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INTRODUCTION

This study is a field investigation of the activity patterns

of Clethxionomxs glarsolus (Schreber), the bank vole, and

Apodemus sylvaticus (Linnasus), the wood or long-tailed field

- mouse, recorded during the months of May, June and July I974

ih Houghall Wood, one mile south of Durham.

Numerous ecological studies have been made of both sgpecles
particularly concerning population, movement énd home range
(e.g. Miller I953, Kikkawa I964, Tanton 1965, Ashby I967),
genzral ecology, including dietary and habitat preferences
(e.g. Evans I942, Miller 1954, Delanay I957, Fullager, Jewell, '
Lockley and Rowlands I960, Newson I963, Crawley I965, Droidé
1966, I967, Watts.1968) and metabolism and ensrgy budgets (e.g.
Grodzinski and Gﬁrecki 1967, Gérecki I968). There have also
been several stuhies of activity patterns; of Clethrionomys by
Miller I955, Brokn 1956, Ostermann 1956, Saint-Girons I960, I96I!

Pearson 1962 and| by Grodzifski I962, 1963, and of Apodemus by
Elton, Ford, Bsker and Gardner I93I, Miller 1955, Brown I956,
Ostermann 1956, gollhauser 1958 -and Saint~Girons I959.

Nearly allipublished work related to the activity of small
mammals has been carried out in the laboratory. Although
laboratory studies allow considerable control over the major
physical factors or "Zeitgeber" to which activity patterns are

geared, information obtained in this way concerning wild species

"must be interpreted with care, however much it may provide

information which is of value in interpreting field observations.

\\%\\hn g Uil l(nSlry
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Only Elton et al. (I93I), Brown (I956), and to a limited extent
Kikkawa (I964), studied activity in the field in either
Clethrionomys or Apodemus.

There is general agreement that Apodemus is either a
predominantly or strictly nocturnal species. Concerning

Clethrionomys there is less agreement. Barrett-Hamilton (I9IO-

I92I) first suggested that it is active at intervals throughout
the day as well as night. Miller (I955), using single animals

.in a laboratory (I6 hour day, 8 hour night), recorded 5I.4% of

total activity during the day and 48.6% during the night, and

considersd that Clethrionomys was showing some degree of

nocturnal preference. Brown (I956) found in Silwood, Berkshire

that Clathrionomys was mainly diurnal when Apodemus was present,

but with overlap between them at dawn and dusk. Activity of

Clethrionomys in June pesaked well after sunrise and continued

" at a high rate throughout the day with no noticeable peak at

~ sunset. Grodzinski (I963) suggested that Clethrionomys was

mainly nocturnal in summer, but diurnal in winter and spring
and reached similar conclusions to both Saint-Girons (I960,
I961I) and Pearson (I962). However Kikkawa (I964) considered
that in Whytham Woods, Berkshire Clethrionomys was diurnal

whilst showing marked peaks at dawn and dusk. Sewell (I973)
again in a laboratory study found no correlation between activity
peaks and dawn or dusk, and that activity, any short term

rhythm . apart, was evenly distributed throughout the 24 hour period.

Notwithstanding the obvious variation in results recorded




for Clethrionomys, there has been little research conducted
under natural environmental conditions. For this Miller (I955)

considered that,

W,...,0f the various techniques that have basen used to
study animal activity a periodic trapping census is the
only practical field method, since small mammals are
impossible to keep under direct observation and in fact

seldom seen except when trapped",

a technique used by Elton et al. (I93I), Brown (I956), and |
Kikkawa (I964). Trapping has obvious limitations, the most
important being that it immobilises the animal, although

Harling (I97I), using continuously recording traps, was able

' to overcome this problem in a study of Peromyscus maniculatus.

However it did not solve, the problem of dealing with individual,
species and also possible seasonal variation in trap response
(Tanton 1965, I969), and interspecific competition for traps

“(Brown 1956). ‘
|

Other fiéld methods which have been used to study the
activity or mo?ement of small mammals include direct observatidn

of Arvicola amphibius (Ashby, Harling and Whiles I949), the

use of trackiné sheets to map the movements of Apodemus sylvaticus
|

{(Brown I969), the frequency and time distribution of track

marks in sand in a study of activity in Peromyscus maniculatus

(Falls I968), radiocactive tagging of Microtus agrestis (Godfrey

1954), telemetry, the implantation of .a radio transmitter

into Peromyscus (Marten I973), and the introduction of a

thermistor probe into the nest of Microtus agrestis (Flowerdew
1973 ) ° ,



In this study evidence will be presented to show that
observation at baited sites and the unobserved removal of a
standard bait (dried peas) are satisfactory and inexpensive
means of determining an index of above ground activity and

its periodicity throughout the day in both Clethrionomys and

Apodemus.

S ————————



HABIT%T and METHODS.
1

The investigation conducted in Houghall Wood involved both
observation at a baited site and the collection of data from
unobserved removal of dried peas from four sites. Peas were
selected as a food due to their suitable size for counting
compared with other artificlal foods such as grain, and their
availability compared with natural seeds. Removal was recorded
in all instances at one or two hourly intervals depending on
the number of sites it was possible to cover. Observation

was carried out in six hourly periods and arranged so that

the 24 hour period was recorded during three consecutive days.

Study Area.

The work was carried out in a small section of mixed woodland
close to the lower half of Transect 3 used by Ashby (I967)

(see Figure I), O0.S. map reference 276408. On ground sloping

"to the south, beech, Fagus sylvatica, sycamore, Acer pseudo-

planatus and oak, Quercus petrea, are the dominant tree speciles

providing a complete canopy cover over most of the area.

Initially four sites were selected for baiting with dried
peas, each site being about IOO metres from any other. Site I
lacked any ground vegetation cover but had a thick upper

canopy cover of holly, Ilex aquifolium. Sites 2 and 3 had

both a dense canopy of beech, sycamore and oak, and a ground

cover of bramble, Rubus fruticosus, while Site 4 had a thin

canOpy'of sycamore, no ground cover, but was close to a dense



Figura I.
Diagram of the secticn of Houghall Wood in which the investigation

wasnconducted, showing the positions of the fsading stations

and Transect 3, us=d by Ashby (I967).
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1

area of bracken, Rteridium aquilinum. Sites I and 4 were

near the upper| section of the wood where drainage was good,
: |

whereas Sites 2 and 3 were situated close to the lower edge

where conditions were more sheltered and often damp.

Method of Study.

The first part of the study involved the marking of some of

those Clethrionomvs and Apodemus 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

distinctive mark to aid.in the identification of individuals

after releése. A mixture of'a commercial hair bleach (L'Oreal)

and 20% hydrogen peroxide solution was brushed onto the hair

of each animal and left for 30 minutes. To prevent the animals

from removing the bleach they were confined in a small upturned
- plastic 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 their point of |

capture. The bleached fur was easily visible in both species.

Baiting of the sites began on 25 May. Approximately
every six hours, 200 peas were put down in peE§i—dishes. Each
dish was covered by a small wooden shelter, firstly to allow

access only to small mammals and prevent peas being removed

by Wood Pigeons, Columba p;lumbéus, and Jays, Garrulus glanﬁEiuéf:
although neither were seen clode to any site at ground level

during the course of the study, and bird droppings were very



N

. ~

S~

infrequently recorded (5 occasions) within 3 metre of the
sites, and secondly to shelter the peas from rain thus
preventing them from softening and swelling. Squirreis, the
only other possible removers of peas, were not present in

the wood.

During the preliminary baiting period the largest number
of peas was removed from site 3, so this site was selected
‘for observation. Between 27-29 May and 3-5 June the removal
of peas from site 3 was obsarved for two 24 hour pefiods.

The 24 hour cycle was covered by regularly spaced observations

. of six hours duration, separated by twelve hour intervals

during each period of three consecutive days. The site was

watched from é distance of five metres., Records were made of

" all sightings of small mammals within a 50 square metre area

in the vicinity of the feeding station, the approximate area
visible to the observer. The species involved, the time of
remo#al of peas from the petri-dish, the mode of approach and
-withdrawal of the animal to and from the site, and whether
the individual was adult or juvenile, were noted on standard

census sheets.

Observation at night was at first carried out using a-

. headlamp covered with a red filtsr connected to a car battefy,
but it appeared to disturb.the animals and was replaced by a
small hand torch covered with & deep red cellophane, giving
a type of light not.readily detected by mammalg (Southern I955,
Finley I959)., This seemed to affect the animals less and on




the second night of observation (4 June) visits to the site

were more frequent.

The initial observations established that at site 3

93% of peas were taken, and 95% of sightings of Clethrionomys
occurred between OL.00 hours and 22.00 hours B.S.T., the
approximate hours of daylight during June. From I0-I9 June
therefore a ten day continuous record of peas taken from all
sites was noted every two hours between 04,00 hours and 22.00
hours. Every twd hours the peas remaining at eaéh site were
-removed, counted and replaced by a standard sample of 50 peas
at sites I and 4, one of I00 peas at site 2 and of I50 peas
at site 3, the number in all cases exceeding the number of peas
taken in any two hour period during the day. Overnight, that
is between 22.00 hours and 04.00 hours, 200 psas were deposited1
at all sites to determine the number of peas being taken by
Apodemus. This procedure continued until 22.00 hours on I9
M~\\\June when six Longworth traps, baited with peas and grain,
ware positioned around each site. These were checked on the
following two days at 04.00 hours, I2.00 hours and 22.00 hours
in an attempt to discover the number of individuals of both

Clethrionomys and Apodemus visiting each site. No Microtus

agrestis were observed or trapped at any of the four sites.

More observations at site 3 were carried out on 2I-23
June, 24-26 June, L4=6 July and 7-9 July. The mode of watching
was similar to that prior to the IO day continuous record, in

that to cover the 24 hour cycle in three consecutive days there




ware four 6 hour psriods of observation, each followed by a
twslve hour interval. Finally, in order to obtain information
which was continuous throughout a 24 hour period, from I0-25
July, 6 periods, each covering 24 hours, were recorded at

site 3. The proceduras was to note the number of peas removed
from the feeding station every hour. To offset the possible
effect of inducing a surge of activity at the start of each
baiting period, the site was prebaited with 300 peas six hours
bafore the hourly visits began, while the time of commencement
of each 24 hour check was six hours later than the time of

beginning the prece-ding check, throughout the six day trial.

10



RESULTS
Section 1.

Results of the 10 day study, 10-19 June.

Data collected from obsarvation at the end of May and beginning
of June indicated that {lethricnomyg and ipodemus were active
togather only to a very limited extent. Whereas 93% of peas
taken by Clenh:;onomys were ramovad between 04.00 hours and
22.00 hours, the approximate hours of daylight (dawn 0/..35 hours,

dusk 21.33 hours), less than 5% of peas removed by Apodemus

were taken during this period. The extent and fluctuations in

bait removal were thus attributable to Clethrionomys during the

~daylight p2riod and ipodemus during the six hour night. The

full date are given in the iAppendix, Tables 1-6.

Figure 2 shows the cumulative 10 day totals for the number
of peas taksn from sach site during the successive two hour
periods. It is evident that throughout the day there is some
variation in t-e nunber of peas taken during each tihe period,

when compired to any other. Rank correlations were calculated

~ between all possible pairings of sites;"to test the hypothesis

that the fluctuations exhibited at =ach site were similar.
In all cases there was no significant correlation (p>0.5), and
stressed ths heterogeneity of the data. Major fluctuations

in pea removal were shown only at site 3, and to a lesser extent

at site 2.

The number of peas removed during the two hour pariods

AT e ar
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Figure 2.

1100

. 10001
900~

800.

700+

600+
1 500 -
LOO-
3004

o 2001
1004
0

Number of.peas taken

The number of peas taken from the four sites

during sach two hour period (04.00-22,00 hours),

between 10 and 19 June.

% Site 1,00Site 2, ASite 3, 0Site 4.
04 =3uals 04.00-06.00 hours,
06 equals 06.00-03.00 hours etc.

0L 06 0% 10 "12 1L "lo "13 7207

Time.



13

of o6 of lp IL M % 18 20

Figurs 3. The number of psas taken from all sites during
each two hour period from 10-19 June inclusive.
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on sach individual day is shown in Figure 3. The daily patterns
of peaks &and troughs do not appear to be consistent in timing
from day to day. To test whether these fluctuations wara
correlated between days, the totals for the various days for
each two hour period were ranked in decreasing order of the
number of peas taken. Some of the days are more similar than

would be expected by chance, to varying levels of significance.

Day 1 is similar to Day 3, (rs 0.79, d.f. 7, p=<<0.02), Day 6,
(rs 0.75, p<<0.05) and to Day 7, (rs 0.%6, p=<=0.01).

Day 2 is similar %o Day 6, (rs 0.83, p<0.02). |

‘Day 3 is similer to Day 6, (rs 0.85, p<0.0l) and to Day 7, (rs
0.66, p<<0.05). )

-Day 6 is similar to Day 7, {(rs 0.7%, p=0.02).

Day 8 is similar to Day 10, (rs 0.71, p<20.05).

Notwithstanding these correlations, the ovarall pattern that

14

emerges is ons of inconsistant changss in the timing of increases

and decreases in pea ramoval. This may be an accurats reflection

of activity or alternatively an indication that a two hour

period is insensitive, in that it is too long to show any regular

short term changss in psza removal that may be occurring.

Variaticn in the number of p-=as takasn from day to day, and

batWwean sitses.

Figure L4 is the total number of peas removed from each site
between 04.00 hours and 22.00 hours for =ach day. Figure 5

is the equivalent totals bestween 22.00 hours and OL.0O0 hours.




Figurs L4: The number of peas takan/day betwsen OL.00-22.00
R hours at sites I-4 on successive days from IO-I3J

Figure 5: The number of pess taken/day between 22.00-04.00
hours at sites I-4 on successive days from II-I9
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Clethrionomys took very different numbers of peas from

the four sites, 8% being from site 1, 26% from site 2, 55% from
site 3, and 11% from site 4. Those removed by Apodemus were
taken more evenly, 26% from site 1, 14% from site 2, 33% from

site 3, and 27% from site 4.

Some reduction in the rate of removal was noted at all
sites over the 1O day period. As the sites were prebaited for
two days, this reduction might be due to satiation. The increase
'in consumption in th2 last thre= days, compared with the previous.
four days would however suggest that satiation was not a major

factor.

Influence of envirormental factors on the rsmoval of psas.

In an attempt to account for some of the variation in the number
of peas renoved and the similarity between the variation
recordad for both Clethrionomys and Apodemus, rank correlations
were calculatad for the number of peas taken on =ach day and
various environmental factors, rainfall, hours of sunshine,
maximum temperature.and mean éloud cover. The resulting data

are given in Table 1.

Z
There are no significant correlations (p?L0.0B) between ></
any one of the physical factors looked at, and the number of

peas removed on the day concerned.

Pesas taken: Increasing rainfall (rs 0.61, d.f. 8, p>=0.1).
Peas taken: Da2crsasing hours of sunshine (rs 0.3, p=>»0.1).
Peas taken: Decreasing maximum temperature (rs 0.47, p>>0.1l).

Peas tzken: Increasing mean cloud cover (rs 0.33, p==0.1).
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Table 1.
The number of peas taken/day from all sites between 64.00-
22.00 hours for ten days commencing 10 June, and varicus physical

factors recorded on those same days.

D okenes  Mime.  Dours.  bewnportoud  Teme- o,
1 1082 3.6 3.9 3 1k.6
2 1034 0.1 3.1 3.5 14.5
3 947 0.0 6.3 5  19.0
" 635 0.0 12.8 1 15.3
5 557 0.0 14.0 0.1 18.0
6 574 0.0 5.0 7.4 21.9
7 635 0.0 0.3 7.6 17.2
g 918 12.1 0.1 7.3 18.2
9 771 4.0 5.5 Lol 16.0

10 737 0.1 6.6 3.6 16.5

However it is worthwhile noting that all the correlations are

positive, and that the minimum removal of peas by Clethrionomys

. and Apodemug occurred during a warm, dry and cloudless period,
whereas maximuam ra2moval ceincided with wet, cooler overcast

conditions.

Results of trapping and the rates of pea removal by Apodemus

and Clethrionomys.

Trapping on 20 and 21 June at all four éites, caught a total of
13 Clsthrionomys, six males and seven females, all adults except
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one male juvenile from site 4, and eleven Apodemus, six males
and five females, including three juveniles. No individual

Clethrionomys was recordad at mors than one sits, whereas one

adult male Apodemug was trapped at site 3 on 20 June, and
following release at 04.00 hours, it was recaught at site 4 on
21 June, 24 hours later. The numbers caught at each feeding

station are shown in Tables 2 and 3.

All Clethrionomys ware trapped batween 04.00 hours and

22.00 hours, whereas all Apodemus were caught between 22.00 hours
and 04.00 hours, apart from one femzle juvenile caught on site 1

at 22.00 hours on 21 Juns.

It is seen from Tables 2 and 3 that those sites (2 and 3)

in which the largest numbers of Clasthrionomys individuals were

trapped, were also those from which the greateét numbar of pezs
- were ramovad, and =sach animal gives a higher value of removal/
individual/day than at the other two sites. At site 1, with

the lowest number of peas removed during the 10 day period,

only two animals were trappad, énd the removal rate/individual
was only 31.9/day comparad with a mean of 60.7/day for all four
sites, and a maximum of 87.3/day. The differsnces in the mean
number of p=2as taken/individual/day at each site are significant

(x%= 33,d.f.3, p<<0.001).

Apodemus, on the other hand, showed & much less marked
site preference. The largest number of peas taken by this

spacies was from site 3, which was also visited by more

individuals than any othar site, uas was the case with {lethrioromys.

Howavar tha rate of removal/individual/day was lower than

Cl=athrionomys at each site. The diffarences in the number of



Table 2. The number of individuals of Clathrionomys trapped

at each site, and the rate of pea removal/individual/day.

Individuals Number of Mean number of peas

trapped.  peas taken. taken/individual/day.
Site 1l: 1 male .

1 female 639 31.9
Site 2: 1 male

3 females _ 2016 50. 4
Site 3: 2 males

3 females__ L4366 87.3
Site k4: 2 males

835 bl.7__

Total : 6 males

7_females 7890 60.7

Table 3. The number of individuals of Apodemus trapped at

each site, and the rate of pea removal/individual/day.

Individuals  Number of Mean number of peas
trapped. peas taken.  taken/individual/day.
Site 1: 2 males
1l female 413 B 15
Site Z2: 2 males
223 12
Site 3: 2 males .
3 females 527 _12
Site 4: 1 male X
1 female L43 25
Total : 6 males
' 5 females 1606 17

X Adult male caught at 04.00 hours on 21 Jure had

been trapped previously at site 3.

18a
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peas taken/individual/day at each site are not significant

(X2=7.0, d.f. 3, p>.05).

Number of peas removad by both species and a consideration of

anergy budggts.

Of the 9496 peus taken during the 10 day period, it is estimated

from the freguency of removal calculated from observation, that

83% were taken by Clzthrionomys and 17% by Apodemus. The
difference may be solely a function of the amount of time each
species was spending active and above ground during the day.

~Clethrionomys was observad for approximately 12 hours/day,

whereas Apodemus was recordsd for only 6 hours/day. From the
“amount of time each speciss was active abovs ground and the
total numbar of individuals trazpped, the rate of pea removal/

individual/hour was 3.4 for Clsthrionomys and 2.9 for Apodsmus.

The probable fate of the peas, and th2ir contribation to
the matabolism of the population, was determined by a consideration

of the energy budgets of Clethrionomys and iapodemus. he

-3

calorific value of ons dried pea is approximately 0.7 calories,

. of which 0.62 calories are metabolisable energy (Boulter, D.
personal éommunication). Drozdz (I96§) considared that in the
order of 85% of the metabolisable ensrgy intake of mice and
voles feeding on seads was assimilated, so that each pea if
coasumed could contribute 0.53 calories tq"the anargy budget

of an individual. According to Drozdz (19675, the a?qrage daily

matabolic rate in suwmer cf Clethricnomys corresponds to an

anargy expenditure of 0.55 cals./g. of body weight, and in

Apodemus to C,47 cals./g. of body weight.
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Over the 10 day period Clethrionomys took an estimated

7982 pess, a rate of 783/day. An average sized Clethrionomys

of 20g. requires a daily intake of 12 calories, epproximately
equivalant to 23 p=as/day, although lactating females have an
enargy reguiremsnt nearly double the normal figure (Kaczmarski
1966, Migula 1949). The peas removad would supply 4l5 calories/
day of assimilatable enargy. The number of peas removed by

Cl-thrionomys could support a maximum population of 35 individuals

over the period of the trials, if each individual had an enargy
requiramsnt of.12 caleries/dsy. Howevar, if hdlf the total
number of peas taken were consumed by lactating females, then.

a population of 25 individuals would be tha maximum number

thkat could be mauintained by the quantity of peas removed. These

estimates compare with the total of 13 Clathrionomys caught

when the sites were trapped.

dpodsmus removed 1014 peas over the tsn days at a rate of
161/day, supplying assimilatable energy of 95 calcries/day.

Although iApcdemus requires a lower number of cals./g. of body

weight than Clethrionomys, its slightly higher average body

- weight «lso means that it requireS'an-estimated 12 calories/day.
The peas tuoken would support a population feeding exclusively

on this saed of s2ven individuals, compared with a trapped total

of eleven animals,

Eabitat praferance,

Conclusions ragarding habitat preafsrences are limited by the

nunbar cf bzited sites availavle., DlNevertheless, from the quantity

umina < .
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of p-as removed, it is apparant that Clethrionomys was

exhibiting greater activity where th=2 ground cover was more
abundant, in this case bramble at sites 2 and 3, and less
activity and fewsr individuals where the habitat was mors open,
The activity of 2podasmus was more gensrally distributad and

less influenced by the density of ground vegetations

21
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Section 2.

The results of observation at site .3, 27-Mav-9 July,

It has already been noted that fluctuations in the two hourly
rate cf p=2a ramoval occurred during the day, but that these
were not nacessarily corralated betwaen sites and from day to
day. The remaincder of the study is conc=erned with actual
observation of activity and the assessment of activity patterns

from one hourly records.

Site 3 was watched frcm a distance of 5 metres. It was
possible to obéervelduring the day an area around the site of
-approximately 50 square metres. At night, using & torch emitiing
a narrow beam of rod light, th2 area visible was decreasad.

All small mammals observed were recorded, but as far as possible
an individual was not recorded a second time ir it only
temporarily disapneared from view, but remained above ground

and than reappeared. #1l visits to the baited site were treated

as separata rocords.

It can be saen from Figures 6 and 7 that the number of
peas taken during sach hour of observation is correlated with

the number of Cl-athrionomys and Apodemus seen above ground.

In both cases the correlation is very highly significant (p<<0.00l1).

Tha cerrelation coefficients must be viswed with some caution
and not rezarded as giving an absolutely accurate estimate of
probability of correlation, given that the data deviates somewhat

from a bivariate normal distribution. However in both cases




Number of peas taken during each

hour by Clethrionomys.

Kumber of p=as taken during each

hour by Apodemus.

23

Figuras 6 and 7. The number of psas taken during each hour of

obsarvation compuared with the number of sightings of Clethrionomys

and Apodemus.
204

r=0.95, d.f. 136,

J
5 p=0.00L.
OL'. N —
5 10 15 20

Nurber of sightings of Clathrionomys
daring the same hour.

1 y=0.81+x-0. 1%

I‘:O.97, d.o fo 569
p<20.00l.
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the coefficient is so high that one is justifisd in regarding
it 2s giving the order of probability of the observations

occurring by chance.

The pattern of activity in Clsthrionomys and Apodemus.

The observations show that Clethrionomys is mainly diurnal

and Apodemus is predominantly nocturral (see Figure 8). Of the

total number of sightings of Clethrionomys recorded over the

six day pariod, 87% occurred between the time of sunrise and

sunset, whareas 88% of those of Apodemus were batween sunset

. and sunrise. From 27 May-9 July sunrise varied from 0h.26-

0L.39 hours B.S.T. and sunset from 21.209-21.i9 hours B.S5.T..

" Full data tables are given in the Appendix (Tables 7-14).

Following a rapid increase, activity in Clethrionomys

pzaked two hours after dawn. It continued active throughouts
the day, peaking again at dusk. Various major or subsidiary
peaks were recorded during the day, the most notable being
between 11.00-12.00 hours, five hours after the first peak.

Unlike Apodemus, Clethrionomys was observed during every hour

- of the day and night, though infrequently when dark.

The emergence of Apodemus coincided closely with sunset
but its activityi/remained low for some time before rising
rapidly to a p=ak between 23.00 and 24.00 hours, see Figure 8.
Activity of the population then began to decline although a
subsidiary peak is present between 03.00 hours and 04.00 hours.

The association of cessation of activity with sunrise was less
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strict since animals were observed up to two hours after dawn.

The largast percentagzs of activity in any one hour is

greater in Apoderus, since it is above ground for considerably

less time than Clathrionomys. 21% of the total number of
observations of Aipodemus ozcurred betwsen 23.00 and 24.00 hours,
whereas no on2 hour recordad more than 10% of total activity

in Clethrionomys.

Comparison of activity in adults and juv2niles.

During the first two days of observation no juvenile Apodsmus

.or Clathriononys ware recorded visiting the feeding station.

Subsequant obsarvation showed that juveniles gradually became
more frequent visitors to site 3, see Table 4, It is probable
that the influx ¢f young inaividuals is an indication of an
overall increase in the population as the period of study

coincided with the middle of the breading season. -

Table L,

The mean number of sightings/hour of juvenile and adult

Clethrionomys and Apodemus racorded betwesn 27 May and 9 July.

- Juv.Cleth. Adult Cleth. Juv. apo. Adult Apo.

27-29 May : O 3.35 - -

3-5 June o L.58 0 1.8
21-23 June: 2.16 3.7 1.3 2.2
24-26 Juns: 2.33 3.91 1.5 2.0
4=6 July : 3.33 3.95 3.7 3.2

7-9 July : 3.62 L.08 4.8 L.7
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The number of records during each hour for adults and
juveniles of both species were compared (sea Figuras 9 and 10,
and Tables 9, 10, 13 and 14 in the Appendixj. Distributions
were ranked in order of sbundance, and in both spacins adult
and juvenile éctivity patterns were vary highly significantly

correlated (Cl=athrionomys rs 0.83, d.f. 22, p=<:0.001, Apodemus

rs 0.96, d.f. 9, p==0.001).

Notwithstanding the similarities between adult and
juvenile records, it was noticeable that juvenile Apodemus
were invariably observed first between. 20.00 and 21.00 hours,
.prior to any general incr=ase in-activity by adults, and that
proportionately the numbar of sightings was greater during this
'period for juveniles than adults. Following the descrease in
activity before dawn, young animals tended to remain active
above ground for up tc two hours after sunrise, and for a longer
time than adults, though they were not necessarily visiting the

baited site for food.

Activity of an adult famals Clathricdénomys.

One of the problams of drawing ceonclusions about the activity

patterns of species from observation is that, especially with

small mammals, it is difficult to identify individuals,
particularly when they are infrequently seen together. Thus

the activity recorded is that exhibited by a section of the

population as a whole. An attempt was made to overcome this
probl=m by bleaching the fur of several individuals, released

on 25 May.
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From 27 May until 3 July none of the marked animals
visited site 3, or was trapped at any of the other sites.

However between 4-9 July one marksd adult female Clethrionomys

made regular visits to site 3, taking 1-3 peas on =sach visit.
Figure 1l shows the time of  all visits that this animal made.
Conclusions are limited by the small numb=r of observations.
Activity began one hour after dawn and continued throughout the
day until just befores dusk. Altogethar 38 visits were made but
they were not evenly distributed in time. Instead bursts of
éctivity were recorded followed by prolonged periods of absence,
The intervals of time betwsen bursts of activity observed on
the same day wére one hour 45 minutes on 7 July, and two houfs

and one hour on 8 July.

Behaviour of Clethrionomys and iapodemus.

Clethrionomys invariably approached the baited site through

areas with dense undergrowth. Movement was smooth and regular,
only occasionally would the animal stop, put its head upwards

and sniff the air. Those individuals nut concerned with removing
peas were often seen moving through the leaf litter, sometimes
scratching at the surface and less frequently feading on live
vegetation, which in this area was either bramble or leaves of
grasses. Movement was particularly rapid if an animal had to

cross a section of wood devoid of ground vegetation.

There wer2 a total of 575 records of visits to the site

by Cl-athrionomys in which the approach and withdrawal paths of

the arimal were visible over a distance greater than two metres




from the site. On 220 occasions (38%), withdrawal was along
the path of approach, whereas on 355 occasions (62%), the path

of withdrawal was different to that of approach. The fact that

D

in the majority of cases animals do not use a similar pathway

of approach and retreat may be of selsctive advantage in the

~

avoldance of predators, in that it does not astablish predictable

lines of movement.

It was also evident that during bursts of activity of
specific individuals that peas rsmovad, if not immediately
consumad, ware not all taken away and deposited in the same
place, since the modes of approach and withdrawal were not
consistent from visit to visit. On one occasion an adult

Clethrionomys racovered a pea buried in the lesaf litter about

four metres from the site and transportad it another six metres

before again depositing it in the ground.

The length of time that any Clethrionomys scent at the

bait was short and nevsr longer than 30 seconds. Generaliy
approach was frum the side or behind the site. Usually only
one pea was taken. This was invariably the cass with juveniles,
" limited by their size of mouth, but adults often tock two peas
and occasionally thres. The first pes was normally picked up
directly into the mouth without aid cf the front feet, while
the securing of second and third peas was assisted by the front
legs as the animual sat upright. If three peas were teken, two
ware positioned in the cheek pouches while the third was held

between the front teeth. This m2thod of food gathering was also

TN P ST R R TS, R AN S S ). AR
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used in the selaction of leaves. The animsl would sit upright
on its haunches and use mouth and fore legs to.secure a piecs
of vegetation; grasp it betwean the front lags and bite sections

off with its t=eth.

The movament. of Apodsmus close to the site was more jerky

then Clethrionomys and more readily intsrrupted by stoppages

and deviations from a direct mode of approach. The direction
of approach was usually from the side of the site, and from

areas not frequently used by Clethrionomys. Apodemus on the

whole spent longer at the fe=ding station and would wander over
the petri-dish before selecting a pea and moving off, often

swiftly with a jump. Only one pea was taken at each visit.

As they w2re active at night when the use of a red light
restricted the area visible, it was not possible to determine
to what extent individual Apodemus used different directions
of appro#ch and withdrawal. Furthermore, ths ability to identify
individusls was severaly limited, particularly as no murked ones
were recorded. Animals wers separated only into adults and
juveniles by size. It was épparent though that in the transition
betwean dusk and night, Agodemus would more réadily move into
areas davoid of ground éover and often approachad in the open

within one metre of the obsearver.

Both Apodemus and Clethrionomys used the petri-dishes and

the surrounding areas as places for the deposition of faeces

and urine,



Intraspecific and Interspecific encounters,

Although 150 hours were spent in observation at site 3, the

number of encounters hetween animals was few. Aggressive

behaviour was seen once betwsen the marked female Clethrionomys

and a juvenile, in which the adult threatened the. juvenile

behind the feeding site.

in the act of running away it jumped 30 cms. in the air,

The usual situation sancountered if more than one animal

‘was involved in visiting the feeding station was that,
particularly wher a juvenile was in the procsss of removing

a pe=a, it would often retreat without complating the operation,
to be followad shortly afterviards by an adult, which would
take a pea and depart, after which the displaced juvenile

would return. 4lthough it 1s not demonstrated conqlﬁsively
| that the displacement of individuals was a direct result of the
presence of another animal nearby, the observer was abls to
anticipate on many occasions the occurrance of such behaviour,
before another individual came-into sigiit, either by the noise
of movement within the undergrowth or by squeaks from the

approaching animal,

On six occasicﬁs Apodemus came into contact with
Clethrionomys. Neither seemed to tolerate the presence of
the other, but whether cons species waS'dominanf'over the other
was not apparent from so few encounters. The outcome of any
me2eting was that both animals bolted. On four occasions

Apodemus was present at the site when Clethrionomys approached,

The young individual repidly retreatad;
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for the other two the revarse was the case., Once an adult

Apod=mus and juvenile Cleathrionomys moved towards each other,

ending up nose to nose without touching and without displaying
any visible agonistic behaviour or emitting any audible sound,
before both animals ran off. It may be significant that of
the six encounters, on five occasions it was Apodemus which
returned to the site first to remove a pea, often as rapidly

as less than ten seconds after the ancounter.

35
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Saction 3.

The six day unobservad 2L hour study and a comparison with

the observad.

The effect of disturbance on the level of activity.

It was obvious that during the study there was a significant
reduction between the number of peas taken when the site was
being watched, compared with the number removed when the site

was undisturbed. During the six days of observation there

were 920 separate records of Clethrionomys and 348 of Apodemus,

.compared with totals for the six day undisturbed period in

July of an estimated 5352 peas taken by Clethrionomys and 1405

'by Apodemus. The number of sightings of Clsthrionomys is only

175 of the number of peas taken when the site was not watched,
and 20% in the case of Apodemus. Howaver the observed period
began bafore the influx of juveniles into the population at the
end of Juﬁe and beginning of July, consequantly the lavel of
activity should be lower. The effect of an obssrver being

present was probably less than the perCehféges indicate,

although scme degree of disturbance was apparent.

Despite affecting the intensity of activity, it was
essential thét observation was not inflencing the periodicity.
It was therefore nacessary to deotermina whether the use of a
red light was having a differential effect on the level of
activity in the two species. Apodemus was active during all

the period of illumination and appeared unconcerned. The

- activity of Clathrionomys during the same pariod was considerably

reduced, although some recordings wers made during all the
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hours when the red light was used.

There are several points whizh suggest that Clethrionomys

was tolerant of red light and not adversely affacted by it.
Firstly, the amount of actiyity had already resached & low level,
21.C0-22.00 hours, before the red light was switched on, usually
22,00-22.30 hours. Secondly, the incresass in activity leading
to the morning peak began besfore the red light had bean

Table 5.
The pefcentage of. peas taken by each species during the hours .
when both species were visiting site 3, calculated from
observation on 21-23, 24-26 June, 4-6, 7-9, 26-27 July.
(20 equals 20.00-21,00 hours, 21 equals 21,00-22.00 hours etc.).

Time, hours :120 21 22 23 24 01l 02 03 OL 05 06

Total peaé taksn 66 39 56 76 51 46 23 43 32. 61 62
Paas tzken by Cleth. 59 34 23 20 7 2 1 6 21 52 48

Peas taken by Apo. i 7 533 56 44 Lk 22 37 11 9 O
% peus taken by Cleth.:89 87 41 26 16 4 4L 16 66 85 100
% peas taken by Apo. :11 13 59. 74 84 96 96 84 34 15 O

Thirdly, from the ovarlap period of observed activity of

Cletkhrionomys and iApadsmus in June and July, the percentage
of the total number of peas taker during each hour by the two
species was calculated (see Table 5). These percentages were

used to calculate the number of peas removed by both Clethricnomvs
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and dpodamus when their activity coincided during the six day

unvossrved period. If the activity of Clethrionomys at night

increased to a level approaching its daytime intensity then the
number of peas taken during the unoBserved period would reflect
any increase in activity. A disparity beatween the observed
and unobservsd distribution of activity would then exist.

During June and July, of the 757 records of Clethrionomys, 690

were between 04.00 hours and 22.00 hours, and 67 betwaen 22.00
and 04.GO hours, the approximate period when the red light
was being used. For the six day unobserved trial it is calculated

 that 5046 peas were taken by Clethrionomys from 0O4.00-22.00

hours, and 306 from 22.00-04.00 hours. The use of a 2X2
céntingency table shows that there is no evidence to lead to
the rejection of the hypothesis that the reduction in activity
recorded when the red light was switched on, was similar to the
reduction in activity during the unobserved period, and that
the distribution of activity in both cases was similar (X2 1.3,
p>0.2). Finaily, there was no significant differencs between
the proportionate distribution of the total number of sightings
.of both species combined, during the six observed days, 22.00-
04.00 : Ob;00;22.00, 351 : 905, and tée distribution of péas
taken during the six unobserved days, 22.00-04.00 : 04,00-22,00,

1682 : 5084, (X° 1.08, p=0.2).

The results of the six day unobserved study.

The number of pe2as taken dufing each one hour is shown in the

- Appendix, Tables 15-17. The distribution of the number removed
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by the twd species was estimuated from the ohsarved overlap
period (see Table 5). The parcentage taken by each species
during each hour when both species were observed active was
used to calculate the number of pesas taken by the two species
from the total number of peas removed in each unobservad hour
during the six days (see Tables 16 and 17 in the Appendix).
Figure 12 shows the mean number of peas taken and tha estimated

rate of removal/hour by Clsthrionomys and ipodemus.

The mean rate of removal/hour by both species was ranked
and comparsd to the ranked totals for the observed six days. -
There is a very Higbly significant corfelation betwean the

distribution of activity throughout the observed and unobserved

six deys, (Clathrionomys rs C.6L, d.f. 22, p==0.001: hpodemus
rs 0.93, d.f. 9, p<0.001).

Figures 13 and 14 show the percentage of peas taken during

each hour for the six days by Clethrionomys, and Figures 15 and

16, the same for Apodemus. In both species the populations

were exhibiting a daily polyphasic rhythm of irregulafly spacéd
paaks. To discover whether the overall pattarns were correlated
from day to day, hourly records were ranked and correlations
calculatad for all pairings of days (see Tables 12 and 19 in

the Appendix). The rank correlations demonstrate in each species
an overall rasemblance in activity. They are affectead mainly

by the day/night differences in activity of Clathrionomys and

apodemus, and do not necessarily indicate that the lessar
fluctuations in activity are synchronised over the pariod of

the trial.



L1

Figures 13 and l4. Sstimated percentage of peas taken during

each hour by Clethrionomys recorded owver six 24 hour periods

between 10 and 25 Jaly.
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Figurses 15 and 1l6.

Estimated percentage of peas taken during

each hour by Apodemus recorded over six 24 hour periods

between 10 and 25 July
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Figure 16.
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Of the 15 correlations for Clethrionomys, l4 are highly

significant (rs 0.65-0.39, p<<0.001), Day 3 is correlated with
Day 5, (rs 0.54, p<<0.0l). Ten correlations for Apodemus are
significant to levels varying from p<<0.02 to p=<<0.00l1, (rs 0.72-3
0.92). Day 3 accounts for tha five correlations which are not

significant (p>0.1 to p<<0.05, rs 0.52-0.69).

During the periods of observaticn it eventually beacame
possible to distinguish various individuals that wera visgiting
the site, by colour or size, although to conclusively distinguish
them was difficult since only one was markecd and readily

identifiable, During July, at l=2ast seven Clathrionomys (thfee

adults and four juveriles) were regularly visiting the site.
From the mean summated data shown in Figure 12, it would appear
that these individuals w=2re exhibiting four main peaks periods

of activity at four hourly intervals during the day.

Thé first peak occurred about two hours after dawn at
07.00 hours, the second at 11.00 hours, the third in mid
afternoon; 15.00-16.00 hours, and finally one at dusk, 19.00-
20.00 hours. This fluctuating pattern of activity is similar
to the oobserved pulses of adtivity of the marked.individual
(see Figura 11), in that the timing of activity in the singlas
animal occurred during the four peak periods shown by the

population as a whcle.

The peaks at dawn and dusk during the unobserved six day
study were less marked than those r=corded from observation,
and the distribution of total activity was morea evenly spread


http://15.00-l6.00
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throughout the daylight hours (see Figures 2 and 12). Overall
92% of peas taken were removed between dawn and dusk, and %

between dusk and dawn.

The pattern of activity of Apodamus, with inconsistent
peaks and troughs from day to day, was very variable. Howevar,
the overall picture that emerged (see Figure 12) was one of
a rapid increzse in activity peaking between 23.00 and 24,00
hours, about two hours after dusk. Then followed a slow decline
with possibly a subsidiary peak between 03.00 and OL4.00 hours,
but the general trend wuas one of a unimodal distribution of
activity. Immediately preceding sunrise the decline in visits
to the feeding station was rapid, although some'animals were
still active after dawn. Over the six days 67 of the peés
taken by Apodemus were removad botween dawn and dusk, and 94%

between dusk and dawn.



DISCUSSIGN

The problem of interprating laboratory results in terms of
their ecological implications is nowhars more prominent than
when studying activity patterns of small mamrals. Kavanau
(I966), using sophisticuted 22-channel recorders, has provided
much useful information on the various physical factors to
which activity rhythms are gearzd, but these environmental
factors may bear little relation to those =2cological components
most significant to the animal {Cloudsley-Thompson I960),
particﬁlarly when sslsction pressure favours those organiams
capable of adapting their functions to the pariodicity and

~influences of their surroundings.

It is avident ithat considerable knowledge has accumulated
about periodicity in individual species {Cloudsley-Thcmpson
I96I, Harker I96k, Brown I963) but that the study of the
community aspact has seriously lagzed bahind. 4s Ashby (I972)
pointed out, there is still a great need for actual field
observations of mammal-activity particuiarly of those small
. mammals normally considerad to be_secretiv7 and previously

thought of as being unsuitable for observational techniques.

It will suffice to point out a few of the problems with
which laboratory studies are beset, and the anomalies which
uﬁiﬁvestigated extrapolation to the field could produce.
Kavanau {I352) studied the drinking behaviour cf confinsd small

mammals. He found that Peromvscus maniculatus spent on average

L7



only Is-hours/day out of th=s nast in apparatus suppli=d only
with food and water, but on addingvan activity wheel it stayed
out for up toilo hours/day. On= of tha problems than in
laboratory 2xperiments is actually simulating the variety of
conditions found in nature. Furthermore the periodicity of

an activity pattern may bear little resemblance to that recorded
in the field. Kavanau (I969) found that the least weasal was
98% nocturnal in light conditions simulating those in the wild,
but pointed out that this animal showed little diel preference
in the field. Graham (personal communication in Kavanau I969)

found that the meadow vole, lMicrotus pennsylvanicus was active

mostly at night in the laboratory but mostly by day ir the

wild. Notwithstanding that mammals can adopt habits far removed
from conditions to which their visual systems would s=em best
suited, the results presented in this study stress the importance
of investigating activity rhythms in the field before making
genzralisations from those recorded under abnormal ana uniform

laboratory conditions.

The use of bait as an index of activity and a comparison with

other methods.

Hamilton (1937), who placed food at points in the runways of

the field mouse, Microtus nennsxlvanicus, was probably the first

to use bait in a study of activity and home ranges. However he
made limited usa of the technique; his hourly measurements were
not recordesd for periods of longer than 24 hours at a time,

" and over fsw days in total. Chitty and Shorten (I9L6) baited

L3
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Norway Rats, but were more concerned with ways of attracting
and controlling the rats than with any periodicity that emerged
from the removal of bait. Kikkawa (I964) made observations

of Clethrionomys glareolus and Apodamus sylvaticus at baited

traps but in this paper he-merely said that daytime visits of

voles were long and frequent, while at night they weire brief

and comparitively infrequent, and that mice appeared only at

night. Investization of activity using feeding stations and
Observation of small mummals has  thus been a technique infréquently‘

used.

The use of feading stations does have limitations in a |
study of activity, even during p~riods when the site is being
watchead. It assumes that feeding and storing behaviour is an
accurate index of activity. However Crowcroft (I954) and
Kavanau (I969) considered ﬁhat measures of feeding activity are
reliable indices of total activity in the laboratory, and Blair

(I95I), who track=d individuals of Peromyscus polionotus ih

the field, found that movements were principally associated with
feeding and food gathering. Thess results are supported by a
very close correlation in this study between the number of.

" animals observed above ground and the total number of peas

taken during each hour. It suggests that the removal of bait

is a reliable index of the total above ground activity of both

Apodemus and Cleathrionomys.

Wheres more than one individual is making repeated trips

to & baited site, the index of activity over the diel cycle



must be accepted as being an average one for that particular

species. Never less than four individuals of both Apodemus
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and Clethrionomys were rescorded during any period of observation,

so that the activity pattern resulting is one of a section

of the population. Any periodicity that emerges must be
interpreted with care as the nature of any rhythm and its
lability may not be consistent between individuals. This method
doeas however provide an insight into the diel periodicity of

the community at the point of observation, as is the case with
automatic photographic recordings (Dodgs and Snyder I960), and
it allows broad conclusions to be drawn about thos2 pariods of
the day when activity is either intensive or subduead and provides
information about times of day when animals are inactive for
long p=riods. One of the more important features of obsarvation
at baited sites is that it has been shown feasible to observe
marked individuals. This is one aspect of the study which

could be greatly extendad.

Like the use of baited live traps, baitad feading stations
. might have the effect of stimulating activity in small mammals.
Pearson (I960a), using a ccmbiration of photographic apparatus

and traps in a study of harvest mice, Reithrodontomys megalotis,

and meadow mice, Microtus californicus, showed that on nights

when trapping was carried out, there was a great incresase in
the amount of recorded activity; it did, in fact more than
double in the case of the harvest mice. If bait does influence

the amount of activity it should not however distort the diel
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periodicity. Unlike trapping though, open baited sites do not
restrain the animals and present fewer problems of dealing
with the apparent heterogeneity in reaction to traps (Crowcroft
and Jeffers I94I). Tven of those individuals actually visiting
traps, on many occasions tﬁe animals are not caught. Sheppe

(I967) showad that in 84% of the occasions when a Peromyscus

leucopus left tracks at a station it left without being trapped.
At best trapping gives an average indication of the number of

individuals above ground, riot an index of activity, since there
is no measure of actual intensity of activity that can be |

recorded from an animal which is p2riodically immobilised.

Of the studies of activity which have been done using
traps, both Elton et al. {I93I) and Brown (I956) used trapping A
intervals.of two hours. This stud& indicates that two hours
is too long to discern accurately any short term changes in the
- level of activity, which anyway it would be difficult for
trapping data to show. Kikkawa (I964) used only four trapping
periods during the‘day, (I) ifternoon 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 intervals irregulariy spaced but two periods, (I)
and (4), were exceptionally long and inexact. Zven more

surprising is that Stoddart (I969) claimed that the water vola

(Arvicola terrestris) shows a deytime maximun of activity from
L2 VA y

only two visits to traps/day, at 09.00 hours and the other at
17.00 hours. He compared the number of animals caught during

the day with the halved totai of night captures, since the

Pl et e S Ly
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overnight period was 16 hours long and twice the length of
the daytime period. This is a comparison and analysis of

highly dubious validity.

Of the more sophisticated modern techniques of studying
activity in the field, automatic photography has the advantage
over observation at feeding stations only in that it releases
the observer frcm round the clock watching. The use of
telematry (Le Munyan et al. 1959, Cochran and Lord T963) and _ \

radioactive isotopes (Bailey et al. I97h) are becoming important tJ

. tools in tracking animals but are expensive to operate and
often limited by the number of individuals that can be traced
" at any one time. They do however involve minimal manipulation
of the animal's habitat. On the other hand actual observation
and the use of feeding stations does allow the behaviour of
small mammals to be recorded, and gives a satisfactory diel
index of the intensity of activity of a species, and has the

added advantage of being an inexpensive technique.

The activity of Clethrionomys-.apd Apodsmus.

| The results 6f this study indicate that Clathrionomys is diurnal
during the summer when ipodemus is present. This disagfees
with Grodzifiski (I963), and the data referrsd to by him, (Miller
1955, Ostermann I956, Saint-Girons I960, I296T, and Pearson

1962), who suggested that Clethrionomys was mainly nocturnal in

the summe=r., All these publications concern=2d the results of

laboratory investigations using individual animals in isolation,
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thare being no intraspecific or int=2rspecific studies.

Thae results of two field studies have suggested that

Clethrioncmys is mainly diurnal in the summer. Kikkawa (I964)
noted that visits to baited sites were infrequent between

dusk and dawn. Brown (I956) found that Clethriornomys was not

trapped overnight whan apocemus was active. She reported
compstition for traps betwaen the two species. Using a two

hour trapping interval it could not be discounted that

Clethrionomys might s%ill be active. These works have largely
been ignorad in subsequent rasearch on the activity of

Clethrionomys and =2cological generalisations have invariably

bean drawn from the mors numerous lsboratory studies, parhaps
because the field investigations have been of a limited and

inexact natursas.

Important papers relevant to this study have been published
on the interspecific behaviour of mice and voles, in the wild
by Andrzejewski and Olszewski (I963) and in outdoor enclosurses

by Bergstedt (I965). The former showed that Aipodemus flavicollis

was dominant over Clethrionomys glareolus in free-living

populations. This was confirned by Bergstedt, who in addition

found that the activity of Clethrionomys outside its nest

tended to decrease2 in the prasence of A, flavicollis.

Furthermore thers was a tendency for the nocturnal rhythm of

the vole to give way to a diurnal one.

Bvidance is given in this study showing that Clethrionomys

glarmolus is intolerant of tha presence of ipod=amus sylvaticus,

and suzgesting that the timing of activity of the latter is



the major determinant of the ons=t and d=cline in activity

of Clethrionomys cver the diel period. It is further believed

that the disparity between ‘activity rhythms of Clethrionomys

revealed in Iaboratory studies and those that exist in the
field, is a product of the interspecific relationships within
the community, and not solaly the result of responses to

physical factors or the manifestation of an sndogenous rhythm.

If the timing of the beginning and cessation of activity

in Clethrionomys is a direct response to the strict nocturnalism
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. of Apodemus then the peaks of activity of Clethrionomys observed .

at dawn and dusk may be determined by interspacific hostility
" and not entrained by physical factors. This could be tested
by a study of activity in the field with no Apodemus present.
The association between marked changes in ligh* intensity, S0
often assum=d to be important factors iﬁ the diel activity of
mammals, and peaks in activity may be purely coincideantal sincs

recent laboratory studies have shown little association between

the activity rhythm and dawn and dusk in Clethrionomys, (Sewell
I1973). If, during the night, the bank véle is remaining
underground tﬁen for a peak of above7groun6 activity to occur
at dawn, as that of Apodemus is reduced, is not unsxpectad,

nor is the occurrence of one at dusk, prior to the emergence

of Apodemus,

This study does not undermine the importance of those
experimeants which have heen done under laboratory conditions,

but stressess the importunce of relating any results to factors

Al



operating at the community level, and the interspacific aspects
of exogenous beshavioural interactions of =2cological significancs.
It may well be that the activity rhythms exhibited by

Clsthrionomys in gsoma experiments (e.g. Pesarson I962) are those

operative in the field, and that in the absenca of ipodemus

sylvaticus or related spacies, the basic bioclogical rhythm is

influanced and phased by other environm=antal factors, photo-

periodism perhaps being the important Zeitgaber.

Compatition batween Apodemus and Clethrionomys.

Miller (I955), from a comparison of the activity rhythms of
Clethrionomys and Apodemus in the laboratory, found that for

a regime of I5 hours light, 8 hours dark, the activiﬁy of
isolated individuals of both species occurred over much of the
same timé in the daily cycle. Furthermore, from a study of
their dists (Miller I95L4), he concluded that activity brought
the species'together in the habitat where they competed directly
in time for spaces and food. Watts (I9.3) considered that

Miller had overestimatgd the overlap in di=t betwean the two

species, and that compstition could be avoided by Cleathrioncmys

- eating leaves and seads with a soft testa, with Apodemus
cohsuming largely insects in early summer and see=ds with a
hard testa during the remaining seasons. In addition, the
small dearee of overlap in their above ground activi;y cyclas
shown in this study indicatss that they are also separated in
time, thereby reducing still further any direct competition.

Whether this saparation is a respons=s to competition
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for resources, mediat=ed via an avoidance of mutual interfersnce

at the social leavel, has not bean shown.

The affact of predation on the periodicity of small
mammals is also operating at the community level. The avolution
of Apodemus and other nocturnal species, well adapted to a
nocturnal way of life, could be viewed as an adaptation partly
brought about by the s2lection pressure of predation. It may
ba that predators can bring about changes in the activity
pattern of a small mammal population, although the prey
pariodicity is more likely to determine the activity of the
predator. Competition batweean animals occupying similar roles
within the community has probably more influence in determining
periodicity, beacause of their more immediate association in
space, and it may well be that population increases esnhance
any interspacific differences that occur in activity rhythms.
In the absence of potential competitors, or whers vopulation
levels are low and interspecific encounters infrequent, the
activity rhythm of an animal may return to that which it is
best suited, in terms of its evolutionary adaptations, =ither
physiological or environmental., This may bes of particular

importance to those spacies (e.g. Clsthrioromys) whose

herbivorous diet make regular feading throughout the day

obligatory.

Activity rhythms and the snvirorment.

It is now nacessary to examina the extent to which the physical
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anvironment modifies the degree of activity, within the confinss
of tha overall activity pattern, and to point out that
interspecific intolerance is in no way responsiblae for much of
the variability which was recorded. It must also be borne in
mind that the standard approach in =cological fisld investigation
of making concurrent measurem=nts of biological events and
attempting to correlate these with environmental factors may

not necessarily indicate that the exogenous stimuli are those

to which activity rhythms are geafed, but rather that an-inéerna;
rhythmicity may represent the substrate on which environmental
stimuli act (Enright 1970). However much of the variability . in
the overall level of activity can be.attributed to changing

physical conditions.

Calhoun (I945) showed that the lability in the activity

rhythus of Sigmodon hispidus and Microtus ochrogaster was in

part due.to various environmental changes, including light
intensity, intraspecific social relations and food. Gentry

and Odum (I957) recordsd larger catchss of Peromyscus

polionotus on warm cloudy nights than on clear cold nichts.

Pearson (I960b) considered that the dawn peak of activity in

Microtas californicus in California was not controlled bv 1li:nt,

temperature or aevaporation but probably by the availability
of dew early in the morning, while Grodzinski (I963) referrad
to the nature of the diet as being an impo:tant influance

on activity patterns. It is theresfore apparent that numerous

interacting environmental factors are affecting activity.

There was some indication in this study, though the



individual correlations wera not significant, that the above

ground activity of Clethrionomys and fLpodemus was reduc=ed on

cloudless, dry days and nights and increased when it was cloudy
and wet. It is possible, too, that the uses of a highly
concentrated food wus influencing the amount of activity.

Grodzinski (I963) found with Apodemus agrarius that a bulky

diet caused an increase in activity and producad a series of

three peaks during a nine or ten hour night, in contrazst to a

single peak rasulting from a high protein diet. In this study,

the sunmated data from both observation and unobserved removal
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of bait show=d a unimodal distribution of activity in Avnodemus.

This is considared to be a more accurats reflection of thse
overall pattern than the series of pesks and troughs recordsd
on individual days. The fact that ipodemus tends to wander to

a greater sxtent than Clethrionomys may have produced an

anomalous amount of daily variation at a fixed feeding statior.
This wandering, coupled with the normal diet of Apodemus, which
in the summe: conrtains a large proportion of insects, could
have resulted in the absence of several individuals from the

‘baitsd site for concurrent periods. ] -

Although a great deal of information has accumulated on
the 24 hour rhythms of small mammals and speculation continues
on exog=nous and endogenous biological rhythms (fLschoff I9%6),

much of the variation rs=corded go~s un=xplained. For instanc=

Stebbins (I968), in an outdoor enclosure study of Clethkrioromys

gapperi, found that this species was predominantly nocturnal



at Heart Lake (62°N), whersas individuals transfarresd to
“dmonton, Alberta (53°N) exhibited an essentially diurnal
rhythm. Marksd seasonal changes also occur; Z%rkinaro (I96I)
racorded a raversal of.diel activity pattarns froﬁ winter to

summer in Microtus agrestis. Lability is then a key component

of many activity patterns, but the factors to which the animals
are responding need much more investigation, and the effect

which specific biotic and abiotic factors are having on activity

. needs further elucidation particularly, as this study points

out, within the community.

Short term activity rhythms.

Notwithstanding that mammals may not necessarily show a 24 hour
periodicity entrained to environmental tactors, particularly
light infensity, many of them do, it is reported, =xhibit a
short term activity rhythm. Davis (I933) showed that Microtus
has a two to four hour rhythm of feeding actiQity; which égfeeéi

with the seven to nine feeding periods in 24 hours recorded

for M. californicus (Calhoun I9i45). Other short term feeding

fhythms have been identified in laboratory experiments in-

Sorex araneus and S. minutus (Crowcroft I954), Clathricnomys

glareolus (Millasr I955), Mus musculus and Rattus sp. (Southern

I954). However Marten (I973), who studied Peromyscus and
obsarved periodic short pulses of activity, considered that
short term rhythms had only infrequently been dsmonstrated in

the field.

One of the problems of identifying short tarm rhythms from
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observation and bait removal is that the individuals in the
population may not be showing synchronous activity rhythms.
Saint-Girons (I950, I96I), on the basis of laboratory studies,

has claimed that male and famale Clethrionomys may have

asynchronous activity rhythms. She found that under a light
regime of I6 hours light, 9 hours dark, 40.5% of total female
activity but only 26% of male activity was during the day.
Howevar, esvidence from other specias would suggest that in the
field the activity of the two sexes is more uniform. Orr {I959)

found no difference in activity patterns of individual

Paromyscus leucopus, and Pearson (I360b) showed that voles

(Microtus californicus) of both sexes and all ages showad the

same activity patterns. In this study there was a close
correlation between the activity rhythms of adults and juvaniles

in both Clethrionomys and ipodemus, and very.close correlations

between tha periodicity of activity and all pairings of days

from the hourly records taken in July.

As Clathrionomys was axhibiting a 24 hour periodicity in

activity, it is likely that the onset of activity of the
population aufter dawn is well syﬁchronised. The periodicity
that was exi:ibited ir the incre=ase in the intensity of activity
at irtsrvals throughout the six day trial in July may be |
manifectations of a short term feeding rhythm. This was

confirmad by the activity of the marked female Clethrionomys

which, in visiting the site, did so in short bursts. These
bursts of activity coincided closely in tima with the main peaks

of activity recorded for the populaﬁion as a whole,
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Comparison with other recent work (Sewsll I973) indicates
that the short term rhythm 2xhibited in the field is manifested
to a greater extent under laboratdry conditions. Sawell found
tﬁat under aﬁ abnormally uniform and limited laboratory
environment thers was a marked four hour short term periodicity
throughout the day and night. The amplitude of the peaks and
troughs was r=duced when repetitive disturbance was introduced
as an attempt to simulats some degree of environmental

variability, but a daily short term rhythm was still apparent
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despite the levelling out of activity, although as a synchronous

phenomenom of successivs days it virtually disapp=arad. When
the additional factors operating in the field ar= taken inte
account, plus the fact that the activity recorded was that
exhibitéd by the population as a whole, it is not surprising
that th= short term rhythm recorded is not as regular as that
usually shown under uniform cenditions. Howevar it is worth

noting that Clethrionomys was exhibiting a short term rhythm

in the field comparabls to Sewell's disturbec laboratory

senvironment,

The ecological implications of pea removal.

Results of this study on the quantity of peas femoved by mice
and voles are similar to those recorded by Ashby (I967), in‘
his study of population trands in Houghall Wood, and the effact
of rodents on natural forest rageneration. For instance, both
his study, and that reported hare, showed evidence of social

facilitation. It was apparent that the presance of other



Clethrionomys in th= neighbourhood was sufficiant to increase

not only the number of peas removad, but ulso the rate at which
individuals wers removing them. Parhaps proximity to areas
where nests ware situated was an impertant factor in this

stimulation of activity.

It is clear from a consideration of the ensrgy budgsts

of both Cl=thricromvs and Apodemus, and the fact that both
speciaes continued to take peas at a high rate throughout the
"study, that the majority of peas-were nrobably subsequently
2aten. Furthermore in a field experiment on the removal by

Clethrionomys and ipodemus of peas made radioactive with

colloidal gold, Cleaminson (unpublished) found that the majority
of those r~moved and tuaken into store had been aatan within

42 hours of removal. In this investigation satiatiorn was not

a major prckblem, though the influx of juveniles into the
population aidsd in keeping pea removal at a high rate during

the course of the experiments.

Cleminson found a closs correlation between the rate of
removal of wheat used as bait and the trapped ravealad

population density in both Cleathrionomys and idpodemus. One of

tha possible probiems with this type of study is that tha
prefearence for artificisl seed may not be constant throughout

thea vesar. It is clear that the population of Clethriononmys

within the area of investigation, could have survived
~xzclusively on the quantipy of ﬁeaé';éﬁbved. Apodemus, on the
other hand, would havs nsed=d to supplement its diet with food
cther than that removed from thé feasding stations. This may

be a reflaction of an abundant natural food supply under
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favourable summer conditions, but the possibility cannot ba

ailscounted that ipodemus was consuming p=as thuat had been

removed and storesd by Clethrionomys. The removal rates/
individuals of both speciés would not necessarily be similar
throughout the year, and would be sxpected to in&rsase in the
winter. Ashby (I967) found that the rate of removal of bait
approximately doubled in winter in both species. Furthermore,
the number of peas removad in this study varisd from day to

day in both species and was probably ralatad to the
anvironmental conditions prevailing. Both dietary and changing
physical factors would have to be taken into account before-

an accurate index of population fluctuations could be detarmined

from the removal of bait.

It is probable that rodents are important agents in
detarmining the amount of natural foreét”regeneration (Ashby
1967} alﬁhough this wss disputed by Tanton {I965). This study,
although concerned entiraly with an artificial seed supply,
would tand to confirm ths likeiihood, from the quantity of
peas removsed, that the consumption of natural sead, and
consequantly forest regenerétion, is in a 1arge.part effactad
by the feading activity of small rodents. As natural s=ed is
in seasonal and limited supply, the number which germinated

could be seriously affectad by Clethrionomys and ipodemus.
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SUMMARY

Studies of activity patterns in small mammals have mostly
been carried out under ﬁniform laboratory conditiéns because
of the difficulties of investigation in the fisld. In this
study a description is given of field experiments to

detearmine ghe activity of Clethrionomys glaraolus and Apodemus

sylvaticus in mixed woodland.

It is concluded that both the removal of a standard bait
and ohservation at a fixed feeding station give  satisfactory
indices of above ground activity in beth species, and that
these means of assessment are preferable to hany other field

techniques, particularly trapping.

Both spescies took dried peas at a high rate throughout the

summer, Clethrionomys apparantly in excess of the daily feeding

requiramesnts of the individuals involved in their removal,

Apodemus slightly below thair feeding requiremsents.

Apodemus and Clethrionomys showed a 24 hour rhythm of
activity, the former smerging after dusk and remaining active
~until dawn, while the lattar was predominantly diurnal, activity

starting aftar dawn and continuing until dusk.

Apod=mus had ovarall a unimodal distribution of activity,

although daily fluctuations distorted this pattern. Clethrionomys

had a series of peaks of activity throughout the day and the
pcpulation appeared to be exhibiting a synchronisad short term

rhythm of modsrate amplitude of approximately four hours in
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length. Observations of a single marked vole indicated that

activity occurred in short bursts.

Attention is drawn to the differences between results
racordad in laboratory experiments and those shown in the
field. 4n attempt is made to explain the discrepancy between
these results. The importance of interspecific relationships

as being determinants of the onset and decline of activity in

Clethrioncmys is stressed. It is emphasised that caution must
be taken in eitrapolating activity rhythms recordad under

artifiﬁial conditions to the field, and in correlating patterns
of activity to physical factors when the interspecific aspects

of the community have not been investigated.
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TABLE 6. Number of peas removed/day from all sites between

22,00-0L.00 hours for nine days commencing 10-1l June.

Site_Ll: Site 2: Site 3: Site L4L: Total

10-11 June: 69 1 69 74 213
11~12 June: 65 61 l59 55 240 °
12-13 June: 68 5 LO 30 143
13-14 Juna: 33 17 35 L0 125
l4=15 June: 35 17 21 L1 114
15-16 June: 16 30 32 L0 114
16~17 June: 22 31 63 78 199
17-18 June: 57 34 107 L5 243
18-19 June: L9 27 96 L0 211

Total t 413 223 527  Lk3 1606
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TABLT 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, Ol 02 03 Ok 05 06 Total.
27-29May : 0 O 2 = = = < - - 1 0 3
3-5June ¢ O O 1 3 4 4 2 3 1 0 o0 18
21-23 Jume: O 1 6 11 3 7 2 4 1 O O 35
24-26 Juns: O 1 6 3 3 2 7 5 2 1 O 35
4-6 July 3 1 8 15 7 12 6 9 3 3 1 68
7-9 July 3 3 7 26 12 15 8 1 3 6 1 95
26-27 July: b .2 10 15 22 12 4k 13 5 7 O Ok
Total : T0 8 40 73 56 52 29 45 15 18 2 343

TABLT 2. ‘The number of peas taken by Apodemus during each hour

of observation from 26.00-06.00 hours.

20 21 22 23 2L, 0L 02 03 OL 05 06 Total.
27-29 May : 0 O 2 - < - < - = 0 O 2
3-5 June 0 0 1 2 &4 & 2 3 1 0 0 17
21-23 June: 0 O 5 10 3 6 2 3 1 0 0O 30

2426 June: O O 6 2 4 2 5 5 2 1 o0 27
4-6 July 2 1 7 12 6 12 5 7 2 0 0 5.4
7-9 July 2 3 7 20 10 1, 7 10 3 4 O 20
26-27 July: 3 1 8 12 18 10 3 12 3 L O 74
Total : 7 5 36 53 45 48 24 LO 12 9 O 284




TABLE 9. Th2 number of sightings of adult Apodemus during each

*hour from 20.00-06,00 hours.

20 21 22 23 24, OL 02 03 O4L 05 06 Total.
27-29 May : 0 0 2 - - - - -« - 1 B8 3
3-5 June o 0 1 3 4 & 2 3 1 O 0 18
21-23 June: 0 O 4 7 2 4 1 3 1 0 O 22
24-26 June: O 1 3 3 4 1 L 3 1 O 0 20
L=-6 July 6 o0 &4 7 4 6 4 L 2 1 0 32
7-9 July : O L 4 lu 6 7. 4 6 1 4 O 47

2627 July: 11 4 10 12 6 2 8 2 3 0 k9
Total : 1 3 22 44, 32 28 17 27 8 9 O 191

TABLE 10. The number of sightings of juvenile Apodemus during

each hour from 20.00-06.00 hours.

20 21 22 23 24 OL 02 03 O4 05 06 Total.
27-29May : G 0 O - - = -°'= - 0 0 0
3-5 June ©o 0 0 0 0 0 0 0 0 0 0 O

' 21-23 June: 0 1 2 & 1 3 1 1 o o o0 13
24-26 Junet O O 3 O 4 1 3 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 3 122 6 8 4 5 2 2 1 i8
26-27 July: 3 1 6 5 10 6 2 5 3 4 O L5
Total 9 5 18 29 24 24 12 18 7 9 2 157
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