AR
W Durham

University
Durham E-Theses

Patterns of activity and behaviour of clethrionomys
glareolus

P. 1. V. Sewell

How to cite:

Sewell, P. I. V. (1973) Patterns of activity and behaviour of clethrionomys glareolus. Masters thesis,
Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a https://etheses.durham.ac.uk/id/eprint/10057/ is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
https://etheses.durham.ac.uk


https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/10057/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk

PATTERNS OF ACTIVITY AND BEHAVIOUR
OF CLETHRIONOMYS GLAREOLUS

P. I. V. SEWELL,
UNIVERSITY OF DURHAM
DURHAM, ENGLAND

W ONVET
%\W‘“kgmwne 877

| 18 FEB 1974

%,
LAy




5.
6.
Te

N

CONTENTS

Summary
Introduction

Methods

Automatic lionitoring of llovement

Design of Treadles and Ascociated Switches

‘utomatic Monitoring Feeding ~nd Drinking

Investigation of the effects of disturbance

and cover

Preparation of Animals for testing in the
Automatic Activity lonitoring Unit

Direct Observation of Total Activity

Rezults

Automatic Activity Monitoring Unit

Series 1 - Effect of Tisturbance
January
Tebruary
Merch
April

Series 2 - Effect of Increzzing Cover
ey
June
July
August

Summated Reoults for Automatic Recordings

Mrect Observation Exveriments

Tiscugsion
Bibliogronhy
Avppendix

Statiatical trezrtment of I'irect Observation

Recsultse

Diel cycle dingrams



SUMNARY
The short-term activity rhythm of the bank vole,

Clethrionomys glareolus, was studied in the laboratory.

Two methods of study were used: an automatic activity
monitoring unit, which gnve a continuous running length of
15m., covered by wire mesh, 2nd a direct observation study
which involved watching an individurl in 2n observation cage.

In the 2utomatic activity monitoring unit, eight voles
were uzed, (=ix males 2nd two female=), one for each month
from January to Auguct 1967. They were 211 subjected to
natural daylength, varying with ceason.

A well-marked four-hourly rhythm was noted. This rhythm
was removed by the presence of an intermittent disturbence,
i.e. 2 current of air. The rhythm returned when the dis-
turbance was discontinued.

The rhythm was slco removed when the uncovered unit was
covered with brovn paper strips to vrovide artificial ground-
cover correspnonding to that found in the wild.

No definite overall correlation between mctivity vpeaks
>nd dusk or dawn were shown.

The direct observation study was made using the vole,
(male), subjected to 12 hour daylength. The vole was observed
in red light during the dark period. Activity vatterns during
day =and night were similar. The individual wes seldom "inactive"
i.e. asleep or resting, for any length of time. It showed

short periods of activity for a few minutes followed by a rest



period. Above-ground activities took up approximately 35%
of both day and night activity.
It is suggested that the diel activity patterns of

Clethrionomys glareolus may be more labile and variable than

has previously been considered and that the short-term rhythm
of 2 - 4 hourly periodicity which has been described in this
species may be a reaction to abnormally uniform laboratory
conditions, and that it is unlikely that such 2 rhythm could

be maintained in the wild.



INTRODUCTION

This project was originally intended to be a compara-
tive study of the agonistic behaviour patterns of

Clethrionomys glareolus and Apodemus sylvaticus. These

species live in close proximity to each other, though the
former prefers denser cover. It was thought possible that
there might be agonistic interactivity between them which
might affect the distribution and population densities of
the two species. These might be in the nature of direct
attacks or alternatively signnlled aggression. The
importance of intra-specific social signals in small mammals
has been well demonstrated by work on laboratory rats.
Barnett (1965) has shown that in rats social stress can
produce death in a subordinate animal with no major external

injuries, where retreat is impossible. A. sylvaticus and

C. glareolus are likely to meet frecuently in the wild unless

there are specially developed behaviour patterns which act
to reduce such interspecific contacts. 1t was hoped to find
out what occurred during these encounters and whether inter-
specific social signals were present.

Ashby (1967) has shown that A. sylvaticus does not show

large povulation fluctuations from year to year with peaks

and crash phases while C. gl=reolus does, behaving in this

respect like Microtus sv. and Lemmus sp. It was hoped to
discover whether agonistic behaviour acts as an intra-

specific density-dependent control of population density in



A. sylvaticus but not in C. glareolus, using levels of

agsression in males as the index of aggression. Sadleir
(1965) has shown that an increase in aggressiveness in

deermice (Peromyscus maniculatus) at the beginning of the

breeding season normally greatly limits the rate of increase
in population density of the species until the early autumn.
It was found that little work on the agonistic behaviour

of either C. glareolus or A. sylvaticus had been published.

Therefore, it was necessary to study the range of variation
of the behaviour of individuals of the two species in an
attempt to establish the normal limits of variability. During
the initial stages of setting up this project it became clear
that the conclusions drawn from the studies of other authors
of trapping and automatic recording studies on the short-term
activity cycles in these species did not seem to be borne
out by personal observation, and it was decided to investigate
them further. In the end this became the topic of investiga-
tion and the original aims were not pursued beyond =~
reconnaisance study.

miller (19%5) studied the feeding activity of Apodemus

and Clethrionomys in response to different daylengths. He

noted the amount of activity during the diel cycles with
controlled daylengths of sixteen,twelve and eight hours
duration resvectively. He found that the activity rhythms
of both species were readily modifiable according to the

daylength and seemed to vary in pattern as a function of each



species nocturnal preferences and food habits. He found that
the percentnge of diurnml activity was greatest when daylength
wns 16 hrs. =t 51.47. Twelve hour daylength gave 33%» diurnal
nctivity ~nd eight hours, 284. The amount of =ctivity outside
the nest decreased consider~bly when food storing became part
of the behaviour pattern of each species but was otherwicse
approximately constant. Avodemus began food storing when the

daylength wns reduced from 16 to 12 hrs., and Clethrionomys

when it was decreased from 12 to 8 hrs. The corresponding
reductions in amount of activity (mesn number of =ctive
periods per diel cycle) were of the same relative proportion
for erch species. Progressive decreases in daylength
produced parallel changes in nocturnal preference between the
two species. He suggested that the role of activity rhythms

in the community relations of Apodlemus and Clethrionomys is

2 critical one and an importont fe=ture of 2any competition
between them. His results were obtained by using a2 lrrgely
automatic recording system.

Brown (1956) showed by trapoing that the above ground

activity of Apodemus peaked during the night end Clethrionomys

during the day. This activity pattern would effectively

prevent many meetings between Apodemus and Clethrionomys

individuals in the wild, though a ccnsiderable amount of
dusk 2nd dawn activity wes noted for both species.
In order to discover whether meetings did occur in the

wild 2and what effect, if ~ny, they had on the behaviour of


file:///podemus

each species, the author found it necessary to try to watch
the animals in the wild. 2n =2re= in Houghall Wood near
Durham was selected, it wnhs in 2 fairly oven osk and beechwood
on 2 slove giving 2 good view from the top, but containing =2
few pn=tches of bromble:s to provide cover for the animnls.
After mony days snd nights obszservation, though no encounters

A

between Clethrionomys »nd ’podemus were seen, some daylight

activity by Apodemus wos noted, i.e. coming to the mouth of

the burrow ~nd looking out then returning. 1In one c=se an
Apodemus was seen apovarently sunbathing in the arer immediately
in front of the burrow. This behaviour in ~ supposedly

nocturnal ~nim=2l was surprising. Clethrionomys were 2lso

observed moving about late ot night.

The ~uthor began to suspect thet small mammal activity
patterns were,perhaps, more complex and variable thean either
Miller's or Brown's results indicated. Also, the experience
of svending deys and nights in the same environment s the
small mammnls studied showed thnt many random stimuli ncted
on them, which could =ffect their ~ctivity rhythms.

A perticulsr mspect of r~ctivity revortec by m-ny oboervers
e.g. Dovis (1933), Hadfield (1340), Southern (14y54), Niller
(1955%), was the short-term rhythm of between 2 - 4 hourly
periodicity shown by many small rodents. wxperience in the

field watching Clethrionomys nnd Apodemus and the changing

conditions of their environment led the auvuthor to doubt that

a rnythm of this kind could be maintained in natural conditions.



The study by automatic recording methods while giving
useful date on activity, vrovides information on only limited
aspects of the animeal's behaviour. The research on activity
carried out by the author using such devices has therefore
been supplemented by visual study of an individual's total
behaviour to reve2l in particular whnt the ~snimal wms doing
during the long veriods when, nccording to Putomatic recording
d=2ta, it wes inactive. In ~nddition, when using ~utomatic
recording the habitat of the cnimal being studied wems made
as natural as nossible to avoid the production of artefacts
of behaviour resulting from ~bnormal environmental conditions.

The gtudy was commenced using Clethrionomys owing to its

greater docility ~nd therefore ense of hancdling in comparison
with Apodemus. At the beginning of the study, the work by
“t, Girons (1960, 1961) was unknown to the nuthor ns was that
of “tebbins (1368) and Grodzinski (1963), but their work =2nd
thnt of others is considered in the Discussion. Hed thecse
results been knovn, however, the variability in small rodent
behaviour would have been more immecintely evident to the
author.

The period of study was curtailed from three to one ye~r
during the course of the work, which made it impossible to
carry out the pnrallel, comparntive study with Avodemus which

hnd been intended.
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METHODS

Automatic Monitoring of Movement

Most laboratory studies of smnll mammal activity using
automatic recording apparatus have been concentrated on
monitoring the occurrence of feeding. IFor example,

Miller (1955) and 3tebbins (1971) used separate compartments
for food and nesting space and monitored the number of
journeys through the intervening door =2s an index of
retivity. The space allowed each animal has usually been
very smnll sand opportunities for activities not involving
feeding, such as exploration, territory marking, searching
for food, food storage and social interactions, etc. hnve been
restricted. It wis decided, therefore, to construct an
automatic monitoring unit (which will be referred to =s the
"run") which would give the =nimal =2 much larger area in
which to pursue its activities. In this way it was hoped
that the results obtained might be more representative of
the behaviour of animnls in the wild.

The unit was designed to provide as much space as
possible within the laboratory conditions available. It
was constructed from mild steel to prevent the animals
from gnawing their w2y out and was designed as a self-
contained semi-portable unit to facilitate transport from
one test area to another.

The design ~nd measurements of the run were ns follows:
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A box was constructed 30.5 cm. wide nnd 4.27 m. 1long
and with sides 7.6 cm. high. It wes divided longitudinally
into four lanes each 7.6 cm. wide. 1In the centrnl partition
there was a gap 2t one end of the run, and there was a gap
in each of the two lateral partitions at the other end, which
gave a2 continuous running length of 17.39 m. The food was
placed ot the end of lane four nnd the nest box =2t the
beginning of lnane one (see Pig. 1la). A Rustrak four pen
continuous trock recorder was used to monitor entry into and
exit from ench l.ne. In the definitive design of the recording
unit, each ven was =2activated by a mercury switch overated by
2, tipping treadle which an animal had to cross on entering
and leaving 2 given lene.

Bach switch was "on" when the lane was occupied =and
"off" when the lane was vacated. Thus a trace was shown on
the recording paper indicating the times of entry =snd exit
from each of the four lanecs.

The run as a whole wag covered by %4 inch weldmesh held
in place by rubber loops to prevent the animel from escaping.
The loops were made from + inch squore catapult rubber =nd
protected underneath by 2 inch wide metal strips to stop the
~animal gnawing the rubber. The run was p2inted inside =nd
out with black gloss polyureth=ne paint for ease of cleening
and to protect the mild steel from rust. The paint lasted
very satisfretorily, being unsffected by prolonged urination.

The nest box was provided with bedding moterisl. FSoon after
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Fig. la. Diagram of Automatic Activity Monitoring Unit
(Top View)
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the first snim=l was introduced into the run, it became
obvious thnt the test animal was not comfortable on the

hard floor of the run. The anim~ls paws became damnged
through continual contsct with the steel, =0 ¥ ~n inch deep
gawdust was scattered in the run. The sawdust prevented such
damnge 2nd also made it possible to observe territory

marking since urination on the sawdust produced 2 yellowish

stein which could easily be seen.

Design of Treadles and Associated Switches

4 system of photocells was considered initially for
this purpose, but it was decided thatmwt only were they
needlessly complex, but =2lso that more information could be
gained by the use of a mechanical system, which could be
designed to switch either on or off according 1o which
direction the animal was moving. It was then necess=2ry to
design 2 see-saw or tipping treadle system which wag both
sensitive enough to react to the small weight of the =animal
crossing it, =and would also remain ia either the up or down
position after the snimal had »nassed.

Various designs were tried out initially. The first
treadles were made of 2luminium but problems in fixing the
centre spindle made it difficult to make the treadles
balance properly. MNMild steel sheet wng then tried: spindles
made of piano wire were ezxsy to solder into position, but the
treadle wags then prohibitively heavy. This problem was

overcome by substituting L inch perspex for the steel zheet.
g
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The piano wire spindles were heat-melted into the perspex
and it was possible to obt=in nn exact balance while a1t the
sme time the overall weight was not excessive.
device was then needed which would hold the treadle

in either the "on" or "off" (up or down) position except
when the animal crossed it. The first device tested consisted
of small magnets nttached to each end of the treadles.
Corrogion due to urination couvnled with the acition of this
device being hnmpered by becoming blocked with sawdust in the
treadle compartment prevented this method proving successful.
" second and more successful device tested was 1 glass tube
attached to the side of ench trendle containing = sm-1ll steel
ball-bearing and sealed at both ends. The ball-bearing r n
dovm the tube when the tre~dle tipped and wns effective in
holding it in vpo=zition. Vorious weights of bnall-benrings
were tried and o series a2pproprinte for each treadle and each
snimal was determined.

The first switches tried were two simple contacts
placed on the floor of the trendle compartment, a copper bar
on the edge of the treadle completed the circuit as the
trendle fell. This system worked well for some time but the
contacts eventually became corroded by arcing =and 2lso
became contamirated with sawdust, faeces and urine.

External switches were then devized which used the
ball-bearing as the contact. These worked for some time

but were not relinble, due again to spark corrosion.
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Finally, mercury switches were tried which were found to

be excellent, and ovperated without breskdown for the
durantion of the experiment. This type of switch uses
tungsten electrodes and mercury as the contact, and work in
A vacuum. They were idenl since they cwitch dn and off by
tipping.

A final problem was to devise a means of preventing
the enimnl crawling under the treadle instead of over itd,
and thus reversing the trace. To do this the ~nimsl needed
either to 1lift the treadle from the front or crawl underne~th
from the side. Both were prevented by placing guards at the
entry and exit sides of the treadle, which fitted tightly
against the sides of the run.

All the csystems were designed so that they could be
e2sily removed. This was made necessary, partly to ensure
ease of replacement, but mminly to vermit easy cleaning.

The treadles aquickly became fouled with urine and fraeces as
the animals used them as territory marking points.

Automatic Monitoring Feeding nd Drinking

A method of recording feeding and drinking was devised
which utilised the fact th-t a momentary break in the
circuit from the treadle to the reccrder would produce =
single line "tick" on the trace which recorded the entry
and exit into the run.

" sm2ll diameter perspex tube was placed at the end of

loane four in such a position that the =2nimal had to go
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through it to reach the food container. The latter was
designed to carry corn nnd deliver only one or two grains at
2 time by means of a simple gravity feed system with a grain-
sized hole.

s the animal went through the tube it stepved on -
nedal which, when carrying its full weight, activated =2
micro-switch which broke the current to the pen recording
the presence of the animal in the laise in which the food
container was placed. Since this occurred as the anim=l
entered and left the container, the freaguency with which
each animal visited the food wns given by halving the
number of ticks on the trace. Visits to the water bottle
were monitored in the same way in lane three. The drinking
tube from the water bottle was inserted into the perspex
tube which also contained a pedal operated micro-switch.

Difficulty was experienced in obtaining switches which
were sensitive enough to register when the =animal stepped
on the pedal. This problem was overcome by counter-
weighting the switch on the trigger. The size of the
counter-weight used wns adjusted to correspond with the
weight of each animal. At first the activating pedal was
placed close t0o the grzin silo ~nd the water tube. This
resulted in the animal sitting on the pedal when eating and
drinking, which caused confusion since the resulting trace
on the record tape strongly resembled a short visit to the

lane. This problem w=as overcome by increasing the distance
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between the pedal =nd the tube. Problems also arose from
material such as bedding and faeces becoming lodged under
the pedal.

Investigation of the effects of disturbance and cover

The automatic unit described above was in operation
from January to August 1967. Ezarly test runs showed that
a guite regular four-hourly rhythm in the degree of activity
appeared in individuals kept in the unit. It seemed
possible that this short-term rhythm was artificially
produced by the voles reacting to the unusually uniform
conditions in the unit and might be absent in nature. It
was decided to test this hypothesis by simulating some
aspects of a more n2tural habitat.

Pirstly, in the wild, voles must be subjected to many
different stimuli, most of them irregular in their timing
sequence. In order to give the animals an environment which
nporoximated more closely to nuture, 2 form of disturbance
was arranged. The stimulus was 2 current of air simulating
a strong wind which blew for two minutes at » time down the
length of the run. This was produced by an electric fan,
which, because of its age, also supplied a certain amount of
noise. This disturbance was given every three hours. It
was therefore 2 regular stimulus lasting for two minutes.

A disturbance at random intervals would have been more natural,
but this could not be arranged with the facilities available

2t the beginning of the series of experiments. The three-
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hourly periodicity wzis chosen to prevent the vole from
relating the pre-existing four-hourly rhythm to that of the
new stimuli. The effect of introducing =nd subsequently
removing this form of disturbance was tested from January
to April 1967 inclusive.

Another aspect of the normal environment of Clethrionomys

that was not taken account of in the studies on activity by
previous workers or in the initial experiments with the
present run was the strong preference of a vole for moving
under cover. In fact areas of open ground are usually
avoided by this animal while providing excellent living

space for Apodemus sylvaticus. Trapping in Houghnll Wood

just outside Purham (Ashby 1967) showed this clearly. The
bare open run may have been rather a hostile environment
for an animal which would normally move under dense ground
vegetation.

A critical appraisal of the layout of the run and
earlier records was made, coupled with a study of the degree
of ground cover present in an area in Houghall Wood in which

the density of C. glareolus was high. The percentage cover

there was estimated using random cuadrats in each of the

two 25 metre square trapping grids and was estimated to be
65%. It was decided to place strips of brown paper over
varts of each lane so as to give this degree of cover for
the run as a2 whole. The opacity of the brown paper was such

as to 2allow the penetration of roughly the same proportion



of the light falling on it as did the leaves of the ground
vegetation in the wood. If time haéd permitted, this
experiment would have been elaborated by chrsnging the
percentage cover as occurs in nature in spring and autumn
to see the resulting effect on activity.

This experiment began in May 1967 and ran through to
August of that year. TFour voles wers used in this series
of experiments,.

Preparation of Animals for testing ian the Automatic

‘ctivity Monitoring Unit

Preliminary trials showed that considerable initial
disturbance to an individual's activity rhythm occurred on
its removal from the very constant environmental conditions
of the animz2l house to those of the experiment=al unit in the
laboratory. A smcll cage was prepared in a quist corner of the
laboratory, and the animal to be investigated was put in this
transitionnl unit in sn attempt to effect some acclimatisa-
tion to the laboratory conditions. 'The longest transition:l
veriod necessary was found to be two weeks before intro-
duction to the autometic recording unit. This period was
determined by checking results from animals placed in the
run immediately on removal from the animsl house.

Most =@nimals during the initial series of pilot
experiments found it difficult to operate the tipping treadle
systems. They reacted to the closed treadle by trying to

dig underneath it or by treating it =2s a closed entrance.
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It therefore became nececgsary to introduce each z2nimal %o
the treadle system before placing it in the run. A treadle
with mercury-switch and ball-bearing tube closing mech-nism
was set up in the acclimatisation cage between the feeding
aren and the nesting box. The vole was encouraged to cross
the trendle sever=l times to show the snimal that the unit
would tip under its weight. This introduction to the treadle
was also used to determine the size of the counterweights to
be used in the run.

Since the run was a much larger area thoen the animals
were used to in the standard lnboratory cage, it was
initially considered necessary to give each animal 2 day to
ncclimatise to the run, but it became clear from direct
obgervations that the animals required only 2 short time to
get used to the unit after ~cclimatisation to laboratory
conditions in genernl hnd occurred. There was intense
exploratory activity as in thehsmaller cnges often lasting
for 5 - 10 minutes. This did not show very strongly on the
automatic recorder since the minimum discrete period noted
on the recording tape was five minutes. ~An intense bout
of activity for fifteen minutes will show the same trace as
if the anim2l moves through the run three times, once every
five minutes. The vole could mrke many trips through the
run in each five minute veriod and only a single record be
indicated on the tape. The five minute recording unit was

chosen because of the large number of records involved, e.g.
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for the whole eight month series about 70,000 individual five
minute units had to be checked for the presence or =bsence

of activity. Had a smaller time interval been chosen, e.g.
one minute, then computer analysis would have probably been
necessary. The author would like to emphasise theat while the
unit was running, other experiments were being undertaken at
the same time, some of which do not come into this study and
the tapes were not =2n2lysed 2fter each diel cycle due to lack
of time.

Bach anim2l was introduced a2t twelve midnight to standard-
ise the time that each experiment began. The first experiment
was begun at this time and it was considered advisable to
continue the s2me procedure.

Direct Observation of Total Activity

The main reguirement was to make a unit in which the
animal could be watched while it was unaware of the observer's
presence. A cage measuring 46 x 32 x 32 cm. was constructed
consisting of a wooden box with one side revlaced by glass,
illuminated from above through a small wire mesh 1lid by
either white (tungsten) or red light.

A large expanded polystyrene box measuring 1.8 x 0.9 x 0.9
metres was built to act as light-procf container to the cage
since it was not practical to black cut the whole laboratory.
The box was open a2t one end which rested over-hinging the
edge of the bench. Its long axis was horizontal, and the

cage was placed at the closed end. A roughly semi-circular
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section was cut away from the bottom side at the oven end
to accommodate the upper vart of the observer's body. A
thick, black curtain was fastened to the top and sides of
the open end of the box, loosely, so that the observer could
tuck it round him to exclude extraneous light. Ventilation
holes were cut in the top of the box and shielded to prevent
light entering. Thus, the observer sat, with the upper half
of his body in the box, in the dark, with the cage illuminated
from the inside. Under these conditions the observer could
watch the animal through the glass side of its cage without
being seen by it. The cage contained sawdust 2.5 cm. deep,
an exercise wheel, various smnll branches about 0.5 cm. in
diameter and 2 woater point. Food was scattered in the cage
a2t random thus providing the animal with an incentive to
collect it together into 2 store.

It was suspected at the beginning of these experiments

that C. glareolus might be orimarily nocturnal in its

activity. L1t was therefore decided fo try to reverse the
diel cycle of the 2nimal so that it would be active during
the observer's day. This was done by giving the snim=l =
continuously dark period of twenty-four hours following
which altermating twelve hour light nnd twelve hour dark
periods were begun. The vole was then left undisturbed for
two weeks to settle down to its new light/dark cycle. The
time switch used was of = simple on/off type, and it w-s

not possible to incorporate 2 dawn and dusk effect in the



diel cycle. VWhen observations were commenced, the cage was
illuminated by red light during the "'dark" period of the
diel cycle on the assumption based on observations by
Cleminson (unpublished) and “outhern (1954, 1364) on the

feeding of (. glareolus that voles are insensitive to the

deeper red end of the light spectrum. Hence it was assumed
thnt the experimental animal behaved in red light =s it diad
in the dark. This made it vossible to study behaviour over
the whole of the diel cycle.

Initially, observations were hampered by the animal's
habit of building an elmborate nest sand hiding in it for
most of the time. To overcome this problem, 21l the nesting
materinl wes removed snd 2 small bottle avyproximately 7.6 cm.
long with 2 neck of 2.5 cm. diameter was placed in the cage.
Ao esmnll oamount of nesting material which the vole h=ad 2lready
used, was placed in the bottle. The vole then readily nested
in the bottle close to the glass front of the cage nnd was
auite easy to observe within it at close acuarters from
outside the cage. The meximum length of time that continuous
observation could be maintained with =an adequnte degree of
concentration was about five hours. NMany such periods
exceeded two hours.

It soon beczme clear thnt total activity would have to
be analysed into its various components to enable an
organised written record to be made. Experience in watching

individu~ls in the unit =nd in the field indicated that the



division of activity into the following twelve types could
be observed and recorded competently by the observer using
2 written record sheet.
(n) Sleep

In this state the eyes are shut, the ears ~re folded
down, the whiskers lie flat along the muzzle, and respiration
is noticeably deeper and slower than normzl. The animal ig
resistant to disturbance, responding only to ouite strong
stimuli such as loud taps on the cage, bangs outside and
the observer sneezing.

(b) Doze

This is 1light sleep with ears erect, whiskers
raised, but with respiration still f=irly slow and the eyes
closed. The animal can be awakened cuickly by slight dis-
turbnnce such as whistles, heavy bresthing and even the act
of writing with a fountain oen. It was found preferable to
use a brll-point pen when recording activity as this seemed
to cause the least disturbance. When dozing, the vole often
moves its legs As 1if walking and occasionally makes grooming
movements. It is tempting to suggest that during sleep like
this the vole mny be showing the equivalent to dreaming, i.e.
R.E. K. sleep in m~n. This may indicate that during doze the
animnl is, =2t times, much more deenly asleep than at others,
since in man =2nd other mammnls :#X.HE.M. sleep is marked by a

lowering of sensitivity to external stimuli.
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(c) Resting
The eyes are oven, ears are folded down (as opposed
to erected in doze), whiskers usually half erect, respiration

is normal. The animal is innmctive and usually rests in the

(d) Alert
In this attitude the eyes are wide open and prominent,
ears nond whiskers are fully erect, the anim~l stands high on
front toes, breathes aquickly and sniffs.
(e) Grooming
'"his includes washing, re-arrsnging fur and hunting
for parasites. 1t usually occurred in the nest, often
following sleev. The animal tended to return to the nest
even for short grooming neriods. All voles were observed to
have parasites. Fleas could be seen moving about in the fur
and occasionally mites were found attached behind the enrs.
The cheracteristic method of hunting for ectopvarasites is
to use both front paws to vart the fur in a shallow V-shape
and expose the parnsite. Fleas were not always crught, but
were always eaten when ceptured.
() Refection
This consists of eating freces. It was seen to
occur only in the nest =nd ususlly occurred just ~fter
waking. The action was juite distinct from normnl
defaecation. The faeces were t2ken directly from the =nus,

chewed nnd swallowed. They were lighter in colour than
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normsl faeces and seemed softer. The animal was occasionally
observed to drop the vellet and pick it up again.

(g) Defaecation

The animal, when defaecating when in the nest,
removed each pellet of freces from the anus as it emerged
and threw it forwards away from the nest with a characteristic
flicking upwardé movement of the head. The vole often
defaecated in this manner outside the nest.

(h) Exploration

Bach sanimal's initial exploration of a new cage was
very pronounced and took between twenty to thirty minutes.
The animal then gradually began to settle down and followed
well-used routes to different parts of the cage, often going
much further than necessary to reach an objective. The
animal preferred to move close to the side of the cage under
the branches provided. The vole was indifferent to the
exercise wheel provided perhaps due Lo the large size of
the cage.

(i) Drinking

The animal soon learned to cdrink from a glass tube
attached to a bottle. It also took condensation from the
glass or water droplets on the branclkes. Most of the food
offered was dry, hence drinking may have been more pronounced
than in the wild.

(j) Eating
Food was picked up with the teeth, transferred to



the front pzws and then chewed. During the whole time of
observation no animal was ever observed to use its fore-paws
to pick un food and then transfer it to the mouth for
chewing.
(k) Urination

It was done in ~ typical crouching attitude, tail
glightly raised, hind feet apart. In males mrorking
territories, the genital region was often rubbed in the
area to be marked. This was also observed in the wild.

(1) Nesting

This activity consists of arranging and collecting
nesting material. The material is collected in the mouth
ané carried to the nest where it is arranged by the animal
placing the material in a pile, then sitting on top of the
pile, turning round on it and making a hollow. liore materi=l
is then collected from around the nest and nulled towards the
animel. MNMales meke rather verfunctory nests, often mere
scraves in the material. Females make complex ones using
conrsematerial on the outer layers with softer materinl,
e.g. cotton wool, in the centre. These often hmve a roof
and two or three entrances and are constructed by pregnant
femiles. The juveniles which are about to be weaned show
typical nest-building activity, often adding to their

mothers nest and improving it.



RESULTS

Automatic Activity bMonitoring Unit

Eight voles were used in these 2xperiments, which
were divided into two series each of four months duration.
In the first series, lasting from January to April, an
attempt was made to discover the effect of disturbance on
any rhythm which may have developed under normal laboratory
conditions. FEach experiment losted four weeks. Iuring the
first week the animal wag left undisturbed and in each case
a four-hourly rhythm appeared.

During the next two weeks of each experiment 2 three-
hourly disturbance wes used, consisting of an air current
produced by a fan as described on Page 17. The stimulus
was removed during the final week t0o see if the short-term
activity rhythm would be re-—-instated. Figs. 1 - 4 show the
effect of this disturbance on the short term activity and
of its removal. Figs. 30 - 33 give the numericnl results
for this series.

In the second series of experiments, from K=y to August,
the effect of the nabsence and vpresence of cover was
investigrted using the technique described on Page 13. During
the first two weeks a bare run was used with no cover and
fixed food and wnter noints. This gave smple time for a
short-term rhythm to be developed. During the second two
weeks the run was provided with 657% ground cover by using

brown vaper strips ~s described on Pnge 16, »nd food was
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scattered randomly in the run to m~ke foraging necessary to
locnte it. TFigs. 5 - 8 show the effect of providing cover
on the short-term rhythm =nd Figs. 34 - 37 give the numerical
results for this series.

Fig. 3 shows the summated results for both series.
Those for all the undisturbed weeks have been combined, which
shows the four-hourly rhythm to its best advantage. The
weeks concerned are week 1 during January to April and weeks
1 =nd 2 in M~y 2and June. Tune data for weeks 2 =and 3 from
Jdonuary to April have been combined to show the effect of
disturbance. The data for weeks 3 and 4of Ly to August
have been combined to show the effect of cover.

No animal wns re-used for 2 second experiment.

Series 1 - .Effect of Disturbance

1. J ANUARY

The animal used was a male which hnd been kept for two
months in constant conditions in the animal house. It was
then given two weeks to become used to the laboratory in
the acclimatisation cage and introduced to the sautomatic
activity recording unit at 12.00 midnight on lst Janu~ry.

(2) Undisturbed Phase

The main characteristics during the first 24 hours
were as follows: For the first five minutes, no activity was
recorded then a long period of activity followed which, with
two intermissions of 20 and 10 minutes respectively, lasted

until 1.40 (see Page 141). Activity then ceased until 3.55



when ~nother session of activity of eight periods of five
minutes occurred finishing at 4.35. Activity began again at
7.25 and lested until 9.30. There were two short breaks
adding up to six five-minute periods giving = total of
nineteen active periods between these two times. Activity
next occurred from 11.30 till 12.00 and from 12.10 till
12.30., During the afternoon activity occurred from 13.45

to 14.15, 15.00 to 15.30, 15.45 to 156.25 ané then continued
with short rest periods until 18.15. The next ~nd final
activity period of the first 24 hours began at 20.25 and
ended at 20.55. An indicsation of =2 fFfour-hourly rhythm was
already appvearing, as can be seen from the diel cycle diagrams
in the apvendix (Page. 141 ).

The second doy commenced with activity from 00.00 to
00.20 (see Page 141). Purther activity periods occurred from
1.20 to 1.25, 2.10 to 3.30 2nd 4.15 to 4.45. There was =
auiescent period until 7.00 following which there was a
total of 15 five-minute activity periods in the next two
hours. ~s on the first day, the vole wnrs ngain active at
midday, this time for a total of nine five-minute periods,
but during the afternoon activity wns less intense than on
the first d=y, being recorded from 13.00 to 13.15, 14.40 to
15.05, 16.00 to 16.30 =2nd 17.3% to 18.05. A rest of one 2nd
2 half hours then occurred followed by activity from 19.40
to 20.20 and then a long rest of 3 hrs. 25 mins. until 23.45

when three nctive periods were recordad.
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On the 3rd Januvary, total activity incrensed slightly
from 91 five minute periods on the 2nd to 102 activity periods,
with activity centring around 3.00 to 4.00, 8.00 to 3.30, and
12.00 to 13.00., Then there followed a period of vrolonged
activity from 14.30 to 21.05 (s3ee Pace142). A similax
lengthy activity period occurred on the lst. At this time,
the vole seemed to be preferring to be active during the
evening period, but overall this can be seen on the graph in
Fig. 1.

On the 4th the four-hourly rhythm can be seen well in
the diel cycle dingram (see Page 142), activity centring ~round
00.00, 4.00 to 5.00, 7.00 to 3.00, 11.00 to 12.45, 16.00 to
18.00, and 20.00 to 21.00. There is still evidence here of
more nctivity in the evening but this wns diminishing in
extent; there were 29 2active periods on the 4th between 16.00
ondé 21.00 as compared with 35 periods on the 3rd.

The 5th and the 6th day also show the short-term rhythm
well, suggesting that the animal was becoming well adjusted
to the la2boratory environment and the unit. The overnll
rhythm can be seen best in the gravh on Fig. 1 which shows
the vercentage of time in each hour that the animal was
active (solid line) for lst to 7th January. Well marked
peaks at midnight, 4.00, 8.00, 12.00 =and 16.00 are present.
The increased activity of the animal Juring the evening veriod
shows the pesk at 18.00 hrs. flattening and extending to

17.00. The percentage time active alzo does not foll as low
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during the troughs at 15.00, 18.00 aad 19.00 hrs. as it did
during the morning. The micnight peak is also followed by
higher percentage activity during the trough from 1.00 to
3.00 hrs. thrn the troughs occurring during the day. This
does show that this vole chowed = preference for dusk and
nocturnal ~mctivity under the conditions in the lsaboratory at
that time.

(b) Disturbed Phase

The three-hourly disturbance was begun on the 7Tth
of the month, the first such vneriod bheing avplied at midnight
(00.00 hrs). No metivity occurred until 1.25, ~nd then nine
5-minute periods followed during the period un to 2.20. UNo
further activity then occurred until 6.10. This represents
a large drop in activity (over 50%) in compzriszon with the
previous undisturbed morning, e.g. on the 6th 20 5-minute
activity veriods were recorded from 00.00 to 6.00 hrs. The
four-hourly rhythm is no longer evicdent in the diel cycle
dingram for 7th Jonunry (see appendix), activity subsequently
occurring 2t 6.10 - 6.20, 7.20 - 7.59, 9.20 - 10.20, 12.00,
13.15 - 15.20 and 18.20 - 20,00 hrs. No period of activity
exceeded four 5-minute units and none of them ocfurred at the
times during which the stimulus was applied. The total
number of 5-minute activity veriods on the 7th were 40 as
compared with 78 activity oeriods on the 6th. This indic~ates
that the stimulus strongly affected the amount of activity as

well as its distribution over the diel cycle.
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On the Yth, 42 5-minute activity periods were recorded
and these were again grouped in a monner which showed no
short-term rhythm. They centre a2round 1.00 - 2.00, 5.00,
7.00 - 9.00 hrs. and then four short periods of activity
totalling 19 5-minute units during the period from 14.00 -
19.00 hrs. At 18.00 hrs. the vole woz out in the run when
the fan started blowing. It stayed in the run for three
5-minute units in the same lane and then returned to the
nest box and did not emerge again until 1.40 on the 9th.

The total amount of activity per diel cycle began to increase
back to the normsl level on the 9th with 57 2ctivity units
being recorded on thrnt day. This tendency continued with
octagsional lopses until the end of the disturbed phase.
Indeed, on the 16th, for example, 2 total of 74 activity
periods were recorded.

The graph of the disturbed phase in Fig. 1 shows ouite
clearly that the well established four-hourly rhythm was
disrupted during this phase as » whole, although on the 16th
there were =igne oi such a periodicity with nctivity moxima
about 24.00, 4.00, 8.00, 12.00, 16.00 and 20.00 hrs. Though
there seems to be little rhythmical activity at =21l in this
series, the vole mry have been becoming used to the disturbance
during the later stages, shown by the results for the 16th.

(c¢) Recovery Phase

On the 19th, the disturbance ceased at 00.00 hrs.

The immediate effect of its removal con be seen by referring
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to the diel cycle diegram for this dey. There were 50
5-minute nctivity veriods here, but they show a different
distribution than for the 18th. Long periods of inactivity
occurred between 5.00 =2nd 7.00, 9.00 and 13.00, and 14.00
~nd 16.00 hrs.

Throughout this week sectivity gradually increased, e.g.
on the 25th there were 82 5-minute activity periods and on
the 26th 80 5-minute activity veriods. The four-hourly
rhythm also began to re-appear with peanks centring cround
24.00 - 1.00, 3.00 - 4.00, 7.20 - 10,00, 12.00 - 13.00,
16.00 ~ 18.00 2nd 13.00 - 20.00 hrs. On the groph of § time
active in each hour (Fig. i, dotted line) the four-hourly
rhythm i3 not so definite as in the undisturbed vhase but
shows definite signs of returning. The peak at 4.00 hrs. is
shifted back to 3.00 hrs. howevér, 2ad the 12.00 =nd 20.00
hrs. peaks are rather low,.

Recording of vole 1 wrs ended on the 29th 2nd =2 new
animal introduced to the unit on February lst.

2. PFEBRUARY

4 femnle was used which proved to be pregn=nt although
the fact was not known at the time of introduction to the
run. The elaborate nest building ~ctivity produced by this
animnrl towards the end of the experiment led to an investiga-
tion into her concdition, and cshe suksequently produced a
litter. This was most unexpected since, at this time of year

femrles are not usually pregnant.
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On 21st February = power failure to the recorder due to
a faulty connection occurred for 2lmost the whole diel cycle
meking this day's tapes uueless,

(7) Undisturbed Phase

After two weeks acclimatisation to the laboratory,
the vole was introduced to the run on February lst nt
midnight (00.00 hrs.). In this individual's case the primary
short-term rhythm of four-hourly duration wns not so clearly
established before the disturbed periods begon s in the
case of the individuals tented in Jenuary, March and April.
The tapes were not nnalysed until the end of the month and
it was only then thnt the effect of its oregnancy wns noted.
On the gravh in Fig. 2, this c2n be seen as a shift of
emvhasis in 2ctivity from four-hourly veriods, seen in the
male during the undisturbed phrse in Jonuary (see Pig. 2 ) and
likewise in March and “pril (see Pigs. 3 - 4 ), to 1 series of
roughly three-hourly ones and then back to 2 four-hourly
veriod, e.g. ~ctivity veaks at 00.00, 4.00, 7.00 - 8.00,
11.00 - 12.00, 15.00 And 20.00 hrs. giving =~ periodicity of
4 hrs., 3 hrs., 3 hrs., 3 hrs., 5 hrs., "nd 4 hrs. The time
between 15.00 nnd 20.00 hrs. shows a relatively high level
of crevuscular =nd nocturnal activity in each hour.

The diel cycle disgrams for the undisturbed period show
th~t the emvohasis on evening ~=ctivity wes not constent for
each doy. For exsmple, on the lst, four-hourly periodicity
occurred from 00.00 - 1.30 hrs., 4.00 - 5,00, 7.00 - 38.20,
and 11.00 - 12.20 hrs. There was then quite extenasive

activity from 14.1% - 20.20 hras. totelling 35 5-minute periods.


file:///pril

36

On the 5th, however, a four-hourly rhythm is beginning to
appear throughout the 24 hours and from 14.00 - 20.00 hrs.

only 15 activity periods were recorded. On the 6th, 22
activity periods were recorded during the same part of the

diel cycle and the trend towards a fcur-hourly periodicity
continued though there was =till no clear minimum at 18.00 hrs.

(b) Disturbed Phase

Disturbance began on the 7th and the vole showed a
very clear reaction to this. The number of active periods
dropved to = mere 28 compared with 70 =2ctive periods for the
previous 24 hours.

On the 8th the number of =ctivity periods pegan to
increase again totalling 50 on that day and reaching 80 by
the 13th (only four diel cycles later) thus exceeding on that
day the number for the 6th, the l=st undisturbed diel cycle.
An interecting pattern of 2ctivity periods began to appear on
the 17th, they are arranged in svproximately three-hourly
groups with the pecks of activity f=lling at or just before
the time of the disturbesnce. On the 19th this is shown
particularly well. It may be that the vole was beginning to
use the disturbance a4 a timing device, but if the results
from 17th to 22nd are grouped together there 1z no definite
evidence of a three-hourly rhythm, so these may be isolated
instances of rhythmicnl =activity.

“he graph chowing the % time active per hour (Fig; 2)

chows thnt the short-term rhythm which m~y have been apvpearing
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was removed during the disturbed phaze. One peak stands out
in this graph at 17.00 hro., and a smaller one at 24.00 hrs.

(c) Recovery Phase

n the 23réd the disturbance was discontinued. The
record suggests thnt the stimulus may heve become 2n
expected event in this particular animal's activity pattern
since on the 22nd, 87 activity periods were recorded compared
with 61 on the 23rd. This shows a reduction of 26 activity
periods in one diel cycle on removal of the stimulus.

“ince the four-hourly rhythm had not fully develoved in
the first part of the experiment, it was perhavns unlikely
thnt one would be set up following the period of disturbance.
It can be seen from Fig. 2 and the diel cycles for the 23rd
to 28th Tebrunry that in fact no recognisable rhythm re-avoeared.
3. MARCH

(~) Undisturbed Phacse

The m=le usecd was introduced to the run at midnight
(00.00 hrs.) on the 1lst of Mzarch after two weeks‘acclimatiso~
tion in the laboratory. It showed a good four-hourly rhythm
from the lst to the 6th of the month (=ee Pig. 3). It was =
docile animal, and became used to the run very quickly. In
Pig. 3 the vercentage of time that this animal was active in
each hour of the diel cycle can be seen. The undisturbed
vhase is shown as a solid line. Peaks at 4.00, 8.00, 12.00,
20.00 and 24.00 hrs. =2re well shown with a smoller peck at

15.00 - 16.00 hrs.
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(b) Disturbed Phase

This phase was begun on March 7th. The introduction
of the three-hourly stimulus has a marked effect on short-
term 2ctivity rhythm of the vole. The four~hourly rhythm
broke down (broken line, Fig. 3, Page 44). During this
phase =z2ctivity veaked =2t 7.00 hrs. with small peaks at 14.00
and 19.00 hrs.

On the 7th tot~l activity dropred from 35 activity
veriods in the vprevious diel cycle tc 30 periods (see diel
cycle disgrams). On the 8th, =2ctivity began to increase to
41 activity vperiods and on thg 9th, 47 periods were recorded.
By the 14th Iinrch the effect of the zstimulus was becoming
less evident as activity periods recched 71l. Turing this
diel cycle the animal was active in every two-hourly veriod
except between 14.00 and 16.00 hrs., and 22.00 and 24.00 hrs.

By the 22nd of the month, the vole was rctive for 37
periods, 2 periods more than on the 6th karch, the diel
cycle before the disturbance began.

(¢) Recovery Phase

The three~hourly disturbance wns removed on the 23rd.
The notice=sble drop in activity from 87 periods on the 22nd
to 67 on the 23rd shows thnt the lack of stimulus did have an
effect. However, the drop in =ctivity wes not =2s marked as
in the January
Activity began to increase steadily reaching 90 periods

on 27th and the four-hourly short-term rhythm began to re-appear.
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This c¢ron be seen ~s the dotted line in Pig. 3.
4. APRLIL

(a) Undisturbed Pha:ze

A m2le w2z used an in Janusary =2nd March. 1t was
introduced to the run 2t midnight (00.00 hrs.) on fpril 1st
~fter two weeks acclimatisation in the laboratory a2z described
previously. The first weeks results show thet o good four-
hourly rhythm had develoned, (l'ig. 4, solid line). ‘'his
vole h~d = high ~ctivity level with 106 =ctivity veriods on
its second diel cycle in the run, followed by 103, 95, 96 and
89 S-minute unitse for the consecutive dnys.

(b) Tisturbed Phase

The dinturbance began =t 00.00 hrs. on the 7th. As
in the oprevious experiments the initistion of the disturbance
caused = strong chrnge in the four-hourly rhythm. Activity
dronned from 69 veriods on the 6th to 44 periods on the ‘[th.
The following dny, on the &th, there were two veriods of
activity from 24.00 hrs. on the 7th to 3.00 hrs. totslling
ten five-minute units. There were six nctivity periods from
4.45 to 5.15 hr=s. Activity wes beginning to incre=sge but not
until 18.00 hrs. on the ¥th weos the animel outzide the nest
when the fan w~s blowing. The nctivity period concerned
lasted from 13,00 to 18.05 hrs. From then on until 00.20 hrs.
on the 9th the "nimal stayed in the nest indicating perhaps
th=at it had been frightened by being caught outside the nest

during the disturbance with no cover, & in the cnne of the
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Jonunry animnl on the 8th Jonucry (see Prgeldd). On the 9th
the switch controlling the fan did not operate 2t 09.00 hrs.
~nd gave no disturbance at thmt time, ~nd then failed to
switeh off the disturbance commencing at 12.00 hra. which

ren continuously until 15.00 hrs., s cen be seen from the
diel cycle diagram for the 9th ‘“vril, this caused considerrsble
modification in activity. There wos no =ctivity »t 211l from
12.00 to 19.00 hris. on thnt day. The readings from 8.00 to
10.00 hrs., on that day nre not reliavle since one of the pens
in the recorder jammed =nd indicated =~ continuous ~ctivity.
The timing of the disturbsnces wns re-set and the recorder
repaired =t 18.00 hrs. on the 9th.

On the 10th =ctivity begrn to incrense 1gain ~fter the
strong reduction in the vprevious diel cycle. There was
considerable ~sctivity from 01.30 until 4.30 hrs., possibly
indicating incressed foranging in response to the lack of
activity in the latter half of the previous diel cycle. On
the 11th the anim=l seeﬁed to be =2gsociating its =c¢tivities
around the three-hourly disturbance until 12.00 hrs., when
there wos A massive drop in nctivity - none being recorded
until 19.30 hr>., and the subsequent activity veriod con-
gsisted of only five 5-minute activity units. This wns the
only activity recorded between 12.00 and 24.00 hrs. on the 1llth.
On the 12th, the 5-minute =ctivity periods begen to increase;
this trend continued for the next five dnys, e.g. on the 1l4th

there was a totnl of 85 activity periods.
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On the 18th the number oif S5-minute activity veriods
droovned drastic=lly to only 28 - possibly indicating that the
~nimal was unwell, although there m~y have been nn extern=al
disturbance which was not recorded.

(c) Recovery Phace

On the 19th the frn wrs discontinued sand the cycle
diagram shows a considerable change in activity distribution
for thnt day; possibly in reaction to this but a2lso to the
drop in ~ctivity during the 18th. 1 long period of exploro-
tion or foraging occurred from 03.05 to 0%.05 hrs. on the
19th. The drop in ~ctivity which occurred from 05.05 till
24.00 hrs. on the 19th (compared to records like 17th, 16th
etc.) was continued into the 20th.

The four-hourly rhythm showed definite signs of
re-~ppearance (dotted line, ¥Fig. 4), but the 20.00 hrs. penk

did not returm.
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Series 2 — Effect of Increasing Cover

This series of experiments, carried out from May to
August inclusive, was intended to determine the effects of
cover and the need to search for food, on the short-term
rhythm. At this stage no attempt wes made to differentiate
between these two factors, for example, by scattering the
food in the run with no cover provided, since this was an
attempt to make the situation in the run approximate more
closely to natural conditions.

Four voles were used in this series of experiments,
one animal for each month. Each animal was given two weeks
(14 days in May and July and 15 days in June and August) to
allow short-term rhythms to become well established. In
June and August an extra dsy was addad to the uncovered
phase by mistake. Cover, in the form of brown paper strips
laid along the run, was then provided for the remaining days
of each month and food was scattered as randomly as possible
2t irregular intervals in the uncovered portions of the run.
1. MAY

(a) Uncovered Phase

The first animal in this series was a male and was
introduced to the run at midnight on 1lst May, 1967, after
two weeks in the acclimetisation cage. During the uncovered
phase 2 good four-hourly rhythm appeared which can be seen
well in Fig. 5 (solid line), and in the diel cycle diagrams

for May in the ~2ppendix.
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(b) Covered Phase

The run was covered for this phase as described in
the Methods on Page 18, on the 15th May. The short-term
rhythm began to break down and eventually vanished (see
Fig. 5, dotted line). During the first week of the covered
phase overall activity increased, for example, there were
422 activity periods in the last week of the uncovered
phnse and 629 =ctivity periods in the first week of the
covered phase. In fact, this vole showed a2 consistent
increase in activity during the covered phase, 1,395
activity periods compared with 922 for the uncovered phase.
The difference is exaggerated since the covered phase lasted
three diel cycles longer than the uncovered, but it is still
marked, i.e. to make up the difference in activity periods
the vole would have had to have been active for about 157
periods ench dzy for three uncovered days. The numeric:l
results for May can be seen in Fig. 33.

Turing the first week of the eovered phase the vole
began to build subsidinry nests in the l-nes of the run and
during the second week it begon to spend all its time in
the run and virtually abandoned the nest box. This made
interpretation of the record tapes difficult since previously
the end of 2n activity period could be traced back to track
1 on the tape as the ~2nim:l returned to the nest box. The
problem was overcome by frequently checking which lane

contained the main nest area. This was done as carefully as
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possible in order not to disturb the vole.
2 JUNE

(2) Uncovered Phase

In June a female was used. This animal was not
pregnant. It was introduced to the run at midnight on
June lst after two weeks in the acclimatisation cage. A
good four-hourly rhythm sppeared during the first fifteen
days =8 can be seen in Fig. 6 (solid line). The build up
of this rhythm can be seen from the diel cycle diagrams
for June in the appendix and also from the numerical results
for June (Fig. 35). For example, on the lst activity peaked
2t 00.00 hrs., 3.00 hrs., £.00 hrs., 12.00 hrs., 16.00 hrs.,
and 20.00 hrs. During the uncovered ph=ase there was 2
sm2ll additional sctivity peak at 10.00 hrs.

(b) Covered Phase

ts in the previous experiment during this phase,

the four-hourly rhythm eventu»lly disappeared (see Fig. 6,
dotted line), for example, on 16th (the first covered diel
cycle), activity pe=ks were 2t 00.00 hrs., 4.00 hrs., 7.00
hrs., 11.00 - 13,00 hrs.,, 16.00 hrs., and 19.00 hrs. 3By
the 30th the vole was most active 2t 1.00 hrs., 5.00 hrs.,
11.00 hrs., and 16.00 hrs. (see Fig. 35 and diel cycle
di~grams), showing no definite rhythmical activity.

During the covered phase overall activity increased
during the early morning =nd at mid-day, and was reduced in

the afternoon, i.e. from 3.00 hrs. to 6.00 hrs during the
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uncovered phase 187 activity periods were recorded, compared
with 266 activity periods for the same period during the
covered phase. At mid-day, from 11.00 hrs. to 13.00 hrs.,
there were 128 activity periods during the uncovered phase
and 199 during the covered phase. Both these sets of figures
show 2 definite increase in activity at these times during
the covered phase. The reason for the increase is difficult
to deduce from the evidence available. However, in the

last two weeks of June, & period of hot weather caused the
overall temperature in the laboratory to increase during the
afternoon which may have caused a drop in the vole's activity
at this time.

As in the first experiment (May) of this series, overall
activity increased in the covered phase to 1376 activity
veriods from 1045 in the uncovered phase.

3. JULY

(a) Uncovered Phase

In July another male was used. The procedure for
introdustion and acclimatisation was the same as described
in the previous experiments. During the uncovered phase an
excellent four-hourly rhythm developed as can be seen from
Fig. 7 (s0lid line). Its development can be seen from
Fig. 36 and the diel cycle diagrams for July. For example,
on the 1lst, activity peaked at 00.00 hrs., 4.00 hrs., 10.00
hrs., 12.00 hrs., and 16.00 - 17.00 hrs. By the 1l4th, the

last day of the uncovered phase activity peaked at 00.00 hrs.,
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Summated Results for Automatic Recordings

In Fig. 9 the summated results of the whole eight
months' recordings are shown. The s0lid line shows the
four-hourly rhythm for all the eight animals from January
to August. The broken line is the total of the four
months' recording (January to April) showing the effect of
the three-hourly disturbances. The dotted line is the
summated results from the covered phases from May to August.

From Fig. 9 it can be seen that, while the four-hourly
rhythm is well-marked in the undisturbed phase it is not
shown at all clearly in the disturbed phase, a2lthough in
the latter series there is = suggestion of three peaks a2t
midnight, 7.05 to 8.00 hrs., and 17.00 hrs. respectively.

It might be suggested that the laost two results may indicate
a dawn and dusk activity peak during the disturbed phase,
but the short-term rhythm did not change with the photo-
period or the time of dawn and dusk. This lack of effect is
most interesting and will be discussed more fully in the
Discussion on Page115.

During the disturbed phases as shown in PFigs. 1 - 4,
the four-hourly rhythm did not appear. However, in the
graph of the summated results, Fig. 9, there may be a
suggestion that it wns damped down rather than removed
completely. Co-incident penks in Fig. 9 nare at 00.00 hrs.,
7.00 to 8.00 hrs., and 16.00 to 17.00 hrs., small peaks
can be seen 2also 2t 4.00 hrs., 11.00 hrs., and 20.00 hrs.
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in the graph of the disturbed phase. Thus the short-term
rhythm may have been modified by the disturbances which
occurred every three hours.

For example, after the 00.00 hrs. disturbance, activity
dropped to a low point at 1.00 hrs. and began to rise at
2.00 hrs. The graph is lowered again at 3.00 hrs. in
association with the disturbance. At 4.00 hrs. activity
rose a little (by 2%) but did not reach the same level of
activity as the 4.00 hrs. peak during the undisturbed phase.
Activity continued to rise 2t 5.00 hrs. and was not affected
by the 6.00 hrs. disturbance =2s much as that at 3.00 hrs.
Possibly dawn acted as a stronger stimulus to incre=ase
activity than the dampening effect of the disturbance. At
7.00 hrs. activity began to fall agsin and the drop continued
at 8.00 hrs., missing the 8.00 hrs. peak seen in the
undisturbed phase. The 9.00 hrs. disturbance is associated
with a drop in activity. At 10.00 hrs. activity began to
increase again and then dropped again at 11.00 hrs. Despite
the disturbance at 12.00 hrs. the graph begins to rise
again, =activity increassed possibly because it had been
reduced so much previously that the animsls were forced to
leave the nest to feed and drink more often. Activity
slowly incrensed between 13.00 znd 17.00 hrs., but the
16.00 hrs. peak (equivalent to thmt of the undisturbed phase)
did not appe=r, it was moved to 17.00 hrs., and overall

activity was definitely lower. After 17.00 hrs. there is
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another drop in activity to 18.00 hrs. where the disturbance
probably reduced the rise in activity which would have
occurred in the undisturbed phase by 5%. Activity at

20.00 hrs. was much lower in the disturbed phase by a factor
of _17% and began to drop 2gain. The 21.00 hrs. disturbsonce
vushed activity down again and it resached its lowest point
at 23.00 hrs. During 23.00 to 00.00 hrs. activity increased
again possibly a2 feeding response to the lack of activity at
20.00 hrs.

In addition to changing the short-term rhythm, the
disturbances caused an actual cepression in the total
activity during the disturbed phase. During this phase the
animal was only 87.5% as active as in the undisturbed phase.

In view of the effect of the disturbances it might be
suggested the regular four-hourly rhythm shown in the
undisturbed phases was, in fact, 3 feeding rhythm which
showed a "hunting" periodicity, i.e. the animal was forced
out to feed and drink in the "hostile" environment of the
uncovered run at regular intervals associnted with hunger
and thirst.

Thig interpretation of the first series of experiments
is supported by the results of the second series using a
covered run. Here the "environment" in the run approximated
more closely to that found under n=atural conditions. The
summated results of the covered phases are shovm as the

dotted line in Fig. 9. Prom this graph it can be seen that
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activity in the covered run seems to have been uniform over
the whole diel cycle. Overall activity varied by only 8%

per hour. The highest percentage time active per hour was.
30% at 7.00 hrs. while the lowest was 22% at 14.00 hrs. No

short-term rhythm is immediately discernible from this

series.
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Direct Observation Experiments

In this seriez, three male voles were used. Two of
these »nimals were used only in initial trials designed to
test the cpparatus and to work out the series of activities
which would be possible for o eingle observer to handle using
a written record sheet. The results given are from the third
animal which was observed in light and dark periods of twelve
hours duration.

Each activity was, of necessity, a widely based one and
could have been further divided into several aspects. For
example, grooming could have been divided into washing,
scratching, fur arranging and parasite crtching. In fact,
the inactive phase of resting in the nest was further sub-
divided into three separ=te ph~ses, sleep, doze and rest.
These phases were chosen becsuse they obviously described
different states of resting in »11 three ~nimnals. Eoch
strte olayed °n importent part in the total activity and
showed ~ significant vercentage time gvnent in the nest.

The vole w~s observed in the light on nine sevarnte
occasions making 2 total of 21 hrs. 55 minutes observation
between li~y 4th 1967 =2nd lay 26th 1967. The animal was
observed in the dark also dn nine =zevparate occasions for n
totnl of 24 hrs. 50.5 minutes between liny 28th 1967 and
June 14th 1967. The numericrl results for this series of

experiments cnn be seen in Mig. 38.
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Length of Continuous periods engaged in one activity

The graphs in ¥Figs. 10 - 16 (Pages 71 - 77 ) show the
dietribution of the length of observed activity periods. The
modal value for the length of time that any given activity
lasted was one to two minutes, in all cases excent sleevn and
doze where a2 second veak occurred at six minutes. A combined
graph of these two activities ie given in Pig. 12 . The
veaks are much flatter then in doze or sleevn and the height
of the main peak is much lower which could be an indication
thet deev and light sleep alternate.

Rest (Fi~s. 13 ) has a veak 2t one minute and the granh
shows a small peak at four minutes. Alert, 2= might be
expected, is a chort-term nctivity 2rd lrsted usually for
only one minute, the tril of ths curve (Fig. 14 ) is very
cshort. Grooming 2lso tended to be » short-term activity of
one to two minutes. Exnlore usually took between one to two
minutes, but the animal wns in such 2 restricted environment
that the results cannot reclly be used 2¢ an indication of
normal behaviour patterms. DIrink, eat and nest were also
cshort-texrm ceauences lasting between one andéd two minutes.

The longest neriod for any activity was recorded during
sleevp, a period of 10 minutes. The longect veriods for each
activity were as follows: doze 8 minutecs, rest 9 minutes,
alert 4 minutes, groom 6 minutec, explore 3 minutes, eat
3 minutes and nest 2 minutes.

Drink, urination, defnecation and refection were guch
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short activities that lengths of time for them would hrve
been measured in seconds rather than minuter and were noted
simnly 2o events, for examvle, the vercentage total time
soent in theze activities were as follows: drink 1.217%,
urination 1.97 %, defaecate 2.58%, and refection 2.31 7. The
numericel resulte for this series of direct observation
experiments in given in I"ig. 38.

A statistical treatment of the results of the direct
observation experiments is given in the appendix (Prge 123 )
which strongly indicates that the figures given above ~re
not due to chsnce. Therefore it would =eem valid to 2ssume

that C. glareolus tends to show chort bursts of activity

rather than prolonged neriods of activity.

The greater v»~rt of each pericd of obeervation showed
the vole either =sleep or resting, no difference between
light ~nd dark was observed. Overall pnercentege brenkdown
of sctivitiens wos as follows:

Teen sleen (much slowed respirmtior., vibrissae 297

and ears flat)

Light sleev (slowed respiration, vibrissae 2nd 147
ears erect)

Resting (eves ovnen, respiration normnl) 197

Alert 107

Grooming 137

Feeding, exploration 157%

It can be seen from the ~bove results that activities



which could be “ecorded above ground mede up only 38% of the
total ~ctivity spectrum. 627 of the total r~ctivity studied
occurred in the ne=t, e.g. =gleeving ~né resting. Indeed,
grooming which took up 13 of the total often occurred in
the nest n~lso, thus, the totnl percentage of nossible above-
ground activities may hrve been lower.

Relationshiv of Activities to one another (Figs.l7 = 28)

Using the resulte from direct observotion, it is possible
to produce = nicture of relstionships between ench ~ctivity.
Pigs. 17 - 23 show the percentnge frequency that other
nctivities followed » given activity. It must be emphasicsed
that this data wne obtained from one animal watched on 18
sennrnte occasions for different lengths of time, in light
and dork from 4th May 1967 to 14th June 1367. The =uthor
would hesitate to suggest that these figures =re typical for
the species as » whole, but personal observation of smnll
memmal =ctivity by the ~uthor supports their validity.

After sleeping (Pig. 17), grooming occurred most often
followed by alert ~nd doze which were slightly less usunl.

After doze (Fig.ld ) the 2nimel wes most likely to sleepb,
then either ~lert or groom followed by rest.

After recting (Fig. 19 ), it might be expnected that
sleep/doze would be the most frecuent nctivity. In fect,
grooming wns moat freaquent with rlert ~nd explore following
closely in that order, sleen coming only fourth in the series.

After 2lert (Fig. 20) sleen wos most common followed by
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oze ~né groom,
After grooming (Fig. 21) activities were evenly

dictributed. Alert wss mont freguent by 1% only, followed
by e~t, sleen, doze &nd rest, =1l -t the =eme frequency.

After defrecation (Fig. 22) refection occurred most
often with doze, ~lert, sleen anc ne=st following in that
oxrder.

After explore (¥ig. 23 ) rest was most common followed by
groom, then cleep.

Drinking (Fig. 24 ) was followed by rest, then alert, and
then doze and groom eaqurlly.

ATter eating (Fig. 25) sleev was most common followed
by rest then ~lert, groom ~nd explore.

The pattern =fter urination (Pig. 26) was most interesting.
Rest wres most frecuent with slee> =2 close second. There is
then 2 large droo to doze and groom 2t 10%, while explore
comes next.

Nesting (Fig. 27) was followed by =2lert, sleep ~nd groom
on the same frenruency, with rest, eat ~nd exnlore only 2%
below these.,

As might be expected grooming wos the most frequent
nctivity after refection (Pig. 28 ) with alert, sleeo nndé
nest ~n egusl third.

Comparison of Behaviour in Light and Dark

In Tig. 23 the relative totrl time cpent in emch

2

activity in light =nd dark veriocds ig¢ chown. The numerical



results from this experiment c-n be seen in Fig.3® . As cen
be seen from both these figures =ctivity in light ~nd dark
seems virtunrlly the same. A statistical treatment of these
results igs given on Page 138 in the apnendix =nd indicates
that there iz no significant difference between the two
resulte.

The times during which this vole wee observed hacd to
be choren to fit in with other work which wns being under-
taken =2t the time »nd, therefore, no ~ttempt coulé have been
made to mrke regulsr observations. However, the observations
were arrrnged, as far no w2s nossible, to cover 21l varts of
the light =-nd d-rk periode, =1 some time. It is
imposesible to relate these renults to davm 2nd¢ cdusk =ince

no provision for this effect wes incoroorated in the egquipment.
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TOTAL TIME IN EACH ACTIVITY

= LIGHT
MAY ALERT  SLEEP DOZE GROOM REFT. REST DRINK EAT URINATE DEFAECATE EXPLORE NEST _ TOTAL
4th 8.5 33 2 10.5 2 14 5 6 3 2 7 8 101
9th 11 50 11 9 4 7 1 2 2 3 5 3 108
10th 27 62.5 39 46.5 4 48 0 11 7 12 24 6 287
12th 13 18 16 12.5 3 18 3 5 3 4 12.5 3 111
17th 29 74 33 20 6 14 0 5 1 4 7 1 194
oond  11.5 31 4 5 2 14 1 4 1 0 3.5 1 78
23rd  11.25  36.5 24 23.25 3 29 4 3 1 4 10 1 150
25th  10.5 18.5 28.5 13.5 4 63.5 1 9 4 3 13.5 3 172
26th 14 19 15.5 13 2.5 17 1 8 4 2 15 3 114
~ TOTAL 135.75 342.5 173 153.25 30.5 224.5 16 53 26 34 97-5 29 3315
% 10.32 26.04 13.15 11.65 2.31 17.07 1.21 4.03 1.97 2.58 7 .41 2.20
DARK
28th 25 59 31 41 3 56 2 13 6 10 28 7 281
30th 7 29 1 13 2 10 4 5 2 2 6 1 P
JUNE
ond 11 20 19 10 2 17 1 7 4 3 8 0 102
4¢h 21 66 25 12 5 10 1 9 3 4 10 1 167
5th  10.25 25,5 20.25 18 6.5 10 3 8 7 5 12 3 128.5
7th 13 20 16.5 12.5 3 19 3 6 4 5 13 2 117
9th 29 73 32 19 5 13 1 4 1 3 6 1 187
12th 9 17 27 12 3 62 1 8 5 2 12 1 159
14th 26 61 38 45 3 47 0 10 5 9 17 6 267
TOTAL 151.25 370.5 209.75 182.5 32.5 244 16 70 37 43 112 22 1490.5
% 10.14  24.85 14.07 12,24 2.18 16.37 1.07 4.69 2.48 2.88 7.51 1.47




33

e,

100

SUMMATED RESULTS

UNDISTURBED HOURS B.S.T.
MONTH 24 1 2 3 4 5 6 7 8 9 10 11
JAN 44.4 40.2 15.4 29.1 51.3 16.6 6.9 27.7 6l.1 36.1 6.9 4l .6
37.1 22,7 28.7 30,3 26.2 7.5 10.6 32.2 43,9 28,7 10.6 18.1
FEB 43 37.5 16.6 43 61 16,6 9.7 52.7 54,1 23.6 12,5 32,5
41.¢6 20.8 22.2 36.1 16.6 18 26.3 6l.1 48,6 30.5 19.4 33.3
MARGCH 43 31.9 19.4 29.1 38.8 2643 8.3 47,2 59.7 18 8.3 25
38.3 28,3 15 39.1 40,8 24,1 18.3 36,6 47.5 14.8 15 26.6
APRIL 48.4 43 20.8 45,8 58.3 13.8 4 40,2 66.6 26.3 19.4 45.8
o 44,4 27.3 9.2 l4.6 32.4 25 7.4 47,2 34.2 2.2 12.9 49
MAY 38.4 11.2 20.5 41 39.1 10.2 17.3 29.4 30.7 13.4 29.4 30.1
JUNE 38.8 9.4 16.6 33.8 46,6 12,2 11.1 19.4 32.7 16.1 28.8 21.1
JULY 36.3 11.9 6.5 17.8 40,5 19 11.9 13.6 30.3 14,8 13 13.6
AUG 31.1 16.1 10 15 30 16,1 11,6 17.7 36.1 17.2 9.4 17.7
TOTAL 40.4 24.9 17.1 31,2 39.9 17.1 11.9 35.4 45.5 21.4 15.5 29.1
DISTURBED
JAN 37.1 22.7 28.7 30.3 24.2 7.5 10,5 32.5 23,9 28.7 10.6 18.1
FEB 29.4 21,1 27.7 19.4 19.4 26,1 22,7 31.5 52,7 17.7 12.2 28,8
MARCH 22 25 23.2 21.4 23.2 19 17.8 38.8 22 18.4 19,6 10,7
APRIL 34.5 2545 30.3 22 29.7 8.9 22 29.1 26.1 16,6 20.2 22,5
TOTAL 30.8 23.5 27.5 23.3 24.1 15.4 18.3 33 31.2 20.4 15,7 20,1
GROUND COVER ADDED
MAY 34.8 32.3 28.9 24 36.7 29.9 23 31.3 34.3 34.8 26.9 20.5
JUNE 28.8 31,5 32.2 3l.1 38.3 47,2 31l.1 36.1 36.1 31.1 41,6 45,5
JULY 24.4 26,5 30.2 19.7 22.9 23.4 23.9 25 30.7 29.6 21,3 12.7
}C@ M@n@ leﬁtmv NHOO NH..O Hw HQO\N ‘.“NOOU M.N.N MOOO “—rh..b. N&Ow HAQ»
TOTAL 28.7 28 29.4 25.2 28,2 29.5 24.6 29.9 30.4 27,5 28.3 25
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SUMMATED RESULTS

UNDISTURBED HOURS B.S.T.
MONTH 12 13 14 15 16 17 18 19 20 21 22 2
JAN 48.5 9.7 25 27,7 47,2 44,4 16.6 23.5 51.3 11.1 1.3 16
25.7 18.1 15.9 19.6 34 43,1 31. 15.9 24,2 21.9 9 9
FEB 33.3 13.8 19.4 41.6 28.8 30.5 23.5 31.9 38.8 18 15,2 13
18 4,1 15.2 18 20,8 37,5 38.8 2.7 33.3 27.7 16,1 4
MARGH 51,3 9.7 18 27.1 29.1 22.6 22.2 33.3 51.3 11.1 12,5 9
60.8 3.8 19.1 35.8 39.1 16.6 23.3 28,3 34.1 20 16.6 S
APRIL 51.3 4,1 33.3 34,7 58.3 20.8 18 50 55.5 15,2 6.9 26.3
33.3 11,1 9.2 36.1 43.%5 20.13 16.6 16.6 9.2 12.9 7.4 4.6
JUNE 42,7 7.2 12,7 24.4 38.4 16.6 18.8 35.5 43.8 23.3 10 22,7
JULY 34.5 16.6 7.1 16 35.7 17.8 20.2 11.9 36.9 14.8 10.7 17.2
AUG 41 .6 19.4 17.2 24.4 33.8 15 12,7 15 37.7 12,2 8.8 17.2
TOTAL 39.5 10.9 17.4 27.8 37.5 24,8 21.3 25.3 38.2 15.3 10.2 13.8
DISTURBED
JAN 25.7 18,1 15.9 19.6 34. 43,1 31 15.9 24,2 21.9 9 9.8
FEB 12,7 15.5 20 14,4 19.4 43.3 17.7 15 28.3 15,5 11.5 2.7
MARCH 9.5 25.5 15.4 11.3 17.2 16 20.8 28.5 16 15.4 10.1 2.3
APRIL 10,1 18.4 10.7 19 15.4 16,6 8.9 26,7 2.6  16.6 12,5 13,6
TOTAL 14,5 19.4 15,5 16.1 21.5 2.8 19.6 21.5 22.8 17.4 10.8 7.1
GROUND COVER ADDED
MAY 32.3 28.4 23 30.3 24 26.4 26.4 23.5 33.8 33.3 27.4 22,5
JUNE 30.5 34.4 22,2 23.8 21.1 16.1 36.6 31.1 23.8 32.7 36.6 26.1
JULY 14 32,2 19,2 28.6 18,2 27.6 29.6 25 23.4 26.5 18.7 16.6
AUG 18.3 13,8 23.3 22.2 30 24.4 20.5 16.6 16.6 23 19.4 25
TOTAL 23.8 27.2 21,9 26.2 23.3 23.6 28,3 24 24,4 29.4 25.5 22.5
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DISCUSSION

The results from the Automatic \ctivity IRecorder

described here show that the C. gl~reolus used, under

normal cage conditions, develoned = definite rhythmical
behaviour vattern of sporoximately four-hourliy veriodicity.
The occurrence of short-term rhythmical zsctivity hos been
reported previously in mony species of sm~ll mammals.

Crowecroft (1354) demonstrated such rhythms in Sorex nraneus

and “orex minutus. ‘mong the Cricetid~e, killer (L9Y5%),

“t, Girons (1960, 6l) and “tebbins (1968) found that

Clethrionomys did show rhythmical behaviour while Lavis

{L335) ~nd Hadfield (1340) demonstr=ted the same in MNicrotus.

“outhern (1954) working on MNus musculus and Grodzinsky (1963)

on Apodemus agrarius were able to demonstreate rhythms in lMuridco.

The oresent series of exveriments wrs deszignec to
discover whether the rhythm shovn by the tezt 2nimals in the
loboratory wre ~ netural resvonse or whether they were
rercting to nabnormally uniforn l=boratory condition:s. Having
eatnbliched n vell-defined four-hourly rhythm in the
~utom~tic recording unit (-~ rhythm built uvp over three week:'
labor~tory acclimatization), the chort three-~hourly dictur-
bance ouickly destroyed it.

This would =eem to indie~te th-t, in the wild, natur-l
disturbance: would quite easily remove any short-term
neriodic behnviour. I'or examole, occurrences like strong

winds, presence of opredntors, he~vy rain and freezing
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conditions must »ffect the hehaviour nrtterns of small
mamm~ls. This does not mean that more. definite diurnnl
rhythms geared to dawn and dusk =re rnot present in the wild in
some species, but it does indicate thot short-term rhythms
described from laboratory exveriments may not =2poe~r in wild
population=. The dawn ~ncé¢ dusk 2ctivity veaks are well shown
from trmopning =»nd tracking results in, for ex~mvle, ~Apodemus

and Pevomyscus, which rnrely seem to come =2bove ground during

daylight (Brown 1956, “outhern 1964, F~lls 1963). In the wild

it seems thnt Apodemus sp. ~né¢ Peromyscus sp. have = diet

richer in protein ~nc¢ fat than Clethrionomys ~nd licrotus, and

feed he~vily on e.g. incects and other arthropods. 1t may then
be nosgible for swecies exploiting such 2 diet, for examnle,

Mus musculus and Peromyscus maniculetus to survive without

food during the hours of doylight; though there is some
indicntion that Apodemus burrow: ofsen contain food stores
(Cleminson, versonal communic~tion). Cleminson =21s0 demonstrnted
using time l=pse vhotography that “podemus did not emerge from
the nest in the lnborstory during d=ylight hours (eight hours
light, sixteen hours dark, no dusk or d~wn effect), o~nd
therefore chowed no ~hort-term rhythm associ~ted with feeding.
He vpresumes thnt =ny erting during daylight mucst be
limited to refection since the individusls studied did not
store tood in the nest. te did have visual (photographic)
evidence of refection, but could not separate this from

grooming. In Clethrionomys, during the direct observation
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experiments, the author was able to observe refection closely
and it has since been noted in a breeding colony of Apodemus
obtained from the South of France. In the past, it has been
noted that other species may, 2s an sbnormality, practice
coprophagy in captivity, for example gorillas and chimpanzees.
However, a growing amount of evidence is appearing which
indicates that not only rabbits (Kulwick, Roman , Struglia
and Pearson, 1953) but many rodents depend on refection to
provide vitamins. Sharkey (1971) compared the effect of
feeding rabbits and guinea pigs (both prevented from refecting)
on fresh lucerne. The rabbits survived indefinitely but the
guinea pigs survived for short periods only. Earlier
experiments by Hintz (1969) showed that the prevention of
refection in guinea pigs decreased the apparent digestibility
of dxry m-tter, organic matter, crude protein, ether extract
and acid detergent fiber when these rodents were fed on
31falfa meal or a semi-purified diet. Faeces from semi-
purified diet animals were analysed for eight minerals using
mass spectroscopy and showed zn increase of minerals in
faeces compared with animals allowed to practice coprophagy.
Hintz therefore suggests that refection is important in the
utilising of nutrients by rodents and should be considered in
any digestion trial. Stillings and Hackler (1966) studied the
effect of refection on protein utilisation in the laboratory
rat. In =2 metabolic study in which male weanling rats

consumed 5 g. daily of diets containing 10% protein, the
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nrevention of refection decreased nitrogen absorption and
increased urinary nitrogen excretion and metabolic faecal
nitrogen. In a growth study in which rats were given diets
containing 10% protein with no restriction on amount of food
provided, prevention of refection gave lower protein
efficiency ratios =nd weight gains, but h:d little effect on
food intsake.

It seems, therefore, that refection in Clethrionomys

may be present under natural conditions, but more detailed
work needs to be carried out on refection in small mamma

species. TFor species like Clethrionomys with their bulky

diet of foli-ge, berries, etc., it may be necessary for them
to forage more often than Apodemus 2nd refection may play »
smnller part in their dietary requirements.

In the first series of experiments, from January to
April, the uncovered run mny have been 7 rather "hostile"
environment for the voles and the four-hourly rhythm could
hasve been a regular feeding activity disrupted by a strong
stimulus as mentioned in the summated results section (Page b2 ).
When the run w=g covered to aporoximate more closely to
natural conditions and grain was scattered randomly in the
run to produce the need for foraging as the vole would have
had to do in the wild, then the rhythm broke down. Soon the
animal began to store food and ceased to use the run merely
as corridors between nest and food boxes,indeed, after a few

days, subsidiary nests were built in the corridors near to
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some of the food stores. Both sets of experiments would seem
to indicate that short-term rhythmical activity may be unusu=l
in the wild. The need to collect anc store food, mnke nests
and become involved in socizl interactions means that the
animal will respond to many non-rhythmical stimuli during the
diel cycle.

A failing of most activity recording apparatus is that
it seldom records anything but feeding or occasionally
movement (Ashby 1972). For example, what were the voles doing
when they were '"inactive" =ccording to the automatic recording?
There are many aspects of the life of small mammals which can
only be studied by visual ohservation over & prolonged period
or by very sophisticated equipment linked to = computer to
analyse the data. The second series of experiments using
direct observation showed that the vole studied was seldom
"inactive", though it may not have been actively moving about
the cage. This fact could not have been more than guessed
2t except by direct observation. The technigues used in the
direct observation experiments were similnar in principle to
those used by Crowcroft (1966) to study social interactions
in the house mouse. A percentage breakdown of activities
has been given in the results section. About 60% of every
diel cycle was spent immobile and asleep and resting and 35%
of the total was spent in activities which could have either
been seen above ground or deduced by trapoving. The vole

studied in these direct observation experiments was in a
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restricted environment compared with that found in the “run'
and in the wild. The cage was small, food was readily
available and there was no need for prolbnged explorations
or foraging activity, hence resting (eyes open, respiration
normal) may not be as important in the wild. A falr
proportion of the 19% total for this nctivity should be
perhaps transferred to feeding/exploration under natural
conditions. It must be emphasised that, though the vole is
in its burrow or nest, it is not necegsarily inactive, and
also that doze/sleep which is the only period of time of
inactivity rarely occupies as much as fifteen minutes
consecutively. It is rare for any other activity to last
more than five minutes continuously. One minute is the modal
period shown in the observed activity graphs.

The condition of the fur in smell mammals is vital to
their health, hence the 13% of the time spent in grooming.

In svecies like Clethrionomys which spend lengthy periods

underground in damp burrows nd forsge extensively in leaf-
litter, etc., the fur could rapidly become dirty and matted
with earth and vegetable refuse, which would impair its
efficiency as an insulator. rrooming also can help to remove
ecto-parasites such as flens, lice and mites.

It is interesting to note thnt the relative total time
spent in each activity shows virtually no difference between
the light and dark periods. This may not be a2 true reflection

of normal behaviour since the results are so uniform. However,
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the red filter used during the dark veriods wos the same as
that employed by Cleminson. This filter was the only one
immediztely available at the time, and it had proved
satisfactory in Cleminson's experiments, which would seem
to rule out the possibility that the vole was registering

daylight. “outhern (1964) has indicated that C. glareolus

does not respond to light in the deerer red end of the
spectrum. If the behaviour of the vole studied was typical

then it would indicate in uniform conditions C. glareolus

may hnve the same activity spectrum during day and night,
though once agnrin, the extremely restricted conditions in
which the animal was observed make it difficult to be sure
that these results apply in wild populations. In any case,
the lability of diel =ctivity patterns in small mammals may
be much greater than earlier restricted laboratory studies
with restricted cages have shown. For example, Grodzinsky

(1963) has shown that Microtus agrestis and C. glareolus

h~ve ratios of activity between day =and night which vary with
season. He suggests thot they are mainly nocturnal in summer
and diurnal in winter and spring. He also considers that
there may be more short-term activity periods per diel cycle
in winter thon summer possibly correlated with increased need
to obtain food to maintain body he:t during the cold weather.

He noted that in Apodemus agrarius,when living on a bulky

diet, total activity per diel cycle increased and three

nocturnal activity peaks were present instead of one when the



109

animal was fed on a concentrated diet during a2 nine or ten
hour night. Thus the composition of diet is another factor
which can affect short term rhythm in small mammals.

Long term, ie. dawn and dusk, rhythms can also be sur-
prisingly variable. This variation has been admirably

demonstrated by recent work on water voles, Arvicola terrestris.

Southern (1964) and Stoddart (1963) found th=at the populations
that they studied were mainly diurnal. But Ashby, Harling

and Whiles (1969) using visual obsexrvations of a population
in 0l1d Durham Beck, near Durham, have shown an almost constant
level of activity throughout the diel cycle during the late
spring and early summer. Later studies at the same time of
year by Creasy, Duckett and Ashby (unpublished) on other vole
habitats on the river gave even more divergent results.
Initinlly, the Hiver Wear, a few hundred yards from the
previous study area, was w2tched by Ashby on a succession of
evenings. No activity was recorded. Using a tracking
technigue Creasy and Duckett then studied the area concerned
over periods of 24 hours. They used the extent of footprints
mnde by Arvicola as an index of activity. This technique
involved recording the number of sites visited by Arvicola,
the proportion of each site walked over and the intensity of
footprinting. Four trials were carried out during a three
week period in which the mud at 50 sites was examined and

then smoothed over at four-hourly intervals. The activity

recorded was concentrated in the period from 22.00 to 06.00
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hrs. A parallel study on a small side stream some distance
away again showed more nocturnal and crepuscular activity

than diurnal and the most intense activity was recorded before
midnight.

Tueckett (unpublished) also accompanied this field study
by 2 laboratory study carried out in spring and summer on
8ix males and two females using a modification of the
automatic recording unit described in this thesis. During
the spring normal seasonal increase in daylength was used.

In midsummer daylength was reduced from 16 hours to 12 hours
and zgain to 8 hours. The timeswitch used provided a dawn
and dusk effect and a2 few days acclimatisation were allowed
after each change before activity records were made.

In Maréh, the degree of nctivity by day and night was
almost the same. With normal daylength, in summer activity
was higher in darkness by =bout 75%, but with reduced day-
length the distinction between nocturnal and diurnal activity
was reduced but not removed. Synchronous peaks of activity
were shown in a colony kept in separate runs, five peaks were
present in 24 hours using 12 hours and 16 hours of daylight
and four using 8 hours daylength. No differences between
sexes were apparent in this study.

These results show clearly that the diel activity patternms
of the water vole can vary considerably in the field and it
can also vary in the laboratory depending on the conditions

provided. Ashby (personal communication, 1972) considers that
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disturbance may be a factor in the difference between activity
on the River Wear and the other sites, but that it could not
be completely responsible. He suggests that the amount of
cover available along the water courses (thicker cover on the
side streams) may account for the high degree of diurnal
activity. Vincent (unpublished) in 2 more recent study near
Durham concluded that the factors controlling activity
patterns in Arvicola are complex and that the activity

pattern is highly labile and variable. These conclusions may

also apply to the activity patterns in Clethrionomys in view

of the results described here using the automatic activity
monitoring unit during the months from May to August, where
cover was provided. In this series of experiments rhythmical
activity was removed when more “"natural" conditions (cover
and food foraging) were provided instead of an open run. It
is clear from Figs. 5 - 8 that diurnal activity and nocturnal
activity were nearly the same =2nd during the direct observa-
tion experiment the vole used also showed almost the same
activity pattern during light and dark periods (Fig. 29 ).

Work by St. Girons (1960) found that in the six

C. glareolus males subjected to normel lighting and daily

temperature variation which she studied, a short-term rhythm
of two to three hourly periodicity appeared. This was

unaffected by seasonal variation of either factors mentioned
above, daylength or temperature, This result is interesting

in that throughout the author's series of experiments usin
& g



the run, the short-term rhythm was also unaffected by the
photoperiod or time of dawn and dusk.

However, Grodzinski (1963) hns pointed out that diurnal
and nocturnal ratios of activity in sm=2ll rodents can vary
markedly with seasonal changes. He considers that Microtus

agrestis and Clethrionomys glareolus have been shown to be

mainly nocturnal in summer and diurnsl during the rest of the
year, thnt there are more short-term activity periods per 24
hours in winter (8 ~ 10) than in sumner (5 - 7), that overali
sctivity is greater in winter thon in summer and that males
are more active than females. The last conclusion may
indicate that more females should have been used in the
author's exveriments. Grodzinski also noted that diet can

affect activity vp~tterns; when Apodemus 2grarius was fed =

bulky diet, the length of time svent =ctive in each 24 hour
cycle increased and three veaks of activity occurred during
the night. On a concentrated diet only one peak of activity
occurred during a 9 - 10 hour night.

Work by Stebbins (1368) supports Grodzinski's conclusions
about the lability of rhythmicel activity in small mammals
and has added to the number of factors known to cause
variability in activity of members of the Cricetidae. His
experiments were carried out in the field, on the seasonal

changes in the a2ctivity of C. gapperi, C. rutilis and

Peromyscus maniculatus kept in wire mesh enclosures containing

nest boxes. Two areas of study were used one a2t Edmonton,
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and at Heart lake (62°N) in the north of the forest belt of
Canada. The most interesting results were those obtained

by a comparative study of activity of C. gapveri from the

two stations. During the summer overall activity increased
when the anim=ls were in breeding condition and though the
amount of activity was much the same 2t both sites, its
distribution differed mearkedly and¢ consistently throughout
the year. PFirst, at the northern site, in summer and winter,
a strong peak of activity occurred one 2nd a h=21f hours after
sunset followed by a second petk three hours later. A smell
peak occurred one and a half hours after sunrise and then an
irregular activity series for the reméinder of the cdiel cycle.
Secondly, in the southern site this picture was almost com-
pletely reversed. The main peak of activity, in summer and
winter, occurred about an hour after sunrise, a smaller peak
three to four hours afterwards, followed by an irregular
rhythm for the rest of the diel cycle. The lowest activity
was recorded in the early morrning. Thus, in the north,

C. gapoeri was virtuslly nocturnal and in the south diurn~l.

Even more interesting is that individuals changed from north
to south changed from nocturnal to Jdiurnal activity, strongly
indicating that their activity patterns were governed

largely by environmental considerations. This is a2 conclusion
which is supported by the author's results. As soon as the
uniform laboratory environment was changed by the introcduction

of 2 disturbance or cover, regular rhythmical activity was
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removed. But as Ashby (1372) has pointed out, Stebbins'
animesls could not have been affected by disturbances as they
needed to burrow through snow in winter to reach their food.
Daylength, however, was not the most important factor since
it voried in the northern site more extensively than in the
southern, being longer in winter than summer.

The effect of daylength was not intentionally studied in
the author's exveriments. In the vigual observation experi-
ments there was no provision made for a dusk and dawn effect.
However, natural daylength was used throughout the automatic
recording series. Thus daylength varied throughout the period
of study from January to August. In January there was a peak
of activity af dusk and dawn but these were of much the same
size as those at other four-hourly rhythm peaks during the
undisturbed phase. During the disturbed phase there were
small peaks at duck and dawn. In February, the female used
showed an activity peak at dawn and not dusk in the undis-
turbed phase. During the disturbed phase a penk at dusk and
dawn was evident. In the recovery phase peaks at dusk and
dawn were shown. In March each phase showed dusk and dawn
pezks though the mid-day peak shown by this vole was higher
than either dusk or dawn. In April the disturbed and recovery
phases showed a dawn peak while a dusk peak appeared only
during the undisturbed week; the recovery and disturbed phases
showed a8 definite drop in activity =2t this time.

In May, the first of the covered versus uncovered series,
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the uncovered vhase chowed no ve~k a2t dawn but one =t duszk,
during the covered phase there wzas a slight incrense in
activity a2t d~wn but none at dusk. Turing June, 2 peak wis
evident at dawn in both phases but only 2t dusk in the
uncovered weeks. 1In July, =ctivity @eaked at dawn and dusk
during the uncovered phase. During the covered weeks, however,
no pe~nks 2pverred =t either time. Dusk and dawn in Durham
(l=at. 54ON) 2t this time nre very prolonged nnd on Midsummer
d2y dorkness never really fnlls, there is 2lmost continuous
twilight. 1In August, nmctivity verked only =t dusk during the
uncovered phase, no other pezks were evident. No vogcitive
correlation between dusk ~nd down 2nd seasonal variation of
activity e~n be deduced irom these results.

theue results do not correspond to those noted by “t. Girons

(1960, 196l) in C. glareolus. “he found that the durastion and

height of verks of activity were influenced¢ by seasonnl fluctu~-
tion in deoylength. Her male voles were moat =2ctive during the
winter =nd 2ctivity wrs at ite highest in Febru~ry =nd lowes

in September. “he considers th~t the influence of the solar
rhythm is important. * perk of nctivity wns recorded shortly
after dusk #nd =nother distinctly tefore dmrwn. The imnort-nt
factor seems to be sunrise. ''he number of ~ctivity veriods in-
crensed during the winter, on ~ver=ge of 10 during the diel

cycle in lecember =2nd 5~ in July. Diurn-1 2ctivity in spring and
summer wos more marked then in winter representing 31 of the

totnl diel z2ctivity in June ~nd only 6% in November. “he
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attributes this variation to changes in daylength.

It mry be useful to mention here =2n asvect of the local
environment which the author had not considered during this
seriecs of experiments. This is the effect on "daylength" of
the street lighting in the area of the laboratory in which
the experimental animals were housed. The laboratory windows
were large 21lowing light to fall on the run, the intensity
was approximately that of full-moonlight. The possibility
that these lights might have affected the results wns not
considered until all the experiments had been concluded.
There i3 evidence that strong moonlight c2n prevent nocturnal

activity in Apodemus sylvaticus (Kikkawa, unpublished). Thus

the nctivity cycles of the voles used in these experiments
may have been affected but without repenting the experiments
excluding the street lights this effect, if any, cannot be-
deduced.

Behaviour in sm=ll mammals is a complex study, diel
activity being an overall reflection of the way an animal
reacts to its environment. Soci=2l interactions must be con-
gsidered in such a study and their iﬁportance depends upon the
social hierarchy in a particular population. Brown (1966 and
1969) has shown that a system of dominance is present in

Apodemus sylvaticus. This gsocial hierarchy produces = stable

society controlled by a dominant male, which regularly patrols
its territory of four to six acres maintaining its position

by aggression and territory marking. Brown states that
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introspecificcontrol by ~adult males keseps the populntion
relatively st~ble during the anring ~nd early summer when rapid
breeding is occurring, the young being forced to ~void the
dominsnts or disperce. T“ince the Jominant mnle mry be cnmlled
uvon to defend his territory 2t ~ny time, certainly during the
night, the time of maximum ~ctivity, short-term rhythms such -3

those shown by liiller (1355) mey not be nossible in the wild.

f1though there iz no direct evidence thot C. glareolus populo-

tions have the srme kind of soci=2l hierarchy a=s A. gylvaticus

i.e. where 2 domin-nt mrle may control a lsmrge territory, there
cn be little doubt each m~le nnd probably each female has its
own territory and burrow systems which it will defend ngainst
intruders. During vreliminary tri=ls with the run »~ "strange”
male wrs introduced to the run while its previous occupsnt wrg
s3111 in residence. This resulted in several bouts of mutu-l
aggrecsion with the intruder being ntitncked continuously until
it w-s able to retrert behind ~ clowsed treadle. Each fight
involved considerable preliminnry soueaking. This was noted
several times in the wild when trepoing, if a released vole
ran down the wrong burrow, it was soon ejected. However, the
suthor was never 2ble to ascertain whether the intruder had

entered =n ~fpodemus or Clethrionomys burrow.

rggression cen, therefore, be »n important frctor in
controlling sm~1ll rodent behoviour. 1In fact, Barnett (1965)
and Grant and Mockintosh (1963) have demonstrated thoat

ngonistic conflict in mole R-ttus norvegicus can cause siress

syndromes, e.g. enlargenent of the adrennl glands ond even
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death, with little sign of external injury, where retreat

by the subordinate is prevented. Any study of activity
patterns in small rodents must therefore contain an element

of social interaction if the results are to reflect what
happens in the wild. The visual observation experiments were
n preliminary attempt to produce a very general picture of the

over~ll activity patterns of C. glareolus in 2 simple

environment. Socinl interactions were to be studied later.
tshby (1972) reports observations of 2 colony of

C. gapperi which were continually active for six hours after

a resting period possibly due to social stimulation. In the

author's breeding colonies of forty 2. sylvaticus oand nine

Acomys (spiny mice) once activity has begun (usu=lly at dusk),
it continues throughout the night without pause. While some
individuals are resting, others will be active, some feeding,
some fighting, etc. The cage containing the Spiny mice has

2 wheel which acts as an imvportant "zctivity sink", much in
the same way as 2 piece of metal in electrenics can 2¢t as =
"heat sink". One, two or sometimes three individunrls use

it at once, at least every five minutesz. Kovanau (1966)
indicates running activity in o wheel to be a relisble
measure of total activity. It would have been interesting to

compare wheel activity in C. glareclus with data from the

automntic activity monitoring unit. However, the vole uged
couléd not be persuaded to run in the wheel provided. This may

have been = quirk on the part of this individual since Ashby
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(personal communication) had no difficulty in getting

Clethrionomys to use wheels in his experiments.

The direct observation experiments show that

Clethrionomys mey be nctive for 2 far longer time during the
[} (%)

diel cycle thon Grodzinski et 2l have suggested. Tor examnle,
Grodzinski ~né Gorecki (1967), Gorecki (1968) ~nd "rozdz

(1968) nave cuggested that Clethrionomyc ies active i.e. moving

the 24 hours. In the

h

about outside the nen~t, for n~bcout 157 o
exneriments made by the ~uthor, the vole studied wng 2ctive
for 35% of the time during which it w-e observed, in both
light =né dmrk. This result shows that not only wns this
individu~l more ~2ctive thean Polish workers hove considered

Clethrionomy=s in general to be, but it showed virtunlly the

same activity oottern during light ~nd d~rk vperiods, which
indicntes that, in the wild, nocturnal ~nd diurnal activity

in Clethrionomys may be much more uniform thrn h2s hitherto

been congidered.
“ndleir (personal communication) has suggested that

Peromyscus maniculatus spends a much greater portion of the

24 hours active thoan the a2uthors mentioned above believe to

be the case with Clethrionomys. Vincent (unpublished) has

observed individuals and grouos of frvicolas in lmrge outdoor
enclosurer. He records that 257% of each 24 hour: is spent
active in winter and 21lmost 407 in mid-summer.

The major conclusions which can be drawn from both the

sutom~tic recording =nd the direct observations nre 23 follows,



The activity oattern of C. glareolus can vary concsiderably

denending on the conditions in the laboratory. If a short-
term rhythm ~operrs it can be removed by 2 =ztrong stimulus
indicating that in the wild this kind of veriodicity may rarely
oceur, though there is v»ossibly ~n innate rhythm associated
with the need to feed nt regulnr intervals. In the laboratory
a constant temperature was maint~ined. It may be thot if
temper=ture was lowered the four-hourly rhythm could become
shorter »5 the need to ert more often to mointain bocdy he~t
becomes ~apprrent.

Activity peaks 2t dusk and drwn under naturnl lighting
conditions in Durham are chovmn, but in meny cases these are
not grerter than veaks at other times. No definite correlation
between dusk and dawn stimuli =and activity =re shown. This may

be associated with the foct thet C. glareolus in the burrow ~nd

under cover may be continuously ~ctive throughout the diel
cycle when conditions ~re favourable, e.g. lnck of predestors,
abesence of extreme heat or cold, mood food supvly, ete. Visual
observations of r~ctivity demonstrate that the vole lives in
short bursts of activity with "inactive" periods seldom lasting
for more than fifteen minutes.

The summated results chow thot with #n oven run in uniform
conditions a four-hourly rhythm is very marked. ‘ctivity is
fairly constant with - covered run ~nd the need to forzge ~nd
atore fTood.

It is suggested that more worl: ic necegs~ry on diel
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rhythms in €. glareolus. Labor~tory experiments in which the

variety of stimuli found in nnture =are oresent should be
designed =né visucl observation=, both in the labormtory =nd
in the field, may vroduce ~ more comrlex ~nd complete plcture

of the life of this small mmsmmal.
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Statisticsl treatment of Tirect Observation Results

“mall numbers of random events tend to follow a
Poisson Tistribution and successive terme of the expancsion
-m 2 . N
e (1 +m« n° + 4 m? e...) give the probability of

2y 3 !
the occurrence 0, 1, 2, 3, 4 events etc. where e iz 2.7183

8

(a universal constant) and m is the average number of events.
The<e probabilities can be obt~ined from tables of the

. . 3 . . -m _X e .
Poiscon Mistribution Punction e m for the indicated

X!
values of x and m. TPrecuencies can then be calculated by
multiplying the probability by the total number of observed
events. Charts showing these cata are given below and these
are expressed gravhically in Pig.4l-

A "Chi-saquare" test con be applied to these date to
show howwell the observed data fit the figures which would
be expected in a Poisson Distribution. Chi-scuare is the
sum of the snuare of the difference between observed and
exnected frecuencieg divided by the exvected frenuency.
ie. X2 Ez}o - ®)?

‘ B
WhéI@‘?(e Chi-square

:Z: = "the osum of"

0 = observed frequency

il

it

E = exvpected frecuency
Having obtained a value for‘j(g we can use tables of
)(2 distribution, which show the probability of the
differences between observed ~nd expected frecuencies arising

by chance, for given degrees of freedom. The number of



129

degrees of freecom me~cures the extent to which the sample
freguencies =2re known in advance to a2gree with the
hyvothesised frequencies. In all the following cases 2 degrees
or freecom aore lost becruze the mean has been estimoted from
dat= ~a well 2~ meking the totals agrse. In #11l caces the
valueg obtrined for ;{? show thrt the fisures do not fit =2
Poicsson Iistribution ~nc¢ the differences between observed and
exnected frenuencies are not due to chance.
SLEEP
Time spent sleeping (Add 0.5 min. resulfs to 1.0 min. resulte
because divisions muast be of eoual sigze
for annlyesis)

Number of observed sleeving veriods Time swnent sleeping

40 1l min.

2 minsc.

12 3 minc.
7 4 mine.
3 5 mins.
9 6 mine.
4 7 mines,
6 8 mins.
1 9 mins.
2 10 mins.
0 11 min-s,
0 12 mine.
1 13 mings.
o) 14 minc.
1 1% minec.
1 16 mine.

Tot~l 112

I'ean length of sleep veriod iz about 3.4 mins.



130

Length of
Period

Probability

of oceurrence .0334 .1135 .19329 .2186 .1858 .1264 .0116 .0348 .0148

Ixpected " , ; .
I}‘requency 307 1L07 21.6 24—-5 2Co8 1402 doo 3.9 ln7
Observed -

Prequency - 40 20 12 : 8 E 4 6
Length of . .

Per;od 9 10 11 12 13 14 15 16 Totals

Probability

of occurrence .0056 .0019 .0006 .0002 .0000 .0000 .0000 .0000
Expected ;

Freauency 0.6 0.2 .07 .02 Y 0 0 0 111.99
Observed

Freouency t 2 0 0 1 0 1 1 112

SAMPLE Ul OF SQUARES = 1038.12
SAMPLE VARIANCE = 9.3
STANDARD TEVIATION = 3.05
KEAN = 3.4
Using probability table above and grouping O + 1, 2nd

7, 8, 3, 10, 11 + 12, because the formula '7(2 = (0 - B

1A
i

)2

does not work for expected freouencies smaller than 5, we get
=2 v=lue for 1&_2 of 58.95.

Number of degrees of freedom is (No. of groups tested) - 2,
=7 -2 = 5.

2 degrees of freedom nre lost becouse the mean has been
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estimated from datn as well as making the totals agree.

Since j(_2 55.95 is well above the velue for 0.1 on the 7(,2
distribution with 5 degrees of freedom we must ~ssume that
the observed figures c¢o not fit & Poisson distribution at 211,
and that the differences between obrerved =2md expected
frequencies must be due to something other than chance.
GROOMING

Time spent grooming Number of observed grooming veriods

1 min. 6l

2 ming.

l,....l
~

mine.
mine.
minc.
mirc.
mine.

mine.

(ORI o e B o R T

minc.

O O O © N w ol O

10 minc.
Totel 91

liean length of grooming veriods is 1.7 minutes.

Length of 0 1 5

2
Period > 4 5 6 U O 9 10
Probability - ; e r 0516 :
of Ocﬁurrence.1527.3106.2640.1436.)63b.O_lb.OObl.0015.0003.OOOl.OOOO
Lxpnected o s o A ' - .
Frecuency 16.6 2324 24.0 13.6 5.8 1.9 0.6 0.1 0.3 .009 0
Cbserved

- €1 14 6

1
(Wey
no
<
O
(&
O

Frenuency




SALPLE SUN OF SQUARET = 137.39
SANPLE VARIANCE = 1.5

STANDART TEVIATION = 1.225
WEAN = 1.7

Working jK_Z out as before we get 2 value of 63.31 with

3 degreex: of freedom, once ogain chowing that the figures co
not fit s Poiscon Tistribution.
ALERT

Time svent ~lert Number of Observed Alert Periods

oo
7

1l min.

N
i~

o O O O© O O O Ww W

nins.
ninc.
ming,.
mineg.
mins.
mino,

mine.

L & 3 o O & W

mine.

i
O

min~.
Total 101

Mean length of alert periods is 1.2 minutes.

Length of

Porsod o 1 2 3 4 5 6 7 8 9 10
Crobabllity 3012 .3614 .2169 .0867 .0260 0062 .0012 .0002 L0000 .0000 L0000
S 30.4 36.5 21.9 8.8 2.6 0.6 0.1 0.02 0 0 0
Obeerved - 8 13 3 o 0o 0O O 0 0 0

Freauency
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Ul OF SOUARET = 21.44

SAMPLE VARIANCE = 0.21

STANDARD DEVIATION = 0.46

MEAN = 1.2

)
Working jx_“ out g before we get 2 value of 105.3 with

2 degrees of freecdom,

not fit

TI0ZE

Time spent dozing

o Poigson Nistribution.

once again showing that the figures do

Number of obseirved doze periods

1 min. 51
2 mingc. 21
3 nin=. 8
4 mins. 6
5 minc. 3
6 mins. 0
7 mins. 2
8 mins. 1
9 minz. 0
10 mins. 0
Total 92
Vean length of doze periods is 1.9
Length of 5
Period O 1 2 3 4 5 6 7 8 9 10
Probability \ . AN ‘ \
of Occurrence.1496.2842.2700.1710.0812.OjO9.3098.0927.0906.0601 0
Expected 13.8 26.1 24.8 15.7 7.5 2.8 0.9 0.2 0.06 .009 0
FreﬂLuenCy * - . * . [ ] [ ) L * * .
Observed - 51 21 8 6 3 o 2 1 0 o0

Frequency
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SAMPLE “UM OF SQUARET = 195.72
SANPLE VARIANCE = 2.1
STAND'RD DEVIATION = 1.4
MEAN = 1.9
Working X 2 out ns before we get ~ value of 41.9 with
3 degrees of freedom, once again showing that the figures do

not fit = Poisson Distribution.

RESTING

Time spent resting Number of observed rest periods

1 min. 38

2 mins. 18

3 mins. 7

4 mins. 9

5 minc. 4

6 mins. 2

7 mins. 0

8 mins. 1

9 mins. 0

10 mins. 0

Total 79

Tern length of resting periods ic¢ 2.2 mins.

Length of ,
Period o 1 2 3 14 5 6 7 8 9 10
Probability

of Occurrence.1106.2438.2681.1966.1082.04-76.0174.0055.0015.0004.ooo_1

Expected » , - ‘
Frequency 8.8 19.3 21.2 15.5 8.5 3.8 1.4 0.4 0.1 .03 .008

Observed )
Frequency - 38 18 7 9 4 2 0 1 0 0
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SANPLE UM OF SQUARES = 190.8
SAMPLE VARIANCE = 2.4
STANDARD DEVIATION = 1.5
MEAN = 2.2

Working '7(2 out 25 before we get a value of 32.36 with
4 degrees of freedom, once ~gain showing that the figures do
not fit a Poisson Distribution.

EXPLORATION

Time spent on exploration Number of observed explormtion periods

min. 68
mins, 24

mine.

N

ning.
mines.
mine.

minse.

o 3 oW P> w N+

mine.

mins.

O
O O O O O O O

ot
(&

mins.
Total 94
Mean length of time spent in explorstion is 1.3 mins.

Length of ) .
Period o 1 2 3 4 5 6 7 8 9 10
Probability

of Occurrenoe.2725.3543.2303.0998.0324.0084.0018.0003.0001 0000 0000

Expected , ~ n
Observed - 65 24 2 0 0 0 0 0 0 0

recuency
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“ANPLE SUM OF SQOUARET = 23.66
CANPLE VARIANCE = 0.25
CTANDARD DEVIATION = 0.5
MEAN = 1.3

Woriing :K,g out as before we get a value of 71.76 with
2 degrees of freecdom, once ngein showing that the figures do
not fit = Poisson Tistribution.

The figures for sleep, doze and rest »nd those for explore,
slert ~ncé¢ groom were added in ~n ~ttempt to compare pnscive
and =ctive behaviour. Poisson distributions for ench group
were calculated nndé 21l four distributions cre expresced
graphically in Fig. b . Since all nix rctivities ceporately
heve alrendy been tested for goodness of fit to Poigcon
Tistributions and have been shown not to follow this p~ttern,
it wes decided not to use the Chi-square test for these
results. The difference between the observed activity and
the expected activity using 2 Poisson Tistribution is shown
feirly well in the graph.

It can 2lco be seen from the graph thot the modal value
for presive nnd c2ctive behoviour is the soame, a2lthough the
mean for prcsive beheviour ie 2.4 mins, while thet for ~ctive

beheviour ias 1.4 mins.,



137

PASSIVE
SLEEP, DOZE, REST
Time svent in Passive Behaviour Number of observed periods
1 min. 152
2 mingc. 59
3 mins. 27
4 ming. 22
5 minse. 15
6 minc. 11
7 mine. 6
8 mine. 3
9 minc. 1
10 ningce. 2
11 mins. 0
12 minec. o)
13 mina. 1
14 minc. 0
15 minse. 1
16 mingc. 1
Total 306

Mean is 2.4 mins.

Length of

Period 0 1 2 3 4 5 6 7 8

Probability 5 e -
of ocourTence .0907 2177 .2613 .2090 .12%4 L0602 .0241 .0083 .0025

:’;’gﬁ;ﬁgiy 57.7 66.6 79.9 63.9 38.4 18.4 7.4 2.5 0.8
Sgggg‘éggy _ 152 59 27 22 15 11 6 8
Lengtn of 5 10 11 12 13 1 15 16
E%’O‘é’c?tﬁﬁice .0007 .0002 O 0 0 0 0 0
}ﬁﬁggﬁgigy 0.2 0.06 O 0 0 0 0 0

Observed
Precuency
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ACTIVE
ZXPLORE, ALERT, GROONM

Time spent in Active Behaviour Number of Observed Periods
1 min. 214
2 mins. 51
3 mins. 1k
4 mins. 5
5 mins. 3
6 mingc. 2
7 mins. 0
3 mins. 0
9 mins,. 0

10 mins. 0
Total 286

Fean is 1.4 minc.

Length of
Period

Probability

of Occurrence.2466.3452.2417.112ﬁ.0395.0111.0026.0005.0001 0 0

Expected g _ .
Frequency 70.5 98.7 69.1 32.3 11.3 3.4 0.8 0.2 .03 O 0
Observed

Prequency - 214 51 11 5 3 2 0 0 0 0

A Chi-square test was 2pplied to see how well the data in
Fig.29 for total time spent in each ~ctivity in the dark
fitted the datz in the sz2me figure JTor the total time spent in
erch rctivity in the light. The value of j( 2 obtained was
0.72 with 12 degrees of freedom showing thnat there is no
statisticelly significoant difference between these two sets of

figures.
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