of 

a c t i v i t y . Immediately preceding s u n r i s e the d e c l i n e i n v i s i t s 

to the feeding s t a t i o n was r a p i d , although some animals were 

s t i l l a c t i v e a f t e r dawn. Over the s i x days 6T> of the peas 

taken by Apodemus were removed between dawn and dusk, and 9k% 

between dusk and dawn. 
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DISCUSSION 

The problem of i n t e r p r e t i n g l a b o r a t o r y r e s u l t s i n terms of 

t h e i r e c o l o g i c a l i m p l i c a t i o n s i s nowhere more prominent than 

when studying a c t i v i t y p a t t e r n s of sma l l mammals. Kavanau 

(1966), using s o p h i s t i c a t e d 22-channel r e c o r d e r s , has provided 

much u s e f u l information on the v a r i o u s p h y s i c a l f a c t o r s to 

which a c t i v i t y rhythms are geared, but these environmental 

f a c t o r s may bear l i t t l e r e l a t i o n to those e c o l o g i c a l components 

most s i g n i f i c a n t to the animal (Cloudsley-Thompson 1960), 

p a r t i c u l a r l y when s e l e c t i o n pressure favours those organisms 

capable of adapting t h e i r f u n c t i o n s to the p e r i o d i c i t y and 

i n f l u e n c e s of t h e i r surroundings. 

I t i s evident t h a t c o n s i d e r a b l e knowledge has accumulated 

about p e r i o d i c i t y i n i n d i v i d u a l s p e c i e s (Cloudsley-Thcmpson 

1961, Marker 1964, Brown 1965) but t h a t the study of the 

community aspect has s e r i o u s l y lagged behind. As Ashby (1972) 

pointed out, there i s s t i l l a great need f o r a c t u a l f i e l d 

o b s e r v a t i o n s of mammal a c t i v i t y p a r t i c u l a r l y of those s m a l l 

mammals normally considered to be s e c r e t i v e and p r e v i o u s l y 

thought of as being u n s u i t a b l e f o r o b s e r v a t i o n a l techniques. 

I t w i l l s u f f i c e to point out a few of the problems w i t h 

which l a b o r a t o r y s t u d i e s are beset, and the anomalies which 

u n i n v e s t i g a t e d e x t r a p o l a t i o n to the f i e l d could produce. 

Kavanau ( I ? 6 2 ) s t u d i e d the d r i n k i n g behaviour c f c o n f i n e d s m a l l 

mammals. He found t h a t Peromyscus maniculatus spent on average 
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only I^.'. .hour 3/day out of the n e s t i n apparatus supplied only 

w i t h food and wat^r, but on adding an a c t i v i t y wheel i t stayed 

out f o r up to 10 hours/day. One of the problems then i n 

lab o r a t o r y experiments i s a c t u a l l y s i m u l a t i n g the v a r i e t y of 

conditions found i n nature. Furthermore the p e r i o d i c i t y of 

an a c t i v i t y p a t t e r n may bear l i t t l e resemblance to t h a t recorded 

in the f i e l d . Kavanau (1969) found t h a t the l e a s t weasel was 

93jio n o c t u r n a l i n l i g h t c o n d i t i o n s s i m u l a t i n g those i n the wi l d , 

but pointed out t h a t t h i s animal showed l i t t l e d i e l p r e f e r e n c e 

i n the f i e l d . Graham (pe r s o n a l communication i n Kavanau 1969) 

found t h a t the meadow vole, Microtus pennsylvanicus was a c t i v e 

mostly a t n i g h t i n the l a b o r a t o r y but mostly by day i n the 

w i l d . Notwithstanding t h a t mammals can adopt h a b i t s f a r removed 

from c o n d i t i o n s to which t h e i r v i s u a l systems would seem best 

s u i t e d , the r e s u l t s presented i n t h i s study s t r e s s the importance 

of i n v e s t i g a t i n g a c t i v i t y rhythms i n the f i e l d before making 

g e n e r a l i s a t i o n s from those recorded under abnormal and uniform 

l a b o r a t o r y c o n d i t i o n s . 

The use of b a i t as an index of a c t i v i t y and a comparison w i t h 

other methods. 

Hamilton (1937), who p l a c e d food a t p o i n t s i n the runways of 

the f i e l d mouse, Micro tus pennsylvanic-us, was probably the f i r s t 

to use b a i t i n a study of a c t i v i t y and home range. However he 

made l i m i t e d use of the technique; h i s hourly measurements were 

not recorded f o r periods of longer than 2k hours a t a time, 

and over few days i n t o t a l . C h i t t y and Shorten (191*6) b a i t e d 
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Norway Rats, but were more concerned w i t h ways of a t t r a c t i n g 

and c o n t r o l l i n g the r a t s than w i t h any p e r i o d i c i t y t h a t emerged 

from the removal of b a i t . Kikkawa (1964) made observations 

of Clethrionomys g l a r e o l u s and Apodemus s y l v a t i c u s a t b a i t e d 

t r a p s but i n t h i s paper he merely s a i d t h at daytime v i s i t s of 

v o l e s were long and frequent, while a t night they were b r i e f 

and c o m p a r i t i v e l y infrequent, and t h a t mice appeared only a t 

nigh t . I n v e s t i g a t i o n of a c t i v i t y u sing feeding s t a t i o n s and 

observation, of small mammals has thus been a technique i n f r e q u e n t l y 

used. 

The use of f e e d i n g s t a t i o n s does have l i m i t a t i o n s i n a 

study of a c t i v i t y , even during periods when the s i t e i s being 

watched. I t assumes that feeding and s t o r i n g behaviour i s an 

accurate .index of a c t i v i t y . However Crowcroft (1954) and 

Kavanau (1969) considered that measures of feeding a c t i v i t y are 

r e l i a b l e i n d i c e s of t o t a l a c t i v i t y i n the la b o r a t o r y , and B l a i r 

(1951), who t r a c k e d i n d i v i d u a l s of Peromyscus polionotus i n 

the f i e l d , found t h a t movements were p r i n c i p a l l y a s s o c i a t e d w i t h 

f e e d i n g and food gathering. These r e s u l t s are supported by a 

very c l o s e c o r r e l a t i o n i n t h i s study between the number of 

animais observed above ground and the t o t a l number of peas 

taken during each hour. I t suggests t h a t the removal of b a i t 

i s a r e l i a b l e index of the t o t a l above ground a c t i v i t y of both 

Apodemus and Clethrionomys. 

Where more than one i n d i v i d u a l i s making repeated t r i p s 

to a b a i t e d s i t e , the index of a c t i v i t y over the d i e l c y c l e 
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s p e c i e s . Never l e s s than f o u r i n d i v i d u a l s of both Apodemus 

and .Clethrionomys were recorded during any p e r i o d of o b s e r v a t i o n 

so t h a t the a c t i v i t y p a t t e r n r e s u l t i n g i s one of a s e c t i o n 

of the population. Any p e r i o d i c i t y t h a t emerges must be 

i n t e r p r e t e d w i t h care as the nature of any rhythm and i t s 

l a b i l i t y may not be c o n s i s t e n t between i n d i v i d u a l s . T h i s method 

does however provide an i n s i g h t i n t o the d i e l p e r i o d i c i t y of 

the community at the point of observation, as i s the case w i t h 

automatic photographic r e c o r d i n g s (Dodge and Snyder 1960), and 

i t a l l o w s broad c o n c l u s i o n s to be drawn about those periods of 

the day when a c t i v i t y i s e i t h e r i n t e n s i v e or subdued and provide 

information about times of day when animals are i n a c t i v e f o r 

long p e r i o d s . One of the more important f e a t u r e s of o b s e r v a t i o n 

a t b a i t e d s i t e s i s t h a t i t has been shown f e a s i b l e to observe 

marked i n d i v i d u a l s . T h i s i s one aspect of the study which 

could be g r e a t l y extended. 

L i k e the use of b a i t e d l i v e t r a p s , b a i t e d feeding s t a t i o n s 

might have the e f f e c t of s t i m u l a t i n g a c t i v i t y i n s m a l l mammals. 

Pearson (1960a), using a combination of photographic apparatus 

and t r a p s i n a study of h a r v e s t mice, Reithrodontomys megalotis, 

and meadow mice, Microtus c a l i f o r n i c u s , showed t h a t on n i g h t s 

when trappi n g was c a r r i e d out, there was a great i n c r e a s e i n 

the amount of recorded a c t i v i t y ; i t did, i n f a c t more than 

double i n the case of the h a r v e s t mice. I f b a i t does i n f l u e n c e 

the amount of a c t i v i t y i t should not however d i s t o r t the d i e l 
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r e s t r a i n the animals and present fewer problems of d e a l i n g 

with the apparent heterogeneity i n r e a c t i o n to t r a p s (Crowcroft 

and J e f f e r s I 9 6 D . Even of those i n d i v i d u a l s a c t u a l l y v i s i t i n g 

t r a p s , on many occasions the animals are not caught. Sheppe 

(1967) showed t h a t i n %k% of the occasions when a Peromyscus 

leucopus l e f t t r a c k s a t a s t a t i o n i t l e f t without being trapped. 

At b e s t t r a p p i n g g i v e s an average i n d i c a t i o n of the number of 

i n d i v i d u a l s above ground, not an index of a c t i v i t y , s i n c e there 

i s no measure of a c t u a l i n t e n s i t y of a c t i v i t y t h a t can be 

recorded from an animal which i s p e r i o d i c a l l y immobilised. 

Of the s t u d i e s of a c t i v i t y which have been done us i n g 

t r a p s , both E l t o n et a l . (1931) and Brown (1956) used t r a p p i n g 

i n t e r v a l s . o f two hours. This study i n d i c a t e s t h a t two hours 

i s too long to d i s c e r n a c c u r a t e l y any s h o r t terra changes i n the 

l e v e l of a c t i v i t y , which anyway i t would be d i f f i c u l t f o r 

tra p p i n g data to show. Kikkawa (1964) used only f o u r t r a p p i n g 

periods during the day, ( I ) Afternoon to 20,00 hours; (2) 20.00-

23.00 hours; (3) 23.00-02.00 hours; (4) 02.00 to morning. Not 

only were the i n t e r v a l s i r r e g u l a r l y spaced but two p e r i o d s , ( I ) 

and ( 4 ) , were e x c e p t i o n a l l y long and i n e x a c t . Even more 

s u r p r i s i n g i s that Stoddart (1969) claimed t h a t the water v o l e 

( A r v i c o l a t e r r e s t r i s ) shows a daytime maximum of a c t i v i t y from 

only two v i s i t s to traps/day, a t 09.00 hours and the other a t 

17.00 hours. He compared the number of animals caught during 

the day w i t h the halved t o t a l of n i g h t captures, s i n c e the 
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overnight p e r i o d was 16 hoars long and twice the length of 

the daytime p e r i o d . T h i s i s a comparison and a n a l y s i s of 

hig h l y dubious v a l i d i t y . 

Of the more s o p h i s t i c a t e d modern techniques of studying 

a c t i v i t y i n the f i e l d , automatic photography has the advantage 

over o b s e r v a t i o n a t fe e d i n g s t a t i o n s only i n that i t r e l e a s e s 

the observer from round the clock watching. The use of 

telemetry (Le Munyan e t j^U_1959, Cochran and Lord 1963) and ^ 

r a d i o a c t i v e isotopes ( B a i l e y e t a l . 1974) are becoming important ^3 

t o o l s i n t r a c k i n g animals but are expensive to operate and 

of t e n l i m i t e d by the number of i n d i v i d u a l s t h a t can be t r a c e d 

a t any one time. They do however i n v o l v e minimal manipulation 

of the a n i m a l f s h a b i t a t . On the other hand a c t u a l o b s e r v a t i o n 

and the use of fe e d i n g s t a t i o n s does allow the behaviour of 

small mammals to be recorded, and g i v e s a s a t i s f a c t o r y d i e l 

index of the i n t e n s i t y of a c t i v i t y of a s p e c i e s , and has the 

added advantage of being an inexpensive technique. 

The a c t i v i t y of Clethrionomys- ;,and Apodemus. 

The r e s u l t s of t h i s study i n d i c a t e t h a t Clethrionomys i s d i u r n a l 

during the summer when Apodemus i s present. T h i s d i s a g r e e s 

w i t h G r o d z i n s k i (1963), and the data r e f e r r e d to by him, ( M i l l e r 

1955, Ostermann 1956, S a i n t - G i r o n s 1960, 1961, and Pearson 

1962), who suggested t h a t Clethrionomys was mainly n o c t u r n a l i n 

the summer. A l l these p u b l i c a t i o n s concerned the r e s u l t s of 

l a b o r a t o r y i n v e s t i g a t i o n s using i n d i v i d u a l animals i n i s o l a t i o n , 
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there being no i n t r a s p e c i f i c or i n t e r s p e c i f i c s t u d i e 3 . 

The r e s u l t s of two f i e l d s t u d i e s have suggested t h a t 

Clethrionomys i s mainly d i u r n a l i n the summer. Kikkawa ( I 9 6 U 

noted that v i s i t s to b a i t e d s i t e s were inf r e q u e n t between 

dusk and dawn. Brown (1956) found t h a t Clethrionomys was not 

trapped overnight when Apodemus was a c t i v e . She re p o r t e d 

competition f o r t r a p s between the two s p e c i e s . Using a tv?o 

hour trapping i n t e r v a l i t could not be discounted t h a t 

Clethrionomys might s t i l l be a c t i v e . These works have l a r g e l y 

been ignored i n subsequent r e s e a r c h on the a c t i v i t y of 

Clethrionomys and e c o l o g i c a l g e n e r a l i s a t i o n s have i n v a r i a b l y 

been drawn from the more numerous l a b o r a t o r y s t u d i e s , perhaps 

because the f i e l d i n v e s t i g a t i o n s have been of a l i m i t e d and 

i n e x a c t nature. 

Important papers r e l e v a n t to t h i s study have been publi s h e d 

on the i n t e r s p e c i f i c behaviour of mice and v o l e s , i n the w i l d 

by Andrzejewski and Olszewski (1963) and i n outdoor e n c l o s u r e s 

by Bergstedt (1965). The former showed t h a t Apodemus f l a v i c o l l i s 

was dominant over C1ethrionomys g l a r e o l u s i n f r e e - l i v i n g 

populations. T h i s was confirmed by Bergstedt, who i n a d d i t i o n 

found t h a t the a c t i v i t y of Clethrionomys outside i t s n e s t 

tended to decrease i n the presence of A. f l a v i c o l l i s . 

Furthermore there was a tendency f o r the n o c t u r n a l rhythm of 

the vole to give way to a d i u r n a l one. 

Evidence i s given i n t h i s study showing t h a t Clethrionomys 

g l a r e o l u s i s i n t o l e r a n t of the presence of Apodemus s y l v a t i c u s , 

and suggesting t h a t the timing of a c t i v i t y of the l a t t e r i s 
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the major determinant of the onset and d e c l i n e i n a c t i v i t y 

of Cle thrionomys over the d i e l p e riod. I t i s f u r t h e r b e l i e v e d 

t h a t the d i s p a r i t y between a c t i v i t y rhythms of Clethrionomys 

r e v e a l e d i n l a b o r a t o r y s t u d i e s and those that e x i s t i n the 

f i e l d , i s a product of the i n t e r s p e c i f i c r e l a t i o n s h i p s w i t h i n 

the community, and not s o l e l y the r e s u l t of responses to 

p h y s i c a l f a c t o r s or the m a n i f e s t a t i o n of an endogenous rhythm. 

I f the timing of the beginning and c e s s a t i o n of a c t i v i t y 

i n Glethrionomys i s a d i r e c t response to the s t r i c t n o c t u r n a l i s m 

of Apodemus then the peaks of a c t i v i t y of Clethrionomys observed 

a t dawn and dusk may be determined by i n t e r s p e c i f i c h o s t i l i t y 

and not e n t r a i n e d by p h y s i c a l f a c t o r s . T h i s could be t e s t e d 

by a study of a c t i v i t y i n the f i e l d w i t h no Apodemus pre s e n t . 

The a s s o c i a t i o n between marked changes i n l i g h t i n t e n s i t y , so 

often assumed to be important f a c t o r s i n the d i e l a c t i v i t y of 

mammals, and peaks i n a c t i v i t y may be purely c o i n c i d e n t a l s i n c e 

r e c e n t l a b o r a t o r y s t u d i e s have shown l i t t l e a s s o c i a t i o n between 

the a c t i v i t y rhythm and dawn and dusk i h Clethrionomys, ( S e w e l l 

1973). I f , during the night, the bank vole i s remaining 

underground then f o r a peak of above ground a c t i v i t y to occur 

a t dawn, as t h a t of Apodemus i s reduced, i s not unexpected, 

nor i s the occurrence of one a t dusk, p r i o r to the emergence 

of Apodemus. 

T h i s study does not undermine the importance of those 

experiments which have been done under l a b o r a t o r y c o n d i t i o n s , 

but s t r e s s e s the importance of r e l a t i n g any r e s u l t s to f a c t o r s 
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operating a t the community l e v e l , and the i n t e r s p e c i f i c a s p e c t s 

of exogenous behavioural i n t e r a c t i o n s of e c o l o g i c a l s i g n i f i c a n c e . 

I t may w e l l be th a t the a c t i v i t y rhythms e x h i b i t e d by 

Clethrionomys i n some experiments (e.g. Pearson 1962) are those 

o p e r a t i v e i n the f i e l d , and that i n the absence of Apodemus 

s y l v a t i c u s or r e l a t e d s p e c i e s , the b a s i c b i o l o g i c a l rhythm i s 

i n f l u e n c e d and phased by oth^r environmental f a c t o r s , photo­

per iodism perhaps being the important Zeitgeber. 

Competition between Apodemus and Clethrionomys. 

M i l l e r (I955)» from a comparison of the a c t i v i t y rhythms of 

Clethrionomvs and Apodemus i n the labora t o r y , found t h a t f o r 

a regime of 16 hours l i g h t , 3 hours dark, the a c t i v i t y of 

i s o l a t e d i n d i v i d u a l s of both s p e c i e s occurred over much of the 

same time i n the d a i l y c y c l e . Furthermore, from a study of 

t h e i r d i e t s ( M i l l e r I95M, he concluded that a c t i v i t y brought 

the s p e c i e s together i n the h a b i t a t where they competed d i r e c t l y 

i n time f o r space and food. Watts (19^3) considered t h a t 

M i l l e r had overestimated the overlap i n d i e t between the two 

s p e c i e s , and t h a t competition could be avoided by Clethrionemys 

e a t i n g l e a v e s and seeds w i t h a s o f t t e s t a , w ith Anodemus 

consuming l a r g e l y i n s e c t s i n e a r l y summer and seeds w i t h a 

hard t e s t a during the remaining seasons. I n a d d i t i o n , the 

s m a l l degree of overlap i n t h e i r above ground a c t i v i t y c y c l e s 

shown i n t h i s study i n d i c a t e s t h a t they are a l s o s e p a r a t e d i n 

time, thereby reducing s t i l l f u r t h e r any d i r e c t competition. 

Whether t h i s s e p a r a t i o n i s a response to co-apetition 
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f o r r e s o u r c e s , mediated v i a an avoidance of mutual i n t e r f e r e n c e 

a t the s o c i a l l e v e l , has not been shown. 

The e f f e c t of predation on the p e r i o d i c i t y of s m a l l 

mammals i s a l s o operating a t the community l e v e l . The e v o l u t i o n 

of Apodemus and other n o c t u r n a l s p e c i e s , w e l l adapted to a 

n o c t u r n a l way of l i f e , could be viewed as an adaptation p a r t l y 

brought about by the s e l e c t i o n pressure of predation. I t may 

be t h a t predators can b r i n g about changes i n the a c t i v i t y 

p a t t e r n of a small mammal population, although the prey 

p e r i o d i c i t y i s more l i k e l y to determine the a c t i v i t y of the 

predator. Competition between animals occupying s i m i l a r r o l e s 

w i t h i n the community has probably more i n f l u e n c e i n determining 

p e r i o d i c i t y , because of t h e i r more immediate a s s o c i a t i o n i n 

space, and i t may w e l l b* t h a t population i n c r e a s e s enhance 

any i n t e r s p e c i f i c d i f f e r e n c e s t h a t occur i n a c t i v i t y rhythms. 

I n the absence, of p o t e n t i a l competitors, or where population 

l e v e l s are low and i n t e r s p e c i f i c encounters infrequent, the 

a c t i v i t y rhythm of an animal may r e t u r n to t h a t which i t i s 

b e s t s u i t e d , i n terms of i t s e v o l u t i o n a r y adaptations, e i t h e r 

p h y s i o l o g i c a l or environmental,, T h i s may be of p a r t i c u l a r 

importance to those s p e c i e s (e.g. C1ethrionomvs) whose 

herbivorous d i e t make r e g u l a r feeding throughout the day 

o b l i g a t o r y . 

A c t i v i t y rhythms and the environment. 

I t i s now n e c e s s a r y to examine the extent to which the p h y s i c a l 
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environment modifies the degree of a c t i v i t y , w i t h i n the c o n f i n e s 

of the o v e r a l l a c t i v i t y p a t t e r n , and to point out th a t 

i n t e r s p e c i f i c i n t o l e r a n c e i s i n no way r e s p o n s i b l e f o r much of 

the v a r i a b i l i t y which was recorded. I t must a l s o be borne i n 

mind t h a t the standard approach i n e c o l o g i c a l f i e l d i n v e s t i g a t i o n 

of making concurrent measurements of b i o l o g i c a l events and 

attempting to c o r r e l a t e these with environmental f a c t o r s may 

not n e c e s s a r i l y i n d i c a t e t h a t the exogenous s t i m u l i are those 

to which a c t i v i t y rhythms are geared, but r a t h e r t h a t an i n t e r n a l 

r h y t h m i c i t y may r e p r e s e n t the s u b s t r a t e on which environmental 

s t i m u l i a c t ( E n r i g h t 1970). However much of the v a r i a b i l i t y i n 

the o v e r a l l l e v e l of a c t i v i t y can be a t t r i b u t e d to changing 

p h y s i c a l c o n d i t i o n s . 

Calhoun (1945) showed t h a t the l a b i l i t y i n the a c t i v i t y 

rhythms of Sigmodon h i s p i d u s and Microtus ochrogaster was i n 

p a r t due•to v a r i o u s environmental changes, i n c l u d i n g l i g h t 

i n t e n s i t y , i n t r a s p e c i f i c s o c i a l r e l a t i o n s and food. Gentry 

and Odum (1957) recorded l a r g e r catches of Peromyscus 

polionotus on warm cloudy n i g h t s than on c l e a r c o l d n i g h t s . 

Pearson (1960b) considered t h a t the dawn peak of a c t i v i t y . i n 

Microtus c a l i f o r n i c u s i n C a l i f o r n i a was not c o n t r o l l e d by l i ^ h t , 

temperature or evaporation but probably by the a v a i l a b i l i t y 

of dew e a r l y i n the morning, while G r o d z i n s k i (1963) r e f e r r e d 

to the nature of the d i e t as being an important i n f l u e n c e 

on a c t i v i t y p a t t e r n s . I t i s the r e f o r e apparent t h a t numerous 

i n t e r a c t i n g environmental f a c t o r s are a f f e c t i n g a c t i v i t y . 

There was some i n d i c a t i o n i n t h i s study, though the 
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i n d i v i d u a l c o r r e l a t i o n s were not s i g n i f i c a n t , t h a t the above 

ground a c t i v i t y of Ciethrionomys and Apodemus was reduced on 

c l o u d l e s s , dry days and n i g h t s and i n c r e a s e d when i t was claudy 

and wet. I t i s p o s s i b l e , too, t h a t the use of a h i g h l y 

concentrated food was i n f l u e n c i n g the amount of a c t i v i t y . 

G r o d z i n s k i ( I 9 6 j ) found with Apodemus a g r a r i u s t h at a bulky 

d i e t caused an i n c r e a s e i n a c t i v i t y and produced a s e r i e s of 

three peaks during a nine or ten hour night, i n c o n t r a s t to a 

s i n g l e peak r e s u l t i n g from a high p r o t e i n d i e t . I n t h i s study, 

the suramated data from both ob s e r v a t i o n and unobserved removal 

of b a i t showed a unimodal d i s t r i b u t i o n of a c t i v i t y i n Anodemus. 

Th i s i s considered to be a more acc u r a t e r e f l e c t i o n of the 

o v e r a l l p a t t e r n than the s e r i e s of peaks and troughs recorded 

on i n d i v i d u a l days. The f a c t t h a t Apodemus tends to wander to 

a g r e a t e r extent than Clethrionomys may have produced an 

anomalous amount of d a i l y v a r i a t i o n a t a f i x e d f e e d i n g s t a t i o n . 

T h i s wandering, coupled with the normal d i e t of Apodemus, which 

i n the summer c o n t a i n s a l a r g e proportion of i n s e c t s , c o u l d 

have r e s u l t e d i n the absence of s e v e r a l i n d i v i d u a l s from the 

•baited s i t e f o r concurrent p e r i o d s . 

Although a grea t deal of information has accumulated on 

the 24 hour rhythms of small mammals and s p e c u l a t i o n continues 

on exogenous and endogenous b i o l o g i c a l rhythms (Aschoff 1966), 

much of the v a r i a t i o n recorded goes unexplained. For i n s t a n c e 

Stebbins (1963), i n an outdoor enclosure study of Clethrionornys 

gapperi, found t h a t t h i s s p e c i e s was predominantly n o c t u r n a l 
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at Heart Lake (62°N), whereas individuals transferred to 
Edmonton, Alberta (5j°N) exhibited an essentially d i u r n a l 
rhythm. Marked seasonal changes also occur; Erkinaro (1961) 
recorded a reversal of d i e l a c t i v i t y patterns from winter to 
summer i n Microtus agrestis. L a b i l i t y i s then a key component 
of many a c t i v i t y patterns, but the factors to which the animals 
are responding need much more investigation, and the e f f e c t 
which specific b i o t i c and abiotic factors are having on a c t i v i t y 
needs f u r t h e r elucidation p a r t i c u l a r l y , as t h i s study points 
out, w i t h i n the community. 

Short term a c t i v i t y rhythms. 

Notwithstanding that mammals may not necessarily show a 24 hour 
p e r i o d i c i t y entrained to environmental 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 , many of them do, i t i s reported, e x h i b i t a 
short terra a c t i v i t y rhythm. Davis (1933) showed that Microtus 
has a two to four hour rhythm of feeding a c t i v i t y , which agrees 
wi t h the seven to nine feeding periods i n 24 hours recorded 
f o r M. c a l i f o r n i c u s (Calhoun 1945). Other short term feeding 
rhythms have been i d e n t i f i e d i n laboratory experiments i n 
Sorex araneus and S. minutus (Crowcroft 1954), Clethrionomys 
glareolus ( M i l l e r 1955)1 Mus museulus and Rattus sp. (Southern 
1954). However Marten (1973), who studied Peromyscus and 
observed periodic short pulses of a c t i v i t y , considered that 
short terra rhythms had only infrequently been demonstrated i n 
the f i e l d . 

One of the problems of i d e n t i f y i n g short term rhythms from 
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observation and b a i t removal i s that the individuals i n the 
population may not be showing synchronous a c t i v i t y rhythms. 
Saint-Girons (1960, 1961), on the basis of laboratory studies, 
has claimed that male and female Clethrionomys may have 
asynchronous a c t i v i t y rhythms. She found that under a l i g h t 
regime of 16 hours l i g h t , 3 hours dark, 40,5$ of t o t a l female 
a c t i v i t y but only 26?o of male a c t i v i t y was during the day. 
However, evidence from other species would suggest that i n the 
f i e l d the a c t i v i t y of the two sexes i s more uniform. Orr {.1959) 
found no difference i n a c t i v i t y patterns of i n d i v i d u a l 
Peromyscus leucopus, and Pearson (1960b) showed that voles 
(Microtus c a l i f o r n i c u s ) of both sexes and a l l ages showed the 
same a c t i v i t y patterns. I n t h i s study there was a close 
c o r r e l a t i o n between the a c t i v i t y rhythms of adults and juveniles 
i n both Clethrionomys and Apodenr.us. and very .close correlations 
between the p e r i o d i c i t y of a c t i v i t y and a l l pairings of days 
from the hourly records taken i n July. 

As Ci^thrionomys was e x h i b i t i n g a 24 hour p e r i o d i c i t y i n 
a c t i v i t y , i t i s l i k e l y that the onset of a c t i v i t y of the 
population a f t e r dawn i s well synchronised. The p e r i o d i c i t y 
that was exhibited i n the increase i n the i n t e n s i t y of a c t i v i t y 
at i ntervals throughout the s i x day t r i a l i n July may be 
manifestations of a short term feeding rhythm. This was 
confirmed by the a c t i v i t y of the marked female Clethrionomys 
which, i n v i s i t i n g the s i t e , did so i n short bursts. These 
bursts of a c t i v i t y coincided closely i n time w i t h the main peaks 
of a c t i v i t y recorded f o r the population as a whole. 



Comparison with other riant work (Sewell 1973) indicates 
that the short term rhythm exhibited i n the f i e l d i s manifested 
to a greater extent under laboratory conditions. Sewell found 
that under an abnormally uniform and l i m i t e d laboratory 
environment there was a marked four hour short term p e r i o d i c i t y 
throughout the day and night. The amplitude of the peaks and 
troughs was reduced when r e p e t i t i v e disturbance was introduced 
as an attempt to simulate some degree of environmental 
v a r i a b i l i t y , but a d a i l y short terra rhythm was s t i l l apparent 
despite the l e v e l l i n g out of a c t i v i t y , although as a synchronous 
phenomenon! of successive days i t v i r t u a l l y disappeared. When 
the a d d i t i o n a l factors operating i n the f i e l d are taken i n t o 
account, plus the f a c t that the a c t i v i t y recorded was th a t 
exhibited by the population as a whole, i t i s not surprising 
that the short term rhythm recorded i s not as regular as that 
usually shown under uniform conditions. However i t i s worth 
noting that Clethrionomys was e x h i b i t i n g a short term rhythm 
i n the f i e l d comparable to Sewell'-s disturbed laboratory 
environment. 

The ecological implications of pea removal. 

Results of t h i s study on the quantity of peas removed by mice 
and voles are s i m i l a r to those recorded by Ashby (1967), i n 
his study of population trends i n Houghall Wood, and the e f f e c t 
of rodents on natural f o r e s t regeneration. For instance, both 
his study, and that reported here, showed evidence of s o c i a l 
f a c i l i t a t i o n . I t was apparent that the presence of other 
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Cl nthrionomys i n the neighbourhood was s u f f i c i e n t to increase 
not only the number of peas removed, but also the rate at which 
individuals were removing them. Perhaps proximity to areas 
where nests were situated was an important f a c t o r i n t h i s 
stimulation of a c t i v i t y . 

I t i s clear from a consideration of the energy budgets 
of both Clethrionomys and Apodemus, and the f a c t that both 
species continued to take peas at a high rate throughout the 
study, that the majority of peas were probably subsequently 
eaten. Furthermore i n a f i e l d experiment on the removal by 
Clethrionomyr; and Apodemus of peas made radioactive w i t h 
c o l l o i d a l gold, Cleminson (unpublished) found that the majority 
of those removed and taken int o store had been eaten w i t h i n 
43 hours of removal. I n t h i s investigation s a t i a t i o n was not 
a major problem, though the i n f l u x of juveniles i n t o the 
population aided i n keeping pea removal at a high rate during 
the course of the experiments. 

Cleminson found a close c o r r e l a t i o n between the rate of 
removal of wheat used as b a i t and the trapped revealed 
population density i n both Giethrionomys and Apodemus. One of 
the possible problems with t h i s type of study i 3 that the 
preference f o r a r t i f i c i a l seed may not be constant throughout 
the year. I t i s clear that the population of Clethrionorrws 
w i t h i n the area of investigation, could have survived 
exclusively on the quantity of peas removed. Apodemus. on the 
other hand, would have needed to supplement i t s di e t w i t h food 
other than that removed from the feeding stations. This may 
be a r e f l e c t i o n of an abundant natural food supply under 



favourable summer conditions, but the p o s s i b i l i t y cannot be 
discounted that Apodemus was consuming p*»as that had been 
removed and stored by Clethrionomys. The removal rates/ 
individuals of both species would not necessarily be s i m i l a r 
throughout the year, and would be expected to inrr'sase i n the 
winter. Ashby (1967) found that the rate of removal of b a i t 
approximately doubled i n winter i n both species. Furthermore, 
the number of peas removed i n t h i s study varied from day to 
day i n both species and was probably related to the 
environmental conditions prevailing. Both dietary and changin 
physical factors would have to be taken into account before 
an accurate index of population flu c t u a t i o n s could be determin 
from the removal of b a i t . 

I t i s probable that rodents are important agents i n 
determining the amount of natural forest regeneration (Ashby 
1967) although t h i s was disputed by Tanton (1965). This study 
although concerned e n t i r e l y w i t h an a r t i f i c i a l seed supply, 
would tend to confirm the l i k e l i h o o d , from the quantity of 
peas removed, that the consumption of natural seed, and 
consequently f o r e s t regeneration, i s i n a large part effected 
by the feeding a c t i v i t y of small rodents. As natural seed i s 
i n seasonal and l i m i t e d supply, the number which germinated 
could be seriously affected by Clethrionomys and Apodemus. 
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SUMMARY 

Studies of a c t i v i t y patterns i n small mammals have mostly 
been carried out under uniform laboratory conditions because 
of the d i f f i c u l t i e s of investigation in the f i e l d . I n t h i s 
study a description i s given of f i e l d experiments to 
determine $he a c t i v i t y of Clethrionomys glareolus and Apodemus 
sylvaticus i n mixed woodland. 

I t i s concluded that both the removal of a standard b a i t 
and observation at a f i x e d feeding st a t i o n give s a t i s f a c t o r y 
indices of above ground a c t i v i t y i n both species, and that 
these means of assessment are preferable to many other f i e l d 
techniques, p a r t i c u l a r l y trapping. 

Both species took dried peas at a high rate throughout the 
summer, Clethrionomys apparently i n excess of the d a i l y feeding 
requirements of the individuals involved i n t h e i r removal, 
Apodemus s l i g h t l y below t h e i r feeding requirements. 

Apodemus and Clethrionomvs showed a 24 hour rhythm of 
a c t i v i t y , the former emerging a f t e r dusk and remaining active 
u n t i l dawn, while the l a t t e r was predominantly d i u r n a l , a c t i v i t y 
s t a r t i n g a f t e r dawn and continuing u n t i l dusk. 

Apodemus had ov e r a l l a unimodal d i s t r i b u t i o n of a c t i v i t y , 
although daily f l u c t u a t i o n s d i s t o r t e d t h i s pattern. Clethrionomys 
had a series of peaks of a c t i v i t y throughout the day and the 
population appeared to be e x h i b i t i n g a synchronised short term 
rhythm of moderate amplitude of approximately four hours i n 
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length. Observations of a single marked vole indicated that 
a c t i v i t y occurred i n short bursts. 

Attention i s drawn to the differences between r e s u l t s 
recorded i n laboratory experiments and those shown i n the 
f i e l d . An attempt i s made to explain the discrepancy between 
these r e s u l t s . The importance of i n t e r s p e c i f i c relationships 
as being determinants of the onset and decline of a c t i v i t y i n 
Clethrionomys i s stressed. I t i s emphasised that caution must 
be taken i n extrapolating a c t i v i t y rhythms recorded under 
a r t i f i c i a l conditions to the f i e l d , and i n c o r r e l a t i n g patterns 
of a c t i v i t y to physical factors when the i n t e r s p e c i f i c aspects 
of the community have not been investigated. 
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TABLE 6. Number of peas removed/day from a l l s i t e s between 
22.00-04.00 hours for nine days commencing 10-11 June. 

Site 1: S i t e 2: S i t e 3: S i t e 4: Total 
10-11 June: 69 1 69 74 213 
11-12 June: 65 61 59 55 240 " 
12-13 June: 63 5 40 30 143 
13-14 June: 33 17 35 40 125 
14-15 June: 35 17 21 41 114 
15-16 June: 16 30 32 40 113 
16-17 June: 22 31 63 73 199 
17-13 June: 57 34 107 45 243 
13-19 June: 43 27 96 40 211 
Total U 3 223 527 443 1606 



32 

TABJ-ITS 7. The number of sightings of Apodemus during each hour 
from 20.00-06.00 hours (20 equals 20.00-21.00 hours etc.) 

20 21 22 23 24 01 02 03 04 05 06 Tot; 
27-29 May : 0 0 2 • 1 0 3 
3-5 June : 0 0 1 3 4 4 2 3 1 0 0 13 
21-23 June: 0 1 6 11 3 7 2 4 1 0 0 35 
24-26 June: 0 1 6 3 3 2 7 5 2 1 0 35 
4-6 July : 3 1 3 15 7 12 6 9 3 3 1 63 
7-9 July : 3 3 7 26 12 15 3 11 3 6 1 95 
26-27 July: 4 .2 10 15 22 12 4 1? 5 7 0 94 
Total : 10 3 40 73 56 52 29 45 15 13 2 343 

TABLE 3. The number of peas taken by Apodemus during each hour 
of observation from 26.00-06.00 hours. 

20 21 22 23 24 01 02 03 04 05 06 Total 
27-29 May : 0 0 2 - - - = = = 0 6 2 

3-5 June : 0 0 1 2 4 4 2 3 1 0 0 17 
21-23 June: 0 0 5 10 3 6 2 3 1 0 0 3b 
24-26 June: 0 0 6 2 4 2 5 5 2 1 0 27 

4-6 July : 2 1 7 12 6 12 5 7 2 0 0 54 
7-9 July : 2 3 7 20 10 14 7 10 3 4 0 30 
26-27 July: •3 1 3 12 13 10 ? 12 3 4 0 74 
Total : 7 5 36 53 45 43 24 40 12 9 0 234 



TABL^ 9_. The number of sightings of adult Apodemus during each 
"hour from 20.00-06.00 hours. 

20 21 22 23 24 01 02 03 04 05 06 Total. 
27-29 May : 0 0 2 - - - - - - 1 § i 

3-5 June : 0 0 1 3 4 4 2 3 1 0 0 18 
21-23 June: 0 0 4 7 2 4 1 3 1 0 0 22 
24-26 June: 0 1 3 3 4 1 4 3 1 0 0 20 
4-6 July : 0 0 4 7 4 6 4 4 2 1 0 32 
7-9 July : 0 1 4 14 6 7 4 6 1 4 0 47 
26-27 July: 1 1 4 10 12 6 2 2 } 0 49 
Total : 1 3 22 44 32 28 17 27 8 9 0 191 

TAB 1/5 10. The number of sightings of juvenile Apodemus during 
each hour from 20.00-06.00 hours. 

20 21 22 23 24 01' 02 03 04 05 06 Total 

27-29 May : 0 0 0 
• 

0 0 0 

3-5 June : 0 0 0 0 0 0 0 0 0 0 0 0 

21-23 June: 0 1 2 ft 1 3 •1 1' 0 0 0 13 

24-26 June: 0 0 3 0 4 1 > 2 1 1 0 15 

4-6 July : 3 1 4 8 3 6 2 5 1 2 1 37 

7-9 July : 3 2 3 12 6 8 4 5 2 2 1 48 

26-27 July: 3 1 6 5 10 6 2 5 1 4 0 Jt? 
Total : 9 5 18 29 24 24 12 18 7 9 2 157 
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