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SECTION A. INTRODUCTION AND GENERAL

I. GENERAL INTRODUCTION

Since 1930 many investigations into the ecology of small
rodente have been carried out in Great Britain. The majority
of the earlier studies were concerned with various aspects of
the ecology of the Short-tailed Vole, Microtus agrestis (L.),
partly because of its importiance as an agricultural pest, and
partly because of the interest shown in cyclic fluctuations in
numbers of many animals, of which Microtus is one. The more
important studies made were on the reproduction (Baker and
Ranson, 1932, 1933; Rowlands 1936; Brambell and Hall 1939),
the rhythmic activity (Davis 1933), the epidemiology (Findlay
and Middleton 1934; Elton, Davis, and Findlay 1935), and the
population dynamics of the vole (Elton, Ford, Baker, and
Gardner 1931; Chitty 1937, 1938, 1952). Some of éhé
investigations, however, were concerned also with the Bank
‘Vole, Clethrionomys glareolus Schr., and the Long-tailed Wood-
mouse, Apodemus sylvaticus (L.) (Baker 1930; Elton et gl 1931;
Brambell and Rowlands 1936; Chitty and Kempson 1949). After
the original emphasis on investigations concerning Microtus
had lessened, Clethrionomys and Apodemus became increasingly
important as the subjects of ecological studies.

Evans (1942) carried out studies on the population

dynamics, movements, and spetial distribution of Clethrionomys
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‘and Apodemus in mixed woodland in Berkshire, and as a result
of these studies he contributed a great deal to the knowledge
of the ecology of the two species. Since the work of Evans
(1942) a lot of work has been performed on field populations
of Clethrionomys and Apodemus, with studies being made on the
movements (Brown 1956a; Miller 1958; Hacker and Pearson
1951, 1952; Newson 1960; Kikkawa 19643 Tanton 1965), the
home range (Brown 1956a; Miller 1958; Kikkawa 1964), the
activity rhythm (Brown 1956b; Miller 1955), and the spatial
distribution (Delany 1961; Newson 1960; Kikkawa 1964) of the
two species. In addition to these studies others have been
performed on more general aspects of the population dynamics
(Brown 1954; Miller 1956; Ashby 1962; Newson 1963; Kikkawa
1964; Tanton 1965), end the effects on the regeneration of
woodland (Ashby 1959, 1962) of the two species.

The present study was designed itc chtain-information on
the population dynamics, fthe movements and home range, and the

spatial distribution of Clethrionomys and Apodemus in areas of
" .

mixed woodland where they existed together. The study had four
main aims which were, firstly, to examine the ecology of

Clethrionomys and Apodemus in northern England (en area

previously neglected except by Ashby 1959, 1962); secondly, to
attempt to clarify certain issues concerned with the measure-
ment of home range area; thirdly, to examine the mortality of

Clethrionomys in natural populations to see whether it is high



as described by Bvans (1942) or lower as was found by Ashby
(pers. comm.); and fourthly, to carry out exploratory work on
the biochemical analysis of stomach contents of individuals of
Clethrionomys and Apodemus to see if any information could be
obtained on the nature of the food ingested. Information has
been obtained on all the topics mentioned above, and this thesis
contributes to the general fund of knowledge of the ecology of
the two species and also opens up possibilities for further
work on the food taken.

In this thesis the present results have been compared with
the results of other workers who have worked on poﬁulations of

Apodemus and Clethrionomys in Great Britain. (Evans 1942;

Newson 1960, 1963; Kikkawa 1964). Also, where relevant,
reference has been made to the vast amount of work done in
America on the ecology of Peromyscus spp. (the ecological

counterpart in America of Apodemus) and of Clethrionomys spp.

(red-backed voles). Particularly important work has been done
there on the home range (Blair 1940a, 1941, 1951; Burt 1940,
1943; Hayne, 1949b, 1550; Davis 1953; Davis st al 1948), the
spatial distribution (Klein 1960; Getz 1960, 196la 1961b), and
the population dynamics (Hayne 1949a; Brant 1962) of

Peromyscus, Clethrionomys, Microtus, and many other genefa of

small mammals. In addition, consideration has been given to
work on the Continental Vole, Microtus arvalis Pallas (Frank

1957; van Wijngaarden 1957, 1960), thé Yellow-necked Mouse,



Apodemus flavicollis (Gorecki and Gebizynska 1962; Curry-

Lindahl 1956, 1959;) end Clethrionomys glareolus and Apodemus

sylvaticus (Andrzejewski et _al 1963) in various European
countries. Details of this and other work are to be found in
the discussions of the results of the present study.

The information in this thesis is presented in four main
sections, these dealing with the population dynamics, the
distribution and abundance, the movements and home range, and
the biochemical composition of the stomech contents of Apodemus

and Clethrionomys. A discussion on each section is given in

the appropriate place, and the information given in the thesis
as a whole is discussed in general terms in the final section.
In this thesis botanical nomenclature follows that of

Clapham, Tutin, and Warburg (1952. 2nd. Edition).



II. THE STUDY AREA
A, GENERAL
1. Location and General siogra

All the field work was carried out in Castle Eden Dene, a
local Nature Reserve, situated ten miles eest of Durham City
and midway between the villages of Castle Eden and Shotton
(Nat. Grid Ref. NZ4138 and NZ4139). The Al9 trunk road, which
runs in a north-south direction, pesses through Shotton and
forms the western boundary of the Dene. (See Fig. 1.) Castle
Eden Dene (hereafter referred to as 'the Dene') is a long,
narrow, locally precipitous valley running in an east-west
direction, opening to thé North Sea in the east. A shallow
stream polluted by colliery effluent, Castle Eden Burn, flows
along the vallgy'bottom. The total area of the reserve is
some 530 acres, of which 100 acres at the narrow western

extremity were utilised for the present study.

2. History

The Dene has long been known to naturalists because of
the wealth of calicolous flora which abounds, associated with
the cliffs of magnesian limestone. Entomologists have also
been interested in the area, as there is an overlap there in

the ranges of two species of butterfly, the southern Brown
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Argus (Aricia medon), and the Scotch Argus (Aricia medon

artaxerzxes), which has resulted in the formation of a variety
loosely termed the Castle Eden Argus.

In 1954 the Dene was designated a Local Nature Reserve
following the recommendations of Professor Heslop-Harrison
(Private Report). However, despite the sporadic interest in
the Dene shown by naturalists, no systematic work on the fauna

of the region had been performed prior to this study.

3. Geology

The Dene is covered by boulder clay, left as a result of
glecial action, and it has not been re-sorted by water as in
the centre of the county. The bed rock is magnesian limestone.
At the western end of the valley the stream flows on top of

the limesteone, but as it flows eastward it gradually cuts

[hA

through the rock, forming a gorge in the middle secticn cf the
Reserve, The drainage is rather poor in the study region where
the stream has not penetrated the limestone to any great degree,

and there is a high level of ground water.

4. Vegetation

The woodland is semi-natural, and is one of the few
remaining pieces of such woodland in the esstern half of
County Durham. Tree felling in the 1914-18 war, without

subsequént replanting, may have been responsible for the




presence of some open heath-like areas. Except for the
presence of a few conifer and sycamore plantations, and the
felling alresdy mentioned, the area appears £o have been
interfered with very little. One would expect to find as
dominants oak, (Quercus robur) on the heavy boulder clay of

the top and flanks of the Dene, and ash, (Fraxinus excelsior)

on the limestone below. Oak is almost absent however and where
present is not regeﬁerating, while ash is restricted in
distribution on the boulder clay. Beech (Faggs sylvatica L.)
is replacing itself locally, but this species may have been
introduced in the firast place. The most frequently occurring
dominants in the boulder clay areas arei-

a) Birch (Betula pubescens. Ehrh.).

b) Sycamore (Acer pseudoplatanus.L.) which is

regenerating freely and spreading.
¢) Elm (Ulmus glabra), rather restricted as a dominant.

d) Rough grass and bracken (Pteridium aquilinum).

In addition to the dominants mentioned above Wild bramble

(Rubus fruticosus) is common and there are large areas where

the herb layer is dominated by dogs mercury (Mercurialis

perennis), bracken, or Rosebay Willowherb (Chamaenerium

angustifolium (L.) Scop.).



B. THE TRAPPING GRIDS

1. Introduction

The 100 acre region mentioned above was marked out in a
50 metre grid pattern (following the National Ordnance Survey
Grid), in August, 1962 and a trapping programme was carried
out for two weeks to determine the composition and distribution
of the small mammal feuna (see Appendix 1, page 337 for full
details of this and subsequent surveys). From the results of
the survey, distribution maps of the small rodents were drawn,
and by reference to these two areas were chosen for the present
study, and a grid was marked out on each. One grid was sited
on the northern slope of the valley in an area occupied by

both Clethrionomys glareolus and Apodemus sylvaticus (Grid A);

the other was on the southern slope and was occupied almost
exclusively by Clethrionomys (Grid B). Each grid was laid ont
over an area of one hectare (2.5 acres), and in the shape of a
rectangle, being 156 metres long and 62.4 metres wide, with

grid intersections every 15.6 metres. The shape, dimensions,
and exact spacing of the grids were determined by the nature of
the study to be undertaken, and also, in large part, by the
nature of the terrain, precipitous slopes restricting the

choice of suitable areas. The grids were marked out in November
1962, and were originally of the dimensions quoted above, with

eleven trapping points along the longer axis and five along



the short. In July 1963, the arrangement was modified slightly,
for the reasons given below, to consist of ten points by five
points (50 trapping positions instead of 55). Bach grid
extended over two clearly demarcated vegetation types, described

in the appropriate paragraphs below.

2. Grid A. (North) (Fig. 2)

8) General description

This grid was sited partly in a mature larch wood

(Larix decidua. Mill.) and partly in a sycamore wood, the two

being separated by a narrow belt of spruce (Picea abies. (L).
Karst.). Approximately half of the traps were placed in each

| vegetation type. After July, 1963, one line of traps at the

western end of the grid was abandoned because it was sited in

e completely different vegetation type from the other trap
lines and was hence unrepresentative. The grid thus consisted
of ten trap lines,each with five trapping points, for most of
the study. The grid is bounded to the north and east by fields,

and, partially, to ‘the south and west by steep slopes.

b) The vegetation

The vegetation in the larch wood differs quite consider-
eble from that in the sycamore wood hoth in composition and in
quantity, thus meking the area suitable for the study of

possible differences in population density of mice and voles in
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GRID A
Vegetation No. of trap positions
Dogs mercury 18
Bracken 9
Bramble 9
Larch litter ]
Willowherb 2
Grags 3
GRID B
Vegetation No. of trap positions
Dogs mercury 6
Bracken 19
Bramble 4
Larch Litter 4
Willowherd 9
Other vegetation 8
Table 1. The number of trapping sites ococurring in

areas of different vegetation type on
Grids A and B.



areas of different wvegetation type. Figure 3 shows the
composition of the herb layer in September, and Table 1 shows
the number of trap positions occurring in each of the main
vegetation types. The larch trees are mature, and, except in
the height of summer, there is little grouhd cover in much of
the larch area. A bed of larch-needle litter covers the ground
all the year, and in many parts of the larch wood there is no
other cover to the soil. There are small areas of grass,
bracken, dogs mercﬁry, and bramble present but most of these
are limited in extent and are less dense than the corresponding
plots in the sycamorse wood. The spruce belt is narrow, wet,
and virtually devoid of vegetation, except for the presence of
small areas of horsetails (Equisetum arvense L.), in its upper
(northérn) region. Towards the bottom of the grid (south) the

spruce thins allowing the growth of horsetails, dogs mercury,

The sycamore wood has moderately dense vegetation in most
parts, particularly in the summer. 'There are large expanses
of dogs mercury, bramble, grasses, bracken, and willowherb.
The dogs mercury and willowherb tend to die back in the late
summer but the bramble and bracken afford some cover all the
year round.

The sequence of vegetational changes occurring on Grid A
during the year is as follows. In February-March there is

little cover in the larch wood, there being only some bramble,

11
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Cetails of the vegetation of the field layer on tae nortk &
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PLATE I

The sycamore wood on the north: grid ( grid A ) showing
the dense carpet of dogs mercury present in the spring

and summer,







PLATE II

The sycamore wood on the north grid ( grid A ) showing

areas of bramble, tussocky grass and bracken.






dead bracken, grass, and needle litter. 1In the spring the dogs
meroury grows up quickly, and several species of small herd
appeer, also some horsetails grow in the wetter areas. In the
summer the dogs mercury is still present, and willowherb,
nettle, bramble and bracken afford good cover in some parts.
Autumn brings a rapid decline of the dogs mercury, willowherb,
and nettle, leaving only the bracken and the bramble. By mid-
winter the bramble has lost many of its leaves and the bracken
has died down; this is the season of least cover. Exactly the
same gequence of events occurs in the sycamore, but the larger
areas of bracken, bramble, and tussocky grass ensure that there
is more cover at all times of the year than there is in the

larch wood.

3. Grid B. (South). (Fig. 2.)

a2) General description

Grid B was marked out in en area considered to be

suitable mainly for Clethrionomys élareolus. Of the original

eleven trap lines, four were in an immature larch wood, five in
an ash plantation, and two in a treeless bracken zone. In July
1963, the two lines in the bracken were abandoned, and an
additional line put in the larch wood; thus making a total of
five lines in the larch and five lines in the ash (identical
with the arrangement 6f trap-lines on Grid A - five in each of

two vegetation types). This grid is bounded to the south by a

12



PLATE III

The mature larch wood on the north grid ( grid A )
showing areas of larch needle litter and some

scattered clumps of brackene






PLATE IV

The mature larch wood on the north grid ( grid A ) showing

an area with a moderately dense covering of bracken.






13
golf-course, and to the north by steep slopes. To the west
the ash plantation is separated from open ground by a deep

gully; to the east the larch extends beyond the grid for a

further 100 metres.

b) The vegetation

The vegetation in the young larch plantation differs
substantially from that in the larch wood on Grid A, The ground
cover is moderately dense, and few areas are covered by litter
alone. As reference to Fig. 4 shows, large areas of dense
bracken, willowherb, and grass occur, with some regions of dogs
mercury. The transition to the type of vegetation found in the
ash is gradual. The dominant bracken and willowherb of the larch
wood are replaced by bramble, raspberry (Rubus idaeus), hogweed
(Heracleum sphondylium, L.) and tussocky grass. Table 1 shows
the numbér of trapping points associated with the verious
vegetation types.

The sequence of seasonal changes in vegetation type and
density are much es described for Grid A, with the exception
that at no timeAis the larch so devoid of ground cover as the
larch on Grid A. In the winter there is more cover in the larch
than in the ash, primarily because of the preponderance of dead

bracken fronds in the former.
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PLATE V

The ash plantation on the south grid ( grid B ) showing
the mixed summer vegetation including hogweed, bracken

and raspberry.






PLATE VI

The immature larch plantation on the south grid ( grid B )

showing an area of bracken with an understorey of grass.
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4. Additional trapping areas

In addition to the grids described above some traps were
placed elsewhere for specific short-term purposes (See Fig. 2).
In April, 1964, a cordon of traps was placed round Grid A to
investigate 'edge effects'. In August 1964, trap-lines 1 and
2 were run for seven days; and in October 1964 'Grid C' was
trapped for four days. Also, in areas well away from the
grids, break-back traps were set to catch animals for a study
being made on the biochemical composition of stomach contents.

(transects 3,4, and 5 in Fig. 2.)
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ITI. METHODS OF STUDY

A. TRAPPING AND MARKING PROCEDURE

1. Trapping procedure

The two small grids, A and B, were designed for the study,
by live-trapping procedures,of the movements, population
dynemics and other aspects of the general ecology of Apodemus

sylvaticus and Clethrionomys glareolus .populations.

Both grids were trapped from March 1963 until January 1965
at approximately monthly intervals, for three nights each. The
traepping of grid B usually immediately followed that of grid A,
but a few days difference occurred when other work interfered
with trapping. Occasionally, trepping periods of longer
duration were used, when some particular experiment was in
progress, but such deviations from the normal pattern were
rare, and they are noted in the appropriate sections. Because
of the persistent snow of the bad 1962=6%3 winter no trapping
was attempted until January 1963. This attempt to trap on grid
A was abandoned as further heavy snow falls occurred, and
regular trapping was not commenced until March 1963. The
normal four-day (three-nights) trapping procedure followed
throughout the study is given in Table 2.

The trapping was carried out using Longworth Live traps
(Chitty and Kempson 1949) of which three were placed at each

trapping point until September 1963. From September 1963 to
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March 1964 five traps were placed at each point. From March
1964 until January 1965 four traps per point were found to be
adequate. No pre-baiting period was used as it was considered
that a three day trapping period was long enough to avoid the
biased sampling of marked animsls which pre-baiting procedures
were designed to offset (Chitty and Kempson 1949). The 15 metre
trap spacing was used following the recommendations of Tanton
(pers. comm.), and the four-dey trapping period was utilised
following the advice of Ashby (pers. comm.). Preliminary field
trials indicated that the trap-spacing and the trapping period

were satisfactory and they were maintained throughout the study.

Day Procedure
1l Place traps in position and SET
2 Check traps from 9a.m. onwards. RE-SET

Mark and release animals.

3 Check traps from 9 a.m. onwards. RE-SET

Mark and release animals.

4 Check traps from 9 a.m. onwards. REMOVE

Mark and release animals.

Table 2. The four day trepping procedure
used in the study.



2, Marking procedure

All animals captured were marked by the removal of toes
by the use of sharp scissors., The animals appeared to suffer
no discomfort as a result of the procedure, and no evidence
was found to show that subsequent discomfort or lack of
mobility was experienced. The marks given were individually
specific although duplicated for sexes and for species. Clear
end unambiguous marking is essential for studies concerned with
movements and population dynamics, and toe-clipping was found to

be most satisfactory.
B. DATA RECORDED

In addition to the noting of the identification mark and
the site of capture information of the following type was

recorded for svery animel.

1. The sex and sexual condition

Each animal was identified and sexed and the sexual
condition noted. During the breeding season the sexing of
adults of both species is simple, using the criteria given below,
and no mistakes were discovered. In the non-breeding season

Clethrionomys adults are sometimes rather difficult to sex, but

usually the penis in the male lies farther from the anus than
does the clitoris in the female, and, after some practice,

little difficulty is encountered in making an accurate

17
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diagnosis of the sexual condition. Juveniles of both species
at all seasons are more difficult to sex, but the note about
penis-anus and clitoris-anus applies here also and, with
practice, little difficulty is encountered. Below are listed
the possible categories of sexual condition into which the
animals may be placed, together with the diagnostiec ruling

followed throughout the study.
a) Males

Males of both species are considered to be fecund i.e.
in breeding condition,when the testes are scrotal in position.
They are generally regarded as adults if they weigh more than

14 grams (Clethrionomys) or 15 grems (Apodemus). If the testes

are abdominal in position then the animal is non-fecund. Males
weighing less than 10 grams, with the testes abdominal in
position, and with a fluffy, greyish felage are consldered to

be juvenile.
b) Females

(i) Perforate

Females with the vaginal orifice without a covering
membrane are classed as perforate. They are considered to be

adult if they weigh over 14 grams in the case of Clethrionomys

and over 15 grams in the case of Apodemus (Baker, 1930).
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(ii) Imperforate

Females are considered as imperforate when the
vaginal orifice i1s not visible. An imperforate female may be
an adult in non-breeding omndition, a sub-adult in non-breeding
condition, a pregnant adult, a pregnant sub-adult, or a
juvenile. The criteria listed below may be used to distinguish
between some of these possibilities - leaving only non-breeding

adults and possibly immatures in the 'imperforate' category.

(iii) Pregnant
Females are considered to be pregnant when they are
adult and in an imperforate condition during the breeding
season. The later stages of pregnancy may be detected by the
discovery of embryos in the uterus,determined by palpation of
the female's abdomen. A valuable aid in the diagnosis of
pregnancies in living animals in the field is the change in

body weight of marked females which are regularly ftrapped.

(iv) Lactating

Females are considered to be lactating when the mammary
glands are swollen and easily visible. Lactating animals may

also be imperforate, pregnant, or perforate.
(v) Juvenile

Any females which are imperforate, with a fluffy
grey pelage, and a weight of under 10 grams are classed as

Juveniles.
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2. Weight

All animals were weighed each time they were captured.
The weighing was carried out by placing the animal in a
polythene bag of known weight which was then suspended from a
regularly-calibrated spring-balance. The weighings were
accurate to 0.5 grams. The weight was recorded to assist in
the diagnosis of sexual condition and approximate age of the

animals (see pp. 97-136).

3. Other information

The presence of ectoparasites on the animals was recorded,
and so was the general condition e.g. healthy, comatose etc.
In addition, the density of the vegetation cover at each
trapping point was noted prior to each trapping period (pp. 155-6)
tes were made of the more obvieus changes in the vegetation
which had occurred since the previous trapping. Any captures

made of Microtus egtis, Sorex araneus, Sorex minutus, and

Mustela nivalis were also recorded.
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SECTION B. THE POPULATION DYNAMICS OF APODEMUS AND CLETHRIONOMYS

I. THE TRAPPING RESULTS

l. The numbers caught

The total number of animals handled on grids A and B
from March 1963 to January 1965 is shown in Tables 3 and 4 for

Clethrionomys and Apodemus respectively. More Clethrionomys

were handled on grid A than on grid B in the course of the study,
but as grid B was trapped only sixteen times while grid A was
trapped twenty times the actual difference in numbers present

on the two grids is not significant. Substantially more
Apodemus were trapped on Grid A than on grid B, and with due
allowance being made for the disparity in the number of
trappings, there is a genuine difference in Apodemus numbers
botween the two grids.

On grid A Apodemus were less plentiful than Clethrionomys

over the period of study as a whole although at times they were
temporarily more abundant. The overall ratio throughout the

entire study was just over 1.5 Clethrionomys individuals to one

Apodemus individual on grid A. On grid B there was an overall

ratio of 4.5 Clethrionomys individuals to one Apodemus

individual.
The monthly captures of Clethrionomys on grid A and grid B
are given in Tables 5 and 7 respectively. The same information

for Apodemus on grid A and grid B is given in Tables 6 and 8

21



22

respectively. On both grids the highest catches of Clethrionomys
were made in the period from August to Dedember in both 1963 and
1964. The lowest catches were made in the period from January

to May in both years. The catches of Apodemus on grid A were
large from October 1963 to March 1964, and from November 1964

to January 1965, but in most of the remaining months the

catches were very low. On grid B appreciable numbers of
Apodemus were caught only in December 1963, and May and

November 1964.

2. Trap mortality

Tables 5 to 8 give the number of animals found dead in the
traps at each\trapping period. The total numbers of trap dead
for Clethrionomys and Apodemus are given in Tables 3 and 4.

In total, trap mortality for Clethrionomys was of the order of
15% of the total capture of individuals on grid-A, and 31% on
grid B. Trap mcrtality was negligible for Apodemus on both
grids. On grid A the bulk of the deaths in traps occurred in
December 1963, and September and October 1954. On grid B

the months with a high trap mortality were December 1963, and
November and December 1964. In most cases deaths in the traps
could be attributed to inclement weather conditions e.g. heavy
rain causing the animels to become wet and thus soil their fur
and the bedding, or the occurrence of sudden very cold spells

of frost and ice as in November 1964 on grid B. On grid A
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trap mortality affected males and females equally but on grid
B more than two males died to every female which died. Similar
reports of trap mortality, and its differential action on

Clethrionomys and Apodemus, were made by Chitty (1937), and

Evans (1942). Both workers found that Clethrionomys reacted
much less favourably to confinement than did Apodemus. Evans
(1942), in agreement with the results of the present study,
found a high mortality in the traps in October and, particularly,
November. On grid A about 65%,and on grid B about 43%,0f the
trap dead were un-marked. It seems, therefore, that there was
no possibility of marked animals being rendered less likely to
survive subsequent capture, so the sampling of the population
was not biased by the death of marked animals in disproportion-
ate numbers.

Evans (1942) noted that 90% of the few Apodemus dead, and
80% of the Clethrionomys dead, Qere unmarked and the present
results thus confirm his view that marked animals are not more
liable to death on subsequent capture. Morris (1955) found that

very few deer mice (Peromyscus maniculatus abietorum (Bangs) )

died in the traps, but he found red-backed voles (Clethrionomys

gapperi) to be far more sensitive to capture.

The high percentage of deaths of Clethrionomys in the traps

is disturbing as the mortality thus induced could severely
upset the normal population processes. It is probable that

trapping at intervals of less than four weeks could severely

24
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disturb the Clethrionomys population and thus render the
information obtained on population dynamics unreliable. In
the present study, the overall proportion of deaths in the traps
was greatly increased by the deaths in November, December, and
Januery, so frequent trapping in months other than these would
probably be safe to undertake. It is suggested that the
population processes in the present study were unaffected by
the high mortality in the traps, as the time in which such
mortality occurred was the time when many of the animals would

be expected to die in any case.

3+ Trap=revealed sex ratio

The overall sex-ratio of Clethrionomys caught on grid A was

l.4 : 1 in favour of the males when the number of individuals
captured was considered. On grid B the male to female ratio

for Clethrionomys was 1.5 3 1 over the period of study as a whole.
The sex-ratio of Apodemus individuals captured over the whole
period of study was 1.5 t 1 for males to females on grid A, an
2.5 ¢+ 1 on grid B (with small samples). Details of the sex-
rétio of animals caught each month are given in Table 9, and the
fluctuations in sex-ratio are shown graphically in Figure 5.

A suggestion of seasonal trends in the sex-ratio of the

animals captured was evident in the Clethrionomys populations

on both grids. On grid A more females than males were captured

in only two months, July and August 1963. Equal numbers of the
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No. of Captures No. of Individuals No. found dead
MONTH .
éd QQ Total | 44 Q0 Total |88 fole) Total

1963
March 26 10 39 18 9 30 1 0 1
April 29 10 40 17 T 25 1 3 4
May 17 9 27 12 1 20 0 0 0
June 28 27 56 19 15 25 1 0 1
July 38 50 94 23 34 63 Y 3 3
August 45 56 101 31 35 66 1 2 3
September 50 61 112 37 38 76 2 3 5
October * 35 34 71 30 29 61 1 (o] 1
November X | 40 38 78 30 29 59 -0 0 0
December 42 30 T2 33 25 58 4 6 10

1964
January 22 18 42 18 14 34 2 1 3
February - - - - - - - - -
March 42 27 69 29 17 47 3 1 4
April 17 11 28 12 T 19 0 0 0
May % 58 31 98 30 13 45 1 0 1l
June - - - - - - - - -
July - 27 39 96 32 23 25 1 0 1
August T1 50 127 39 31 70 2 3 p)
September 84 50 134 50 34 80 7 6 13
October 68 53 1352 50 34 85 4 6 10
November 65 32 99 44 21 67 2 1 3
December - - - - - - - - -

1965
January 38 7 45 27 7 34 4 0 4
Table 5. Monthly capturés of: Clethrionomys on Grid A.

Trapping period
of 3 days except where noted. In column 3 the total catch

of animels each month, including recaptures, is shown. In
¢olumn 6 thé total number of individuals comprising the

catch is given. The total number of animals found dead

in traps is given in column 9. Escapees (not sexed) are
included in the totals.

# = Two days trapping
- = No trapping

¢ = Four days trapping
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MONTH No. of Captures No. of Individuals No. found dead
éd oQ Total | 48 oQ Total |43 fole) Total
1963
March 20 15 36 12 8 21 0 0 0
April 5 9 14 4 5 9 0 0 0
May 3 T 11 1 3 5 0 0 0
June 1 4 5 1 2 3 0 0 0
July 5 5 1l 5 3 9 0 0 0
August 6 3 9 5 3 8 0 0 0
September 6 7 13 4 5 9 0 0 0
October # 21 12 35 17 9 28 0 0 0
November ¥ | 28 13 42 22 12 35 0 0 0
December 44 24 70 31 19 52 0 0 0
1964
January 64 41 108 28 28 69 1 0 1
February - - - - - - - - -
March 79 70 151 37 38 17 0 0 0
April 34 36 70 24 22 46 0 0 0
May # 13 19 32 18 14 22 0 0 0
J“ne - - - - - - - - -
July 3 6 9 2 5 7 0 0 0
August 3 6 9 2 5 1 0 0 0
September is 14 33 14 9 24 0 o] 0
October 56 31 89 29 20 51 0 1 1
November 11 53 130 40 24 64 0 0 0
December - - - - - - - - -
1965
January 28 21 50 18 12 51 0 1 1
Table 6. Monthly captures of Apodemus on Grid A. Trapping period

of 3 days except where noted. In column 3 the total catch
of animals each month, including recaptures, is shown. 1In
column 6 the total number of individuals comprising the
catch is given. The total number of animels found dead

in traps is given in column 9. Escapees (not sexed) are
included in the totsals.

® = Two days trapping
= e No trapping

2 = Four days trapping
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No. of Captures No. of Individuals No. found dead
MONTH
éd QQ Total | é8 QQ Total |43 9 Total

1963
Merch 34 2C 58 17 16 37 0 0] 0
April 34 18 55 17 9 29 1 0 1
May 39 28 69 26 13 41 1 0 1
June 33 25 49 20 15 35 0 1 1
July 54 44 99 35 23 60 2 1 3
August T2 62 134 42 36 78 3 2 5
September 87 T8 165 44 35 T9 0 0 0
October - - - - - - - - -
November - - - - - - - - -
December 88 53 144 53 28 84 13 4 17

1964
January - - - - - - - - -
February * | 19 24. 43 15 16 31 2 0 2
March 31 33 65 17 15 33 4 1 5
April - - - - - - - - -
May 31 29 60 20 14 34 1 0 1
June £ 24 13 38 15 7 23 0 ] 0
July - - - - - - - - -
August 79 46 126 44 29 T4 1 1 2
Séptémber 83 68 152 49 35 83 4 1 5
October - - - - - - - - -
November 64 57 121 44 36 80 16 11 27
December 32 27 59 24 18 42 14 4 18

1965
January - - - - - - - - -
Table 7. Monthly captures of Clethrionomys on Grid B. Trapping

périod of 3 days except where noted.

"In column 3 the

total catch of animals each month, including recaptures,
is shown.
comprising the catch is given.
animals found dead in traps is given in column 9.

Escapees (not sexed) are included in the totals.

¥ = Two days trapping

- = No trapping

In column 6 the total number of individuals
The total number of

£ = Half-grid only

trapped




No. of Captures No. of Individuals No. found dead
MONTH
éé QQ Total | 34 oQ Total | &8 QQ Total

1963
March 4 3 8 2 2 5 0 0 0
April 3 0 3 2 0 2 0 0 0
May 3 o] 3 1 0 1 0 0 0
June 0 0 0 0 0 0 0 0 0
July 7 1 8 5 1 6 0 0 0
August 1 0 1l 1 0 1 0 0 0
September 3 0 3 2 0 2 0 0 0
October - - - - - - - - -
November - - - - - - - - -
December 27 20 47 14 11 25 0 0 0
1964
January - - - - - - - - -
February ¥ 16 7 24 13 5 19 0 0 0
March 19 11 30 8 5 13 1 0 1
April ~ - - - - - - - -
May 15 19 35 7 9 17 0 0 0
June # 4 3 7 3 2 5 0 0 0
July - - - = - - - > -
August 6 3 9 6 2 8 0 o] 0
September 10 2 12 8 2 10 0 0 0
October = - - - - - - - -
November 26 6 33 16 3 20 0 1 1
December 16 2 18 9 1 10 0 0 0
1965
January - - - - - - - - -
Table 8, Monthly captures of Apodemus on Grid B. Trapping

period of 3 days except where noted In column 3
the total catch of animals each month, including
recaptures, is shown.
of individuals comprising the catch is given.

total number of animals found dead in traps is given
in column 9.

#¥ = Two days trapping
- = No trapping :

4

trapped

In column 6 the total number

The

= Half-grid only




two sexes were caught on three occaesions, in September, October
and November 1963. On all other occasions more males than
females were captured. Although more males than females were
captured in the majority of trapping periods, significant
differences from a 1 : 1 ratio occurred only in the months of
April 1963 (P<0.05), May 1964 (P<0.0l), November 1964 (P<0.01),
and January 1965 (P<0.00l). On grid B there were never more
females than males captured, but a 1 ¢+ 1 ratio was found in
March 1963 and Februery 1964. Statistically significant
variations from a sex ratio of unity were found for May 1963
(P<0.05) and December 1963 (P<0.01) only. From the details of
the fluctuations in sex-ratio throughout the two years shown in
Fig. 58 it can be seen that the males were most numerous in
the catches in winter and spring, and the females were best
represented in the summer and autﬁmn. This seasonal variation
was more marked on grid A than on grid B.

In the Apodemus populations there was a considerable
degree of variation in the sex-ratio throughout the two years,
this being particularly evident in the grid A populatiorn which
was more fully documented than that of grid B. Reference to
Fig. 5b shows that more females than males were captured
throughout the spring, summer, and early autumn (except in
July and August) in 1963, but the sex-ratio favoured the males
from October 1963 to May 1964 when the Apodemus catches were

larger (see P. 50 ). A similar pattern of seasonal change in

30
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Sex ratio of individuals in the monthly samples.

- = No trapping.

Not calculable.
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sex-ratio was evident for 1964-5 also. On grid B too few
animals were captured for much reliance to be placed on
variations in sex-ratio, but in general the males predominated
in the catches at all times except for May 1964. For Apodemus,
as for Clethrionomys, the males particularly dominated the
catches in the winter months.

Evans (1942) found variations in the ratio of males to
females but found no apparent regularity in the variations. He
found a 1.: 1 ratio of males to females when he considered his
total numbers, He did note, however, a preponderance of males
in the spring and autumn which agrees with the trend on grid B
in 1963, and with the trend on grid A in 1964. Elton et al
(1931) found the proportion of males in Apodemus to be greatest
in late summer and early autumn, dropping to equality with females
in winter and spring; similar trends, in fact, to those found in
the present study. Ashby (pers. comm.) found with Apodemus
that the ratio of males to females was commonly 2 t 1 except in
May, or after a good breeding season, when it was more nearly

1 : 1, With Clethrionomys Ashby found a 1 : 1 ratio to be most

common, with perhaps a slight tendency for males to be in
excess after a poor breeding season. Evans (1942) noted a
concentration of Apodemus females in late winter in 1938-39,
and Miller (1958) found similar variations to those reported
for Elton et al (1931) above. Tanton (1985), however, found

no evidence of a seasonal trend in sex-ratio in 1962 in a
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population study of Apodemus in Monks Wood in Huntingdonshire,
but in 1963 he found spring and summer proportions to be not
significantly different from 1 : 1, but to become significant
in October-November. He also noted that even when no statistic-
ally significant differences were detectable yet the proportion
of males was consistently greater than that of females. Newson

(1963) also reported a majority of males in Clethrionomys and

Apodemus catches but found the variations in sex-ratio to be
irregular in occurrence. This was found to be so in the
present study when samples were larger than 20 animals.
Kikkawa (1964) found the sex-ratio of Apodemus in The Pasticks,
a copse in Wytham Woods, Berkshire, to show a slight preponder-
ance of females. He considered that all the resident mice wexre
trapped, snd suggested that the balance would be made up by
transient males. In other areas Kikkawa (1964) noted that
approximately 1.5 1 1 ratios of males to females were. obtained
with widely spaced traps and less trapping effort, and he thus
concluded that males were drawn from a larger area than females =
confirming Miller's view (1958) that males move more than
females in spring and summer. This was found also in the
present study (p. 188 ). It is well not to read too much into
the trap-revealed sex-ratio however, as it may bear little
relation to the actual sex-ratio in the field. Crowcroft and
Jeffers (1961) demonstrated in the house-mouse (Mus musculus)

that social organisation and inherent differences in response
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may result in differences in response to traps. They showed
that female-only colonies were without division into trap-shy
and trap-addicted animals, but when males were present certain
of the females became trap-shy, and more males were captured
than females. Thus social organisation may allow more males
than females to be caught in natural populations of mice and

voles, or greater activity of the males may render them more

liable to capture.

4. Average recapture index

In Tables 5 to 8 the number of individuals and the number
of captures made of those individuals at each trapping period
are recorded. If the number of captures is divided by the number
of individual animals concerned in those captures then an
average recapture index per individual may be calculated.

This procedure was followed for both sexes of both speciés on
grids A end B, and the average recapture indices so calculated
at each trapping period are given in Table 10, and are shown
graphically in Fig. 6.

Reference to Fig. 6 indicates that there was no significant
difference between the recapture indices of male and female

Clethrionomys on grid A. There was some suggestion of a

seasonal variation in recapture rate, there being more likeli-
hood of recapture in the summer months, On grid B the sverage

recapture rate of the females was consistently higher than that



of the males throughout the whole study, contrasting with the

situation on grid A. There was less evidence from the

Clethriopomys on grid B of a seasonal difference in the likeli-
hood of recapture, but there seemed to be a lowering of the
recapture rate of both sexes with the onset of the winter.
With Apodemus on grid A there was no evidence of sexual
differences in the recapture indices, and, in contrast to the

situation in Clethrionomys,the likelihood of recapture appeared

to increase in the winter and spring in both 1963 and 1964.
However, little reliance mey be placed on this latter fact
because the number of Apodemus ceught in the summer months was
very low., On grid B also there appeared to be a higher recapture
rete in the winter, but as few individuals were caught at all on
this grid no conclusions may be drawn from this.

Kikkawa (1964) suggested that male Apodemus are more
likely to escape recapture than are the females, but this was
not found to be so in the present study. There is, however,

some evidence that male Clethrionomys (on grid B) are more

likely to escape recapiture than are the females. Ashby

(pers. comm.) found no difference between the recapture rates
of the sexes in either Apodemus or Clethrionomys, nor did he
find any evidence of any regular pattern of seasonal variation
in recapture rate. The greater likelihood of recapture in the
spring and summer months for Clethrionomys suggested by the
results of the present study may ée partly due to the increased

activity which has been demonstrated to occur at this time.

35
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Clethrionomys Apodemus

MONTH Grid A Grid B Grid A Grid B

Males | Females| Males | Females | Males | Females | Males | Females
1963
March | l.44 1.11 2,00 1.25 1,66 1.87 2.00 1.50
April 1.70 1.42 2.00 2,00 1.25 1.80 1.50 0
May 1.42 1.28 1.50 2.15 3.00 2.33 3.00 0
June 1.47 1.80 1.65 1.66 1.00 2.00 0 0
July 1.65 1.47 1.54 1.91 1.00 1.66 1.40 1.00
Aug. 1.45 1,60 1.71 1.72 1.20 1.00 1.00 0
Sept. 1.35 1.60 1.98 2.23 1.50 1.40 1.50 o
001:. 1.17 1.17 - - 1023 1'33 - -
NOV. lo 33 1.31 - = 1527 1.&8 - -
Dec, 1.27 1.20 1.66 1.89 1.42 1.26 1.93 1.82
1964
Janu 1.22 1.28 - - 1.68 1046 - o
Feb, - - 1.26 1.50 - - 1.23 1.40
Mar. 1.45 1059 1.82 2.20 2.15 1.84 2=37 2.20
Apr. 1.42 1.57 - - 1.42 1.64 - -
May 1.9% 2.38 1.55 2.07 1.62 1.36 2.14 2.11
Jlli‘xe = - 1-60 1.85 - band 1-33 1050
July 1.78 1069 - - 1.50 1020 - -
Aug. 2.26 1,61 1.79 1.59 1.50 1.20 1.00 1.50
Sept. 1.68 1.47 1.69 1.94 l1.28 1.55 1.25 1.00
Oct. 1.36 1.56 - - 1.93 1.55 - -
Nov. 1.48 1.52 1.45 1.58 1.67 2.21 1.62 2,00
Dec., - - 1.3%3 1.50 - = 1,78 2.00
1965
Janc 1.41 1.00 - - 1.55 1.75 - -
Table 10. The average recapture rate per individual for

Clethrionomys and Apodemus at each trapping period on
grids A and B.

No trapping.
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II. THE ESTIMATION OF POPULATION PARAMETERS

1. Introduction

In the present study estimates of the population size
each month were made using the modification of the 'Lincoln
Index' method of estimation devised by Hayne (1949a). Also
population size and several other population parameters were
calculated by the utilisation of maximum-likeiihood equations
as described by Leslie, Chitty, and Chitty (1953). It is felt
to be necessary to give a brief outline of the procedures
involved in calculating population parameters of mobile
populations, and thus a description of Hayne's (1949a) method,
and of Leslie et al's (1953) technique is given here. Also
some explanation is given as to why these twé methods were
chosen from several that have been used in the past by
various workers.

Most capture-recapture techniques for estimating populat-
ion parameters are based upon the 'Lincoln Index'. This index
was used by Lincoln (1930) to calculate the total number of
certain wildfowl in North America. The method consists of
taking a random sample from a population of animals, marking
and releasing the gsample, and allowing sufficient time for the
sample to distribute itself randomly in the population again.
A second sample is then taken and the proportion of marked

animals in the sample noted. With this information the size



of the total population may be obtained using the general

formula given below:-

Total _  Number marked at Number caught in sample two
population = trapping one Number of marked animals in

sample itwo

A similar technique was used by Jackson (1933) to analyse
capture-recapture date from a tsetse fly (Glossina) population.
He later refined the method to allow for birth rates, death
rates, and migration, and he described the refinements in a
series of papers (Jackson, 1937, 1939, 1940). Many workers,
particularly -those employed in the study of natural populations
of mammals, have since used the 'Lincoln Index' type of
calculation.

The validity of the capture-recapture methods of estimat-
ing population pafameters is dependent upon the wvalidity of
certain assumptions, these being that:-

1) marked animals become randomly distributed throughout
the population,

2) marked animals are neither more nor less liable to
capture than unmaerked animals,

3) no significant replacement of the population by unmarked
animals from 'outside'! populations will occur between
marking and sampling periods.

Mortality is considered not to introduce a s&stematic error

so long as its effect is felt equally by marked and unmarked

38



animals, and so long as dead animals are not replaced by un-

marked animals from outside.
2. H els (1 a) Method of estimation

The first of the methods for estimating population size
used in the present study was that devised by Hayne (1949a).
This method was designed in an attempt to clarify certain
issues raised by the Lincoln Index type of calculsation.
These issues weres-

1) +the question of the proper time intervals to be compared,
2) the ways of averaging a series of estimétes where they
are not hased upon independent sets of data.
Hayne's method consists of measuring the increase in the
proportion of marked animals which is ohserved in succeeding
catches as more animals become marked in the course of the
experiment. When 'x' animals have been marked and released
into the population 'P!' from which they were drawn, the

proportion of the catch now marked (y) may be writtien as:-

or, y = X eeecscescvscenses(l)

)
"
o

1
P

This is the quantity which a sample drawn from the population
will estimate. Each sample will estimate the proportion
marked at the different stages in the process. Equation (1)
is that of a straight line passing through the origin

(y = 05 x = 0), and the slope of the line is the reciprocal

39
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of the population size. As the experiment proceeds the
proportion of the population which is marked will increase.
Marking one additional animal will cause the proportion marked
to increase by a certain amount; +the increase is inversely
proportional to the population number. After finding the
average amount by which the marking of one further animal
changes the proportion of the population marked it is then
possible to estimate the total population size. The formula

used to compute the estimate is:-

P = wxz .l.'llll......".l.“.l(z)
WXy
where P = population size
w = the total number in the catch

X = the number of marked animals in the (eateh) Foeu\q\’\'ot\

t<ll
L}

the proportion of 'f' in 'w!

Teca Plvn )
This formula, (2), is the inverted form of the usuel expression
for the slope of a regression line passing through the origi
(Snedecor, 1946). Using formulas (2), data from short periods
in one trapping experiment may be handled separateiy as though
each period was an entire trapping experiment. The data for

the month of March 1964 for Clethrionomys on grid B are set out

below (p. 41) in the form necessary for an estimation of

population size using Hayne's method (Table 11).
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No. captures (w)

] Propn. Total 2

Day New (R) (R) (R) WXy WX
1 221 0 0.00 0 0 0
2 13 0.81 21 272 7056
3 3 L9 0.70 24 454 15552
Total 726 22608

P =?£2 = 31 voles
r XY
Table 11. The arrengement of data for the estimation of

population size by Hayne's method.

(R) = animal previously handled.
Superscripts denote dead animals.

3. The Maximum Likelihood Method of Estimation

The method due tc Hayme {1949s) just described was used
throughout the study, mainly because of its simplicity and ease
of application. It was decided, however, that a method for
estimating several population parsmeters from data arranged in
one way would be desirable. There are several methods of
estimating more than one population parameter, taking into
account the effects of birth rate, death rate, immigration and
emigration (Delury, 1947; Bailey, 1951; Young et al, 1952;
Zippin, 1956) but the method developed by Leslie and co=-

workers was eventually used (Leslie and Chitty, 1951;
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Leslie, 1952; Leslie, Chitty, and Chitty, 1953) because of its
applicability to the specific problem under study viz. the
population dynamics of small rodents. This method, in common
with all capture-recapture methods of estimation, depends for
its validity upon the truth of the assumptions that the sampling
of individuals is entirely at random, and that all classes of
marked and unmarked animals are caught with equal facility.

This method differs basically from that of Hayne (1949a) in
that information from a chain of samples is utilised, whereas
only one sampling period is used in Hayne's method. Because

the estimates of population parameters for one sample are
dependent upon information from subsequent samples then the last
link in the chain of samples cannot be dealt with i.e. the final
trapping remains unanalysed. A brief description of the method
is given here, but reference to the original work is necessary
for complete understanding. |

The population parameters are calculated using the Maximum-
Likelihood equations., The procedure followed in the present
study is now described.

The distribution of recaptures each month was tabulated
according to the interval since last capture, and the estimates
were made from the tables thus constructed. The samples were
taken at unequal intervals of time, and as some regular time
scale was required for the calculation of various rates e.g.

survival rate, an:arbitrary interval of 28 days was selected.

|
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Trap mortality was taken into account in the equations for
estimating population size. Each trapping was considered as a
link in a sampling chain with time 'to' being the origin of the
chain, and time 'tx' the end. The symbols used in the

equations, with their meanings are as follows:-

Ct = the number of individuals captured at time 't!
dt = the number of individuals found dead in the traps
at time '¢!

Rt = the number of individuals released alive at time 't!.

From the above, Ct - dt = Rt e0ceesserene (l)

u, = the number of animals in 'Ct' which had not been
previously captured.

§ = the number of animals in ’Ct' which had heen caught
at least once previously.

Hence, C, = u

t + St a8 enDesnsed s (2)

The 'st' part of 'Ct' is composed of two further components.

n, = recaptured individuals not captured at time 't-1'.

m_q = recaptured individuals captured at time 't-1'.

Hence, St = nt + mt-l ®s0s0csccans (5)

}ﬁ% = +the total number of animals captured at least once which

are alive in the population as a whole at time 't'-tﬁen if

yt = ut - dt Secevsscscsane (4)-
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then, immediately after the release of the 'Rt' living animals

at time 't', the total number of this class in the population

will be Vt + y,- Then, ifi-

Pt = the survival factor over the interval of time 't' to
't4+1!' then the number alive at the time of the next

trapping will be

P, ()”t + yt) A €))

g = the total number of individuals alive at the trapping
at time 't'.

>‘t = the rate of population increase from time 't' to 't+l'.

Bt = the rate of dilution of the population over the interval

of time 't' to 't+1', and
Bt BAt - Pt seseosnsanvee (6)

Having explained the symbols used in the equations, fhe
latter may now be presented. In the calculations the value of
'Hbt' is first determined, together with its variance (V), then
'Nt' is estimated, the formula for which incorporates the wvalue
of '1#%'. The variance of 'Nt' is also calculated. Once
'Hﬁ%' and 'Nt' are known, the value of ';\t', and 'Bt'

may be calculated.,



Equations used to calculate the population parameters

i. Population size

Vt = nt+lRt + St (t O, 1, 2, svrvey T-l)
B, t+1

T = (fru)® ma

S+l M, b4l

N, = ‘Hﬁt (ct + 1) (t =0, 1, 2, seeey T=1)
(s, + 1)
v(y,) = w7 u, +  vOY,)
(st + 2) (Ct +1) Hbt

ii, Rate of increase

3 i -
Ay = Y44l
(Ny=d,)

(t =0, 1, 2, vousy T=2)

jii. Survival

t+1 (t = O, lg 2’ secay T-2)

iv. Dilution .

veene(l)

ceseel(2)

eenee(3)

veees(4)

veres(5)

veeee(6)

eenee(T)
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The variances of '\bi' and 'N ' above are corrected by a
correction factor. This factor is obtained by summating the
'\ﬁ;‘ values and the |5t' values of the chain of samples, finding
the ratio between them and subtracting it from one. The
variances are then multiplied by the correction factor. The
standard errorsof the estimates in the present study were
obtained from variances corrected in this way.

The anelysis above is preliminary, but if the dilution
factor 'Bt' is found to be low in the non-breeding season
(ideally zero or negative) then more exact analysis of death
rate (and hence survival rate), and rate of increase, may be
entered upon. The equations given below were used in the
present study to estimate death rate, rate of increase, and

dilution rate, over a standard interval of 28 days.

w, = unity, if the interval between trappings equals 28 deys.
P, = rate of increase from time 't' to 't + w'.
My = death rate.

f;t = dilution rate.

p, = log, 7& ceeee(8)
b

/Jt = -loge P_t "“'(9)
Vi

/81: a /qt+pt ....(10)

The results of the calculation of the various population

parameters are given in the sub-sections dealing with population

size (pp. 47-77 ), and survival (pp. 78-97).
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III. CHANGES IN POPULATION SIZE, MARCH, 1963 TO JANUARY, 1965

l. Introduction

The estimated population sizes of the two Clethrionomys

and Apodemus populations are given in Tables 12-15. The
population size was estimated for the sexes separately by the
method of Leslie et sl (1953), and for the sexes combined by
this method and that of Hayne (1949a). The estimates obtained
by both methods are presented in Tables 16-18. The full
details of all the population parsmeters calculated by the
maximum-likelihood equations are given in Tables 12-29., The
figures showing population trends (Figs. 7 & 8) are compiled
from the 'Nt' values estimated by the method of Leslie et al
(1953). Where 'N,' values could not be calculated, either 'C,!
values or the estimates made using Hayne's (1949a) method were

used, details are given where appropriate.

2. Population trends in the Apodemug and Clethrionomyg
populations

a) The Clethrionomys population on grid A

The population trends of Clethrionomys and Apodemus on

grid A are shown in Fig. 7, and the population estimates are
given in Tables 12 and 13 respectively.

The numbers of Clethrionomys were low at the time of the

first comprehensive trapping of the grid in March, 1963, and
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they declined still further to reach what was found to be a
minimal value in April. Breeding began to swell the numbers
between May and June, and in June the population was twice as
large as it had been in April. The population continued to
increase in size until August, there being a rapid rate of
increase between June and July. From August onwards the
population increased greatly in size to eventually reach a
peak value in October. The population in Octiober was four
times larger than it had been in April. The numbers fell
slightly between October and November, and then declined sharply
between November and December. The numbers continued to
decrease from December 1963 until April 1964. The April 1964
population was some 50% larger than that estimated for April
1963. From May to October 1964 the numbers rose steadily and
reached s maximum value in the latter month of similar dimen-
sions to that recorded for October 1963. From October to
November, however, there was a considerable decrease in
numbers and this decrease continued until January 1965, which
was the final trapping on this grid. In Januery 1965 the
population was only one-third of the October population in
size. This rapid decline in numbers was due partly to an
increased mortality in the traps (see P. 22 ). The population
trends were similar in 1963 and 1964, but there is a suggest-
ion that the population in 1965 will be low, based upon the low

number of animals caught in January 1965. This suggestion is



+
Month % \é't mnoT e hN . P, B,
1963
ME.I‘ .. 0 - : - - -
Apr. 1 | 15.4 | 22,03 4.8 | 1.13 | 0.560 | 0.576
May 2 | 13.1 | 25,03 6.0 | 2.060 | 1,000 | 1.060
June 3 1 23.9 | 5153 7.3 | Ll.245 | 0,721 | 0.524
July 4 25.9 64.1 < 14.3 1.034 0.591 0.443
Aug. 5 | 36.0 | 66.3 3 11.1 | 1.188 | 0.444 | 0.744
Sept. 6 | 29.3 | 78.8 % 1l.4 | 1,131 | 0,514 | ~0.617
Oct. 7 | 38.7 |203.3 £13.1 | 0,948 | 1.000 | -0.052
Nov. 8 | 72,0 | 97.9 % 6.9 | 0.682 | 0,721 | -0.039
Dec. 9 | 64.2 | 66,8 % 4.4 | 0,757 | 0.620 | 0.137
1964 .
Jan. 10 | 46,0 | 50,6 T 4.2 | F1.788 | ¥1.000 | *0.786
Mar. 11 | ®69.1 | 90,5 T 5.9 | *0.379 *0.334 | ®0.045
Apr. 12 | 27.4 | 34,33 5.4 | 1.860 | 1,000 [ 0,860
May 13 | 34,3 | 63.8% 7.7 | 1,100 | 0.341 | 0.759
July 14 | 20.2 | 70.2 £15:9 | 1.1I1 | 0.388 | 0.723
Aug. 15 | 24.5 | 78.0 & 16.2 | 1.073 | 0.420 | 0.714
_Sept. | 16 | 46.0 | 83.7 § 19.8 | 1.196 | 0.538 | 0.658
Oct. 17°| 538 | 100:1-% 1320 |--0.615. ! 0.532 | 0,083
Nov. 18 | 53,1 | 61.6 ¥ 19,7 - - -
1965
Jan. 19 - - - - -
Table 12 . Estimated population parameters from a preliminary

analysis of data from Clethrionomys on Grid A,
using the ‘Maximum-Likelihood Method of Leslie
et al " (1953). Data for the two sexes are combined.

For explanation of symbols see Page 43.

¥ Doubtful estimate.
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supported by information from the degree of breeding success

attained (p.101), and the survival rate (p. 78 ) in 1964.

b) The Apodemus population on grid A

In Merch 1963 the numbers of Apodemus on grid A were at

a gimilar level to those of Clethrionomys. From March to June,

however, the numbers trapped on the grid declined greatly, and,
in fact, from April to September 1963 inclusive the catches did
not reaéh double figures. From September to October 1963,
however, there was a high rate of increase and the population
quadrupled in size. The population continued to increase in
gsize until December 1963, by which time the numbers were in
excess of those of Clethrionomys for the first time. The
numbers remained at a high level until March 1964, but between
March and April the population decreased greatly in size to
reach a level of popuiati;; only 50% of the March value. The _
numbers continued to decrease, and,.as in 1963, only a few
individuals were captured in the summer months. From August

to September the population increased rapidly in size, and by
October was almost as large as it had been in December the
previous year. The numbers did not remain high for long,
however, and by January 1965 the population had been reduced to
one-third of its size in October 1964. This sharp fall in

numbers closely paralleled the situation in Clethrionomys,

although without the trap-mortality associated with the fall in
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- +
Month b '¢'t Nt o A . P, B,
1963
Mar. 0 - : - - .
May 2 7.5 R 705 ; 102 is0;600 ﬁ00600 EO.OOO
June 3 1 .45 | 453 1.2 | 5,489 | 11.000 | ~4.489
July 4 11.0 | ®24.7 T 4.2 0.271 0.125 0.146
Aug. 5 2,0 6.7% - 1.642 0.300 | 1.342
Sep. 6 2.7 11.0 ¢ 3.9 3.545 0.965 2.580
Oct. 7 8.4 39.0 T 7.8 1.272 0.911 0.361
Nov. 8 | 27.7 | 49.6 2 6.2 1.693 0.923 0.770
Dec. 9 39.4 | 84.0 % 8.3 0.856 | 0.549 0.307
1964 |
Jan., 10 | 35.9 71.9 E 12,6 | 1.160 | 0.808 | 0.352
Mar, 11 54.9 | 83.4 = 6.5 | 0.475 0.276 | -0.884
Apr. 12 21.8 | 39.6 = 7.6 | 0.805 0.866 | =0.391
May 13 | 31.0 | 31.9 § - 0.226 | 0.114 | 0.112
July 14 4.0 7.2 % . 1.000 | 0.090 | 0.910
~Auge |- 15 | 48| T.2% 5.472- L8431 1 - 4,631
Sep. 16 7.6 | 39.4 § 10.1 | 2.053 | 0.678 | 1.375
Oct. 17 19.4 | 80.9 & 14.6 0.842 0.725 0.117
Nov. 18 | 53,2 | 68.1% 9,3 - - -
1965
Jan. 19 - - - - -
Table 13. Estimated population parametérs from a preliminary

ardlysis of data from Apodemus on Grid A, using

the Maximum-Likelihcod Method of Leslie et al (1953).
Data for the two sexes are combined. For
explanation of symbols see Page 43 .

¥ Doubtful estimate.
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the latter species. The rapid build up in numbers in the
autumn of each year studied was caused by the large influx of
sub-adult animals of both sexes into the traps. Thus, with

Apodemus as with Clethrionomys, the population changes were of

similar pattern in 1963 and 1964, there being a summer low
followed by a great increase in numbers in autumn. Some
differences between the two years existed, however; for in
1964 the peak numbers occurred in October, two months earlier
than in 1963, and also the high population level was not kept
up in 1964-65. From December 1963 to April 1964 inclusive the

numbers of Apodemus were greater than those of Clethrionomys,

the population of the former remaining large after the autumn

increase while the Clethrionomys population declined. This

gituation did not occur in 1964-65 as both populations were in

decline at the game time.

¢) The Clethrionomys population on grid B

The population trends of Cletﬂrionomys and Apodemus on

grid B are shown in Fig. 8 and the population estimates are
given in Tables 14 and 15.
When systematic trapping of grid B commenced in March 1963

the Clethrionomys population was in decline. The decline

continued until April, and the population remained small in size
until after May. The population then increased in size at a

high rate from May to July, but then increased less rapidly
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until September, by which time the numbers were twice what

they had been in May. No trapping was carried out in October
and November 80 it is not known whether the population increased
further in size after September. By December 1963, however,

the population had declined a great déal from its September
level, and the trend continued downward, with minor fluctuat-
ions, until May 1964. From May to August 1964 the numbers were
trebled, but after September the population decreased rapidly
in size until December 1964, the final trapping period. The
decrease in the numbers was partly due to high trap mortality

in November and December (p. 22 ).

d) The Apodemus population on grid B

The numbers of Apodemus captured on grid B did not reach
double figures in any one month until December 1963. The
population reﬁained at the modefaég_Décembe¥ level (abbut 20
enimals) until March 1964, and then decreased in size through-
out the summer. A few more qnimals were captured in September

and November 1964. The estimates showed a downward trend after

September 1964, a feature held in common with the Clethrionomys

populstion.

e) A comparison of the performance of the Clethrionomys

populations on grid A and grid B

The general pattern of the population fluctuations on

the two grids is similar, although the record is less well
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_ +
Month % 3A~t §,oXos A, P, B,
1963
M—a-ro 0 - : - - had
Apr. 1 | 2l.4 | 40.6 T 5.5 | 1.010 | 1,000 [ 0.010
May 2 | 32,0 | 41.0% 6.6 | 1.390 | 0.950 | 0.440
June 3 | 38.0 | 57.0% 5.6 | 1.395 | 0.794 | 0,601
July 4 39.7 T79.5 rd 9.2 0.999 0.664 0.335
Aug. 5 | 47.6 | 79.4 ¥ 11.6 | 1.057 | 0.651 | 0.406
Sept. 6 | 51.2 | 83.9 ¥16.0 | 0.639 | 0.572 | 0.067
Dec. 7| 47.0 | 53.6 % - 0.740 | 0.535 | - 0.205
1964
Feb. 8 | 36.4 | 39.7 { 3.4 | 1,050 | 1.000 | 0.050
Mar, 9 | .40.1 | 41.7 3 11.4 | 0,767 | _0.568 | _0.199
May | |10 | 25.6 | 32,0 % 5.9 | 11.250 | 70.889 | X0.361
June = |11 | ®29.0 | *30.0 2 3.5 | ®2.475 | ®0.509 | ®1.966
_ éug_. '_ . 12~ 1705 9900 : 22.8 00935 00754 O..lBl
Sept. |13 | 68.T 9256 = “Be4—| 0559 | 03616 - 0.059 - — -
Nov. 14 | 56.3 | 51.8 % 5.7 - “ -
Dec. 15 - - - - -
Table 14, BEatimated pépulation parameters from & preliminary

analysis of data from Clethrionomys on Grid B,
using the Maximum-Likelihood Method of Leslie

et al (1953). Data for the two sexes are combined.
For explanation of symbols see Page 43.

& Doubtful estimate. 3 Half-grid only trapped.

- Yy
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) +

Month t V . N, T s A P, B,
1963
Mar. 0 NC NC NC NC NC
Apr. 1 NC NC NG NC NC
May 2 NC NC NC NC NC
June 3 NC NG NC NC NC
July 4 NC NC NC NC NC

Aug. 5 NC NC NC NC NC
Sept. 6 NC NC NC NC NC
Dec. 7 NC NC NC NC NC
1964 | _
Feb. 8 | 167 | 19.2% 3.7 | o0.937 | 0.962 | 0.025
Mar. 9 18.0 | 18.0 § 2.4 0.700 | 0.474 0.226
May 10 9.0 | 12.63% - 0.619 | 0.500 | 0.119
June * | 11 6.5 7.8 ¥ 1,5 | "0.961 | 0,400 | 0.561
Aug.’ 12 3.0 7.5 ¥ " | #%8.067 | ®1.000 | -
Sept: 1-13 1. 11.0 | _60.5 % 4.5 | %0.198 | %0.200 | %0.002
Nov. 14 4,0 12,0 . - i -
Dec, 15 - - - - -
Table 15. BEstimatéd population parameters from a preliminary

analysis of ddte from Apodemus on Grid 3B, using

the Maximim-Likélihood Method of Ledlie et al (1953).
Data for the two sexes are combined. For
explanation of symbols see Page 43.

: Haelf-grid only trapped. = Doubtful estimate.
NC » Not calculable.
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documented for grid B. In 1963 the most striking difference
between the two grids was the greater number of animals present
in March on grid B, there being 80% more than on grid A.
Degpite the extra breeding potential of the grid B population,
however, there was no notable difference between the sizes of
the late summer populations on the two grids. It is possible
that the October peak on grid A would have been repeated on
grid B if records had been taken. Later evidence (p. 105 )
suggests that breeding was less successful on grid B, although
survival was better than on grid A (p. 79 ). In March 1964 the
populations were of very similar dimensions and the resulting
late summer populations were also of comparable size. The grid
A population was apparently declining rapidly. The early winter

decline in numbers was common to both populations.

f) A comparison of the performance.of the Apodemus  .=—-=- = —

populations on grid A and grid B.

There is little material for wvalid comparison of the two
Apodemus populations; there being few Apodemus captured on grid
B. One fact which emerged, however, was that the avtumn-influx
of sub-adults was common to both grids, although on a much
smaller scale on grid B. The early decline in numbers in
autumn 1964, after the early autumn rise, was comﬁon to both

populations of Apodemus, and also to both Clethrionomys populations.
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3. The population estimates of the sexes treated separately

The population estimates of the sexes treated separately

are given in Tables 16 and 18 for Clethrionomys and Table 17

for Apodemus. Also given are the population estimates for the
sexes combined, and the summated values of the two sexes. For
comparison the population estimates of the sexes combined
according to Hayne's (1949a) method are given also. Close
agreement may be seen between the estimated populations of the
sexes combined, and the sum of the male and female estimates,
thus indiceting that the smaller numbers involved when the
sexes are treated separately do not render the calculations
unreliable. In Fig. 9 the population estimates from the method
of Leslie gt al (1953) are compared with the actual 'C.' values.

For Clethrionomys on grid A it may be seen that the population

trends are similar for hoth 'Nt' and 'Cf'_values,with the _

exception of the estimates for October 1963 when the 'Ct'
value is low., There is some esuggestion of a seasonal variation
in the closeness of 'Nt' and 'Ct', there being closer agreement

in the summer than in the winter. With Clethrionomys on grid B

no regular variation in the closeness of the estimate and the
actual catch could be detected. With Apodemus on grid A the
estimated 'Nt' values were of doubtful significance during
the summer because of the low numbers of animals, so seasonal
variation in the relationship between the numbers caught and

those estimated could not be detected. Tanton (1965) found



seasonal variation in the agreement between estimates of the
population size and the number of animals caught in Apodemus.
He found the greatest disparity between the two values in the
late winter and early spring. The closer agreement between
the estimated and actual values in the summer is evident in
the Clethrionomys population on grid A (above) and is in agree-

ment with Tanton's results for Apodemus.

4. The density per acre of the Clethrionomys end Apodemus
populations on grid A and grid B

The calculated density per acre of the Clethrionomys gnd
Apodemus populations on grid A and grid B at each trapping
period are given in Table 19. In this table, an 'actual' and
an 'adjusted! density per acre are given for both species. The
tactual' density per acre is that density- which is calculated
if thé 'ﬁt' velues are considered to refer to a population of
animals oeccupying the area of the grid (approximately 2.5 acres).
The t'adjusted' density per acre is that density which is calcul-
ated to exist if the animals estimated to be present (Nt) are
considered to have been drawn from an area equal to that of the
grid plus that of a border strip around the grid, the width of
the border strip being equal to half the Observed Range Length
value calculated for Clethrionomys and for Agddemus. The
'adjusted' density per acre for Clethrionomys is calculated on

the basis that the animals could be occupying 6.3 acres; that for

58
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Maximum Likelihood Method.
Date. r.Males 2. Females| 3. Males & 142 Hayne's
1963 Femaleg Method
Mar. 18,0 8.0 26,0 26.0 52
Apr, 13.6 13.5 22.0 27.1 30
May 14.1 9.3 25,0 23.4 31
June 20,2 18.0 51.5 38.2 42
July 25.1 37.8 64.1 62.9 83
Augo 25.4 4109 66.3 67.5 84
Sept. 36.0 42,5 78.8 78.5 102
Oct, 54.6 46.5 103.3 101.1 109
Nov. 51.5 46.2 97.9 97.7 100
Dec. 34.3 36.0 66.8 70.3 105
1964
Jan, 26.4 28.9 50.6 5543 T4
Mar, *¥40.8 *68.9 *90.5 *109.7 60
Apr. 21.0 12.4 34.3 32.4 25
Nay 36.9 25,8 *63.8 62.7 43
July 56.6 32.6 70.2 69.2 59
Au;’:_f'.‘_-_ 4__4-_--.- 5 34-2 " BTO - _7'6_--! 78
Sept. 50.2 33.4 83. 83.6 99
Oct. 55.1 36.5 100.1 91.6 107
Nov, 40,0 23.0 61.6 €3.0 89
1965
Jan. 27.0 6.0 33.0 33.0 54
Table 16, Population estimates of Clethrionomys on Grid A.

Estimates calculated
the sexes combined.
Method for the sexes

for the sexes separately and for

Estimates calculated using Hayne's
combined are also given.

Doubtful estimate.
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Maximum Likelihcod Method.
Date. 1, Males | 2. Females| 3. Males & 142 Heyne's
Eemales Method

1963

Mar, 16.0 8.0 24.0 24.0 21
Apr. 3.0 3.9 13.9 6.6 10
May 1.0 6.0 7.5 7.0 5
June 1.0 3.0 4.5 4.0 3
July 5.0 3,0 #24.7 8.0 15
Aug. 6.0 3.0 6.7 9.0 23
Sept. 5.8 3.0 11.0 8.8 11
Oct. 21.4 14.0 39.C 35.4 42
Nov,. 25.2 25.0 49.6 50.2 61
Dec. 52.2 28.9 84.0 8l.1 88
1964

Jan, 48.0 27.4 71.9 15.4 85
Mar., 40.7 35.4 83.4 76.1 83
Apr, 23.9 33.1 39.6 57.0 56
May 14.0 17.8 31.9 31.8 40
July 3.0 4,0 1.2 7.0 1
Aug. 3.0 4.0 T.2 7.0 11
Sept. 47.5 6.C 29.4 5345 35
.Qct. -65.7 22.5 80:9 88,2 57
Fov. 49.9 21.8 68.1 71.7 66
1965

Jan, 18.0 8.0 26,0 26.0 36

Table 17. Population estimates of Apodemus on Grid A,
Estimates calculated for the sexes separately and for
the sexes combined. Estimates calculated using Hayne's
Method for the sexes combined are also given.

# = Doubtful estimate.
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~Maximum Likelihood Method

Date. 1, Males | 2. Females | 3. Males & 142 Hayne's

Females Method
1963
Mar. 15,0 17.0 32.0 32.0 45
Apr. 25.0 14.0 40.6 39.0 31
May 26.1 14.8 41.0 40.9 48
June 35.4 19,2 57.0 54.6 41
July 45.7 52.8 79.5 78.5 71
Aug. 44.0 33.6 19.4 717.6 87
Sept. 46.2 36.6 83.9 82.8 85
Dec, 30.8 22.8 53.6 53.6 924
1964
Feb. 23.b 18.4 39.7 41.5 59
Mar. 14.1 17.7 41.7 31.8 31
May 19.4 12.8 *52.0 32.2 38
June 19.2 12.5 40.0 31.7 ' 25 -

- Augn 552 36,6 - 9950 - |- 9xe - |8 |

Sept. 50.2 42.6 92.6 92.8 87
Nov. 30.2 21.7 51.8 51.9 104
Dec. 21.0 17.0 38.0 38.¢ 60

Table 18. Population estimates of Clethrionomys on Grid B.
Estimates calculated for the sexes separately and for
the sexes combined. Estimates calculated using Hayne's
Method for the sexes combined are aleoc given.

# = Doubtful estimate.
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Apodemus on the basis that the animals could be occupying 7.2

acres. With the 'actual’ density per acre the greatest value

reached for Clethrionomys was 46.9 per acre on grid A and 45.0
per acre on grid B. For Apodemus the greatest 'actual' densities
were 38.2 per acre on grid A and 8.7 per acre on grid B (dis-
counting an obviously aberrant value of 27.5 per acre calculated
for September 1964). The 'adjusted' densities per acre were
obviously considerably less, never in fact reaching more than

16.4 per acre for Clethrionomys and 11.7 per acre for Apodemus.

These densities per acre for Clethrionomys and Apodemus,

even taking the ‘'actual' densities, are very low compared with

‘those recorded for Microtus agrestis (Chitty 1952)

5. Summary and discussion

The changes in population size of Clethrionomys on grids A

and B have 5een described in detail (pp. 47;565. The basic
pattern of change was found to be the same in both years and on
both grids. A low population in spring increased steadily in
size throughout the breeding season to reach a peak level in
late summer or early autumn. The high level of population was
meintained during the autumn but decreased over winter to leave
only a few animals ag the breeding nucleus of the coming year.
The-modifications to this basic pattern in autumn 1964 have
been described and will be discussed in detail in that part of
the discussion dealing with survival and breeding (pp. 78-119).

Similar population trends to those outlined above have been
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Clethrionomys Apodemus

MONTH Grid A Grid B Grid A Grid B

Act. Adj. Act. Adj. Act. Adj. Act. Adj.
1963
March | 11.8 4.1 1 14.5 5.1 10.9 344 NC NC
April | 10.0 3.5 | 18.4 6.4 6.3 1.9 KC NC
May 11.4 3.9 | 18.6 6.5 34 1.0 NC NG
June 23.4 8.2 | 25.9 9.0 2.0 0.6 NC NC
July 29.1 10.2 | 36.1 12.6 ¥11.2 ¥3.5 NC NC
Aug. 30.1 10.5 | 36.1 12.6 3.0 0.9 NC NC
Sept. 35.8 12.5 | 38.1 13.3 5.0 1.5 NC NC
Oct. 46.9 16.4 - - 17.7 5.5 - -
NOV. 44.5 15.5 - - 22.5 7-0 - -
Dec. 30.4 10.6 | 24.4 8.5 38,2 11.8 NC NC
1964
Jan, 23.0 8.0 - - 32,7 10.0 - -
Feb. - - 1800 6.3 - - 8.7 2-7
Mar. 41.1 ¥*14.4 | 18.9 6.6 37.9 11.7 8.2 2.5
Apro 15.6 504 had - 18-0 5.6 e -
May | 29.0 10,1 | 14.5 _ 5.1 14.5 4.5 |- 5.7 - - k&
_jﬁ—-ne - - 536.4 36.3 - - 701 101
July 31.9 11.1 - “ 3.3 1.0 - -
Aug. 35.4 12.4 | 45.C 15.7 3.3 1.0 | 6.8 ﬁ1.0
Septe | 38.0 13.3 | 42.1 14.7 17.9 5.5 {®27.5 8.5
Oct. 45.5 15.9 - - 36.8 1l.4 - -
Nov. 28.0 9.8 | 23.5 8.2 30,9 9.6 | 5.4 1.7
Dec. - - 17.3 6.0 - - NC NC
1965
Jan. 15.0 5.2 - - . 11.8 3.7 - -
Table 19. ' The calculated density per acre at each trapping

period of Clethrionomys & Apodemus.

Act. =
Adj. =

Actual density over ares of grid.

Adjusted density over area of grid
plus ranging area (see text).

- = No trapping_
¥ = Doubtful estimate.
NC = Not calculable

S
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Monﬁh Interval D mt, £+l Gt Rt Nt /U % Py ;g &
1963

Maro 1.46 - - 26 24 - - : - -
Apr. 0.75 - | 132 |21 | 19| 22.0| 0.773 | -0.169 | 0.604
May 1.25 1 8 (18 | 18| 25.0| 0.062 | 0.058 | 0.120
June 1.00 3 | 13 {28 | 27 | 51.5| 0.327| 0.219 | 0.546
July 1.00 5 | 17 (57 | 56 | 64.1 | 0.526| 0.033 | 0.559
Aug. 1.25 2 | 29 |61 | 58 | 66.5 | 0.649 | 0.139 | 0.788
Sept. | 1.00 2 | 23 |70 | 69 | 78.8 | 0.665 ] 0.123 |- 0.788
Oct. 1.00 1| 16 (49 | 47 | 103.3 | 0.355 | «0.053 | ~0.053
Nov. 1.00 121 26 55 52 97.9 | 0.327 | =0.383 | -0,056
Dec. 2,00 | 17 | 263 |53 | 45 | 66.8 | 0.239 | =0.139 | 0.100
1964

Jan. 1.43 8 | 171 |31 | 28 | _50.6 | 0,000 | ¥0.407 | *0.082
Mar. 1.86 | 12 | 16° {41 | 37 | ®90.5 |®0.589 | £0.522 | *0.067
Apr. 1.53 | 10 9 124 | 24| 34.3| 0.000| 0.406 | 0.406
May 2.00 7| 20 |52 | s1-| 63.8| 0.538| 0.048 | 0.586
July 1.00 2 | 14 |59 | 58| 70.2| 0.947| 0.105| 1.052
Aug. 1.25 : 70 | 70| 78.0| 0.694 | -0.056 | 0.638
Sept. | 2.00 31| 212 |98 | 81| 83.7| 0.309|-0.089 | 0.398
Oct.. | .00 | .2 | a0t laz- | 77| _200.3 ! 0.63% | :6.408-] ©.145- |-
Nov. 2.00 6| 36 |58 | 49 | 61.6 - - -
1965 |

Jan. - 53| 221 |33 29 - - - -
Teble 20. Population parsmeters of Clethrionomys on Grid A

estimated using the Maximum-Likelihood Method of
Léslie et al (1953). Data for the two sexes are
combinéd. ~Estimates of death-rate ( p.), rate of
increase (pi), and dilution rate (B,) are with
refereérice to a standard interval of 28 days. For
explanation of other symbols see Page 43 .

Superscripts denote dead animals.
¥ Doubtful estimate.




65

Month | Interval in, ) Im, .0 |Gy | By | By IE P | By
1963

Mar. 1.46 - - 24 24 - - - -
Apr, 0.75 - 4 7 T 15.9 0.546 | «0,824 | . 0.278
May 1.25 2 3 5 5 |. 7+5 |.0.409 | -0.409 |_0.000
June 1.00 1 2 3 5 | 5 405 |,0.894 NC | 0.894
July 1.00 1 2 8 8 24.7 |72.079 NC 2.079
Sept. 1.00 0 1 7 7 11.0 | 0.036 | 0.265 | 0.301
Oct. 1.00 1 4 27 27 39,0 | 0.093 | -0.241 | 0.334
Nov. 1.00 2 16 33 23 49.6 | 0.080 | «0,078 | 0.002
Dec., 2,00 5 17 48 48 84.0 | 0,299 | 0,104 |.0.405
1964

Jan, 1.43 8 221 |62 61 71.9 | 0.149 | =0.400 | -0.251
Mar. 1.86 4 41 69 69 83.4 | 0.692 | ~0.142 | 0.550
Apr, 1.53 2 14 30 30 39.6 (0:0%4 | 0.094
May 2,00 5 26 32 32 3119 |,1.085 | -0,744 | 0,341
Jul. 1.00 0 4 8 8 7.2 | %2,408 | 0,000 | ¥2,408
Aug. 1.25 0 4 8 8 7.2 | 0.194 | 1.360| 1.360
Sept. 2.00 0 4 25 25 39.4 0,322 0.359 0.553
Qcts -] 1400 2 14 70 ) £0.9 a 1--0.172 [--0.494—-=
Nov. 2.00 4 44 63 62 68 sl - - -
1965

Jan. - 2 24 26 26 - - - -

Table 21 . Population parameters of Apodemus on Grid A estimated

using the Maximum-Likelihood Method of Lesl ie et al
(1953). Data for both sexes are combined. For other
details see footnote to Table 20 , and Page 43.

¥ Doubtful estimate.

RC = Not calculable.
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Mbnﬁh Interval n, . My tel Cy R, N, Mt P, ;3 &
1963

Marx, 1943 - - 32 31 - - C- -
Apr. 0.75 - 9l |19 | 18 | 40.6 | 0.384 | 0.013 | 0.397
May 1.25 | 11 | 16 |35 | 35 | 41.0| 0.041 | 0.263| 0.304
June 1.00 31 21 |36 | 35 | 57.0| 0.231 | 0.333| 0.564
July 1.00 8 | 202 |60 | 57 | 79.5| 0.409 | -0.001 | 0.408
Aug. 1.25 T 34 72 69 T9¢4 | 0.343 | - 0.047 | 0.390
Septs | 2.00 4 | 42 |17 | 76 | 83.9 | 0.279 | =0.224 | 0.055
Dec, 2.43 3 | 447 |68 | 54 | 53.6 | 0.257 | -0.124 | 0.133
1964

Feb. 1.4 .| o | 221 |25 | 24 | 39.7|.0.000| :0.043 |  0.043
Mar. 2.00 91| 152 |29 | 25 | 41.7 L0:283 | —0.112 | 0,171
May 0.86 9l{ 14 |30 | 29 | 32.0 o.13n (0308 | ~0.445
June *| 2.57 1| 11 |17 | 17 | ®40.0 | ®0.263 | ¥0.353 | *0.616
Aug. 1.11 71 7. |87 | 85 | 99.0| 0.254 [ =0.060 | 0.194
Sep. 2.00 27 52L NI | Td [ 9276 | 0.2467 -0.291| 0.045 ] -
Nov. 1.25 82| 4211 |69 | 46 | s1.8 - " -
Dec. - 4| 291438 | 21 - - - -
Table 22 .,  Population parsmeters of Clethriofionys on Grid B

estinated using the Maximufi-Likelihodd Method of

Léslie et al  (1953)

. Data for the two sexes are

combined. For other details see footnote to

Table 20 , and Page 43 .

2 Half of grid only trapped.
] Doubtful estimate.
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Month [Intervalln, . my 44l c, R, N, /U & P, ;} "
1963

Apr. 0.75 0 1l 1l 1l NC NC NC NC

May 1.25 0 0 1 1 NC NE NC NC
June 1.00 0 0 o] 0 NC NC NC NC

July 1.00 0 0 6 6 NC NC NC NC

Aug. 1.25 0 0] o 4] NC NC NC NC
Sept. 2.00 0 0 2 2 NC NC 1.26 NC

Dec. 2.43 0 4] 19 19 KC NC 0.004 NC

1964 -

Feb, 1.14 0 12 14 14 19.2 0.034 | =0,057 | -0.023
Mar. 2.00 3 9 13 13 18.0 | 0.373 | =0.179 0.194
May 0.86 3 6 13 13 12.6 0.806" «=0.558 0.248
June | 2.57 0 4 5 5 7.8 | NC |-0.015| XC

Aug. 1.11 1 2 9 9| 7.5| ®¥ |*.881| N |
Sept. —2%00 - 0 Ir 10 10" | #6055 [¥0,805 [ #0169 | 20,974 |
Nov. 1.25 2 2 14 14 12,0 - - -

Dec. 0 6 |17 7 - - - -
Table 23 . Population parameters of Apodemus on Grid B estimated

using the Maximum-Likelihood Methods of Leslie et al
(1953). Data for the two sexes are combined.
other details see footnote to Table 20, and Page 43.

2 Half-grid only trapped.
# Doubtful estimate.
NC & Not calculable.

For
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described also for Clethrionomys by Evans (1942), Brown (1954),

Newson (1963), and Kikkawa (1964). That such patterns of
population fluctuation within one year are widespread among
small rodents living in a variety of habitats may be 1llustrated
by reference to the work of Chitty (1952) and Godfrey (1955) on

wild populations of Microtus agrestis (the gshort-tailed field

vole); Clarke (1955, 1958) on experimental populations of
M. agrestis in large enclosures; and Frank (1957) and Van

Wijngaarden (1960) on communities of Microtus arvalis (the

Continental vole) kept in outdoor cages. In America also,
similar trends in population change have been recorded for
various species of Peromyscus (a mouse similar to Apodemus) by,
among many others, Blair, (1951), Snyder (1956), and Bendell

(19595 1961); for Clethrionomys (Blair, 1941); and Microtus

(Getz, 1960; Jemeson, 1955). The trends described for

tudy may therefore be regarded as
representative of those displayed by many small rodents.

The population changes described for Apodemus in the
present study, however, are unusual in many ways (pp. 50-51).
The unnaturally low number of captures made throughout the
summer months of each year studied presents a problem of
interpretation. It would be expected that the numbers in the
population would increase during the breeding season, and that
this increase would be indicated in the tfapping record. Instead

of this occurrence however, there was an autumn influx of


http://the-.pre.sent

69

animals which caused the population size to increase enormously
in a short period of time. Population studies on Apodemus have
been described by Elton et al (1931), Evaﬁ;’(l942), Hacker and
Pearson (1944, 1946, 1951, and 1952), Brown (1954), Miiler (1958),
Ashbyﬁ(1962), Newson (1963), Kikkawa (1964), and T:hion (1965).
Many of these workers observed that low catches were made in
the summer and very high ones made in the autumn. The
population trend recorded by Newson (1960) for Apodemus was not
typical as winter breeding had occurred in his populations, a
phenomenon previously described by Baeker (1930) and Steven
(1957). No winter breeding took place during the present study.
Kikkawa (1964) captured considerable numbers of Apodemus during
the summer in Wytham Woods, Berkshire, but he still observed

an increased capture rate in the autumn.

In the presgnt stgd{_on}y & few of the animals involved in
the autumn influx into the traps had been captured previously.
This was found also by Miller (1958) and Tanton (1965).

Miller (1958) attributed the autumn influx to the immigration

of animals into the trapping area from adjoining corn-fields
after harvest, inferring that breeding had occurred there.

Ashby (pers. comm.) considered that a high degree of breeding
success in late summer was the main cause of the autumn increase,
and he reported having captured many juveniles. In the present
study, and in that of Tanton (1965), the explanation. advanced

by Miller (1958) and Ashby (1962) is inadequate. Very few
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juveniles were involved in the influx in the autumn, most of

the animals weighed more than 1% grams and many were in breed-

ing condition, although meriting description as sub=-adults

from their weight and general appearance., Also, in the present
study and that of Tanton (1965), the number of animals caught

and the estimated population size continued to increase until

the late winter, although breeding had ceased by October-

November. Tanton (1965) considered there to be three possible

explanations of the antumn influx of enimalst-

1) they were migrating across the area in a certain direction,
2) immigration was occurring from all sides,
3) animals were present on the area but were not being

caught for behavioural reasons.

Tanton (1965) examined his data statistically to see which of
the three stated explanations was the mosi likely to ve the
true one. He found no evidence of migration across the area,
nor of immigration into it, he thus concluded that the animals
were present throughout the summer, and were breeding in the
study area, but few were being captured because the majority
evaded capture through behavioural reasons. A possible cause
of the changed response to traps may be a change in feeding
behaviour with a change in the available food. Holisdve (1960)
and Miller (1954), recorded that animal food was predominant
in the stomachs of Apodemus in the summer, while green food

and seeds became more dominant in the autumn and winter.



This could cause a lack of interest in grain-baited traps when
animal (mainly insect) food is available. Such a change in
response t0 traps was recorded by Kikkawa (1964) who observed
decreased interest in traps by mice in summer and by voles in
winter. The increased interest in traps as the cold weather
begins could well be, as Tanton (1965) suggests, due to the
supply of insect food decreasing at a time when the metabolic
requirements of the animels are increasing. Tenton (1965)
further maintains that live-trapping of Apodemus in the summer
is ineffective for purposes of population estimation as the
basic requirements for random sampling are not met. In the
present study trap-lines set in adjoining corn-fields during
the summer did not catch any Apodemus thus rendering Miller's
explanation unlikely. Ashby (pers. comm.) reports that during
the years of the detailed part of his study from 1954-1959

inclusive, there was some indication of Apodemus being less

easily trapped than usual in mid-summer in some years. However,

in view of the generally good representation of juveniles in
the catch he believes this to be exceptional. He suggests
that the differences in trapping technique between himself and
Tanton and the writer may be important factors in producing

this marked difference of behaviour.

11
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Month | Interval nt+1 mt,t+1 Ct Rt Nt /J N
1963

Mar. 1.46 - - 18 16 - -
Apr. 0.75 - 101 | 15 14 13.6 0.726
May 1.25 0 7 12 12 14.1 0.025
June 1.00 1 71 | 16 15 20,2 0.434
July 1.00 2 9 23 2% 25.1 0.426
Aug. 1.25 1 15 27 26 25.4 C.719
Sept. 1.00 0 11 36 35 36.0 0.564
Octs 1.00 0 8 25 23 54 .6 0.355
Nov. 1.00 6l | 11 28 26 51.5 04357
Dec. 2.00 10l | 152 | 32 27 34.3 0.249
1964

Jan. 1.43 3 12 19 17 26.4 ¥0.142
Mar, 1.86 6 122 25 22 | ¥40.8 ¥0,502
May 2,00 3 12 32 31 36.9 0.526
July 1.00 10 1 35 34 36.6 0.959
Aug. 1.25 1 8 40 40 44.5 0.820
Sept. 2.00 1 235 57 47 50.2 0.391
Oct, | 1.00 1| 228 | 55 | 4 | 55.1 | 0.557
Nov, "'2,00 2 24 37 32 40.0 -
1965

Jan. 43| 191 | 27 23 - -
Table 24. Population parameters of Clethrionomys males

on Grid A estimated using the Maximum-Likelihood
No estimates of
rate of increase or 'dilution rate are given for

Method of Leslie ét al (1953).

one sex treated alone.

footnote to Table 20, and Page 43.

# Doubtful eatimate.

For other detalls see




quth Interval nt+1 mt,t+1 Ct Rt /u "
1963

Ma.ro 1046 - - 8 8 -
Ap.l'. 0. 75 - 3 6 5 0. 000
May 1.25 1 1 6 3 0.000
June 1.00 2 6 12 12 0.208
July 1.00 3 8 34 33 0.583
Aug, 1.25 1 14 34 32 0.616
Sept. 1.00 2 12 35 34 0.746
Oct. 1.00 1 8 24 24 0.000
Nov. 1.00 6 15, 27 26 0.190
Dec. 2.00 7 11 21 18 0.193
1964

Jan. 1.43 5 sl | 12 11 0.356
Mar., 1.86 6 4 16 15 %0,849
Apr. 1.53 5 2 8 8 0.000
May 2.00 4 8 20 20 0.518
July 1.00 1 5 25 25 0.926
August 1.25 2 7 30 30 0.772
Sept. 2,00 21 18 41 34 0.241
Oct. 1,00 |. 0 | 175 | 33 | 25 0.644
Nov. 2.00 42 12 21 17 -
1965

Ja.n. l 3 6 6 -
Table 25. Population parameters of Clethrionomys females, Grid A4,

estimated uSin% the Maximum=Likelihood Method of
(1

Leslie et al

953). No estimates of rate of

treated alone., For other details see footnote to

Table 20 and Page 43 .

%®# Doubtful estimate.
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Month Interval nt+1 mt,t+1 Ct Rt Nt /u %

1963

Mar. 1.4% - - 15 14 - -

Apr. 0.75 - 51 | 13 12 25.0 0.059

May 1.25 6 11 22 22 26.1 0.049

June 1.00 2 13 20 20 35.4 0.365

July 1.00 6 102 | 36 34 45.7 0.322

Aug. 1.25 4 22 39 38 44.0 0.267

Sept. 2.00 3 25 43 42 46.2 0.251

Dec. 2,43 2 266 | 42 31 30.8 0.285

1964

Feb, 1.14 0 gl 11 10 23.1 0.563

Mar, 2.00 6 51 15 13 14:1 0.081

May 0.86 51 6 17 16 19.4 0.596

June 1 2.57 1 6 12 12 19.2 0.256

Aug. 1.11 2 - 5 51 50 55.2 0.307 |
Sept. | 2500 1 30° -1 44 iz 50,2 | 0.204 7T
Nov. 1,25 41 262 41 27 30,2 -

Dec. - 2 1510 | 23 9 - -

Table 26, Population parameters of Clethrionomys males on

Grid B estimated using the Maximum-Likelihood
Method of Leslie ot al (1953). For other details
see fqotnote to Table 20 y end Page 43 .

2 Half-grid only trapped.
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Monﬁh Interval nt+l mt,t+1 Ct Rt Nt /u %
1963

Ma-r. 1545 - - 17 17 - -
Apr. 0.75 - 4 6 6 14.0 0.045
May 1.25 5 5 13 13 14.8 0.157
June 1.00 1 8 16 15 19.2 0.070
July 1.00 2 10 24 23 32,8 0.569
Aug. 1.25 3 12 33 2] 33,6 0.447
Sept. 2.00 1 17 34 34 36.6 0.319
Dec. 2.43 1 18l 26 23 22.8 0.170
1964

Feb. 1.14 ) 13 14 14 18.4 0.03%8
Mar. 2.00 311 100 | 14 12 17.7 0.256
May 0.86 4 8 13 13 12.8 0.345
June 1 2.57 0 5 -5 ' 5 12.5 0.277
Aug. 1.11 5 2 36 35 38.6 0.174
Sept. 2,00 1. -221 33 - 32 q—4256 | 0,292 |
Nov., 1.25 4| 162 | 28 19 21.7 =
Dec. - 2 144 | 17 12 - -
Table 27 . Populstion parsmeéters of Clethrionomys females

on Grid B estimdted using the Maximum-Likelihood
Methods of Leslie et al (1953). For other
details see footnote to Table 20 and Page 43 .

& Half-grid only trapped.
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Month | Interval By [, g4l C, Rt N, /u &
1963

Mar. 1.46 - - 16 16 - -
Apr. 0. 75 - 2 3 3 2.7 NC
May 1.25 1 0 1 1 NC NC
June 1.00 0 1 1l 1l NC NC
July 1,00 0 0 5 5 NC NC
Aug. 1.25 0 1 6 6 NC NC
Sept. 1.00 0 1l 4 4 5.8 NC
Oct. 1.00 1l 3 18 18 21.4 0.228
Nov, 1.00 1 11 20 20 25.2 0.066
Dec, 2.00 2 11 32 32 52.2 0.241
1964

Jan. 1.43 4 141 | 36 35 48,0 0.309
Mar, 1.86 4 19 34 34 40.7 0.423%
Apr., 1.53 2 14 22 22 23.9 0.344
May 2.00 1l 13 14 14 14.0 NC
July 1.00 (0] 2 3 3 NC NC
Aug. 1.25 0 2 3 3 NC NC
Sept. | 2.00 0 L 118 118 | _47.5 1 _0.115 _ i
Oct. 1.00 2 9 44 44 65.7 0.259
Nov. 2.00 4 27 40 40 49.9 -
1965 |

Jan. - 2 " 16 18 18 - -

Table 28 .  Population patrameters of "'Ago'd.emus males on Grid A
estimated using the MaximumsLikelihood Method of
Leslie et al (1953). For other details see
footnote to Table 20 and Page 43 .

NC = ©Not calculable.
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Month Interval nt+1 mt,t+l ct Rt Nt /U %
1963

Mar. 1.46 - - 8 8 - -
Apr. 0075 - 2 4 4 3.9 NC
May 1.25 1 3 4 4 6.0 NC
June 1.00 1 1 2 2 3.0 NC
July 1.00 1 2 3 3 NC NC
Aug. 1.25 0 1l 3 3 NC NC
Sept. 1.00 0 0 3 3 NC NC
Oct. 1.00 0 1l 9 9 14.0 NC
Nov. 1.00 1 5 13 13 25.0 0.137
Dec. 2.00 3 6 16 16 28.9 0.299
1964

Jan. 1.43 4 8 26 26 27.4 0.118
Mar, 1.86 1 22 36 36 35.4 0.262
Apr. 1l.53 0 15 23 23 33.1 0.373
May 2,00 4 13 18 18 17.8 1.099:
July 1.00 0 2 5 5 4.0 NC
Aug.’ 1:.25 o} 3 5 5 4.0 NC
Sept. | 2.00 Q -5- T -7 6.0 Nc-
Oct., 1.00 0 17 26 26 22.5 0,69
Novf 2.00 0 8 23 22 21.8 -
1965

Jan. - - - 8 8 - -

Table 29 . - Population parameters of Apodemis - females on
Grid A estimated using the Maximum-Likelihood
Method of Leslie et al (1953). For other
details see footnote to Table 20 and Page 43 .

NC = Not calculable.




IV. SURVIVAL

1. Survival of the total population

The survival rates (Pt) corrected for a standard interval
of 28 days are given in Table 30. The survivorship curves are

shown for Clethrionomys in Figs. 10a,b, and 1lla, and for

Apodemus in Fig. 11b.. The corrected 'Pt' was calculated from
the formula l—'/Jt' (’/Ut' = the death rate per 28 days, calcul-

ated as described on pp. 45-46 and is given in Tables20-29).

a) Clethrionomys. Grid A (Table 30, Figs. 10Oa, lla)

The survival rate of overwintered animals (sexes
combined) was low between April and May 1963, but very high
between May and June (0.94). Throughout the breeding season

the survival of the population as a whole became increasingly

poor,_End wés down to Jjust ov;r 30% pér 28 dgys between
September and October. During autumn and winter the survival
rate improved, reaching a very high level between January and
Merch 1964. Survival ﬁas poor between March and April 1964,

but waes excellent between April and May. As in 1963 the survival
rate dropped to a low level as the summer proceeded, recovering
after August, but unlike in 1963 the survival rate became poor
.again after October. This observed drop in survival rate

resulted in the previously noted fall in numbers (p. 48).

T8



b) Clethrionomys. Grid B (Table 30, Figs. 10Ob, 1lla)

Survival was moderate (60%) between April and May 1963
on this grid, and it improved between May and June. As on
grid A, however, the survival rate declined in the early part
of the summer. In contrast to grid A the decline halted
between July and August, and the survivgl rate began to improve
again. The survival rate never reached the low value which it
did on grid A. The survival rate had improved to over 0.7 by
October, and was at a similar level in early winter, it then
rose between February and March 1964, but fell again between
March and April. There was another slight rise in late spring
and a fall in early summer, but after June the survivsl rate
remained at a quite high level (0.7) throughout the summer and

early antumn, Thus on grid B the survival of Clethrionomys was

congsistently betier tham on grid 4; with fewer fluctuatious,
and less evidence of impaired survival during the breeding
season. The drop in survival rate between Merch and April
1964 on grid A was repeated on grid B, though to a less marked
extent. This drop was almost certainly due to a particularly
severe cold spell with snow, ice, and low temperatures, its
effect perhaps being accentuated by coming after a mild spell

of weather.
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¢) A comparison of the survival of the two sexes of

Slethrionomys on grid A (Fig. 10a)

There is close agreement between the general shape of
the survivorship curves of the two sexes although there are
differences in detail. The survival of the females was
considerably better than that of the males between April and
May 1963, but the survival of both sexes was good from May to
June. The survival rate of both sexes declined during the
summer, but that of the males improved a month earlier than
did that of the females. After October, however, until
Japuary.1964 the survival of the females was superior to that
of the males. From January 1964 to April 1964 the survival
rate of the males was higher than that of the females, although
the males suffered a drop in survival rate between March and
4pril, The risé and fall of the-survival ratss of the -two-
sexes was extremely close throughout the summer and autumn

of 1964i

d) A comparison of the survival of the two sexes of

Clethrionomys on Grid B (Fig. 10b)

There were greater differences between the survival of
the two sexes on grid B than on grid A. The females had a
survival rate higher than that of the males in June-July 1963,
the survival rate of the males having dropped as breeding

commenced. However, the next month the survival rate of the
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FIGURE 10. Seasonal variation in the estimated survival rate per 28
days ('P,') of Clethrionomys males and females caught on
grid A (&) and grid B (b) during the study period.
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females dropped to a low level just as the survival of the
males began to improve. After August the survival rate of
both males and females improved, but that of the females was
consistently lower. From October 1963 to January 1964 the
survival rate of the males remained steady, but it dropped
sharply between February and March. In contrast, the survival
of the females continued to improve after October, and no
winter decline occurred. After March 1964 the survival rate
dropped a little, but gradually improved during the summer,
then dropped again between September and October. The survival
rate of the males fluctuated wildly until July after which it
remained steady, and actually improved a little in the éutumn.
In general form the shape of the survivorship curves was
similar over the whole period of study. In 1963 the survival

of the females followed the pattern of the males although it

was & month out of phase. In 1964 the similarities were less
as the violent fluctuations of the male survivel rate were not

evident in that of the females.

e) The survival of Apodemus on Grid A (Fig. 11b)

Because of the low number of animals involved little
can be said about the survival of Apodemus in summer 1963. The
small population present at the beginning of the study quickly
disappeared and not until September-October 1963 did

appreciable numbers appear on the grid. From September to
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December survival was good, but there was & drop in survival
rate between December 1963 and January 1964, the rate then
improved again before apparently dropping to a very low level

between March and April. The drop in survival rate at this

time occurred also in both Clethrionomys populations (pp. 768-79).

Again, in 1964, little can be said of the survival rate because
of the low numbers of animals caught. The few animals which
were alive in May survived the summer and were present when
the late summer influx of individuals occurred. In contrast
to 1963, the survival rate of Apodemus fell from September-
October 1964; again, similar drops in survival rate were
reported for the Clethrionomys populations (pp. 78-79 ).
Numbers were too few to allow analysis of the survival rate of
the sexes separately.

On grid B all that can be said of the survival of Apodemus
is that it w#é good between Febrﬁary and Maréh 1964, but -

declined rapidly from March to June.

2. The survival of different cohorts of animals in the

total population

a) Introduction

In addition to calculating the survival rates of the

populations of Clethrionomys and Apodemus by the maximum-~

likelihood equations a less refined method of analysis was used

also for comparative purposes. This second form of analysis
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consisted of measuring the survival of marked animals by noting
the number caught at each trapping period of those reléased at
the trapping before. Animals known to be alive at the second
trapping, because they were subsequently caught, were included
in the re-captured group. The estimated survival rates were
adjusted to refer to a 28 day interval. The mean minimum
monthly survival rates over certain periods were compared for
the cohorts of animals concerned. The survival rates obtained
bear no direct relation to the more accurate ones so far
discussed, mainly because only the survivel of marked animels
is considered here. There is no reason, however, why the
survival of marked should differ from that of unmarked animals,
except perhaps in spring when food is less plentiful, and the
grain in the traps is a useful extra supply. In practice the
survival rate as calculated by this monthly minimum method was
found to be consistently hiéher-%ﬁ;n th;é foﬁhd_ﬂf the maximﬁﬁ-
likelihood method, but for the sexes combined the form of the
survivorship curves was similar over the whole period of study.
Using the minimum monthly survival rates an attempt was made to
compare the survival of animals entering the population at
different times of the year. Three main cohorts of animals

were considered in each year:-

1) Overwintered animals from the previous year.
2) Summer young (entering the trappable population from

June-August inclusive).



3) Autumn young (entering the trappable population from

September-November inclusive).

It was realised that on such a broad basis each cohort would
have a mixed composition; but allowing for this the bulk of
animals entering the population hetween June and August must
have been born in late spring or early summer, and are
distinguishable from over-wintered animals by weight and appear-
ance (p. 18 ). Similar arguments apply to autumn-young, which
are the young of overwintered animals, and of the first

summer-young.

b) Clethrionomyg. Grid A (Table 31, Fig. 12a)

Data for the two sexes combined were used. In 1963 the
animals which had survived the severe winter of 1962-63 had
representatives in the population until December 1963. Their
survival may thus be compared with that of the spring and early
summer-young. In the period from June to December 1963 the
overwintered animals had a mean survival rate of 0.81/28 days
compared with a mean rate of 0.71/28 days for the summer-young.
When the individual monthly rates are considered, it may be seen
that the superior survival of the older animals was more evid-
ent from June to September 1963 than in the later months. In
the period from September to December 1963 the survival of the
remaining old overwintered animals was better than that of the

summer-young, which latter in turn survived better than the



86

autumn-young. However, as the numbers of the first two
categories of animals were much reduced there was still a
great majority of autumn-young in the overwintering population
of 1963-64. Few of the summer-born young of 1963 remained
alive in April 1964, and none were recorded as being in breed-
ing condition. The mean survival rate of autumn-born young
was the same as that of the remaining summer-born young in the
period January 1964 to April 1964; but as the numbers of
summer-born young were low in early winter the operation of
even a moderate death-rate was sufficient to virtually remove
them all by spring 1964. The survival rate of the early summer-
young of 1964 cannot be compared with that of the overwintered
animals of 1963-64 because very few of the latter remained by
August 1964. The survival of summer-born young was compared
with that of autumn-born young from September 1964 to Januéry
1965, and that of the former was found to be superior. Hﬁwever,
as the numbers of summer-born young were low by December 1964
it is unlikely that any would survive to breed in 1965. The
rather poor mean survival over this period (0.51) of potential
spring-breeding animals suggests that if continued the popul-
ation may be in a rather critical phase during the biological-

ly-precarious season of spring in 1965.

¢) Clethrionomys. Grid B (Table 32, Fig. 12b).

The overwintered animals of 1962-63 had survivors in

the population until December 1963, as in the case of grid A.
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Cohorts Mean Monthly Survivel Rates
Jun./Dec, | Jun./Jan, | Sep./Dec.
1963/64 1963 | 1963 1964 1963
(1) Overwintered animals 0.81 c.78 0.80
1962-63
(2) summer-born young 0.71 0.69 0.75
1963
(3) Autumn-born young - - 0.71
1963
1964 Sep./Apr. | Sep./Aug.| Sep./Jan.
1963 1964 1963 1964 19€4 1965
(1) Summer-born young 0.7% - -
1963
(2) Autumn-born young 0.76 0,78 -
' 1963 - - =
(3) Summer-born young - - 0.66
1964
(4) Autumn-born young - - 0.51

1964

Table 31 .
grid A.
animels only.

Sexes combined.

periods indicated.

Survival of the different cohorts of (Clethrionomys on
Survival rate of marked
The rates given are the means for the
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During the period from June to December 1963, the summer-born
young of that year were found to survive much better than their
parents which had survived from 1962, having a mean monthly

rate of 0.88 compared with 0.65 over this period. This situ-
ation is in complete contrast to that recorded for grid A.

From September to December 1963 the survival of all three

cohorts has been compared. The survival of summer-born young
was found to be superior to that of both of the other cohorts.

In complete contrast yet again to the situation on grid A the
summer-born young of 1963 on grid B had survivors in the populat-

ion until August 1964, and bred in both 1963 and 1964. Their
survival rate from September 1963 to August 1964 was found to

be higher than that of the autumn-born young which had never
attained breeding condition at ell. However, the particularly

good survival of summer-born young from September to December
1963 weighted the mean survival rate calculated over the longer
period, and if the period from December 1963 to August 1964

is considered alone then the autumn-born young had the better
mean survival rate. The éurvival of summer-born young of 1964
was found to be good from August to November 1964 inclusive,
and the survival of autumn-born young was also good until
November. Survival of all the cohorts was poor between

November and December.
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Cohorts Mean Monthly Survival Rates.
Jun./Dec. | Sep./Dec. | Sep./Aug.
1965/64 1963 1963 1963 1964
(1) Overwintered animals 0.65 0.54- -
1962-63
(2) Summer-born young 0.88 0.92 0.82
1963
(3) Autumn-born young - 0.71 0.79
1963
1964 Dec./Aug. | Jun./Nov. | Aug./Nov.
1963 1964 1964 1964
(1) Summer-born young 0.78 - -
1963
(2) Overwintered animals 0.82 0.77 0.67
1963-64 _ _.- e
(3) Summer-born young - 0.66 0.80
1964
(4) Autumn-born young - - 0.80
1964
Table 32, Survival of the different cohorts of Clethrionomys

on grid B.
animals only.

Sexes combined.

periods indicated.

Survivael rates of marked

The rates given are the means for the
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d) The survival of the different cohorts of the two sexes

of Clethrionomys on grid A and grid B (Tables 33-35)

It was found that there was no significant difference
between the survival of the cohorts of animels of both sexes on
grid A and that of the cohorts of the sexes treated separately,
Similarly, on grid B the cohort survival of the sexes treated
geparately closely resembled that of the two sexes

treated together.

3. The life span of (lethrionomys and Apodemus

In the present study it was observed that the majority of
the animals lived for only a few months. Some few individuals,
however, were present on the study area for more than one year.
Two Clethrionomys males lived for at least fifteen months, three
others lived for at least fourteen months, and several survived

for more than twelve months. Clethrionomys females appeared to

live a little longer than the males for three survived for at
least sixteen months, three for at least fifteen months, and
several for thirteen or fourteen months. It is probable that

in Apodemus the wandering behaviour prevented the continuous
recording of individuals, and the maximum recorded life spans
are probably underestimates. Bearing this in mind, it may be
stated that thelongest-lived Apodemus male survived for eleven
months, and the longest-lived female for fifteen months. Hacker

and Pearson (1946) kept Apodemus in captivity for up to 53 months



91

Cohorts Mean Monthly Survival Rates
Jun./Dec. Sep./Dec. Dec./Sep.
1963/64 1963 1963 | 1963 1964
(1) Overwintered animals 0.86 0.95 -
1962-63
(2) Summer-born young 0.67 0.71 -
1963
(3) Autumn-born young - 0.76 0.81
1963 .
Sep./Jan,
1964/65 1964 1965
(1) Summer-born young 0.77
1964
(2) Overwintering animals 0,60

1964-65

Table 35 . Survival of the different cohorts of Clethrionomys

males on grid A.

Survival of marked animals only.
The rates given are means for the periods indicated.




92

Cohorts Mean Monthly Survival Rates
Jun./Dec. | Sept./Dec. | Sept./May
1963/64 1963 1963 | 1963 1964
(1) Overwintered animals 0.64 0.58 -
1962-63
(2) Summer-born young 0.92 0.91 0.77
1963
(3) Overwintered animals - 0.73 0.79
196 3-64
| Jun./Sep. | Sep./Dec.
1964 1964 1964
1) Overwintered animals 0.82 -
(1)
1963-64
(2) Summer-born young _ 0.53 0.77
S 1964 | - _ i .. I
(3) Overwintering animals - 0.79
1664-65

Table 34 . Survivel of the different cohorts of Clethrionomys males

on grid B. Survival of marked animals only. The rates
given are means for the periods indicated.
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Cohorts

Mean Monthly Survival Rates.

Females Grid A

Jun./Oct.
1963

Sep./Jun.
1963 1964

Sep./Nov.
1964

(1)

Overwintered animals

1962-63
(2)

Summer-born young

1963

Autumn-born young

1963
(4)

Summer-born young

1964
(5)

Overwintering eanimals

1964

0.62

0.63

0.54

0.33

Females Grid B

Jun./Mar

1963 1964

Sep./Mar.
1963 1964

Sep./Dec.
1964

(1)

Overwintered animels
1962-63
(2)

Summer-born young
1963 -
Overwintered animals

1963-64

(3)

(4)

Summer-borne young
1964

(5)

Overwintering animals

1964

0.717

0,87

0.74
0.95

C.71

0.83

0,89

Table 35 .

Survival of the different cohorts of Clethrionomys
females on grid A and grid B. Survival of marked

animals only. The rates given are means for the
periods indicated.




but found that in the field few survived from one winter
season to the next. Blair (1948) found that in three species

of rodent, Peromyscus maniculatus, Peromyscus leucopus, and

Microtus pennsylvanicus, the average life span among indiv-
idﬁals that lived until they left the nest was less than five
months. That rodents live only a fraction of their potential
life-span in the field is amply demonstrated by the fact that
many species have lived For some years in captivity. Dice

(1933) reported individual Peromyscus maniculatus living up to

seven and eight years in captivity. Captive Apodemus sylvaticus

and Clethrionomys glareolus have also been reported as having
lived for three and a half and three years respectively,
(Ashby pers. comm.). There is much evidence in support of the
statement made by Burt (1940) to the effect that mice rarely

reach 'old age' in the field.

4. Summary and discussion

In the present study the survival of Clethrionomys, when

both sexes are considered together, was found to be good just
prior to the start of the breeding season, poor during the
breeding season, and good in the late autumn and the winter.
Also, survivsal on grid B was consistently better than on grid A.
Leslie et al (1953) and Newson (1963) found similar seasonal

variation in survival in Clethrionomys populations which they

studied. They found also, however, that the survival of the

94
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females was consistently superior to that of the males. No
such consistent sexual difference in survival was observed in
the present study. Ashby (pers. comm.) also found there to be
no significant difference between the survival of the two

sexes of Clethrionomys. On grid A the survival of over-

wintered animals of 1962-63 was superior to that of the spring
and summer-born young of that year. The autumn-born young
also survived better than the summer-born young. Few of the
summer-young successfully overwintered in 1963-64, and none
were recorded as being in breeding condition in 1964. Such a
survival pattern would seem to be a fairly normal one in
natural populations of mice and voles. Leslie and Ranson

(1940) in laboratory studies of Microtus agrestis and Chitty

(1952) in a field study of the same species, found a pattern

o]

f survivel similar to that described above for Clethrionomys.

There is general acceptance of the fact that mice and voles
seldom survive for more than one year in the wild, and rarely
breed in two seasons. On grid B, however, in the present

study, some voles were observed to be in breeding condition in

late-summer 1963 and in spring and summer 1964. The survival
pattern on grid B differed from the more usual one described

for Clethrionomys on grid A, mainly in that the survival of

the summer-born animals of 1963 was very good, being superior
to that of the overwintered animals of 1962-63, and being

sufficiently on a par with that of autumn-born young of 1963
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to ensure that a substantial proportion of the overwintering
animals of 1963-64 was composed of summer-born young.

The question of differential survival of the sexes
appears to be as yet unresolved. Leslie et al (1953) and
Newson (1963) found females to survive better than meles in

Clethrionomys, and Godfrey (1955) found with Microtus agrestis

that young males survived less well than young females., Frank

(1957) discovered that in Microtus arvalis there was a heavy

mortality in young males as they dispersed from the maternal
home range; the mortality did not affect the females as they
did not leave the maternal home range. However, Frank found
that winter mortality affected the females more than the meles,
suggesting that the smaller and weaker sex succumbed. Frank
(1957) also noted that animals never survived two winters, the
markedly old individuals dying in the first winter months.

Van Wijngaarden (1966), also ﬁorking with confined populations
of Continental voles, found a high juvenile mortality to exist,
but he did not find any evidence of sexual difference in
survival rates. He concluded that mortality was nct density-
dependent, a conclusion also arrived at by Southwick (1958)
with reference to house-mice living in corn-ricks. Bendell
(1959) could find no statistically significant differences bet-

ween the survival of males and females of Peromyscus leucopus

noveboracensis in the United States. Nor did he find any

significant differences between the survivel rates of the
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various age classes which he examined.

In the present study little can be said of the survival of
Apodemus other than to note that it was good in the winter
months but apparently became poor after April each year.

Hacker and Pearson (1946) considered the survival of Apodemus
to be affected by repeated trapping, but Newson (1960) found
no evidence that this was so, nor was it found to be so in
the present study. Hacker and Pearson (1946) also recorded
that no animals survived from one winter to the next, and
Brown (1954) indicated that few animals survive for more than

ten months in the wild.

V. ~ BREEDING

1. The breeding of Clethrionomys on grid A

The sexﬁal-condition'of Clethrionomys individuals in the
catch each month is given in Table 36. The percentage of males
and females in breeding condition each month is given in Table
40, and shown graphically in Fig. 13a. Breeding data, with
relation to body weight, are given in Table 45. The propor-
tion of pregnant females in the catch and the proportion of
juveniles in the catch are given in Tables 41 and 42 respect-
ively, and shown in Fig. 14,

With the exception of autumn 1963 there was a greater
proportion of males in breeding condition than females through-

out the study. It is thus probable that all fecund femsgles



98

No trapping

Males Females
MONTH  I"Fec. WF. J. | I. P, Pr. Pr.L. PL 7. | Esc.| Total
1963
March 4 14 0 8 0 0 0 0 0 3 29
April 15 2 0 7 0 0 0 0 o] 1 25
May 12 0 0 1 6 1 0 0 0 1 21
June 18 0 1 8 2 1 2 0 1 1 34
July 21 0 2 5 5 2 17 0 5 6| 63
August 24 0 T 0 2 3 15 4 11 0 66
September 19 3 15 8 2 3 11 3 11 1 76
October 5 1% 10 10 2 3 6 0 8 2 61
November 4 22 4 20 1l 2 2 2 2 0 59
December 5 23 3 21 0 0 2 2 0 0 56
1964
January 0O 18 0 14 0 0 0 0 0 2 34
February - - - - - - - - - - -
March 10 19 0 17 0 0] 1 0 0 1| 48
April 11 1 0 6 1 1 0 0 0 0 20
May 30 0 0 3 9 0 1l 0] (4] 2 45
Junef,__ - - - - - - - - ‘- - -
July 22 4 6 6 6 O 6 2 3 0 55
- Augast= - 3% (4 4 T 3 - 18 -0 Z=-l -0t 0
September| 33 6 11 6 1 1 18 2 6 0 84
October 18 30 i 20 1l 1l 8 1 3 1l 84
November 5 33 0 15 0 0 2 0 4 2 61
December - - - - - - - - = - -
1965
January o0 27 0 7 0 0 0 0 0 34
TOTALS 287 221 64 189 41 18 109 16 5T 23 1 1025
Table 36 . Sexual condition of Clethrionomys individuals caught
on Grid A. .
Fec., = Fecund I. = Imperforate Pr.L. = Pregnant, lactating
NF = Non-fecund P. = Perforate PL ' = Perforaste, lactating
Je = Juvenile Pr., = Pregnant 2 Esc. = Escaped :
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would become pregnant. In March 1963 only 20% of the males were
fecund but by April this proportion had increased to 85%, and
by May 100% of the males were fecund. From May to August the
percentage fecund decreased to 75%, mainly because of the
dilution of the population by juveniles and by sub-adults.

The percentage fecund had decreased to 50% by September,

partly because of the dilution effect noted above, but partly
because of old fecund animals dying off., In October, Hovember,
and December only 15% of the males captured were fecund, there
being three factors operating at this time to reduce the

proportion fecund:-

1) old animals from 1962 and some from summer 1963 were dying off,
2) summer-born young, having bred, were coming out of breeding
condition,

3) autumn-born young were not becoming fecund.

In January 1964 all the males were quiescent., In 1964 the
pattern of 1963 was followed closely, there being 100% of the
males fecund in May, followed by gradual dilution throughout
the summer, for the reasons already given. In September 1964
over 65% were fecund compared with 50% in September 1963, but
after September the proportion in breéding condition declined
quickly, and by January 1965 all the males were in a quiescent

condition.

No females were in breeding condition in April 1963 but by
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May almost 90% were perforate or already pregnant. The

percentages guoted here and elsewhere for females in breeding
condition may be underestimates because of the difficulties of
diagnosing pregnancy in the field. Godfrey (1955), with

Microtus agrestis, considered that 50% of pregnancies were

missed in the field. After May 1963 the percentage of females
in breeding condition never rose above 70% because, as with
the males, of dilution by juveniles and immatures, the death of
old females, and the regression of the sex organs in the
eutumn. After August the proportion breeding declined stead-.
ily and by January 1964 all were out of breeding condition.
In October, November, and December 1963, more females than
males were engaged in breeding activities because of the
occurrence of late pregnancies and the suckling of young.
Some females (6%) were perforate in March 1964, and by April
25% of the females were in breeding condition. The breeding
season thus commenced a little earlier in 1964 than in 1963,
possibly because of the milder winter in 1963-64. Throughout
the summer the pattern was much as in 1963, although the
proportion still concerned in breeding after September 1964
fell more rapidly than was the case in 1963%, By January 1965
all the females were out of breeding condition.

Juveniles were observed to enter the trappable population
in the months from June to December inclusive in 1963, and

from July to November inclusive in 1964. In 1964, however, no



101

trapping was carried out in June or December on the grid and
hence no records of juvéniles could be made. In some line
trapping in June 1964 (see Appendix II. p. 352 ) some juveniles
were present in the catch, so breeding must have been well
advanced by May. In no month did juveniles form more than

35% of the catch for that month. It is possible that some
juveniles of 7-9 grams were missed because of lack of sensitiv-
ity of the traps. In 1963 the largest influx of juveniles was
in Septembér, but many were caught in August and October also.
In 1964 September again was the month which had most juveniles,
but only 5% of the catch in October was composed of juveniles
compared with almost 30% for that month in 1963, In the
summer and autumn each year many animals were captured which
were obviously young judging from appearance and weight, but

were without the characteristic juvenile fluffy pelage, and

were hence not classed as juveﬁiles. They were iﬁ_faét'
probebly just small enough to have escaped capture the

previous month. Juveniles were less well represented in the
catch in 1964 than in 1963, even allowing for the fewer trap-

pings, thus suggesting that a less successful breeding season

had occurred.

2. The breeding of (Clethrionomys on grid B (Table 37, Fig. 13b)

In March 1963 more than 50% of the males captured were
fecund, and in April and May this percentage had risen to 100%.
. .—‘ ur ,',‘!.I:.l '.'l'uu;;\\

10 cgp 1985 §
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Males Females

MONTH  I'pec, NP. J. | I. P. Pr. Prul. PL J. | Esc.| Total

1963
March 9 8 (0] 10 6 0 0 0 0 4 37
April 17 0 0 T 2 0 0 0 0 3 29
May 26 0 0 T 5 0 0 0 16] 2 40
June 18 0 2 2 4 1 5 0 3 0 35
July 31 4 1 0 3 1 17 0 2 l 60
Augusat 35 1l 6 3 1l 4 20 2 6 0 T8
September 32 5 T T 0 T 10 0 10 0 18
October - - - - - - - - - - -
November - = - - - - - - - - -
December 19 33 0 21 1l 5 1l 0 o} 0 80

1964 .
Jeanuary - - - - - - - - - - -
February 0 15 0 15 0 0 1l 0 0 0 31
March 3 14 0 13 0 2 0 0 0 l 33
April Ll - - - - - - - - - T o
May 20 0 0 8 5 4] 1l 0 0 0 34
June 15 0 0 0 0 2 4 1 0 1l 23
J'_‘l.l.“,’— - ‘- - - - - - - - - -l
August 37 5 2 7 3 0 13 1 5 1 T4
September | 38 10 1 18 1 0 14 0 2 2 86
October - - - S - - - - - - - -
November 8 36 0 36 0 0 0 0 0 0 80
December 1l 253 0 18 o 0 0 0 0 0 42

1965
January - - - - - - - - - - <
TOTALS 339 154 19 172 31 22 86 4 28 15 840
Table 37 . Sexual condition of Clethrionomys individuals caught

Fec. = Fecund

on Grid B.

I.

NF = Non-fecund P. =
Je = Juvenile Pr. =

-Imperforate Pr.L. = Pregnant, lactating

Perforate

Pregnant

PL = Perforate, lactating

Esc. = Escaped

= No trepping




The proportion had dropped to just over 70% by September
because of the dilution of the population ﬁy young animals and
the death of some old ones. By December 1963 only 35% were
fecund, and this proportion had decreased to zero by February
1964. All the males were fecund in May and June 1964 but the
proportion dropped steadily throughout the year for the reasons
already noted. In September just under 80% were fecund, but by
November the proportion had dropped to 20%, and by December 1964
only 5% were in breeding condition.

Almost 40% of the females were in breeding condition in
March 1963, but the value dropped to 20% by April because of
the death of some of the precocious individuals. Some 40% were
agein in breeding condition in May. By July 90% of the fémales
were engaged in breeding activities, but this percentage had
decreased to 50% by September 1963. In February 1964 a few
females were still lactating (6%), a similar situation to that
found on grid A. In March 1964; perforate females were
appearing in the catch, and by May over 40% were breeding;
the proportion breeding dropped rapidly inllate summer and
early autumn and by November 1964 none of the females were
engaged in breeding activities of any kingd.

In 1963 juveniles were represented in the catches from
June to September (Fig. 14) but since there was a close
similarity between the breeding seasons on the two grids they

probably entered the population also in October and November
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as on grid A. In 1964 no trapping was performed in July or
October, but even in August and September less than 10% of the
catch was composed of juveniles, indicating perhaps that breed-

ing was less successful in that year, as on grid A.

3., Pregnant Females. (Table 41, Fig. 14)

Pregnancies were first diagnosed in May 1963 on grid A4,
but some females must have littered in 1gte April or early Mgy,
in order to allow the capture of juveniles in June. On grid A
the highest proportion of pregnant females was found in July
and August 1963, and August and September 1964. On grid B a
similar situation prevailed, although for the greater part of
the study the percentage of females pregnant was higher than
on grid A, but this was due to fewer juvenile females being
present resulting in there being less of a dilution effect than
was present on grid A. In all the months that trapping
occurred on grid A an absence of pregnant females was reccrded
only in April 1963, and January and December 1964. On grid B
only in May 1963 and November 1964 were no pregnant

females trapped.

4. A compariéon of the breeding of Clethrionogxs on

grid A and grid B

The males on grid B appeared to have come into breeding
condition earlier than those on grid A in 1963, and they also

appeared to stay fecund longer. In 1964 there was little
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difference in the length of the breeding season so far as the
males were concerned. However, the females on grid B were a
little later than those on grid A in coming into breeding
condition, so it is unlikely that the precocious behaviour of
the males resulted in an earlier start to the breeding season.
In both 1963 and 1964 juveniles were better represented in
the catches on grid A than on grid B, suggesting possible
differences in breeding success (see pp. 103-104). In 1663
juveniles were still entgring the population in December on grid
4, so the breeding'season may have been more prolonged on that

grid than on grid B.

5. The breeding of Apodemus on grid A and grid B

(fables 38 and 39)

On grid A, (Table 38), with the exception of March 1963 when
12 animals were caught, all samples up to and including
September were of less than 5 animals. However, it is still
proposed to discuss the breeding conditions in terms of percent-
ages for convenience of comparison. All the males captured in
March, April,May, and June were fecund, but in July and August
the few juveniles captured brought the proportion fecund dowm
to 60% and 80% respectively. In September, again all the
males caught ﬁere fecund., From October 1963 to April 1964
inclusive &all samples had more than 20 animals in them and

percentages have greater significance. From October to
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Males Females

MONTH Fec. NWF. J. I. P. Pr. Pr.L. PL J. Esc. | Total

1963
March 12 0 0 4 4 0 0 0 0 1l 21
April 4 0 0 3 2 0 0 0 0 0 9
May 1 0 0 2 1l 0 0 0 0 1 5
June 1 0 0 0 0 0 2 0 0 0 3
July 3 0 2 0 0 0 3 0 0 1 9
August 4 0 1l 0 0 0 b 0 0 0 8
September 4 0 0 1 0 0 3 1 1 0 10
October 15 2 0 3 2 0 1l 0 3 2 28
November 19 3 0 T 0 0 4 1 0 1 35
December 22 T 0 12 1 1 0 3 1l 4 51

1964
January 10 28 0 28 1 0 0 0 0 3 70
February - - - - - - - - - - -
March 36 1 0 24 3 8 3 0 0 2 11
April 24 0 0 16 5 0 1 1 0 0 47
May 8 0 0 6 1 0 T 1 0 0 23
June - - - - = - - - - - -
July 2 - 0 O 1 ¢ 2 6] 1 0 6
August 2 0 0 0 1 0 2 0 1 0 6
September | 13 0 1 0 0 0 9 1 0 1 25
QOctober 13 16 0 12 0 0 6 0 2 2 51
November 12 27 1 25 0 0 1 0 (6] 0 64
December - - - - - - - - - - -
1965
January 0 18 0 12 0 0 0 0 0 1l 31

TOTALS 205 102 5 | 153 22 9 47 8 9 19 | 579
Table 38. ‘Sexual condition of Apodemus individuals caught

on Grid A.

Fec. = Fecund..

NF
Je

= Non-f
= Juvenile

cund

B

L]
=
]

= Imperforate Pr.L.

Perforate

Pregnant - . . .E

Perfor

PL =
= Kscape

SC.

No trapping

= Pregnant, lactating

gte y lactating




December 1963 the proportion fecund declined slowly but was
still above 70% in December. The animals which caused the
dilution were not classed as juvenile but were young animals,
(sub-adults). In January 1964 only 26% of the males were
fecund, but by March the proportion had risen to 97%. All the
males captured from April to August were fecund, buf in Sept-
ember one juvenile was captured. In October and November the
infiux of sub-aduits caused a reduction of the proportion
fecund to 45% and 30% respectively. In January 1965 all males
were out of ﬁreeding condition, in contrast to the situation
in 1964.

On grid B (Table 39) all samples were composed of less than
5 animals until December 1963. All the males captured until
December were fecund, with the exception of one juvenile caught
in July. In December one male was non=fecund. In February
1964, 54% of the males were fecund but by March all the males
were again fecund. One juvenile was captured in May, but apart
from that one exception all males captured until November were
fecund. In November and December most of the males captured
were non-fecund.

In March and April 1963 on grid A,50% and 40% respectively
of the females captured were perforate. All the females caught
were in breeding condition until September 1963. In September
and October a few juveniles were captured, and these, along with

gome other young animals, caused the proportion breeding to
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MONTH

Males

Females

Fec

. NF

J.

I. P.

Pr, Pr.L. PL

Esc.

Total

1963

March
April

May

June

July
August
September
October
November
December

1964

January
February
March
April
May

June
July
August
September
October
November
December

1965
January
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18

10
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10

TOTALS

75

30

31 2

O

155

Table 39.

Fec.
NF
Je

Sexual condition of Apodemus individuals caught
on Grid B.

Fecund
Non-fecund P.
Juvenile

I.

Pr.

Imperforate Pr.L.

Perforate
Pregnant

PL
Esc.

No trapping

Pregnant, Lactating
Perforate, Lactating
Escaped
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Clethrionomys Apodemus
% males % females % males % females
MONTH fecund breeding fecund breeding
A B A B A B A B
1963
March 22 53 0 38 100 100 50 50
April 86 100 0 22 100 100 40 0
May 100 100 88 39 100 100 33 0
June 95 90 33 67 100 0 100 0
July 91 89 71 91 60 67 100 100
August 177 83 69 75 80 100 100 0
September 51 713 50 49 100 100 67 0
October 17 - 38 - 88 - 33 -
November 13 - 24 - 86 - 42 -
December 15 36 16 25 71 93 26 0
1964
January ) - 0 - 26 - 3 -
February - 0 - 6 - 54 - 0
March 35 18 6 13 97 100 37 20
April 92 - 25 =- 100 - 32 -
May 100 100 11 43 100 88 64 44
June - 100 - 100 - 100 - 100
July 69 - 78 - 100 - 75 =
August 80 84 68 59 100 160 75 100
September 66 78 65 43 93 100 100 50
October 36 - 32 = 45 - 30 -
November 11 18 10 0 30 13 42 0]
December - 4 - 0 - 11 - 0
1965
January 0 - (¢] - 0 - 0 -
Table 40 . Percentage of males and females in breeding condition

each month. Clethrionogxs and Apodemus

- = No trapping
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drop to 33% in October. By January 1964 only one perforate
female in a catch of 29 animals was recorded. In 1964 the
breeding was under wey in March, and all animals captured from
May to October were in breeding condition with the exception of
two juveniles caught in July and August. In October the
percentage fecund had decreased to 30%, and by January 1965 all
were out of breeding condition.

Cn grid B only 3 females were captured until December
1963, and in that month all the females caught were out of
breeding condition. From May to September 1964 the few females
caught were in breeding condition, but from September to
December most of the females captured were guiescent.

Despite the appreciable numbers of Apodemus males still
fecund over winter there was no winter breeding as the females

all came out of breeding condition for at least two months.

6. Summery and Discussion

In 1963 on grid A Clethrionomys males were in breeding

condition from April to September (i.e. more than 50% of the males
captured were fecund in the period stated). The females were
engaged in breeding activity from May 1963 to September 1963

(the criterion above being used), although some pregnant and
lactating females were found throughout the winter. The breed-
ing season in 1964 was of similar length, though with some

indication that breeding was coming to a stop earlier than in
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Clethrionomys Apodemus
MONTH GRID A | GRID B BRID A| GRID B
1963
March 0 0 0 0
April 0 0 0 0
May 14 0 0 0
June 20 40 100 0
July 56 18 100 100
August 51 £7 100 0
September 37 49 60 0
October 31 - 11 -
November 14 - 33 -
December 8 21 5 0
1964
January 0 - 0 -
February - 6 - 0
March 6 13 29 20
April 14 - 5 -
May 8 7 50 22
June - 86 - 100
July 26 - 40 -
August 58_ 45 40 50
September 60 40 90 50
October .26 - 30 -
November 9 0o 4 0
December - 0 - 0
1965
January 0 - 0 -
Table 41. The proportion of pregnant females

each month expressed as a percentage
of the catch of females in that month.

- = No trapping
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Clethrionomys Apodemus
MONTH GRID A GRID B GRID A GRID B
88 Q9 d40| 88 Qo d4Q| 33 oo 40| 88 0o 4

1963
March O 0 O 0 0 o O 0 © O 0 ©
April 0 0 0 0 0 o 0O 0 o0 0O 0 o
May 0O 0 © 0O 0 o 0O 0 o 0O 0 O
June 5 7 6 ]10 20 14 0O 0 o 0o 0 ©
July 9 15 11 3 9 5 40 ©0 22 (20 O 14
August 235 31 27 {14 17 15 20 0 12 0O 0 O
September 40 29 34 | 16 29 22 0 20 10 0O 0 O
October 33 28 29 = = - 0 33 11 - e =
November 13 T 10 - - - O 0 o - - -
December 9 0O 5 0 0 O 0O 5 2 o 0 O

1964
January O 0 ¢ - - - 0O 0 0 - = -
February - = - 0 0 © - = = 0O 0 0
March 0O 0 O c 0 O 0O 0 o0 0O 0 O
April 0O 0 o0 - - - 0O 0 O = - o=
May 0O 0 O 0O o0 o 0O 0 0}1l4 o 5
June -, = = 0 0 © - = - 0O 0 O

“=July 19 135 16 - -« <« 7 0 20 17 - - =

August 10 10 10 4 17 9 0 20 17 O 0 0
September 22 18 20 2 6 3 T 0 4 0O 0 0
October 2 9 5 - = = 2 10 4 - = -
November 0O 19 6 O 0 0 0O 0 2 0O 0 O©
December - - - ¢ 0 © - - - 0 0 O

1965
January 0O 0 O - - - O 0 o0 - - -
Table 42, Proportion of juveniles in the catch each month,

a) expressed for each sex as & percentage of the

" catch of that sex;

b) expressed for both sexes as a percentage of
the total catch.

Notes- 'No trapping'is indicated by a dash ( ).
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1963. On grid B in 1963 the males became fecund a month
earlier than on grid A, and remained in a fecund condition
longer, but in 1964 no difference in the length of the breed-
ing season of the males on the two grids was detected. The
females on grid B appeared to be ahead of those on grid A at
first in 1963, but their maturation suffered a set back in
April and eventually they started breeding later than on grid
A. Breeding ceased at about the same time on the two grids.
In 1964 breeding commenced at the sameé time, but ended a
little earlier on grid B.

Brambell and Rowlands (1936) reported that the breeding

season began in the middle of April in the Clethrionomys

populations that they investigated. Some individuals they
observed bred in two seasons, an occurrence reported also in

the present study (p. 88 ). These workers recorded the breed-
ing season as ending in chober in the year in which they obtain-
ed their material. Barrett-Hamilton (1911) reported the

breeding season of Clethrionomys in the south of England as

lesting regularly from March to December inclusgive, with
breeding sometimes occurring in January and February, and

Baker (1930) recorded in Oxfordshire that the peak of the
breeding season was reached in June, and that breeding ceased
entirely, as determined by the percentage of pregnant females,
from October to February in 1925-26 and 1926-27, but he recorded

winter breeding in 1927-28. Newson (1963) found winter
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breeding to occur in both Clethrionomys and Apodemus, and

Steven (1957) reported the phenomenon also for Apodemus. Ashby
(pers. comm.) reported intensive winter breeding in Clethriono-
mys in 1959-60, and in Microtus in 1961-62. Apodemus bred well
into the winter in 1955-56, and throughout the winter in
1958-59, (Ashby, pers. comm). No winter breeding occurred in
either species in the present study, but the breeding season,
as determined by the occurrence of pregnant females, extended
from Mey to December inclusive in 1963 on grid A, and from
March to November inclusive in 1964, for Clethrionomys. On
grid B pregnant females were recorded from June to December
1963, and February to September 1964. In Apodemus on grid A
pregnant females were found from June to December inclusive in
1963, and from March to November inclusive in 1964. Bvans
(1942) recorded that he found fecund males of Apodemus and

Clethrionomys in February, but found no pregnant females until

April. Delany and Davis (1961) observed that there was no
difference in the length of the breeding season of Apodemus

and Clethrionomys on Fair Islie from that found in southern

England. Coventry (1937) reported that the breeding season in

Peromyscus leucopus noveborecensis extended from April to

October, with complete dormancy in December to February.
Baker and Ranson (1932) found the breeding season of Microtus

agrestis to last from February or March to September or

October. They suggested that the breeding of the females may
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be affected by the hours of sunshine the breeding area receives.
In three areas studied, two in Scotland and one in Wales, they
found breeding to start earliest in the most northern area, and
to finish latest there also. There is thus perhaps some
evidence for the idea that the breeding season is longer in the

north of the country.

Newson (1963) indicated that winter breeding was restrict-
ed to the winter of 1958-=59, and did not cccur in 1958-57 or
1957-58. He further observed that only the older animals bred
all winter on his grassland grid I., but animals on the wood-
land grid II. bred as soon as they matured. Winter breeding
is usually associated with peak population numbers (Pitelka,
1957; Hamilton, 1951), and the highest mean body weights are
usually recorded at a peak also (Chitty, 1952; Kalels, 1957).
In the populations studied by Newson (1963), however,
the phenomenon occurred diring the first year after a decline
when most sccounts of microtine c¢ycles record. low body weights

and only a slight increase in numbers.
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VI. AGE-STRUCTURE OF THE POPULATIONS

l.Introduction

One of the main difficulties in working with small mammals
in the field is the determination of age. Unless the animals
are killed and their tooth structure and wear examined (Delany
and Davies, 1961) then the determination of age is difficult
and imprecise., Of necessity, in live-trapping studies methods
of age-determination are required to be simple and able to be
rapidly carried out. Two methods are in current use, one
entailing the measurement of body-length (head and trunk),
(Southern, 1964), Ashby (unpubl.), and the other the measure-
ment of body-weight. In the present study the weight of the
animals was recorded and all approximate age determinations
were made using body-weight in conjunction with information
gained from marked animals. The presence or asbsence of
juvenile pelage and the condition of the sex organs also assist-
ed in the ageing technique. The use of weight records rather
than length records was decided upon after the relative use-
fulness and simplicity of the two methods had been considered.
Weight is more easily measured in the field, and is also more
accurately measured than 1s length. Length measurements on
living animals are prone to 2 large error because of the
difficulty in regulating the degree of stretching of the animal,

but Ashby (pers. comm.) found that errors in measurement of
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body length were small when one recorder did all the measuring.
A further advantage of weight measurements over length measure-
ments is that weight is directly proportional to volume, and
for this reason the range from juvenile to adult size will be
greater than it is for length. Hence, size differences are more
pronounced when weight is used as a measure. One of the main
disadvantages of using weight records is that welght is

subject to errors caused by the welght of food in the stomach,

or of urine in the bladder. Discussion of the various dis-

advantages of the use of weight as a measure of age may be
found in the work on Apodemus sylvaticus by Hacker and Pearson
(1944). The other major deficiency of the weight record is

that in females the complicating factor of pregnancy renders

the weight a poor guide to age. However, when large numbers of
animals are sampled regularly the effect on weight because of
pregnancy may often be e;aluated. It is probable that if time
allows it both weight and length measurements should be taken.
In the present study the advantages of using weight as an
indicator of age were felt to outweigh the disadvantages,
particularly in view of the regularity and intensity of the
trapping effort which was employed. The relationships between
weight, sexual maturity, and age described by Baker (1930) were

utilised in this work. In Clethrionomys no animals of less

than 14 grams were considered as sexually mature, and in
Apodemus 15 grams was taken as the minimum weight for sexual

maturity (Baker, 1930).
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2. The Frequency distributions of body-weights

The weight records for each month were analysed and
placed in weight classes and the mean weight for each month
with its standard error was calculated for comparstive purposes.
The variance of each distribution was also calculated to give a
measure of the spread of records i.e. the degree of heterogeneity
of the sample. The mean body weight with its standard error,
the variance, and the number of the sample, are given for each

month in Tables 47 and 48 for Clethrionomys males and females

respectively; and in Tables 49 and 50 for Apodemus males and
females respectively. The trends of the mean weights are shown
graphically in Figs. 18 and 19, and the frequency distributions

of weights in different seasons are shown in Figs. 15=18.

a) The body-weéights of Clxhrlonogx males on _grid A
Qable 47, Flgs. 15 and 18)

There was a gradual increase in mean body weight from a
value of 16 25 grams in March 1963, to one of 23,40 grams in
July. This increase was due to the overwintered animals of
1962~63 putting on a great deal of weight and coming into
breeding condition. The mean weight would have been even
greater but for the fact that by July the dilution effect of
young entering the population kept the mean weight down a
little. All the males were in breeding condition by May

(see'n 99), but they continued to put on weight throughout
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the summer. The mean weight decreased from July onwards, there

being three main contributory factors in this drop:-

1) Many of the older, and hence heavier, animals died.

2) The breeding males remaining were mainly animals born in
late spring and early summer which had matured quickly
and were breeding at a lower body weight than the over-
wintered animals.

3) Constant dilution of the population by juveniles and sub-

adults was occurring.

The mean body weight decreased further from a November value
of 16.70 grams to a December value of 15.00 grams, this drop
being associated with the termination of the breeding season.
The majority of the young born in late summer and early autumn
did not become fecund and remained at a low body weight. The
variances of the frequency distributions decreased in value
in December 1963 and January 1964 indicating the more
homogeneous nature of the population and the presence of a
narrower range of body weights than was present in the summer.
In 1964 the males began to increase in weight earlier than in
1963, possibly because- of the winter being less severe in
1963-64 than in 1962-63., The mean body weight in March 1964
was consequently substantially higher than in March 1963 (18.10
grams compared with 16.25 grams). The mean weight dropped

slightly in April, a drop which corresponded with a suddenly
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GRID A GRID B

Month n Mean 4 S.E. 52 n Mean ¥ S.E, 82

o (ems.) (gms.)
1963
Mar. 16 | 16.25 T 0.45 3,24 16 | 15.75 % o.52 4.41
Apr. 18 | 16.80 % 0.47 4.00 14 | 19.10 ¥ 0.53 .00
May 15 | 18.00 3 1.06 | 16.81 14 | 19.40 ¥ 0.23 2,56
June 15 | 21,70 £1.08 | 17.64 18 | 20.70 ¥ 1.06 | 20.25
July 23 | 2340 £ 0,79 | 14.44 35 | 20,20 $ 0.56 | 10,89
Aug. 36 | 18.20 T 0.65 | 15.21 36 | 20.00 £ 0.68 | 16.81
Sept. | 39 | 17.00 3 0.74 | 21.16 42 | 17.00 ¥ 0.48 8.41
Oct. 29 | 16.50 ¥ 0.63 | 11.56 - - -
Nov. 31 16.70 = 0.59 10.89 - - -
Dec. 30 | 15.00 ¥ 0.38 4.41 45 | 16.10 % 0.27 3,24
1964
Jan. 18 | 15.70 % 0.47 4.00 - “ -
Feb. - - - 15| 14.70% - -
Mar. 29 | 18.10 X 0.71 | 14.44 16| 16.50 % 0.60 5.76
Apr, 12 | 17.80 % 0.78 7.29 - o -
May 27 | 21.00 % 0.54 7.84 20 | 21.00 § 0.78 | 12.25
June® - e T - 15 23,60 & 0.62 5.76
July 34 | 18.80 % 0.93 | 29.16 = D R
Aug. 40| 1T.10 L 062 | 15.21 437| 18:40 % ol6T | 19.36
Sept. | 45 | 16.50 I 0.57 | 14.44 46 | 17.20 ¥ 0.68 | 21.16
Oct. 45 | 15.90 I 0.36 5.76 - e i
Nov. 40 | 15.20 % 0.43 7429 40 | 14.50 % 0.35 4484
Deco - - - 19 14.79 'L 7.29 7.29
1965 . L .
Jan. 28 | 14.6 ¥ o.55 8.41 - - -
Table 47 . Body weights. in grams of Clethrionomys don Grid A and

Grid 'B. The number in the sample (n), the mean with
its standard error (S.E.), and the variance (s2), are
given for'e_acl_x month.

* =

= No trapping '
Half-grid only trapped.
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increased death rate, probably associated with severe weather
conditions (see p. 78 ). The highest mean body-weight of 1964
was attained in Msy, there being no trapping in June, and from
then onwards there was a gradual decline in mean body-weight as
the population became more heterogeneous in composition. The
surviving males entered the overwintering period at a mean
body-weight of 15.00 grams, the same as in 1963. Throughout
the study, as would be expected, the variences of the distribut-
ions were high during the breeding season, and low during the
non-breeding season. In January 1965 the overwintered males
had & mean body weight of 14.60 grams compared with 15.70

grams in 1964. This increased loss of weight during the winter
may be associated with the rather poorer survival of animals in

late autumn-winter of 1964 compared with 1963-64.

b) The body-weights of Jlethridnonys males-on grid B

(Table 47, Figs. 16 and 18)

In 1963 the males put on weight quickly, and a mean
body-weight of 15.75 grams in March had risen to one of 19.10
grams in April, when all the males were fecund. This increase
in weight was much greater and more rapid than that which
occurred on grid A. In April few animals weighed less than
17 grams and some weighed up to 24 grams. The mean body-weight
rose steadily to a2 maximum in June, a month earlier than on

grid A, and then gradually decreased from June to August, when
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the mean body-weight was 20.00 grams. The mean body-weight
dropped sharply from August to September, and had decreased
further by December. The steady entry of juveniles into the
population from June onwards, a}lied with the mortality of
heavy, older animals, caused the gradual decline in the mean
body-weight. By September only 14% of the overwintered animals
still survived, and most of these died in the early autumn.
The mean body-weight in December was higher on grid B than on
grid A, probably because the composition of the population in
terms of age groups was different, there being more summer-
born young of higher body-weight still surviving on grid B
than on grid A. About one-third of the summer-born young
survived until PFebruary 1964, but only three individuals were
recorded in breeding condition in 1964. The mean body-weight
in February had decreased to e value of less than 15.00 grams,
the population at this time being composed of autumn-born
animals which had remained low in body-weight throughout the
winter and had not begun to increase in size, and g remnant of
the summer-born animals which had lost weigiit during the
winter. About 20% of the animels marked in the autumn survived
to breed in 1964. By March 1964 some of the males were fecund
(p. 103), and the mean weight had risen to 16.50 grams. In
May all the males were fecund, and the mean body-weight was
21.00 grams. The increase in mean body-weight continued until

a maximum was reached in June. From June to December the
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mean body-weights decreased to reach a value of less than
15,00 grams in December 1964. Approximately 25% of the summer
and autumn animals of 1964 were still alive in December.
Although there was some difference between the mean body-

weights of male Clethrionomys in the populations on the two

grids, no significant difference was found between the

variances of the distributions when these were tested by the
'F!' test. This would indicate that the breeding pattern was
similar in form on the two grids, although perhaps different

in detail.

c) The bodj-weights of Clethrionomys females on grid A
(Table 48, Fig. 19)

Although the weight as a measure of age in females
means less than in the case of the msles, it is of use when_
used in conjunction with the known survival of marked animals.
It is thus possible to construct a picture of the age-structure
of the population throughout the period of study. Because of
the pregnancy factor the weight distributions were more
heterogeneous than was the case in the males, and this was
shown by the larger variances calculated.

The mean body-weight was low in March and April 1963 but
had risen sharply by May, in which month some 80% of the

females were perforate, and some must have been pregnant

although they were undetected in the field (p. 100 ). The mean
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A and Grid B.

« = No trapping
# = Half-grid only trapped.

GRID A GRID B
Month n Mean ¥ S.E. s2 n Mean ¥ S.E. s2

. (ems.) (ems.)
1963
Mar. 7 | 15.50 $ - - 12 | 15.00 E 0.46 2,56
Apr. 6 | 14.403 - - 12 | 15:30 £ 0.75 6.76
May 6 | 19.20 2 1.75 | 18.49 12 | 18,20  0.75 6.76
June 15 | 18.10 2 1.3) | 29.16 15 | 19.30 21,21 | 22,
July 35 | 18.80 £ 1.03 | 37.21 25 | 21,50 2 0.85 | 16.81
Aug. 34 | 20.00 2 1.05 | 37,21 29 | 21,20 £ 0,95 | 26.01
Sept. | 35 | 18.60 £ 0.88 | 27.04 36 | 17.40 £ 0.77 | 21.16
Oot. 28 | 17.60 X 0.81 | 18.49 - - -
Nov. 29 | 16.40 { 0.85 | 21.16 - o -
Dec. 22 | 16.80 ¥ 0.96 | 20.25 24 | 17.00 2 0.65 | 10.24
1964
Jan. 14 | 14.70 % 0.75 7.84 - : -
Feb, - : - 15 | 15.26 £ 0.85 | 10.89
Mar. 17 | 16.60 £ 0.82 | 11.56 14 | 16.80 & 0,67 6,25
May 11 | 18.90% 0,78 6.76 14 | 19.40 £ 0.61 5.29
June & | - < - 8 | 22.00% 0.71 4,00
July 24 | 20,30 I-1.35 | 4356 - S T
Aug. 27 | 17.80 E 0.96 | 25.00 29 | 19,20 £ 0.93 | 25.00
Sept. 28 18940 - 0.87 21.16 34 16.50 - 0069 16.00
Oct. 31 | 15.90 £ 0.70 | 15.21 - : - -
Now. 20 | 15,20 ¥ 0.78 | 12.25 30 | 13.10 T 0.40 4.84
Dec. - - - 17 | 14.30 % 0.60 6.25
-1965
Jen. 6 | 13,00 & 0.82 4.00 - - -
Table 48 . Body weights in grams of Clethrionomys females on Grid

The number in the sample (n), the mean
with its standard error (S.E.), and the variance (
are given for each month.

32)9
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body-weight fluctuated a little in June and July because of the
combined effect of the entrance of juveniles into the populat-
ion, the birth of young, and pregnancy factors. In August the
mean weight was 20.00 grams, the variance was very large, and
the weight raﬁge was from 6 grams to 32 grams. The mean body-
weight decreased quickly from August to September, probably
because of the disappearance of heavier, older animals, and it
continued to decrease to an overwintering level of under 15.0C
grams. Most of the early generations of* 1963 young had
disappeared by January 1964 after having, along with older
animals, reared the autumn-young. None of the autumn-born
young of 1963 bred in that year but they overwintered at low
body-weights. About one-third of them survived to breed in
1964. The mean body=-weights in March and April 1964 were
higher than in those months in 1963 and this is most probably
due to there being a slightly earlier start to the breeding seaQ
son (as was noted for the males). The population was much more
heterogeneous in composition in 1964 than in 1963, the weight
range in March 1964 being from 10 to 24 grams, compared with a
range of from 13 to 16 grams in March 1963. The mean body=-
weight increased until July, but then decreased from August to
October as the main influx of juveniles and immatures occurred.
All the summer-born young had disappeared by November and from
then on the population was composed entirely of antumn-born

young. These latter became clustered together into a narrow
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weight range without breeding. The mortality rate was high in
the early winter and the survivors lost weight. Only six
animals were captured in January 1965, and these had a mean
body-weight of only 13.00 grams. The reproductive potential

for 1965 on this evidence appears to be low, (see also pp. 86-87).

d) The body-weights of Clethrionomys females on grid B

(Table 48, Fig. 19)

The females on grid B came into breeding condition a
little earlier in 1963 than did those on grid A, but the
breeding season proper did not start until May. The variances
of the body-weight distributions were small until June, thus
indicating the presence of a narrow range of body-weights
with little evidence of pregnancies having occurred. The mean
body-weight rose sharply from April to May as the females put
on weight, and continued to rise steadil&, ﬁue ﬁﬁinly to
pregnencies, until August. July and August were the months
in 1963 with the most pregnancies recorded, but many juveniles
and immatures were also present. Between August and September
the mean body-weight dropped abruptly, coincident with a
number of heavy overwintered animels dying, and a large
influx of juveniles occurring. The mean body-weight was still
quite high in December, when about 20% of the females were
still pregnant. By February 1964 the'mean body-weight had

dropped considerably, to 15.26 grams. The population at this
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time consisted mainly of summer-born animals of 1963 which had
lost weight over winter. The mean body-weight rose steadily
from February to June, by which time the population consisted
almost entirely of summer-born animals of 1963, the remaining
autumn-born young having disappeared. In May and June the mean
body-weight was high and the variances low. A large percentage
of the females were pregnant but no juveniles were yet entering
the trappable population, and hence the population was more
homogeneous with regard to weight than is usual at this time

of the year. The mean body-weight decreased in August as the
first juveniles and immatures were trapped, and in September
the mean body-weight was down to 16.50 grams due to the
disappearance of virtually all the old animals, the population
thus consisting entirely of animals marked in August i.e.
summer-young of 1964. In November the mean body-weight was
very iow, 13.10 grams, none of the September young having
attained breeding condition. Heavy mortality befween November
and December affected mainly the smaller animels and the mean
body-weight in December 1964 was higher than in November

for this reason.

e) The body-weights of Apodemug males on grid A

(Table 49, Figs. 17 and 18)

In March 1963 all the Apodemus males were fecund, having a

high mean body-weight of 26.80 grams. The few individuals
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captured in April, May and June, were all fecund and of high
body-weight. In July, five animals were captured, all of which
were fecund, and they had an average body-weight of 17.90 grams.
This low mean body-weight suggests that they were early young
which had matured guickly. Similar samples in August and
September to those taken in July had larger mean body-weights
then did the July sample, indicating that the summer-young were
increasing in sigze. In October an influx of males occurred,
and from their body-weights it would appear that they consisted
of approximately equel numbers of early and late summer-young.
In November, the animals which entered the population were
mainly late-summer young of lower average body-weight. Some

of the older animals had disappeared, and this factor together
with the influx of low-weight young depressed the mean body-
weight considerably. The mean rosé again in December as the
autumn-young put on weight. In January 1964 almost 75% of the
males were non=fecund and of & fairly uniform weight. By April
the males had put on a great deal of weight and all were fecund.
The uniformity of the males with regerd to weight at this time
was indicated by the low variance. Throughout the summer, the
situation closely resembled that outlined above for 1963. In
September all the males were fecund but some were of low body-
weight and must have been weaned not long before capture and
have matured early. From September to November the mean body-

weight decreased as heavier animals disappeared and some



133

GRID A GRID B
Month n Mean ¥ S.E. 82 n Mean ¥ S.E. 82

' (gms. ) (&ms.)
1963
Mar. 12 | 26.80% o0.58 | 4.00 1 NC NC
Apr. 2 NC NC 0 NC NC
May 1 NC NC 1 NC NC
June 1 NC NC 0 NC NC
July 5 | 17.90 & 1.83 | 16.81 5 | 21.90 ¥ 2,14 | 23.04
Aug. 51 19.50 % 2,50 | 31.36 0 NC NC
Sept. 5 | 21.10% 1,83 | 16.81 1 NC NC
Oct. 17 | 17.80% 0.73 | 9.00 - - ~ -
Hov. 21 | 16.80% 0.44 | 4.00 - - -
Dec. 32 | 18.25 & 0.41 | 5.29 37 | 20.30 I 0,43 6.76
1964
Jan. 37 | 20.30% 0.43 6,76 - - -
Feb. - < - 13 | 21.60 { 1.03 | 13.69
Mar. 37 | 24.40% 0.49 | 9.00 9 | 25.20 X 0.66 4.00
Apr. 21 | 25.70% 0.50 | 5.29 - - -
May 6 NC NC 71 24:102 7.84
June 3 | - - - 3 | 25,70 % 1.10 3,61
July 4 | 23.50 ; 3185 | 59.29 - : -
Aug. 4 1 -23.50 2 3.85 -1 59.29 § | 25.86 £ 2,20 | 29.16
Sept. 10| 20.70% 1.33 | 39.69 8 | 21.60 % 1.2 11.56
Oct. 29 | 17.50% 0.71 | 14.44 - - -
Nov. 40 | 17.60 ¥ 0,55 | 12.25 16 | 16.70 £ o.80 | 10.2%
Dec. - - - 8 | 20.00 ¥ 1.10 9.61
1965
Jan. 12 | 20.50% 0.69 | 5.76 - - -

Table 49. Body-weights in grams of Apodemus males on Grid A
and Grid B. The number in the sample (n), the mean
with its standard error (S.E.), and the variance (s2),
are given for each month.

- = No trapping
1l = Half-grid trapped.
NC = Not calculable.
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individuals lost weight. As in 1963 the first influx of
animals contained mainly summer-born young, whereas the
second contained mainly autumn-born young not in breeding
condition. Of the animals marked in September, October, and
November, approximately one-third were alive in January 1965,
at this time all were non-fecund but were beginning to put

on weight.

f) The body-weights of Apodemus females on grid A

(Table.-50, Fig. 19)

The females on grid A showed a similar pattern of age
distribution to that described for the males. In November 1963
the body-weight distribution clearly showed pregnant females
still to be present, being most probably themselves young of
the early summer gensration. The mean body-weight dropped in
December, at wﬁich time most of the females were out of bréed—
ing condition. In January 1964 only one female was in breed-
ing condition, but all were starting to put on weight. The
mean body-weight continued to rise until May by which time a
large percentage were pregnant., In September all of the females
captured were pregnant, but had a mean body-weight of less than
the average body-weight of pregnant females caught in the summer
months, suggesting that they were animals of the year. The
mean body-weight decreased in October, but the variance was

high, there being a wide range of weights due to young immature
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GRID A GRID B

Month n Mean - S.E,. 52 n Mean ¥ S.E. g2

(gms. ) (gms.)
1963
Mar. 9 | 21.70 % 0.63 3.61 0 NC NC
Apr. 5 | 25.40 % 1.43 | 10.24 0 NC NC
May 3 NC NC 0 NC NC
June 2 NC NC 0 NG NC
July 3 NC NG 1 NC NC
Aug. 3 NC, NC 0 NC NG
Sept. 4 | 23.00 % 1,40 7.84 0 NC NC
Oct. 8 | 17.50 { 0.99 7.84 - - -
Nov. 12 | 19.30 11.88 | 42.25 - -, -
Dec. 14 | 17.40 X o0.85 | 10.22 10 | 16.40 ¥ 0.66 4.4
1964
Jan., 27 | 18.60 ¥ 0.52 7.29 -] 17.10%1.43 | 10.24
Feb. - - - 51 17.90 £ 1.43 | 10.24
Mar, 36 19.90 g 0.52 9.61 5 : 2 -
Apr. 23 | 19.80 £ 0,69 | 10.89 < | 19.10 ¥ 1.40 | 17.64
May 10 | 25.00 £ 1,30 | 16.81 9 NC NC
June - o~ - 1 NC NC
July 5 | 22,50  0.40 0.81 - = -
Aug. 5 22,50 < 0.40 0.81 2 NC NC
Sept. 8 | 22,00 £1.,26 | 15.21 2 NC - NC
Oct. 20 | 18.20 21,03 | 21.16 - - -
Nov. 24 | 15.80 % 0.63 9.61 2 NC NC
Dec, - - - 2 NC NC
1965
Jen. 8 | 18.00 ¥ 0.72 4.00 - - -
Table 50 Body weights in grams of Apodemus females on Grid A

and Grid B.

its standard error (S.E.), and the variance
given for each month.

&
NC

No trapping
Half-grid only trapped.
Not calculable.

(s

The number in the sample (n), the ?ean with
, are




30 { CLETHRIONOMYS. GRID A. MALES.

25 1

20 - /./ \. /.\.
10 1

A J SR i Il '\ A 't ] A e A b A A L A A A A e L A

30 4 CLETHRIONOMYS. GRID B. MALES.

IN GRAMS
©

—s o/.
20 4 /o_,/ —-\ / \

.\_ L)
.\a/ \ o

10 A

o A A A A A A A A A A e A A A i e A 4 A ' e A A

120 ] APODEMUS.GRID A. MALES.

MEAN BODY - WEIGHT

.
201 o/./\o‘././. \_o/.

15 1

10

0 T Y v LD ¥ v v v Y T Y g g

M AMYJ J ASONDYJ FMAM]) ] ASOND)]

1963 1964 1965
MONTHS

FIGURE 18, Seasonal variation in the mean body weight ( grams ) of

maele Clethrionomys on grids A and B, and of male Apodemus
on grid A,



IN GRAMS

MEAN BODY - WEIGHT

30 4 CLETHRIONOMYS. GRID A. FEMALES.

20 A o\o

0 A 1 ) T G | A i A A A A 4 X ) & i A ¥ W U W1 e 1

30+ CLETHRIONOMYS. GRID 8. FEMALES.

20 1 N\, AN

154 o—0d T~~~ \ ~°

n
.

P W W SN UHN NS TR U GI S T U NS S SN WA N U WO W W W W——

l APODEMUS. GRID A. FEMALES.

(= ]

0 T T r 1 7 ] T U T L T T T L | v 7T T T LA §

M AMIJ J A S DNDIJ FMAMIJ) J A S ONDU

1963 1964 1965
MONTHS

FIGURE 19, Seasonal variation in the mean body weight ( grams ) of
female Clethrionomys on grids A and B, and of female
Apodemus on grid A,




136

animals entering the population. By November all were out
of breeding condition and the mean body-weight was low. 1In
January 1965 no females were in breeding condition; about

25% of the autumn-marked animals were alive.



SECTION C

TEE EFFECT OF HABITAT ON THE POPULATION
DYNAMICS, AND THE DISTRIBUTION AND

ABUNDANCE OF CLETHRIONOMYS AND APCDEMUS



137
SECTION C. THE EFFECT OF HABITAT ON THE POPULATION DYNAMICS AND

DISTRIBUTION AND ABUNDANCE OF CLETHRIONOMYS AND APODEMUS

I. INTRODUCTION

Several workers who have studied populations of small
rodents have made observations on the effects of habitat on the
ecology of the animals (Bvans, 1942; Brown, 19543 Delany,
1957, 1961; Newson 1960, 1963; TFullager et al 1963; Kikkawa,
1964). 1In the study of Newson (1960) attention was paid to
both the performance of populations of Clethrionomys and Apodemus
in different habitats, and to the distribution of the animals
within the habitats. In the present study investigations into
both of these aspects of the ecology of the two species have
been carried out. Most of the other workers mentioned above
have supplied information on the distribution of the rodents
with relation to the distribution of the vegetation in the
study area (Evans, 1942; Delany, 1957), and in some cases
with regard also to the cover provided by the vegetation
(Newson, 1960; Kikkewa, 1964). As a result of these several
studies there has come into general acceptance the view that

the distribution of Clethrionomys is associated with that of

dense vegetation, and the distribution of Apodemus is associat-
ed with that of more open areas., In the present study an
attempt was made to examine morevclosely the relationship

between the distribution of Clethrionomys and Apodemus, and
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that of the various types of vegetation forming the field lgyer
in the study areas. The relationship was examined in two ways,
one being concerned with the nature of the vegetation and the
distribution of rodents, the other being more concerned with

the degree of protective cover provided by the vegetation
regardless of its nature. The precise nature of the procedures
employed in this study, and the results obtained, are given below
(pp. 138-165) and the interpretations of the results are
discussed, with reference to the results of other workers, in

the discussion at the end of this section (pp. 166-171).

II. THE POPULATION DYNAMICS OF CLETHRIONOMYS

AND APODEMUS IN DIFFERENT HABITATS

1. Changes in population size of Clethrionomys on the two

halves of grid A from March 1963 to January 1965

Following the methods of estimation of population size
previously described (pp. 37-46 ) the size of the population
on each half-grid throughout the study was calculated. The
resulting 'Nt' curves are éhown in Fig. 20, and the results are
given in Table 51. From the graph shown in Fig. 20 it can be
seen that the Clethrionomys population in the sycamore wood was
greater in size on all occasions when calculated with the
exceptions of March, April, and December of 1963.

In March &and April 1963 the calculated 'Nt' values for the

Clethrionomys population in the sycamore wood were slightly



smaller than those of the larch wood population. From April

to September 1963, however, the sycamore wood population was
consistently some 30% larger. Between September and October
1963, the population size in the sycamore wood doubled, while
that in the larch wood fell by one third. The reason for this
remarkable happening is unknown, but its time of occurrence is
coincident with the first large influx of Apodemus into the
larch wood. From October to December 1963, the population in
the sycamore wood declined greatly in numbers, whereas that in
the larch wood increased in size to become the larger of the
two. ©Some of this change was almost certainly due to the move-
ment of Clethrionomys into the larch wood from the sycamore
wood, coincident with an increase in the numbers of Apodemus
captured in the sycamore wood. Between December 1963 and
January 1964 the larch wood population decreased in size while
the sycamore wood population increased in size, and tﬁis ti;é
movement from the larch to the sycamore was mainly responsible
for the changes. Both populations decreased in size until April
1964, the sycamore wood population losing the most animals.
Throughout the summer of 1964 the pattern of 1963 was repeated
even to the October rise in the sycamore population and the
fall in the larch population. After October the sycamore wood
population declined and the larch wood population continued its
decline. In January 1965 the population in the sycamore wood

was approximately twice as large as that in the larch wood.

139
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half-grids of grid A.
estimates calculated for the whole grid, and in
column 4 the combined estimates of the two half-grids

are given.

doubtful estimate.

Date 1. Larch 2., Sycamore | 3. Whole grid 1+2
1963

Maxr. 16.0 14.5 26.0 50,5
Apr. 14.4 11.4 22,0 25.8
May 19.3 32.5 25.0 51.8
June 22,9 31.8 51.5 54.7
July 26.2 36.4 64.1 62.6
Aug- 31.4 3409 66'03 66.3
Sept. 31.6 46,2 78.8 77.8
Oct. 21.3 94.4 103.3 115.7
Nov. 43.1 54.3 97.9 97.4
Dec, 45.3 28.4 66.8 3.7
1964

Jan. 16.7 57.7 li50.6 T4.4
Mar, 13.0 44 .0 90.5 57.0
Apr. 10.5 23.8 34.3 34.3%
May 25.8 38.0 63.8 63.8
June 32.9 37.8 T70.2 " T70.7
Aug, 36.4 42.4 78.0 78.8..
Sept. 41,0 40,7 83.7 8l.7
Oct. 30.7 68.9 100.1 99,6
Nov. 19.1 42.7 61.6 61.8
1965

Jan. 12,0 31.5 33.0 33.5
Table 51. Estimates of populations of Clethrionomys on the

In column 3 are shown the
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2. Changes in population size of Apodemug on the two halves

of grid A (Fig. 21, Table 52)

Only in January 1965 was the population of Apodemus in
the sycamore wood greater than that in the larch wood, and the
margin of difference between them even then was negligible.,
After March 1963 no Apodemug were captured in the sycamore wood
until September, and in the same period only a few individuals
were caught in the larch wood. Between September and December
1963, the population size increased greatly in the larch wood,
and from October to December 1963 a similar increase took
Place in the sycamore wood also. Both populations remained at
a high level of density until March 1964, and then both
declined in parallel throughout the spring and summer. The
autumn increase in population size occurred in both the larch
and the sycamore as in 1963, with the increase coming earlier
in the larch and beiAg of larger dimensions. After October
1964 the population in the larch decreased, while the sycamore
wood population continued to increase; the populations were
thus equivalent in size in November 1964. From November to
January 1965 both populations decreased in size at a similar

rate.

5. Changes in population size of Llethrionomys on the two
halves of grid B

The 'Nt' estimates for the populations of Clethrionomys

on the half-grids of grid B are given in Table 53 and shown
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Date 1. Larch 2. Sycamore 3. Whole grid 1+2
1963

Mar. 15.0 6.5 24.0 21,5
Apr. 5.7 Y 13.9 2N |
Ma.y 308 0 705 398
June - - 4.5 -
July - - E24.7 -
Aug, - - 6.7 -
Sept. 17.3 1.2 11.0 18.5
Oct. 54.2 3.7 39.0 379
Nov. 5905 18.9 4906 58.4
Dec. 49,2 40.8 84.0 90.0
1964

Jan. 39.5 35.1 71.9 74.6
Mar. 47.8 37.1 83.4 84.9
Apr. 23.1 16.3 39.6 39.4
May 20.0 10.3 31.9 30.3
June T.2 0 T.2 7.2
Aug. 7.2 0 1:2 Te2
Sept. =- = 39.4 -
Oct. 54.5 26.4 80.9 80.9
Nov. 34.6 33.3 68.1 67.9
1965

Ja-n.o 16.5 18.0 25.5 34.5
Table 52. Estimates of populations of Apodemus on the half-

grids of grid A. In column 3 are shown the
estimates calculated for the whole grid, and in
column 4 the combined estimates of the two
half-grids are given.

E = doubtfullestimate.

- = no frapping.
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graphically in Fig. 22. The differences in population size

between the larch and ash populations are less marked than those
between the larch and sycamore populations on grid A. With

only four exceptions (see below) the 'N,' values for the pop-
ulation in the ash plantation are greater than those for the
population in the larch throughout the study as a whole. In
March and April 1963 the populations were similar in size with,
perhaps, the population in the larch being a little larger. A
sharp population rise in the ash plantation between Ap;il and
May was not maeintained and the population had decreased again
in size by June. From June until December 1963 the two populat-
ions behaved similarly with the ash plantation population being
the larger. From December 1963 to February 1964 the population
in the ash plantation c&ntinued to dwindle in numbers but the
population in the larch remeined at a constant size. There was
some interchange of animals between the half-grids in the period
from February to May causing the ash plantation population to
increase in size as the larch wood populﬁtion decreased in size.
During the breeding season of 1964 the population increased
greatly in size in the ash plantation but increased only very
moderately in the larch wood. From August to December 1964

the ash plantation population declined rapidly, and in Decembex
1964 there was only some 30% difference in size between the two
populations. |

Over the whole period of study the population in the larch
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Date l. Ash 2. Larch 3. Whole grid 142
1963

March 20.0 24.0 45.0 44.0
April 19.7 20.5 40.6 40,2
May 3845 20.8 41.0 59.3
June 24.7 32.3 57.0 57.0
July 45.8 33.2 1945 79.0
A.ugo 48.5 30.1 7904 78.6
Sept. 48.1 37.0 83.9 85.1
Dec, 30.1 23,2 53.6 53.3
1964

Feb, 14.8 24.1 39.7 38.9
Mar. 21.1 20.6 41.7 41.7
May - 22.6 9.6 32.0 32,2
J\me - - i40.0 o
Aug. 64.9 27.7 99.0 92,6
Sept. 58.5 50,8 92.6 - 8%+3
Nov, 31.8 22.1 51.8 53.9
Dec. 24,5 15.0 38.0 39.5
Table 53. Estimates of populations of Clethrionomys on the

half-grids of grid B.
estimates calculated for the whole grid, and in

column 4 the combined estimates of the two

half-grids are given.

doubtful estimate.
no trapping.

In column 3 are shown the



.A.pz_v az1s motjeTndod Jo saqewT}ss a[qeITeAR 3S3q oY} WoJJ umesp se ‘potyad Lpnis ayj

wﬂﬁhﬁﬁ q vﬁkm uo MEOHQM#QQHQ yse syl ut pue ydaeT a9yl ut thoﬂOﬂhﬂvOHU JO spuaJgl} ﬂOﬂvaﬁmOm
Syiuow
vo6l £961
aNO SV I ITWwWVYvWwWd4 IaNODOSV I IWwyYyw
1 1 1 i 1 1 | 1 A 1 1 1 1 1 i 1 A 1 A - | yl 1
[}
e/ / \OI
P4 - —_—@™ =0
o, o/ . \0||| m/ol./'lllo o,\ \&/0
’
IIO O\ p IOI/ ./ llsl.f \\
. ’ . ~ . °* N
\ 4 I' ® / [o]
N 4 ~ Il
\ ’ RN -0
[N ’ Q= 0~
N /
LY /’/
o 7
II p
(o]
ysy o----o0

ys>iny] o . g prig -SAwouciigjaly

*2Z TNOHIA
0
m
0z =
3
Q
or o
©v
(o]
©
09 ¢
ot
>
og °
-
D
001



145

wood fluctuated far less in size than did that in the ash
plantation but the reason for this is not clear.

From the trapping records it seems unlikely that there was
a resident population of Apodemus on grid B, but of those animals
which were captured the majority frequented areas in the larch

wood.

4. The survival, breeding, and age structure of populations

of Clethrionomys and Apodemus living in different habitats

From a preliminary analysis of the survival, breeding and
age-structure of the two species on the four half-grids of grid
A and grid B no significant differences were found between the

populations in the different habitats.

III. SEASONAL CHANGES IN THE DISTRIBUTION AND ABUNDANCE

CLETHRIONOMYS AND APODEMUS WITH REFERENCE TO

CHANGES IN THE VEGETATION
1. Intrbduction

Before the start of every trapping period a record was made
of the type and density of the vegetation around each trapping
point. By consideration of these records throughout the year
seasonal changes in the vegetation were recognisable, and notes
were made at the time of the details of the changes. Examin-
ation of the trapping records allowed the number of captures

made of both species of rodent at each trapping point to be
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determined for each trapping period. 1In order to allow for
direct comparison of different seasons in terms of the number
of captures made in different vegetation types, it was
necessary to devise an average capture index per trap-position
for each season. BSuch an index was necessary because each
season was not composed of equal numbers of trapping periods.
The capture index was calculated by considering all seasons to
have three trapping periods, thus by application of the simple
equation given below, the average capture index per trap-

position per season could be found:-

Average - No. of captures made at trapping point x 3
capture index No. of trapping periods in season

In order to facilitate this analysis the average capture indices
are considered to portray accurately the distribution of the
reodents at the times of the trapping
not be far from the truth as there is no indication thaf
animals living in ona vegetation type are more lisble to re-

capture than are animals living in any other vegetation type.

2. Seasonal changes in the distribution and abundance of

Glethrionomyg and Apodemus on grids A and B

a) Clethrionomys. Grid A

The seasonal changes in distribution of Clethrionomys

on grid A are shown diagrammatically for the two years of the

study in Figs. 24 and 25. The method of shading used in the



diagrams is directly comparable in all of the seasons and hence
shows not only the nature of the distribution of the rodents,
but also the comparative numbers present on the area in the
different seasons.

The Clethiionomys population was small and was restricted

in distribution in the spring of 1963 (Fig. 24). The majority
of the captures were made at trap positions situated in areas
of bracken or bramble, although a few were made in traps placed
in areas where dogs mercury is the dominant in the field layer
in the summer (Fig. 23). A few animals were caught in areas
where there was little ground vegetation, but where cover was
availeble in the root-systems of up~rooted larch trees. No
.captures were made in thirty of the fifty trap-sites available,

most of the thirty sites being situated in areas with sparse

cover in the spring. In summer 1963 the Clethrionomys pPPulat-
;on was twice as large as it had been in the spring, and the
distribution of.the animals was much less restricted. Im all
only five trap-positions were not visited, all of which were in
- the larch wood. In the sycamore wood many animals were captured
in trap-sites situated in areas covered by bracken, bramble, and
dense carpets of dogs mercury, the latter plant having grown up
since the spring. Fewer captures were made in areas with a
diffuse cover of dogs mercury. In the larch wood there appear-
ed to be avoidance of the more open areas but many animals were

caught in clumps of bracken or dogs mercury. The population was

147
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very large in autumn 1963, larger than it had been in the summer,
but the distribution of the main centres of population was more
restricted than it had been in the summer. This change in
distribution was due mainly to the far fewer captures made in
the areas of dogs mercury in the autumn than had been the case
in the summer. The cover provided by the dogs mercury was much
less in the autumn as much of it had died back by October-
November. The distribution of the rodents in winter 1963
resembled that of autumn in pattern although there were
differences in detail. The population was smaller than it had
been in the autumn, but again the majority of the captures

were made in traps placed at sites surrounded by bracken and
bramble, and the trend commenced in autumn of an apparent with-
drawal from areas with sparse cover was continued in the winter.
No animals were captured at sixteen of the fifty trap-sites.

As the diétribution patterns in 1964 were rafL;r different
from those described above for 1963 they warrant a separate
treatment. In spring 1964 (Fig. 25) the distribution of
Clethrionomys was different from what it had been in spring
1963. The population size was larger than it had been at the
same time in 1963, and the distribution of the main centres of
population resembled that of winter 1963 more than it did that
of spring 1963. The main difference in the distribution in
spring 1964 from that in winter 1963 is that more captures were

made in areas dominated by dogs mercury in the former. The
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dogs mercury plants were, of course, almost in full bloom to-
wards the end of the spring (May) and hence provided much more
cover than was present in the same areas in the winter. In

the summer of 1964 the population was large and the distribut-
ion of animals wide. Many captures were made in the several
areas of different vegetation type and only areas with sparse
cover of dogs mercury, or with a layer only of larch needles
over the soil, were avoided by the voles. The general picture
of the distribution in autumn 1964 is similar to that described
for summer 1964. The heaviest catches were made in traps

sited in bracken and in bramble areas, the lightest catches
being made in areas covered only by larch-litter, or by dogs
mercury. In winter 1964 the population had decreased greatly

in size from what it had been in autumn; and the distribution

of animals resembled that of epring 1963. Of the five major
concentrations of animals found-in spring 1963 féu;-w;re again
represented in winter 1964. However, five other major concen=- -
trations were present also in winter 1964. Only one of the main
centres was situated other than in a bracken or bramble area, and
it was in a dogs mercury region adjacent to some patches

of bramble.

b) Glethrionomyg. Grid B

The seasonal changes in distribution of Clethrionomys on

grid B are shown diagrammatically in Figs. 28 and 29.

In spring 1963 (Fig. 28) the distribution of Clethrionomys
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on grid B was fairly wide, but the main centres of population
were in the areas of bracken. In the summer animals were
captured in areas of different vegetation type all over the
grid (Fig. 27), but in the larch wood the main concentrations
of animals were found to be in areas of bracken and willowherb,
the latter having grown up 'considerably gince the spring. In the

ash plantation, most of the animals were captured in bracken

and bremble areas, but also many were caught in areas covered

by temporaery summer vegetation e.g. dogs mercury, hogweed, and
thick grass. In autumn 1963 the distribution had changed a

little from that in the summer, mainly because of the apparent
withdrawal of animals from areas of dogs mercury, hogweed, and
thick grass. There was continued avoidance of ground covered only
by larch litter. In winter the willowherb areas also were
comparatively deserted and the bulk of the admittedly few

animals were again restricted in their distribution to tie

areas of bracken and bramble.

In spring 1964 (Fig. 29) the distribution of animals was

restricted in the main to areas of bracken and dead willowherb.

In summer the population size was greater and the distribution
wider than it had been in the spring. The main concentrations
of animals were in the areas of bracken, with considerable
numbers being caught also in areas of bramble and willowherb.
In the larch wood, areas with litter only, or with a rather

diffuse covering of dogs mercury or bracken,were devoid of
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animals. In autumn, only the larch-litter areas were avoided;
again the main concentrations of animals were in the bracken,
bramble, and willowherb regions, In winter the distribution of
Clethrionomys was more restricted than it had been in the
autumn. The larger concentrations of animals were confined

almost entirely to the more dense bracken c¢lumps.

¢) Apodemus. Grid A

»

The diagrams showing the distribution of Apodemus on
grid A are given in Fig. 26,

In spring 1963 few Apodemus were captured on grid A. Of
those animals that were caught the majority of them were trapped
in the larch wood in many different habitats, including open
larch-litter areas. The few animsals captured in the sycamore
wood were trapped in sparsely-covered areas of dogs mercury.
Very few animals were captured during the summer, and the few
that were captured were taken in the more open areas of the
larch wood or the spruce. In autumn 1963 the number of Apodemus
caught was greater than in other secasons and the animals were
distributed widely. The bulk of the captures was made in the
larch wood, with the more open areas apparently being favoured
by the animals. The population size had again increased by
winter 1963 and the animals were in the larch and spruce zones,
but within those zones no preference for any type of vegetation

could be detected.
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There were three main concentrations of animals in spring
1964. Two of the concentrations were in sparsely-covered areas
in the larch wood, and one was in the sycamore wood in an area
of dead willowherb and withered dogs mercury plants. The few
captures made in summer were all at sites in the larch wood. In
antumn 1964 the population of Apodemus was large and as in
autumn 1963, the majority of the captures were made in the
larch wood, but no one type of vegetation harboured disprop-
ortionate numbers of animals. In the winter the distribution
of the Apodemus was more restricted than it had been, and the
completely open areas seemed to be avoided to a certain extent,

although no actual preference for a particular vegetation type

was detectable.

d) Apodemus. Grid B

Very few Apodemug were caught on grid B until winfef 1963
but the few that were tended to occupy habitats in the larch
wood. In the winter more animals were captured, the majority
of them being in the larch wood, but no habitat preference was
detectable from an examination of their distribution. Through-
out 1964 the pattern was very similar to that seen in 1963,

with the few animals that were captured being confined mainly

to the larch wood.



(a). VEGETATION. GRID B
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(b). KEYS TO VEGETATION AND DISTRIBUTION MAPS
VEGETATION DISTRIBUTION
Dogs Mercury Very high density
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|
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FIGURE 27. (a). Vegetation map of the field layer on grid B.

(b). Keys to the vegetation map and to the distribution
maps ( Figures 28-29 ).
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3., The influence of vegetation type upon the distribution and
abundance of Clethrionomys and Apodemus

a) Clethrionomys

From the accounts given above of the seasonal variation
in distribution of Clethrionomys on grids A and B it is apparent
that the nature and distribution of the vegetation influence
the distribution of the rodents. The influence of the vegetat-
ion on the distribution of the rodents must be considered in
donjunction with the influence of changes in population size
also, however. When the population was small as in winter and
spring, such animals as were present had a restricted distribut-
ion, being confined in the main to areas of bracken, bramble
and thick grass. The more open areas were devoid of animals
by comparison. In the summer the population size during the
summer was coincident with_the formation of favouraﬂlé-ﬂaﬁi¥;£s,
as regards cover, of dogs mercury (on both grids), and of other
summer vegetation (on grid B). Thus, favourable habitats were
available at a time when crowding could reasonably be expected
to have been occurring in the original centres of population.
However, that population pressure is not Solely responsible for
the colonisation of areas not previously occupied is suggested
by the results obtained from an examination of the patterns of
distribution present in the autumn. The population was equal-

ly as large in the autumn as it had been in the eﬁmmer, and


http://Cleth.rionom.vs

yet the distribution tended to be more limited in the autumn.
This comparative restriction was due to the comparative absence
in autumn, from the areas with summer vegetation only; of
animals present in the summer. Considering these areas with
summer-vegetation only, particularly those covered by dogs
mercury, the newly-evident avoidance of these areas was seen

to coincide with the dying-back of the plants, which thus less-
ened their value as providers of protective cover. 4As will be
seen in a later section (pp.158-162 ) this point about protect-
ive cover is very important. It would seem therefore, that

the wider distribution of animals in the summer is at least
partially due to the exploitation of newly-available favour-
eble habitats, and is hence not due solely to the crowding-out
of excess animals into less fawouraﬁle habitats. The question
of the changing use of areas with temporary summer vegetation

is examined in more detail in a later section (pp.162-165),
b) Apodemus

There does not gseem to be any sort of positive
association with a vegetation type in Apodemus. On the other
hand, nor does there seem to be a restrictive effect exerted
by sparsely-covered areas, although if anything, there is a
slight tendency for open areas to be preferred. The question
of whether the distribution of Apodemus is restricted by the

presence of Clethrionomys, or vice versa, is difficult to
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answer with the information available. However, when large
numbers of both Clethrionomys and Apodemus were present to-
gether on grid A in the autumn and winter, the Apodemus were

more confined to the larch and the Clethrionomys to the

sycamore. This preference of Apodemus for the larch wood, and

Clethrionomys for the sycamore was present at other times of

the year also, so care must be taken not to read too much

into this.

IV, THE RELATIONSHIP BETWEEN THE DENSITY OF THE VEGETATION
COVER AND THE DISTRIBUTION AND ABUNDANCE OF

CLETHRIONOMYS AND APODEMUS

1. Introduction

In pert III(pp. 145-155) of this section the distributions

1~

of Clethrionomys and Apodemug are deseribed with refarence to

the nature of the vegetation in the bush and herb-layers. In
addition to that method of analysis the distributions of

Clethrionomys and Apodemus were examined also with reference

to the degree of protective cover provided by the vegetation,
regardless of the exact nature of that vegetation. The
results of the second analysis are given in this sub-section.

An attempt was made to assess the density of the vegetation
around each trapping position in terms of the protective cover
afforded by that vegetation to small rodents. The assessments

were made prior to each trapping period. ILach trapping
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position was given a cover estimate of between O and 5, where
O represents bare ground deveid of any herbs, and 5 represents
dense cover such as may be provided by thick bramble plots.
This method of estimation is a subjective one, but it was made
as objective as possible by making the estimations each time
without reference to the previous values recorded, and by
recording the estimates before the number of captures made at
cach point was known. From the results cf the monthly cover
estimates an average estimate of the cover at each trapping
point for each season was determined. In a similar manner the
average number of captures made per point was calculated for
each season. For each season an average capture index of the
average number of animals caught at trap-positions with cover
of 0, 0.5, 1.0, 1.5 etc. was determined by the use of the

following formula:-

Average capture index Total no. captures made at

for points with cover = points with cover value 'x!'

value of 'x! No. of points with cover
value 'x!

This procedure was followed for each season and the average
number of animals captured per point was plotted against the

range of cover values recorded for the season.

2., The general relationship between the density of cover

and the distribution of rodents.

Throughout the course of the two year study a general

impression was gained of an underlying relationship between the



abundance of Clethrionomys and the density of the vegetation
cover. Accordingly the number of catches made at areas with
"thick" cover and with "thin" cover throughout the study period
was calculated. The areas with bramble and bracken were
considered to provide "thick" cover, and all other vegetation
was considered to provide coiparatively "thin" cover. This
procedure was carried out for both grids, and the number of
animals in each category was adjusted in order to consider
there to be 25 points with "thick" and 25 points with "thin"

cover on each grid. The results sre shown in Table 54.

Grid A Grid B
Thick Thin Thick Thin
Clethrionomys 912 575 781 531
Apodemus 479 439 102 118
Table 54. The- capturss of-Clethrionomys and- Apodemus

] ] le
in areas of "thick'and "thin" cover.

On both grids more Clethrionomys were caught in areas with

thick cover than in areas with thin cover. With Apodemus on

grid A sligﬁtly moré captures were made in thick cover than in
thin cover, but on grid B the reverse situation was found. 1In
order to s ee whether such a distribution of captures in thick

and thin cover could have occurred by chance the distributions

were tested for significance by chi-square. For Clethrionomys
on grid A in thick cover:xfz = 38,19 with 1 degree of freedom
(P<0.001), on grid BJ(hz = 23,82 with 1 degree of freedom

(P<0.001), there is thus a highly significant difference in
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distribution from a random one with thick cover harbouring many
more animals than thin cover. With Apodemus, the distribution
in thick and thin cover was found to be entirely at random, no
preference being shown for either. Having thus established that
& marked preference for thick cover exists in Clethrionomys the

relationship is considered in more detail in part 3 below.

3. The detailed relationship between the degree of protective

cover afforded by the vegetation and the distribution and

sbundance of Clethrionomys and Apodemus

a) glethrionomys. Grid 4

The relationship between the density of cover of the

vegetation and the average number of captures of Clethrionomys

made at trap-positions situated in such cover is shown for the
foiur seasons In-Figs. 30 and 31. The relationship over the
entire period of study is shown in Fig. 32. In the spring the
range of cover estimates was from O to 3, none of the more .
dense vegetation types having grown up by then. The associat-
ion between the number of animals captured and the cover density
around the trap points was examined, and a highly significant
positive correlation was founﬁ to exist between them (r =
correlation coefficient = + 0.89). A regression line of 'y!'
upon 'x' was fitted by calculation to the distribution showm
in Fig. 30 (y = 0.20 + 3.98x ¥ 2.01) and a linear relationship

was demonstrated to exist between the two sets of values. As



the number of captures made at a point is considered to reflect
the actual distribution of the animals over the ares then the
above reasoning may be stated another way. There is a highly
significant positive correlation bétween the distribution of
Clethrionomys and the density of cover of the vegetation, such
that more animals occur where the vegetation is more dense.
This has been demonstrated so far only for spring, but that it
ig true for all seagons is now briefly shown. In the summer
the cover estimates were within the rangé 0 to 5, and a positive
correlation of high value was found to exist between the
density of cover and the number of animals captured. (r = 0.91;
¥ = 2,60 + 1.79x £ 1.38). In autumn the maximum cover estimate
was 4, and the correlation between cover and abundance of
captures was good (r = 0.96; ¥ = 5.26 + 7.22x = 2,88). In

the winter there was a narrower range of cover estimates (0-3)
as was found in the spring also. The correlation between cover
and the sbundance of captures was closer than in the other
seasons (r = 0.98; y = 0.21 + 2.8x & 0.57)., When the results
over the whole study were considered the degree of correlation
between the two sets of values was seen to be very high, and
the scatter of values about the fitted regression line of y
upon x was well within the limits of one standard error on each

side of the line (r = 0.99; y = 1.18 + 5.24x  0.952).
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TIGURE 30, Graphs showing the relationship between the mean number of
Clethrionomys captured at points with different degrees of
vegetation cover on grid A, and the actual density of the
cover at the points in spring (a) and summer (b),
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FIGURE 31, Graphs showing the relationship between the mean number of

Clethrionomys captured at points with different degrees of
vegetation cover on grid A, and the actual density of the
cover at the points in autumn (a) and winter (b).
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b) Clethrionomys. Grid B

An identical procedure to that described above for

Clethrionomys on grid A was carried out for Clethrionomys on

grid B, and the results are presented graphically in PFigs.
335-35, As on grid A the maximum cover estimate made for spring
was 3. The correlation between the cover density and the

~ number of captures in spring was the same as that for grid A
(r = 0.89; y = 4.78 + 1.21x ¥ 0.62). In summer the maximum
cover estimate was 4. The correlation between the values was
less good for summer than for spring, and was less good than the
value for summer on grid A. (r = 0.88; y = 1.77 + 3.95x % 2,78).

In the autumn on grid B the cover estimates again ranged only

up to 3, but the correlation was better than in spring or

summer (r + 0.92; ¥y = 2.45 + 3.39x ¥ 1.44). 1In winter the

less close than in the other seasons (r = 0.88; y = 2.39 +
2.67% Ay 1.04). When the results cof the whole study were
considered the correlation was good between the two sets of

values (r = 0.89; y = 1.74 + 3.98x + 2.65).

c) Apodemus. Grid A

When the results for Apodemus were treated as described
above, for the whole study, the resultant picture was as is
shown in Fig. 36. From this graph it can be seen that there

was no tendency for the average number of catches per point to
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Graphs showing the relationship between the mean number of
Clethrionomys captured at points with different degrees of
vegetation cover on grid B, and the actual density of the
cover at the points in spring (a) and summer (b).
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FIGURE 34, Graphs showing the relationship between the mean number of
Clethrionomys captured at points with different degrees of
vegetation cover on grid B, and the actual density of the
cover at the points in autumn (a) and winter (b).
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increese or decrease with increasing cover density. A slightly
negative correlation was calculated which was not .significant
(r = -0.25). No seasonal analysis was attempted as the numbers
of captures in spring and summer were inadequate for this
purpose. On grid B also the number of captures was inadequate

for analysis.
d) Conclusions

From the form of the distributions discussed above and
presented graphically in Figs. 30-36, certain conclusions may

be drawn. For Clethrionomys on both grids there was a high

degree of correlation between the density of cover around the

trapping point and the number of captures made at that point.
The number of captures may be regarded as a measure of the
abundance of the animals in the vicinity for the purposes of
this investigation, hence a linear relationship between the
density of cover and the abundance of animals was found to
e;ist throughout the year. This relationship suggests that it
is the deusity of the cover which is important and not the
nature of the vegetation providing that cover. For example,

both bracken and bramble provide dense cover, yet no preference

appeared to be shown by the animals for either (see pp. 153-154).

In short, the distribution of Clethrionomys was markedly

associated with the distribution of the vegetation, there being

a greater abundance of animals in areas with more dense cover.
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Apodemus, from the results noted above, appeared to be distribut-
ed at random with regard to cover. This conclusion is supported
by the results presented earlier on distribution and vegetation

type (pp. 145-155).

4. The utilisation of temporarily-available favourable

habitats by Clethrionomys

a) Introduction

From the information presented earlier the close

associatién between the distribution of Clethrionomys and the

distribution of the vegetation has been established. It is of
interest, therefore, to examine the changes in distribution
which occur where the seasonal changes in the vegetation are
most evident. On grid A the greatest changes occur where dogs
mercury is the dominant plant in the field layer. The dogs
mercury dies down between September and October, end is at

ifs most dense from May to August, accordingly the distribut-
ion of animals in the winter period (October-April) was

compared with that in the summer period (May-September) in

order to see what proportion of animals were captured in the
dogs mercury areas in the two periods. The two main cover

types on grid A are:=-

1) that dominated by dogs mercury, poor cover in winter,
2) that dominated by bracken and bramble, relatively good

cover in winter.



On grid B the distinction is made between vegetation providing
good cover in summer and poor in winter, and that providing
good cover in summer and moderate in winter. In the first
category dogs mercury is represented, but so are other plants
e.g. hogweed, mixed herbs; bracken and bramble again dominate

the second category.

b) Method of analysis

In the analysis, Cochran's (1954) modification of the
]:2 test was used in preference to the more norma.la}‘:2 test
for significance. Cochran's method enables all the data for
each species, sex, and grid to be tested at once with a
system of weighting to compensate for variations in the
numbers of individuals in each group. The data were arranged
as in Table 55, Column 'd' represents the difference in each
case between the proportion of individuals in a 'dogs mercury!
area when the cover is well established, in summer, and the
proportion in the same area during the winter. Thus in the

first row:-

. 135 29

135 + 171 29 + 117

The weight 'w! is obtained by dividing the product of the two

sample sizes by their sum e.g.

(135 + 171) (29 + 117)
135 + 171 + 29 + 117
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Summer Winter

Grid [ DM [ OC |DM| OC a w wd wpq

Cleth- A 135|171 [29] 117 | +0.242 | +98.84 | 23.92 | 22,85
TIONOWYS | p | 181 | 203 92| 134 |+0.64 | +142.27 | 9.10 |35.17

Table 55. ThE arrangement of data for analysis by Cochran's
X< test.

DM = dogs mercury. OC = other cover.

In the next column, ‘wd!, the weighted contribution of each row
to the test criterion, is the product of the two previous
quantities. Finally, wﬁ&, is the weighted contribution of each
row to the variance of this criterion. The symbol P. rep-
resents the marginal proportion of animals present in the dogs

mercury areas over the whole period of study.

e.ge P = 135 + 29
135 + 171 + 29 + 117

The marginal proportion in the other srea is represented by q,
which is 1 = p. From 'wd' and 'wﬁa' may be calculated 'ut!, the

deviate from the normal distribution:-

wd

n =
NG
It is necessary to make a null hypothesis (Ho) in order to apply
such a test, and also an alternative hypothesis (Hl) to explain
the result if Ho can be disproved. In determining 'd' it must

be decided in advance in which order the two pr0porfions are
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t0 be treated in order that they are arranged so that positive
values of 'd' would tend to support Hl.

c) Results

Null Hypothesis

"Thet the proportion of the total number of individuals
on the whole grid that was in the dogs mercury cover was the

same in winter and summer.

i.e. (in dogs mercury) _ (in dogs mercury)

(whole grid) summer (whole grid) winter

i. Clethrionomys. Grid A

=  P<0.001

u =

ats
r=%

ii. Clethr;ogomxg. Grid B

u = 1,535 P<0.01

For @Blethrionomys on both grid A and grid B the proportion
of animals captured in the dogs mercury areas was lower in the
winter than it was in the summer, therefore the Null Hypothesis

is disproved.



5. Discussion

Evans (1942) found the distribution of Apodemus and

Clethrionomys in mixed woodland not to be at random. He

observed that the highest numbers of Apodemus were captured in
areas of spruce, larch, and cedar. In this study also the
majority of the Apodemus were trapped in larch and spruce

areas. Evans further found the distribution of Clethrionomys

to be positively associated with that of bracken, with a
noticeable tendency for a further association with the relat-
ive density of the bracken. The observations of Evans have
been confirmed and expanded in the present investigation.

Brown (1954) found Apodemus and Clethrionomys to be co-

dominant in a mixed woodland of predominantly beech trees.
She also noticed, as did Evans (1942), an association between
the distribution of the rodents and the presence of under-

growth. Delany (1957) carried out studies on Clethrionomys

and Apodemus in a Dunbartonshire oakwood and found that many
more captures of mice and voles were made in areas with cover
of rhododendrons and bramble than were made in areas with less
dense cover. He emphasised, however, that there was no
indication of either species displaying a predilection for a
particular habitat to the exclusion or significant reduction

" in numbers of the other species. Southern (1954) in a study
of the prey of the Tawny owl (Strix aluco) found there to be

a regular seasonal swing between the taking of small rodents
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(mainly Clethrionomys and Apodemus) and that of larger prey

(moles and rabbits). The small rodents were taken in winter
and spring, Southern (1954) related the seasonal swing to the
growth of dense vegetation from May onwards thus making the
mice and voles more difficult to catch. The role of vegetat-
ion in providing protective cover is well demonstrated here.
Morris (1955) also emphasised the importance of protective

cover in the ecology of Clethrionomys gapperi (the red-backed

vole). He noted the dependence of the voles upon cover,.
particularly that provided by debris such as fallen trees,
decaying logs, and slash from cutting and thinning. He noted
also that where the forest floor was covered only by bare
needle litter there were few captures made of voles, and he
found that the cover provided by tall bracken was not so
effective as debris in encourasging small mammel populations.
Morris considered the protective function of the cover to be
probably more important than its role as a food supply, basing
his argument on the omnivorous nature of the diet of rodents.
Getz (1961) found the nature of the vegetation cover to be the
most important factor influencing the local distribution of

- Synaptomys cooperi (the bog lemming) and Microtus pennsylvanicus.

Newson (1960) examined the distribution of Clethrionomys

and Apodemus in relation to vegetation type and the density of

cover provided. He found, when he considered areas of 'thick!

cover and 'thin' cover, there to be a positive correlation



between the distribution of Clethrionomys and the density of

the ground cover. He found the distribution of Apodemus to be
at random with respect to cover. The results of Newson's
study are confirmed and expanded in the present work. Delany
(1961) considered Apodemus to positively prefer habitats with
a firm dry substrate and little ground cover, associating this
preference with the ability of Apodemus to run quickly over
clear areas whilst being slowed down by dense vegetation.
Delany did note, however, that Apodemus required some cover
for nesting and concealment, but thought that such cover could
be provided by logs or tree roots. In the present study also,
an indication of a positive association of Apodemus with open
areas was noted.

The studies of Fullager et al (1963) on Clethrionomys

glareolus skomerenis (the Skomer vole) and Apodemus sylvaticus

are of interest, because the area in which the studies were
carried out forms a usefﬁl contrast with the mixed woodland
hebitats examined by other workers (Evans, 1942; Brown, 1954;
Wewson 1960; Delany, 1961) and by the present writer.
Fullager et al (1963) found the bank vole to favour areas with
some scrub cover, whilst the field mouse could roam over more
open country. They found there to be a much more clear cut
difference in the distributions of Clethrionomys and Apodemus
than had been found in mixed woodland prior to the study of

Newson (1960). They found, in fact, that a single species may
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be dominant in a particular habitat in areas where extremes of
habitat exist e.g. dense bracken and bare rock. They found a
close association between bank voles and bracken (as did Evans,
1942) except where a low ground cover of wet grass deterred
the voles. It was noted also that areas of high vole density
were shunned by the mouse, and they hence put forward the view
that abundant voles excluded the mice. Brown (1954) found

also that high numbers of Microtus agrestis may restrict the

range of Apodemus. Fullager et al (1963) divided the avail-
able habitats on Skomer into three main types:-

1) Deep bracken in dry, sheltered areas,

2) scattered bracken with an understory of grass,

3) cliff slopes with rocky outcrops,
and they found that voles were exclusively dominant in habitat
1), both species existed in habitat 2), and mice only were
found in habitat 3). They concluded that voles were unable to
exploit completely bare areas, while mice could live in dense
bracken but avoided it where possible.

From the information so far presented the dependence of
voles upon the presence of adequate vegetation cover has been
clearly demonstrated. Also the preference of mice for more open
areas has been established. In the remainder of this
discussion some of the possible reasons for such dependence

upon the cover available are considered.

In ecological studies on Peromyscus leucopus noveboracensis
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and Peromyscus maniculatus gracilis Klein (1960) found that

the actual amount of ground cover did not influence the
distribution of either species. A factor which was considered
to have importance, however, was the amount of illumination
reaching the forest floor at night when the animals are active.
Blair (1943) found the desert-dwelling mouse Peromyscus

maniculatus blandus to be most active in total darkness, while

Mossman (1955) found there to be a significant correlation

between the abundance of Microtus, Sorex, Blarina, Peromyscus

and Mustela and the degree of light penetration through the
herbaceous vegetation. As Apodemus is a nocturnal animal, as
are several species of Peromyscus it could well be that the
emount of light reaching the woodland floor at night plays an
'important part in the distribution of the animals. It has
been observed in many small mammal studies that Apodemus is
less active on moonlit nights (Hacker & Pearson, 19443 Tanton,
1965) so the light factor may well be important. In the present
study the Apodemus on grid A were more commonly found in the
larch wood than in the sycamore wood. In the autumn and winter
there is no tree canopy in the sycamore wood and the area is
bright, whereas in the larch wood many of the larch needles

are retained, the trees grow closely together, and much of the
light is excluded. Hence the preference of Apodemus for the
dark, open areas of the larch wood may be a combination of

their preference for open areas for free movement, and a
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necegsity for a cloaking darkness for protection. The point

about freedom of movement for mice (Peromyscus maniculatus) in

areas with sparse vegetation was made by Rickard (1957).

Clethrionomys is primarily a diurnal animal and hence it is

probable that the protective nature of the ground cover is
very important to it. As a group voles seem to frequent the
areas with the most ground cover (cf. Microtus montanus;

Ogilvie & Furman, 1959) and Microtus pennsylvanicus, (Eadie,

1933; Mossman 1955; Pearson 1959).
In conclusion the following factors are considered to

influence the distribution of Clethrionomys:-

1) the nature of the ground vegetation,
2) the degree of protective cover provided by
the vegetation,

3) the population size.

The distribution of Apodemus is considered to be. influenced
more by such factors as the necessity for free rapid movement,
and the nature of the tree canopy with regard to the exclusion

of moonlight and starlight,
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SECTION D. MOVEMENTS AND HOME RANGE OF

CLETHRIONOMYS AND APODEMUS

(4.) GENERAL INTRODUCTION

l. The aims of the -study

Although many investigations into the population dynamics,
the feeding, and other aspects of the ecology of Apodemus
sylvaticus and Clethrionomys glareolus have been carried out
in great Britain few of them have been concerned specifically
with the subject of movements and home range. Evans (1942)
made some observations on the movements of both species, and
Hacker and Pearson (1951, 1952) discussed homing and wandering
behaviour in Apodemus, but previous to the start of the present
study only Brown (1956a) for both species, and Miller (1958) for
Apodemus had dealt with the subject in much detail, Since the
present work commenced, publications by Kikkawa (1964) on

Clethrionomys and Apodemus, and Tenton (1965) on Apodemus,

have added to the knowledge of the movements and home range
of the two species.
The part of the present study concerned with movements and

home range in Clethrionomys and Apodemus was designed to gain

information on the following topics:-

1) seasonal variation in activity,
2) the characteristic movement patterns of the

two species,
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3) the size of the home range area,

4) inter and intra-specific differences in
movement patterns;

5) the influence of sex, number of recaptures and

method of estimation on estimates of home

range size.

2. The procedure followed in the examination of movements

and home range

The method of examining home range was designed to
exclude as far as possible the complicating factor of trap-
limitation of movement. The method used was to consider all
the recaptures made of éach animal, even though these re-
captures were made in different trapping periods. In this
way, and by the employment of short regular trapping periods,
it was hoped that the animals would be sampled in all parts
of their home range area as they could move about completely
unrestricted by traps between trepping periods. Because of
this method of examining home range, with animals being
captured in more than one season of the year, it was not
possible to examine seasonal activity by comparison of the
size of home ranges in different seasons, and hence seasonal
activity was studied by the analysis of linear movements
(see pp. 174-214 ). Thus, of the topics listed above (p. 172-173).

seasonal variation in activity, characteristic movement




patterns, and inter and intra-specific differences in movement

patterns were examined by use of the linear measurement of

movements.
(B.) MOVEMENTS
I. INTRODUCTION

As was pointed out by Brown (1956a) the linear measure of
movements made by an animal is in many ways superior to the
calculation of estimates of home range size when information
on daily activity, and possible seasonal variation in such
activit&'is required (see below). Two methods of measuring
the movements made are in current usage, these are the
measurement ofi:-

1) the distance between successive captures,

2) the distance from the point of original capture.

In this study the first measurement was recorded. Other
workers who have used one or other of the two methods include
Murie and Murie {1931); Chitty (1937); Linsdele (1946);
McDougal (1946); Aldous (1947); Fitch (1947); Jordan (1948)s
Young et al (1950); Brown (1956a); Brant (1962); and
Kikkawa (19‘64).

One of the main advantages in using such measurements of
movement is that data from animals recaptured only a few times

may be used. This is important, hecause proportionately few
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animals in a population are captured more than once. In the

present study, of 733 Clethrionomys 170 were caught once only,

and of the remaining 563, only 4ll_were captured more than three
times, 244 more than five times, 149 more than seven times and
72 more than ten times.

Of the aims listed in the General Introduction to this
Section (p. 172) it was considered that seasonal variation in
activity, and inter and intra-specifiec differences in movement
patterns, could best be examined by analysis of the movements
measured in the way described above (p. 174). The maximum |
movement made by every animal captured during certain specified
periods was recorded, and from analysis of such records for
both sexes of both species information was obtained on seasonal
activity. Another measurement used in this investigation was
the Maximum Range Length. This is a measure of the distance
between the two most distant points of capture and may be used

as an index of the diameter of the home range area (see pp. 225-

the movement patterns of eack animal, on the restriction of
movements, wandering and dispersal, and change in areas of

activity displayed by the two species.
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II. THE NUMBER OF ANIMALS USED IN THE

STUDY OF MOVEMENTS (Table 56)

In the course of the study as a whole 427 male

Clethrionomys were marked and released, of which 226 were used
in the analysis of movements. All of the 22é animals used had
been captured at least three times. Of these, 149 had been
captured at least five times, 87 at least seven times, and 39
ten or more times. Of the 306 females handled during the two
years, 160 were of use in the analysis of movements, having a
minimum of three captures each. Of these, 95 had five or more
captures, 62 had seven or more captures, and 33 had at least
ten captures. The maximum number of recaptures recorded for
a male was 28, and for a female 29. _

0f the 212 male Apodemus captured, 108 were suitable for
use in the study of movements. Of these, él had five or more
captures, 351 had seven or more captures, and 9 had been
captured at least ten times. 77 female Apodemusg, out of &
total number of 128 handled, were used in the analysis of
movements, Of these, 39 had five or more captures, 24 had
seven or more captures, and 12 had been caught at least ten
times. The maximum number of recaptures recorded for a male

was 14, and for a female 16.
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Species Total No. No. ct.|No. ct.|No. ct.|No. ct.|No. ct.
and sex Individuals once 3+ 5+ T+ 10+
Clethrionomys 427 100 251 149 87 39
Males
Clethrionomys 306 70 160 95 62 33
Females
Apodemus 212 66 108 61 31 9
Males
Apodemus 128 33 11 39 24 12
Females
Table 56 The number of animals out of the total cawrght which

were caught three or more times $3+), five or more
times (5+), seven or more times (7+), or ten or
_more times (10+).
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ITII. MAXTMUM MOVEMENTS

1. Introduction

The maximum movement made in each season in which it was
captured was recorded for every animal handled in the course

of the study. Frequency distributions of the maximum move-

ments made in each season were then constructed. The seasons

were arbitrarily assigned and were made up as shown in Table 56a.

‘Season Months in the season
£~ 1. Spring February, March, April, May.
; 2, Summer June, July, August, September.
E 3. Autumn-winter October, November, December, January.

B Table 56a. The 'seasons' for the analysis of maximum
movenents.,

N Thirteen categories of movements were designed, with class
intervals of 15 metres. The maximum possible movement on each
= grid was 180 metres, and hence the categories ranged from less
= than 15 metres up to 180 metres or more. The final movement
,;. category of 180 metres or more allowed for the inclusion of

] movements made by animals which left one grid and were caught
on the other grid, or on trap-lines. The maximum movements of
en individual were sometimes recorded in three or more seasons.

— The data on meximum movements were organised in the form of

2 x 2 Contingency Tables and in order to see if there were any
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differences between the different distributions, Chi-squared
Tests for significance were performed using Yates' Correction
Factor to correct for small sample sizes. The frequency
distributions of maximum movements in the different seasons
were tested for significant differences in the proportion of
movements made of above and below 30 metres. This distance
was chosen as the level for the division qf the distribution
as it had been noticed in the field that most animals seemed

t0 be caught at a few closely adjoining trap sites. The distance
between alternate trap sites is approximately 30 metres so this
distance was selected as being the most useful for the analysis
of possible seasonal differences in movement. Division of the
distributions at this level was subsequently found also to

result in sample sizes for comparison being roughly equivalent.

2., Seagonal variation in the freguency distributions of
maximum movements made bz both sexes of Clethrionoggs and

Apodemus .

L+

a) Glethrionomys males {Tsble 57, Fig. 37)

The bulk of the maximum movements recorded for
- Clethrionomys males occur in the three movement categories
below 45 metres in all seasons of the year.
Statistically significant differences in the proportion
of maximum movements made of more than 30 metres were found

between the distributions of movements in spring 1963 and
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winter of 1963 and 1964,
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eutumn-winter 1963, (P<0.0l). A similar level of significant
difference was found between tﬁe proportion of movements
greater than 30 metres made in summer 1963 and autumn-winter
1963, a greater proportion of larger movements being made in
the summer (P<0.0l), than in the autumn-winter. The differences
between the movement distributions of the seasons in 1964 were
not sufficiently great to be statistically significant, dbut
agein, as in 1963, proportionally more movements of over 30
metres were made in the spring and summer, than in the autumn-
winter. In 1963 movements of more than 30 metres were recorded
far more frequently during the breeding season (spring and
summer) than during the non-breeding season (autumn-winter).
This was apparently so in 1964 also but the tendency was less

marked and was not statistically significant.,

b) Clethrionomys females (Table 58, Fig. 38)

Seasonal differences in the frequency distributions of

maximum movements were found in Clethrionomys females as well

as in the males. The greater proportion of movements of over
30 metres in spring 1963 compared with autumn-winter 1963, was
highly significant (P<0.00l). The same was true of the
difference between the distributions of movements in spring
1964 and autumn-winter 1964 (P<0.001). 'The difference between
the maximum movement distributions of summer 1963, and of

antumn-winter 1963 was not statistically significant but
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movements of over 30 metres were significantly more common in
summer 1964 than in autumn-winter 1964, (P<0.0l1). In contrast
to the situation in the males, differences between the move-
ment distributions of spring and summer were detectable in
both years. In spring 1963 the proportion of movements made
of over 30 metres was significantly greater than in summer
1963 (P<0.01). In 1964 the difference between the spring and
summer distributions was less marked but was still significant

(P<0.02).

¢) Apodemus males (Table 59, Fig. 39)

For Apodemus males in 1963 no statistically significant
differences were found to exist between the seasons with regard
to the frequency distribution of movements of above and below
30 metres, but there was a greater proportion of movements
made of over 180 metres in the spring than in the other seasons.
In 1964 differences between the seasonal distributions of
movements were significant, the proportion of movements made
of over 30 metres being greater in spring 1964 than in autumn-
winter 1964 (P<0.0l). Similarly, more movemgnts were of greater
length than 30 metres in summer than in autumn~-winter (P<0.001).
Of lesser significance (P<0.05) was the proportionately greater
number of movements of more than 30 metres made in spring 1964

compared with summer 1964.

Significant differences were found to exist between the
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FIGURE %9, The frequency distributions of maximum movements of
Apodemus males in spring, summer, and autumn-winter

of 1963 and 1964,




frequency distributions of movements in the same seasons in the
two years. A significantly greater proportion of movements of
over 30 metres was made in spring 1964 than in spring 1963
(P<0.01l). Similar differences were found between the distribut-

ions of summer 1964 and summer 1963 (P<0.001).

d) Apodemus females (Table 60, Fig. 40).

No significant differences were found between the
seasonal movement distributions in Apodemus males in 1963
(see above), but a difference between the movement distributions
of summer and autumn-winter 1963 was deteqted inlApodemus
females. A significantly greater proportion of movements of
over 30 metres was made in summer 1963 than in autumn-winter
1963 (P<0.0l1). The main difference between the summer and
autumn-winter distributions of movements was in the large
percentage of movements in the 31-45 metre category in the
summer. No movements of more -than 45 metres were recorded in
autumn-winter., It would seem, therefore, that to conclude that
Apodemus females tend to move greater distances in summer than
in autumn-winter would be of doubtful wvalidity, if based only
on the 1963 results. In 1964 some difference was found between
the proportion of movements greater than 30 metres made in
summer and in autumn-winter, there being a significantly great-
er proportion made_in the summer (P<0.02). In 1964 four
cétegories of movement above 30 metfes were represented in

the frequency distribution of summer.
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FIGURE 40, The frequency distributions of maximum movements of
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of 1963 and 1964,
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2., A comparison of the frequency distributions of maximum

movements of Clethrionomys and Apodemus

a) Males

The differences between the frequency distributions

of maximum movements of Clethrionomys males and Apodemus males

were statistically significant in summer only. In summer 1963
a significantly greater proportion of movements of more than
30 metres was made by Clethrionomys than by Apodemus (P<0.05).
In 1964 the situation was reversed and the greater proportion
of large movements was made by Apodemus (P<0.001). The
difference in 1963 was just significant, in 1964 it was highly
significant. Although not tested statistically, other
differences appear to be preéent between the movement distribut-
ions of the two species. In 1963, in all seasons but
particularly in spring and summer, a much greater proportion
of movements of less than 15 metres was made by Apodemus than
was the case with Clethrionomys. In both 1963 and 1964 more
movements of over 180 metres were recorded for Apodemus males

than for Clethrionomys males, in all seasons.

b) Females

Apodemus females had a significantly greater proportion
of movements of more than 30 metres than Clethrionomys females

in the seasons of summer 1963 (P<0.001), summer 1964 (P<0.00l),



and autumn-winter 1964 (P<0.001). Another difference between

the movements of the two species was that Clethrionomys females

had recorded movements of more than 180 metres in all seasons
of both years, whereas in Apodemus this was the case only in

spring 1963 and summer 1964.

3. Sexual differences in the frequency distributions

of maximum movements.

a) Clethrionomys

With division of the frequency distributions of
maximum movements at the 30 metre level significant differences
-were detected between the movement distributions of the two
sexes in summer 1963 and autumn-winter 1964. In both seasons
the males had a greater proportion of movements of more than
30 met?es than the females, in summer 1963 at the P<0.00l
level of significance, and in autumn-winter 1964 at the P<0.01
level of significance. Although differences between the move-
ment distributions of the two species were detected only in
summer 1963 and autumn-winter 1964, this was because division
of the distributions at the 30 metre level did not reveal other
sglient differences between the distributions. When movements
above and below 90 metres were considered the movements of the
meles were found to be of more than 90 metres significantly
more often than were the movements of the females in summer 1964

(P<0.0l). Division at the 15 metre level revealed that the male

188,
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distributions in spring 1963 and summer 1963 had proportion-
ately more movements of over 15 metres than did the females,
(spring 1963 (P<0.05) summer 1963 (P<0.0l) ). Similarly when
movements below 45 metres, and between 46 and 150 metres were
considered, the males had greater proportions of the larger
movements than did the females in spring 1963 (P<0.05) and in
summer 1963 (P<0.001). The main difference to be revealed
between the movement distributions of the two sexes is that
fewer categories of movements between 45 metres and 180 metres
are represented in the female distributions as compared with

the male distributions.

b) Apodemus

The frequency distributions of the maximum movements
of Apodemus were tested for significant seasonal differences

between the sexes using the procedure described for Clethrionomys.

At the 30 metre level of division the males had a greater
proportion of larger movements than did the females in summer
1964 (P<0.01). At the 90 metre level of division the males
again moved the greater distances proportionately more than
did the females in spring 1964 (P<0.02). When division of the
movement distributions at the 15 metre level was tested,
however, the females had a greater proportion of movements of
more than 15 metres in spring 1963 (P<0.05) and summer 1964
(P<0.02). As with Clethrionomys, the main difference between

the movement distributions of males and females was in the
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in Females,
comparative lackupf movements of moderate length i.e. between

45 metres and 150 metres. When the movement distributions

were divided at the 45 metre and the 150 metre level, i.e.
excluding movements above 150 metres, there were found to be
significant differences bet;een the movements of the sexes in
summer 1963 (P<0.001), spring 1964 (P<0.01), summer 1964 (P<0.001),
and autumn-winter 1964 (P<0.05). In all these seasons the males
had a greater proportion 6f the medium-distance movements than

did the females.

4. A comparison of the freguency distributions of maximum

movements of both species on grid A and grid B (Tables 61-68)

Only in spring was there a statistically significant
difference between the frequency distributions of maximum
movements of Clethrionomys on the two grids. In the males
movements of more than 30 metres were more common on grid B
than on grid A in both 1963 (P<0.02) and 1964 (P¢0.01). in
the females a difference in the movements on the two grids was
detectable only in spring 1963 when more movements of more than
30 metres were made on grid A than on grid B; the reversal of
the situation in the males. The poor catches of Apodemus on
grid B prevented a comparison of the meximum movement

distributions of Apodemus on the two grids.
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5. A summary of the results of the analysis of maximum

movements of Glethriononys and Apodemus

From the analysis of the frequency distributions of
maximum movements there is some evidence that seasonal

variation in movements occurs. In both sexes of Clethrionomys

movements of more than 30 metres were more common in spring
and summer than in autumn-winter. This trend was particularly
marked in the males and may possibly have been associated with
activities of the breeding season, e.g. searching for mates,
and dispersal. In the females, differences were found between
the movements made in spring and summer, the females being more
active in the spring. This could be due to the restriction of
the females to the nest site in the sumﬁer when they are
usually pregnant or suckling young. (Brown, 1956a, for Microtus
gggestis). The greater activity of immature and juvenile
females may have been the reason for the movement distribute
ions in the summer having had a greater proportion of the
longer movements than did the avtumn-winter distributions.

The above differences apply also in the case of Apodemus.
With A odemus, however, it may be that the feeding behaviour
changes in the spring and summer as insect material becomes
available and hence activity may be increased in those seasons.
So far as the movement records show there was little difference

between the pattern of movements shown by Clethrionomys and

Apodemus males. However, at the time when activity is
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apparently greatest the number of Apodemus caught was low
(pp. 50-51 ) and hence the larger movements taking the animals
away from the grids were probably not recorded.

No consistent differences between the movement patterns
of Clethrionomys on the two grids were detected. A slight
tendency for males on grid B to move greater distances than
males on grid A in the spring of each year was noted, and this
may be associated with the better ground cover of vegetation
on grid B in spring. However, the opposite results obtained
for the females demonstrate the possible fallibility of such

an argument.
IV. MOVEMENT PATTERNS

l. Introduction

A study of the movement charts of the animals revealed
the presence of several patterns of movement. The normal
pattern was considered to be that of the possession of a
stable home range. The other patterns discovered included

animals with:-

1) two home range areas distinct in space aﬁd time,

2) an above average movement away from an established
home range,

3) occasional long movements away from the home range,

but with subsequent return,



201

4) long movements from the original capture point, with a

subsequently established home range in the new area.

Pattern one was considered to represent a genuine change in
home range area. Pattern three was considered to be an example
of exploratory behaviour as reported by Burt (1943) and
Kendeigh (1944). Pattern four was thought to display wandering
and dispersal behaviour. Pattern two probably represents a
transitional stage between the normal and the three other
patterns. The movement patterns and the animals which are
considered to disﬁlay them, are discussed below, and the
number of animals displaying each movemént pattern are given

in Table 69.

1) Change in home renge area

An inherent difficulty in defining a change in home
range area is deciding when a home range is definitely changed
as opposed merely to a centre of activity within a single home
range being moved. Without careful checking of the home sites
at regular intervals it is not possible fully to resolve the
difficulty. Howeyer, for the purposes of the present study,
the complete cessation of recorded visits tc the previous area
of activity has been accepted as the criterion for comsidering

a genuine movement of home range to have occurred. Using this

criterion the results below were obtained (Table 69).
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FPifteen Clethrionomys males were considered to heave
changed their home range area, but only three females dis-
played a movement of this type. Of the Apodemus only the
males had representatives in this category, and four were
considered to have changed their area of activity. Of all

these animals, only three of the Clethrionomys males had moved

less than 100 metres to the new area.

2) Transition stage movements (Table 69)

Eleven Clethrionomys males and six females were placed
in this category, and eleven males and two females of Apodemus
had patterns of this type. Only three of the Clethrionomys
males and one of the Apodemus males had the large movement

of less than 100 metres.

3) Exploratory movements (Table 69)

Twenty-two males and eight females of Clethrionomys, and
eleven males and four females of Apodemus made these explora-

tory types of movement. Four of the (lethrionomys females,

and three of the Apodemus females had exploratory movements of

less than 75 metres. Ten of the Clefhrionomxg males and eight

of the Apodemus males had exploratory movements of less than

100 metres.



4) Dispersal and wandering

The number of animals showing dispersal and wandering
behaviour is given in Table 69, and some examples of such
hehaviour are shown in Figs. 41 and 42. With the exception

of movements made by three Clethrionomys males, all of the

movements made were of more than 100 metres in the case of
males, and 75 metres in that of females., Prior to this study
it was well known that Apodemus frequently wandered over large
areas (Evans, 1942; Hacker and Pearson 1951, 1952), but very
little had been reported concerning wandering and dispersal

in Clethrionomys. Kikkawa (1964) found no evidence of

dispersal in Clethrionomys, although he found many examples of

such behaviour in Apodemus. In the present case, however, many
records of movements of more than 100 metres in males and 75

metres in females were obtained for Clethrionomys, (Tables

70 and 71). The proportions of males and females showing
dispersal movements were similar. If, as appearslikely, only
a small proportion of the animals leaving one grid and travel-
ling large distances were captured on the other grid, it would
seem that a great deal of such wandering and dispersal could

have been occurring in the Cleihrionomys population. 1In Figs.

41 and 42 it can be seen that the stream, some 8-10 feet wide,
running down the middle of the Dene did not prevent movements
from one grid to the other. The maximum movement possible with

the trap arrangement used was 365 metres, and representatives
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Species and Sex Movement Pattern Total No. of
animals
1 2 3 4
Clethrionomys Males 15 11 22 18 66
Clethrionomys Females 3 6 8 13 30
Apodemus Males 4 11 11 7 33
Apodemus Females 0 2 -4 4 10

Table 69. The number of animals displaying movement pattern
‘ 1 to 4 (see text).

Species 100~150 | 151-200 | 201=250 | 251-300( 301 + Total

P metres metres metres metres | metres
Clethrionomys 29 4 6 14 6 59
Apodemus 14 3 1 5 7 30
Table 70. The number of males of Clethrionomys and Apodemus

with recorded movements of the distances shown.
. T5= 101~ 151~ 201 251- 301 +v

Species 100m. | 150m. | 200m. | 250m. | 300m.| . | Total
Clethrionomys 12 4 3 4 7 5 35
Apodemus 2 4 0 1l 0 1 8
Table T1. The number of females of Clethrionomys and Apodemus

with recorded movements of the distances showm.




(a). DISPERSAL AND WANDERING

goll coursc

C. glareolus. Males

(b).

C. glareolus. Females

FIGURE 41, Some examples of wandering and dispersal movements made
by individual Clethrionomys males (a) and females (b).




(a). DISPERSAL AND WANDERING

golf course

A sylvaticys. Males

(v).

A sylvaticys. Females

FIGURE 42, Some examples of wandering and dispersal movements made
by individual Apodemus males(a) and females (b).
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of all but Apodemus females moved that distance.

V. MAXIMUM RANGE LENGTH MEASUREMENTS

l. Introduction

The maximum range length was recorded of all animals
caught more than three times (see p. 175). As part of an
examination into the possible varigbility of results obtained
from capture-recapture studies of the 'movements of Clethrionomys
and Apodemus, the average range lengths of groups of animals,
with different numbers of recaptures per animal for each group,
were calculated. The results are shown in Tables 72 to T5.

The main purpose in calculating the average maximum range
lengths of the two species was to obtain some idea of the
distance from which animals were likely to come to enter the
traps. The total area from which the samples of animals caught
on the grid were drawn was computed by adding a border strip
of half the maximum range length of the species under consider-
stion to the area of the grid proper. The density per acre of

Apodemus and Clethrionomys was calculated on the basis of the

sampling area as calculated by this means (pp. 56,62). Similar
techniques have been used by, among others, Morris (1955),

Brant (1962), and Fullager et al (1963).
2. Results

The Observed Range Length (see p. 225 ) of Clethrionomys

males caught three or more times (Table 72) averaged 63 metres
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caught three or more times.

. Observed Adjusted
Species & Sex Range Length Range Length
Estimate  Range Estimate Range

Clethrionomys m. 63:1 15.6=156.5 78.7 31l.2-172.1
Males yds. 6900 1701-17101 86.1 34.1-18802
Clethrionomys m, 47.5 21.7=171.1 63.05 37.3-186.6
‘Females yds. 51.9 23,7-187f0 68.90 40.8-204.0
Apodemus m. 72,2  21.7165.8 | 87.8 37.3-181.4
Males . yds. 78.9 25.7-18103 96.0 40.8-198-4
Apodemus n, 56.1 21,7=137.9 1.7  37.3-153.5
Females yis. 61.3 23,7-150.8 78.4  40.8-167.9
Table 72 . Maximum Range Length measuiements for animals

Adjusted

caught five or more times.

Observed

- Range Length Range Length

Species & Sex
Estimate _Range_ Estimate Range

Clethfionogxs m. 63.0 15.6=156.5 78.6  31.2-172.1
Males yds. 68.9 17.1-171?1 85.9 34.1-188.2
Clethrionomys m. 48,9 21.7-110.0 63.5 37.3=125.6
Females - yds. 53.5 25,7-187.0 69.4 40.8=137.3
Apodemus m. 73.4 21.7-<165.8 89.0 37.3=181.4
‘Males yds. 80.3 23.7-181.3 97.3 40.8=198.4
Apodemus M, - 61.8 21.7=137.9 774 37.3-153.5
Females yas. 67.6 23,7-150.8 . 84.6 40.8-167.9
Table 73 . Maximum Renge Length measurements for animals
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Observed Adjusted
Species & Sex Range Length Range Length
Estigate .Rapger Egtimate Range

Clethrionomys me 675 21.7-156.5 8.1 37.2=172.1
Males yds. 75.8 23.7-171.1 90.9  40.8-188.2
Clethrionomys me 45.6 21,7=1T71.1 61.2 37.3-186.6
Females yds. 49.9 23.7-187.0 66,9 " 40.8«204.0
Apodemus m. 76.5 21.7~147.0 92.1 37.3-162.6
Males yds. 83.7 23,7-160.75| 100.7 40.8-177.8
Apodemus m. 58.8 21.7<137.9 T4:4  37.3-153.5
Femeles ydse. 64.3 23,7-150.8 8l.4 40.8-167.9
Table 74, Maximum Range iength measurements for animals

caught seven or more times.

Observed Adjusted

Species & Sex Range Length Range Length

Egtimate .Rgnge Estimate Range
Clethrionomys Me 79.7 21.7=142.6 95.3 37.3%3-158,.2
Males ydse. 87.1 23?7-155f9 10472 40.8=173.0
Clethrionomys i 50.3 21,7=110,0 65.9 37.3=129.6
Penmales yds. 55.0 23.7-187.0 72.1 40.8-141,
Apodemus me | 100.9 66.0-147.0 | 116,5 81.6:162.6
Males yds. 11003 7292"160-75 127.4 89.2-17708
Apodemus m, 72.8 21.7=137.9 88.4 3T+3=153.5
Females yds. 79.6 23,7-150.8 96.7 40.8-167.9
Table 75 . Maximum Range Length nieasurements for animals

caught ten or more times.




and that of individuals with ten or more captures (Table 75)
averaged 79.5 metres. Range Length measurements based on only
a few recaptures per animal hence probably fail to reveal the
full range of the animals' movements. The average Observed
Range Length of the females was rather smaller than that of
the males, evereging frem 47.5 metres for all the animals
captured three or more times to 50 metres for those captured
ten times or more. The difference in these two values, some
7%, is small, and it would seem that the range of movement of
fémales of Clethrionomys may be revealed with fewer captures
than for the males.

Apodemus males had the largest average Observed Range
Length. The average range length increased steadily with
increased number of recaptures per animal to reach a value of
101 metres for animels having ten or more captures. As was
indicated in the case of Clethrionomys males (p. 208) the true
average range length may not be revealed if the animals used
in the estimation have been captured only a few times. The
average Observed Range Length calculated for Apodemus females
averaged 56 metres when animals caught three or more times were
considered, and averaged 73 metres when the few (12) animals

captured ten or more times were used.

208

Although the actual value of the maximum range length varied

with the number of times the animal had been captured, the

relative values for the range lengths of the sexes of both



209

species relative to one another remained unaltered, being in

ascending order of magnitude, Clethrionomys females, Apodemus

females, Clethrionomys males, and Apodemus males.

VI. DISCUSSION

The main points to emerge from the analysis of movements
of the two species are discussed here in conjunction with the
results of other workers. A large proportion of the animals
captured were captured on only one occasion or were caught in
only one trapping period. Following the example of Evans (1942),
these animals may be considered to be 'transients', although
mortality was probably an important faétor in causing their
non-return. Approximately 39% and 48% of Clethrionomys males
and females respectively were.found té be 'transients' (in
Evans' sense) so far as the trapping record showed. Equivalent
figures for Apodemus are 49% for the males, and 40% for the
females. Evans (1942) considered the populations of
Clethrionomys and Apodemus with which he worked to be composed
of residents and transients, using the criterion mentioned above
for distinguishing transients. He found 47% of the males and
48% of the females of Clethrionomys to be tfansients; for
Apédemus the figures were 48% and 43% for males and females
respectively. There is clos; agreemént here between the results
of the present study and those of Evans (1942). Youngman (1946)

found there to be up to 40% of transients in populations of



Apodemus agrarius coreae. Getz (1960) with Microtus pennsyl-

vanicus, and Tanton (1965) with Apodemus sylvaticus also

recognised considerable numbers of what they termed 'migrants’'
in the populations they studied. Andrzejewski and Wierzbowska
(1961) found that in house-mice also the populations contained
residents and transients. Andrzejewski (1963), and Wierzbowska
and Petrusewicz (1963), calculated the number of migrants in a
house-mouse population from exponential characteristics of
their data for duration of residence. They distinguished what
they termed 'open-sni-shut settled mice' which stayed in the
study area for a week or more, and 'ephemeral mice' which were
caught on one day only. From their analysis they claimed that
the rate of disappearance of ephemeral mice exceeded that of
open-and-shut settled mice. Holgate (1964) criticised their
work on mathematical grounds indicating that their reaults
could have arisen from the method of recording employed. More
recently, work by Trojan andlijciechowska (1964) on
Clethrionomys glareoclus, A édemus agrarius, and Apodemus
flavicolilis has analysed the residency and disappearance of
rodents in a population more thoroughly. These workers found

that there were three stages in the average time of occurrence

of an animal in an area, these stages being 'settling', 'resl
residency', and'disappearance’. They_found the 'settling!'
phase to last, depending on the species, up to nine days.

With Clethrionomys they noted that attachment to a small home
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range area was firm and was characterised by high trappability.
'Real residency' was discovered to last up to 21 days, depend-
ing upon the species. All the species showed high trappability
in this phase. Clethrionomys movements were more wide-ranging
in the 'real residency' phase than in the 'settling! phase.

The 'disappearance' phase occurred after the 'real residency'
phase and was characterised by a considerable decrease in
residence expectation. In all three species trappability
decreased, indicating a less rigid attachment to a home range

area. With Clethrionomys and Apodemus flavicollis an enlarge-

ment of the area penetrated was observed during this phase.
Despite the precautions taken to avoid trap limitation of
movement (p. 173), the majority of the recorded movements in
the present study were of less than fifteen metres. Of the
meximum movements mede in the two years of study 59% of those

made by Clethrionomys males were of less than 30 metres, as

were 75% of those made by the females. In Apodemus the
proportion of restricted movements was a little smaller than

in Clethrionomys, being 54% and 60% for males and females

respectively. BEvans (1942) also found most of the animals he
studied to be restricted in movement, 83% of his Clethrionomys
moving less than 65 metres, and 75% of his Apodemus moving less

than 110 metres. Brown (1956a) found that 65% of Clethrionomys

males, and 60% of Clethrionomys females moved less than 30

yards, her equivalent figures for Apodemus being 68% and 71%
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for males and females respectively. Kikkawa (1964) for Apodemus

and Clethrionomys, and Tanton (1965) for Apodemus only, also

noted the preponderance of short movements. The present stﬁdy
has thus confirmed the existence of a transient section of a
population(in the terminology of BEvans (1942) ) and has also
shown the preponderance of short movements around the home area
in both species.

Seasonal variation in wandering activity has been clearly
displayed in the présent study (see pp. 178-200), both sexes of
both species displaying considerably more activity in the spring
and summer than in the autumn and winter. Movements of Apodemus
males recorded on the grid were not significantly greater than
those of Clethrionomys males, but there is some evidence that
many of the Apodemus movements were outside the boundaries of
the grid (p. 202). The movements of Apodemus females were
consistently of greater dimensions than those of Clethrionomys
females, this being particularly so in the summer. The males
of both species moved greater distances than the females,
particularly in the summer months. The restriction of the
females to the nest area in the breeding season is suggested as
the primary cause of the small movements made in that season.
This was thought to occur also by Howell (1954) for Sigmodon

(the cotton-rat), by Brown (1956a) for Microtus agrestis,

and by Brant (1962) for Peromyscus maniculatus gambeli (the

white-footed mouse), and Reithrodontomys megalotis longicaudus
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(the harvest mouse). Kikkawa (1964) noted that the males of

both Apodemus and Clethrionomys tended to move more than the

females, and that the movements of both sexes were greater in
summer than in winter.

Some evidence of change in home range area was found in

both sexes of Clethrionomys, and in males of Apo@emus. Brown
(1956a) found no evidence in Clethrionomys and Apodemus of
change in home range within trapping periods, but she did find
that some changes occurred throughout the year between trapping
periods. Kikkawa (1964) considered that about é% of his voles
and about 14% of his mice (caught ten or more times) changed
their home range area. He also found movements of home-site
within a trap-revealed home range to occur.

Dispersal and wandering movements of over 100 metres (males)
and 75 metres (females) were found to be more common in
Clethrionomys than had been expected from previous reports., It
was confirmed that Apodemus males and females could wander
considerable distances as has been reported by several workers
(Evans 1942; Hacker and Pearson 1951, 1952; Kikkawa 1964).
Kikkawa (1964) found wandering and dispersal to be an integral
part of the movement pattern of Apodemus, but to he much less

so in Clethrionomys. In Peromyscus maniculatus, Dice and

Howard (1951) found that 38% of the females and 28% of the
males remained within the natal home range. Frank (1957)

observed, with Microtus arvalis, that the young males dispersed




from the maternal home range but the young females did not.
Peromyscus leucopus noveboracensis does not apparently show a
great tendency to disperse from its natal area (Burt, 1940;
Nicholson, 1941), so dispersal is not by any meens universal
among 'mice'. Dice and Howard (1951) found movement generally
in Peromyscus to be influenced by éexual factors, hereditary
variation, wanderlust, and external factors. Dispersal in the
present study was confined almost exclusively to sub-adults,
although a few adults (all males) did show dispersal movements.
Brant (1962) considered his animals to fall into three age
classes, these being juvenile, sub-adult, and adult. He fouﬁd
that most of the largest movements (probably dispersal) were
made by the adult animals.

The measurements of Maximum Range Length (pp.205-208 ) of
the two species confirm the impressions gained from the maximum

movements and movement patterns analysis. This impression is
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that Apodemus tends to range more widely than does Clethrionomys,

but the latter ranges more widely than has hitherto been described.

The actual range lengths recorded in the studies of Brown,

(1956a), Miller (1958), and Tanton (1965) were smaller than

those obtained in the present study, and it is suggested that the

larger values obtained here over long periods of time are the
more accurate. Further discussion of differences in inter and
intra-specific movement patterns and home-range sizes is to be

found in the section dealing with home-range (pp. 215-267).
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(C.) HOME RANGE
I. INTRODUCTION

1, The concept of home range in small mammals

That many small mammals, rodents in particular, tend to
remain in the same small ares of terrain once sexual maturity
has been reached has long been recognised as a result of many
rodent-population studies. (e.g. those of Elton et al (1931);
Chitty (1936); Dice (1941); Evans (1942) ). But while the
concept of a home range is an 0ld one in vertebrate natural
history, the measurement of home range size in small nocturnal
mammals was not feasible until the development of live-trapping
and merking methods. Seton (1909) used the term home range in
the sense that "no wild animal roams at random over the country;
each has a home region, even if it has not an actual home."
Burt (1940) was the firat to define the home range as "that
areg about its established home which is traversed by the
animal in its normal activities of food gathering, mating, and
caring for young. Occasional sallies outside the area, perhaps
exploratory in nature, should not be considered as in part of

the home range." Evans (1942), in the course of a study on

Apodemus sylvaticus and Clethrionomys glaréolus populations in
Bagley Wood, Berkshire found that Apodemus could range widely,
but he stated also that "there seems to be a tendency to

restrict activity to a certain area (home range)..." The



definition of home range devised by Burt (1940) has since been

modified by many workers. Blair (1951) working on Peromyscus

polionotus leucocephalus (the beach mouse) in the United Stetes,
found that the "established home" of Burt's definition is not
always permanent. Blair also noted that the area of activity
of an individual may vary with seagon, age of occupant, and the
degree of competition for food etc. Kendeigh (1944) was of
Burt's opinion that the sallies outside the home range area
were exploratory in nature.

Burt (1943) considered rodents to have either permanent or
semi-permanent home ranges, the latter type being established
by some females which change their areas of activity between
litters. ©Small defended areas around the nests were consgidered
by Burt (1943) to be "territories", the aggressive defence of
which could lead to dispersal of young animals. The permanence
of the home range as envisaged by Burt (1943) has since been
held in doubt by various workers. Yerger (1953) writes:-

"It is generally agreed thet the home range of a wild animal

is not a well-defined plot of ground with permanent fixed
boundaries, but rather the size and shape changes moxre or less
continually from week to week, season to seeson, and year to
year." Connell (1954) noted seasonal shifts in the home ranges
of brush rabbits, and Layne (1954) observed shifting home
ranges among red squirrels. However, whether there is a fixed

'home range'! or not there seems little doubt that most rodents
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have a localised ares of activity. In many communities of
rodents there does seem to be a substantial proportion of
transient animals which do not have a permanent residence

(up to 40% in Apodemus agrarius coreae as reported by Youngman,

1956). Within the.range of such & community the death of a
resident quickly results in transients taking over (Youngman,
1956). The question of how to separate transients from
residents when examining data from live-trapping studies may
cause difficulty. One way of solving the problem is to
consider as residents such animals as are caught four or more
times in an area (Blair, 1951).

It 'seems that few small mammals use all of the home range
to the same extent, (Mohr, 1947). Nor do they wander at random
over the home range area. Howard (1949) with Peromyscus

maniculatus and Blair (1951) with Peromyscus polionotus

studied tracks made by the mice. They interpreted their
results as suggesting that the mice are purposeful in their
movements and do not wander simlessly. The remarks of Blair
(1951) on the question of established homes (p. 216 ) received

support from studies made of Apodemus sylvaticus movements by

Curry-Lindahl (1956). He emphasised that the concept of a
single established home for each individual is too limited.

He indicated that & more probable situation is that many holes
‘are used at different times for homes, refuges, and food stores.

Blair (1951) had noted in his studies that new holes were being
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utilised and old ones abandoned each year by Peromyscus

polionotus leucocephalus. That such changes of home site may

occur within the home range (Howard, 1949; Brown, 1956a) or
beyond it (Miller, 1958; Kikkawa, 1964) have also been noted
for Peromyscus, Apodemus, and Clethrionqus.

Sexual differences in home range size and usage have been
recorded. Pregnant females or females with young are restrict-
éd to the area near the nest (Howell, 1954 for Sigmodon;
Brown, 1956a for Microtus agrestis).

It has been observed that habitat preference is usually
limited by the availability of food and shelter (Williams,
1955), and several types of vegetation may be found in one
home range (Blair, 1951). The preference for one part of a
home range was demonstrated by Curry-Lindahl (1956) for
Clethrionomys glareolus. He found that some animals lived in
one part of their home range but maintained direct routes to
food supplies in other regions. Where more than one species
share a region there tends to be a choice of 'microhabitat!
between them (Howell, 1954; Findley and Anderson, 1956;
Sanderson, 1950). Bven when nearly—;elated species share there
is still some habitat preference shown between them (McCabe
and Blanchard, 1950 for species of Peromyscus.)

In the present study an attempt was made to examiné the

home renge of Apodemus and Clethrionomys living in varied

habitats to see if the results confirmed or refuted the



concept outlined above. The results and conclusions of the

study are given in the sections following (pp. 219-267).

2. The validity of trap-revealed home range size

The measurement and precise definition of home range are
complicated by the statistical and methodological problems of
expressing the sum of an animel's movements in areal units of
measure. Estimates of home range size have usually been made
from infermation supplied from the live-trapping of animals.
Mohr (1947), Hayne (1949a), and Stickel (1954) have reviewed
some of the problems encountered in estimating home range size
from such records. The principal difficulties are that the
intensity of use of various parts of the home range may vary
greatly. There mey be intensive use of areas surrounding the
home site and decreased use of areas away from the home (South-
ern, 1940; Blair, 1942; Linsdale, 1946; Fitch 1948a; Brown
1956a; and others). Dice and Clarke (1953) state:- "If an
enimal has no fixed limits to its wanderings the attempt fo
agcertain home range boundaries or home range areas is
futile." Kikkawa (1964) also holds this opinion with regard
to Apodemus.

One of the main difficulties with records obtained from
live-trapping studies, with regard to estimating home range
slze, is the problem of artificial limitation of the movements

of the animals by the traps. This is of particular importance
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when live-traps placed on a grid are used. Morris (1955) was

of the opinion that traps interfered with movements most when

the traps were .closely spaced, the trapping period brief, and
the population level low. The only feasible alternatives to
using live-traps to collect information on movements involve
the use of either:-
1) radio-active rings to mark animals which may be tracked,
2) radio active injections in the bait, the faeces then
being traced,
3) nest-boxes.
The first of these alternativeshas been used by Godfrey
(1954, 1955) and by Kikkawa (1964). | Godfrey (1954) traced the

movements of Microtus agrestis marked with radio-active rings

using a Geiger-Miiller counter. Kikkawa (1964) did the same

for Apodemus and Clethrionomys individuals. This method has

the disadvantages fhat only one individual may be traced at a
time, in any one area if confusion is to be avoided, and long
periods of time may be spent before the animal is located. In
addition the presence of an observer only 8-10 feet away may
well influence the activity of the animal. The method used by
Miller (1957) of injecting bait with radio-active material and
then tracing the faeces has certain advantages. One difficulty,
however,-is that absence of faeces from an area does not
necessarily mean that the animal never visited that area. The

use of nest boxes in population work was advocated by Nicholson
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(1941), who worked on Peromyscus leucopus, and Howard (1949)

who studied Peromyscus maniculatus bairdii. Howard (1949)

noted, however, that:- "The presence of artificial homesites
modified some of the minor movements of the mice. Particularly
with regard to the boundaries of their daily home ranges."”
From this brief survey of possible.alternatives to live=trap-
ping methods for the study of movements in rodents and other
small memmals it seems that live~-trapping may still give the
best results.

Stickel (1954) confirmed previously held views that trap
spacing may affect the home range estimates of the same animals.
She found the home range of some feral housemice to be 17,200
square feet when a 60 feet trapping grid was used, and 33,100
feet when a 120 feet grid was used. However, despite this,
she considered that the ranges revealed by grid trapping are
significantly related to the natural range of the animal.
Blair (1951) also was of the opinion that such a relationship
as that advocated by Stickel (1954) existed.

In the present study it was considered that some of the
difficulties encountered in the estimation of home range size
from trapping records obtained from grids set on a grid
pattern éould be avoided. As short but regular trapping
periods were employed, home ranges could be calculated from
recaptures spread over several trappings and by this means

it was hoped that the animals would be sampled in a different
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part of their range after intervals of four or five weeks. In
addition it was hoped to minimise the restriction of movement
due to trap spacing by using animals with the maximum number
of recaptures to estimate the home range size. The other main
difficulty in using grid-based movement records to estimate
home range is the B0 called 'edge-effect' due to the occurrence
of animals with only fractional parts of their home-range on
the grid area. Their inclusion in samples from which estimates
of home-range size are made depresses the estimate calculated.
Therefore, in order to avoid this difficulty, animals with
captures on the periphery of the grid only were not included
in the caleulations.

Below are listed the methods of estimation of home range
size employed'in the present study. Sevefal methods were used
in order to allow comparisons to be made of the results of

this study and those of other workers.

3. The methods used 1o estimate home range size

All the methods discussed here were used on the data from
the present study for the purpose of comparison. It was hoped
to see what was the range of possible estimates of home range
size which could be calculated from one set of data, when

different methods of analysis and estimation were used.
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a) The Minimum Area Method

This method was first used by Dalke and Sime (1938).
The capture points of each animal are joined together by
straight lines in such a way as to enclose an area which is
then measured. The method is .a conservgtive one since only
the area in which the animal is known to have been present
for the duration of the experiment is included in the estimate.
Other users of this method include Schwartz, (1941), Lay, (1942),

Dalke (1942), Storer et al, (1944), Mohr, (1947), Yerger, (1953).

b) Boundary Strip Methods

These methods of estimation were designed to compensate
for the lack of traps at a boundary, or to allow for movements

beyond the traps in which the actual captures were made.

i. The Inclusive Boundary Strip

The reasoning behind the use of this méthbd ig that the
animal is assumed to have the chance to travel almost to the
next set of traps beyond those in which its capture was recorded.
Therefore, the area halfway to the next set of traps beyond each
capture point is included in the estimate on the assumption
that this would be the mean distance moved. This method has been
used by Blair, (1940, 1943a), Haugen (1942), and Allen (1943)
amongst others. When estimating the home range from recapture

points marked on a chart, the external points of capture are
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regarded as the centres of squares, the sides of which have a
length equal to the trap-spacing used on the grid. The out-~
side corners of the squares when drawn are joined by straight
lines, and the area of the polygon so constructed is
calculated. Hayne (1949b) criticised this method as being
too artificial, and tending to include trap-sites within the
estimated home range which were not visited by the animal in

the course of the experiment.

ii. The Exclusive Boundary Strip

This method adds additional area to the trap-revealed
area but allows also for observed irregularities in the habitat.
Workers who have used this method include Burt (1940, 1943);
Evens and Holdenreid (1943) Baker (1946); and Stickel (1954).
The squares are constructed on the moveﬁent charts as described
for the Inclusive Boundary Strip Method, but the internal edges
of the squares surrounding the external capture points are
joiﬁed instead of the external edges, thus excluding traps not

visited by the animal.

c) Manville's (1949) Method

This method is essentially a modification of the
Exclusive Boundary Strip method and was devised by Manville
(1949). He based the home range on the area of quadrats which

the animal was known to have entered or passed through in



successive captures. Each capture point was congidered as the
centre of a square with sides equal in length to the trap-
spacing employed. The total area of the squares with capture
points, and those which the animal must have passed through to

reach subsequent capture points was regarded as the home range.

d) Maximum Range Length Methods

The Maximum Range Length is a linear measure of the
greatest distance moved within a trapping pericd. The home
range may be calculated from this measure by considering it
to be the diameter of a circle the area of which is then
calculated, (Lay, 1952; Stuewer, 1943; Stickel, 1946b;
Fitch, 1947). Two measures of the Maximum Range Length have
been used, one, the Observed Range Length, is the distance
between the two most distant capture points; the other,

the Adjusted Range Length, is calculated by adding the distance
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to the next trap point on tc the Observed Range Length, to allow

for the possibility of the animal having travelled almost to

the next trapping point at each end of the range lengih.

4., The validity of the methods of home range estimation

Stickel (1954) tested the validity of the methods described

above by applying them to artificial populations of counters

with known circular home ranges. She calculated the home ranges

by the various methods and compared the results with the known
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mathematically-devised home ranges. She claimed that the
Exclusive Boundary Strip and the Adjusted Range Length methods

were the most accurate.

II. THE NUMBER OF ANIMALS UNDER CONSIDERATION

Only those animals which were caught three or more times
at three or more points, which latter were not all in a straight
line or along a boundary, were considered in the main part of

the analysis. Thus of the 427 Clethrionomys males captured in

the course of the study only 141 were suitable for the analysis
in connection with the estimation of the size of their home
range areas., 'The home range estimations were carried out also

on 65 female Clethrionomys, 62 male Apodemus, and 40 female

Apodemus.

III. THE ESTIMATES OF TRAP~-REVEALED HOME-RANGE
SIZE

1. The influence of sex, number of recaptures, and method

of estimation on home-range size estimates.

a) Clethrionomys males

The estimated average home range sizes of the

Clethrionomys males are given in Tables 76~83. The range sizes

are given for animals caught three or more times, five or more
times, seven or more times, and ten or more times. Because the

estimates are average values the range of values is given also.
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The average home range size of animals captured three or more
times was found to vary from 772m.2 when the Minimum Area
Method was used (Table 76) to 4997m.2 when the Adjusted Range
Length method was used (Table 77). The second estimate is six
times ag large as the first. Variation within one method of
estimation when different classes of animals were concerned
was found not to be as great as when different methéds of
estimation were used on one class of recaptured animals. When
the Minimum Area Method was used the values estimated for
home range size varied from 7'12m.2 for animals captured three
or more times (Table 76) to 1497 m.2 for animals captured ten
or more times (Table 82). The second estimate here being
only twice as large as the first. When the four different
classes of animals are congidered it may be seen that the
ranking of the methods of estimation of home range, in terms
of relative magnitude of the estimate, is the saﬁe for each
class, with only one minor exception, given below. With
animals captured three or more times, five or more times, and
seven or more times, the ranking of the methods of estimation
in ascending order of the size of the estimate is the Minimum
Area Method, the Exclusive Boundary Strip Method, Manville's
Method, the Inclusive Boundary Strip Method, the Observed
Range. Length Method, and the Adjusted Range Length Method.
When animals caught ten or more times are conasidered the

Exclusive Boundary Strip Method and Manville's Method change
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places in the ranking. The two Maximum Range Length methods
were found always to give the largest estimates, and the
Minimum Area Method was found to consistently give the small-
est estimates. The most extreme variation in estimated values
of home range size was found to be when the Minimum Area
Method estimate for animals captured three or mofe times
(712m.2) was compared with that calculated by the Adjusted
Range Length Method for animals captured ten or more times
(7418m.2). The second estimate is almost ten times the size

of the first.

b) Clethrionomys females

The average home range sizes for females were found to
be considerably smaller than those of the males. The range of
values for animals captured at least three times was found to
be from 409m.2 when calculated by the Minimum Area Method
(Table 76) %o 3708m.2 when calculated by the Adjusted Range
Length Method (Teble 77)5 As in the males, the range of values
using one method of estimation on animals classified according
tc the number of recapturgs was found to be less wide than when
the variation was in the method used. For animals captured three
or more times the estimated home range size calculated by the
Minimum Area Method was 409m@2, (Table 76) this estimate
increasing to 600m.2 when animals captured ten or more times

were used (Table 82). The most extreme values obtained were
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409m.2 for animals captured at least three times when the
Minimum Area Method was used (Table 76) and 4595m.2 for
animals captured ten or more times when the Adjusted Range
Length Method was used (Table 83). As with the males (p. 232 )

an approximately ten-fold difference in estimate was obtained.

c) Apodemus males

The average home range sizes for Apodemus males were
found to be the largest of the four groups of animals considered.
For all individuals captured at least three times the estimates
varied from 974m.2 by the Minimum Area Method (Table 76) to
6082m.2 by the Adjusted Range Length Method (Table 72). Again
the variation was less within one meﬁhod of estimation used on
the four different classes of recaptured animals, than when
different methods of estimation were used on one c¢lass of
enimal. The estimated home range size by the Minimum Area
Method was 974m.2 when all animals captured three or more
times were considered (Table 76) and rose to 1844m.2 when the
animals caught at least ten times were used (Table 82). The
most extreme values obtained were 974m.2 for animals captured
three or more tiﬁes using the Minimum Area lMethod of
estimation (Table 76), and 9810m.2 for animals captured ten or

more times when the Adjusted Range Length Method was used

‘(Table 83). In contrast to the situation with Clethrionomys

both males and females, the estimated home range sizes of

Apodemus males calculated by Manville's Method were smaller
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than those calculated by the Exclusive Boundary Strip Method,
with the sole exception of the category containing those

animals captured three or more times.
d) Apodemus females

The estimated home range sizes of Apodemus females
were calculated in the same way as for the other groups of
animsls. With animals caught at least three times the estimates
varied from 635m.2 by the Minimum Area Method (Table 76) to
4007m.2 by the Adjusted Range Length Method (Table 77). Using
the Minimum Area Method of estimation on animels captured three
or more times the estimated range size was 635m.2 (Table 76);
when animals captured ten or more times were used the estimate
increased to 107ém.2 (Table 82). The most extreme values of
estimated average home range sgsize were obtained for animals
captured three or more times calculated by the Minimum Area
Method (Table 76) and for animals captured ten or more times
calculated by the Adjusted Range Length Method (Table 83) the
figures being gBSm.z and 59O6m.2 respectively. The female
Apodemus differ from the males, and from both sexes of

Clethrionomys, in that for animals caught three or more times

and five or more times, the Exclusive Boundary Strip estimates
of range size are smaller than those estimated by Manville's
Method. The reverse situation was found to be the case for

animals captured seven or more times and ten or more times.

236
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2. A comparison of the size of home range in Clethrionomys
and Apodemns

With only three exceptions the ranking of the order of
magnitude of the estimated average home range sizes for the
two sexes of both species was found to be the same when the
methods of estimation used and the class of animals considered
(e.g. animals captured three or more times) were the same. The
ranking of the four groups of animals in order of ascending

range size was found to be as follows:- Clethrionomys females

Apodemus females, Clethrionomys males, Apodemus males. The

three exceptions to this ranking were for animals with five or
more captures when the estimates were calculated using the
Yinimum Area Method, the Inclusive Boundary Strip Method, and
the Exclusive Boundary Strip Method; in these three cases the
estimated range sizes for Apodemus females exceeded those
calculated for Clethrionomys males. Thus in both species the
males were found to have larger home ranges than-the females.

The home range size of Apodemus males was considerably larger

than that of Clethrionomys males. The range size of Apodemus

females was only slightly smaller than that of Clethrionomys

males. In the discussion (pp.254-267 ) the home range sizes
calculated by Manville's Method of animals cap&ured ten or
more times are compared with the values obtained by Kikkawa
(1964) who used the same methods. The close agreement

between the two sets of results, despite the different trap-
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spacings and trapping periods used, suggests that Manville's
Method of estimation may be the most accurate. The estimated
average home range sizes for animals captured ten or more times
calculated using Manville's Method were as follows:-

Clethrionomys males, 2430m.2, Clethr;onomys females, 1521m.2,

Apodemus males, 3124m.2, Apodemus females, 2143m.2. If these
figures are the most accurate possible estimates of the home
range size of the two species then it may be seen that even

the Clethrionomys females have an average range covering almost

one-eighth of the area of the grid. The Apodemus males have an
average range covering almost one-third of the grid. From
these figures, and from the movement charts, it is clear that
there is considerable overlapping of home range areas between
individuels of the same and'different gsexes, and of the same

and different species.

3. A comparison of home range size of (Clethrionomys and Apodemus

on the two grids

&) Clethrionomys (Tables 84-87)

The average range sizes of Clethrionomys males were

slightly but consistently smaller on grid A than on grid B when
calculated by all but one of the methods of estimation on all
the classes of recaptured animals. The exception was with the
Observed Range Lengﬁh Meﬁhod when used on animals captured

three or more times (Table 84) and five or more times
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(Table 85). With animals captured seven or more times (Table
86) and ten or more times (Table 87) the estimated average range
sizes calculated by the Observed Range Length Method were in
agreement with those of the other methods.

No consistent differences were found between the range

gizes of the Clethrionomys females on the two grids. When

animals captured three or more times and five or more times
were considered the average range sizes of the females on grid
A were found to be larger than those of the females on grid B.
With animals captured seven or more times the reverse applied.
The grid A females again had larger estimated average range
sizes when animals captured at least ten times were considered,

except when the Range Length Methods of estimation were used.

b) Apodemus (Tables 88-91

The sample size of Apodemus males on grid B was more
than ten only when animals captured three or more times were
considered, so little reliance can be placed on the comparative
average range sizes on the two grids. With animals captured
three or more times, however, the average range sizes were
larger for the males on grid A than for those on grid B, what-
ever the method of enalysis used (Table 88). The average range
sizes of males on grid A were again larger for animals captured
five or more times when the Minimum Area Method, the Inclusive

Boundary Strip Method, and the Exclusive Boundary Strip Method



246

*gax08 pue (., °pL) spaed oxenbs AN.EV
monpmawhmsdmﬁnmbﬁmmhmmﬁmhmmﬁa..\nﬁm.pd.nmmmmdoﬂwmhpmhm m.nmnﬂc.m mc._.“hwdqwdu._.ﬂw

*SOWTY QIoW JO0 93JUF JYSINBO SNOTIBATAS Snmepody J0F 9ZTS s8ued omOY 238dsAR JO S34BWILISH * gg °TIBL

0T°1 88°0 6£°0 Gg*o €6°0 €10 §oa08 g PTI) SoTeusq

l €025 9/eh 898T 2891 GlG2 9 5 P& SNOTIeATAS

0s¢H §)59¢ 2941 o0WT €4T1e 8¢4 N.s snmepody

[6°0 61°0 8¢°0 1€°0 wG°0 91°0 Saxow V PTID SoTBuSg

¢¢ oM 1¢8¢ T™YT 018t Hw¢9e 1273 N.En STOTJEATAS

111 802¢ 6¢4T ¢TST coee 949 N.a snmopody

00°T T8°0 om0 0%° 0 16°0 910 goJg08 g PTID SSTER

T gegh 2e6¢ 0£6T 0¢6T - T16/2 68/ N.@h STOTJBATLS

Cho'r 8/2¢ HI9T 9T 00¢e 099 "B snuspody

o1 on°1 26 0 16°0 8.°0 9Z°0 SaJ0® ¥ DTID SSTER

gn ag6/ £8/9 c6're 8/ 9/.¢ qlet N.@h SNOTYeATLS

9199 1799 9802 2l0z2 LSTE 990T . Snmopody

STeuTUe ‘1Y Ty PoUR Sy °g°d ‘Qrg ey 83TUq xog % soTo8dg
JO °*ON .mvmu.m.pﬂ.mé. ......@mb.Hmmn.O. g, 9TTTAuURK SATENTOXY obﬁm.DHOEH UNWTUTH




247

gogqom ogenbs UT UsSATE age SeOJE® SYY

*SaI0% pue AN.@hv spred aasnbs €(zu)
*fTeoq8aedss po3BOI] aIB STEWTU®R ¢ PLIH PUB ¥ PTIIH
*goUT] SJ0W JC OATJ JUSNEeO SNOTJBATAS SNUSPOOGY J0J 921§ oFues swoy 288isAB JO S93BUILSH

* 6g °TaEN

9G°T A% gir*o [7°0 2l°0 02°0 ER G g PTI) saTeweL

ki /€67 69£9 qece ¢azge 8ghe 86 5 P4 SNOTIeATAS

20£9 G2¢s et W38T 9162 028 . stmapody

oT'T 06°0 THh*0 0 09°0 6T°0 SaJoe V¥ PTJIH SoTeuSg

9¢ 8925 oagh 8/6T €161 1882 968 N.Pn SNOTYBALLS

Tt a1 ©59T 099T TTe 6%/ 2T snuspody

¢G T 12°T 240 %G°0 8/°0 w2°0 SRR g PTJI) SoTel

. 2ot ¢€T29 ceaz 9192 8/1¢ ¢9TT N.E“ STOTIBATAS

6819 G6TS gTTe /8Te 6GTE 2l6 2T stwapody

T6°T le°T 260 1G6°0 28’0 | 0¢°0 saxoe ¥ PTI) SOTBH

19 00¢/ ¢9T9 Gzqz ¢6)e (3% CoT > *pL SnoTyeATAs

7019 0¢TS 1112 20¢e 00¢¢ G121 20 Snmepody

sTeUTUR MR g PoyLen *g°g *s°g BaIY 83TuUn xag x soToedg
J0 .OZ dm#m.:h .m:w .UO.?HOMQ.O S .@HH.T.:HME Ob._.nmd.nounm Ob.ﬁmﬂ.ﬂoﬂ.H ”E_.,:n._uﬂ.ﬂ__—




248

*§5108 pue (,°PL) spaed eaenbs ¢(p°m)
saJjouw oJenbs ur uoaTld aae swoge SYJ " A[oyvaedes PogEOJ] OIe STRUTUR g DPTII PUB. ¥ DT
*SOUWTS SIOW JO UIASS JUINLO SNOTIBATAS snwWspody J0J 33TS afuex owoy ofeJose JO S91BWLGSH * 06 ©TAaBL

10°T 98°0 a0 05°0 T/.°0 mﬁ.o saxoe g PTIH seTeway

[4 T8TS 28Th 0912 g6¢e 9TE 008 N.@h SNOT3eATLS

45 L6W¢ €281 6002 9402 699 N.a stmspody

IT°T 16°0 a0 gro | g9 22°0 saxoe ¥ PTJI) SaTeusyg

- 6T T/9¢ 189 ¢l1c G¢¢e 18¢¢ /80T N.uh SN0T)BATAS

2l 9T6¢ 9T8T 2961 ¢h)e - 606 N.a ‘Snmepoady

6T XA | £€6°0 89°0 18°0 92°0 88108 € PTI) SoTeN

g Ay} "~ 9t 1642 06/2 726¢ 6721 N.@h SnOT38ATLS

HTT9 6¢TSG Q¢Te geee T92¢ 690T N.a snmapody

99°1 oh°t 96°0 99°0 26°0 1€°0 g2a0® ¥ DPTI) SoTEeN

22 ©¢08 68/9 Te/2 H02E 9y 6T N.uh SNOTIBATAS

lT/9 €]9¢ G)eze 6/92 60/¢ €0ST N.s snmapody

STeuTUS 1y *1°4 pouzaK ‘s g ‘s°g varxy s3TUn xXag ¥ saToadg
Jo cop Umpmsnd@ POAISSY() | §,9TTTAURY |SATSNTOXY | SATSNTIUT TMITUTH




249

Saxjew agenbs UT USATE oxB SBOIR SYJ

*sag0e pue (z°PA) spaef sgenbs nAN.sV

* Lrageaedss pajad] oJe STEWIU®R g PTJH PUR ¥ PTISH

.mOEH# 3JI0Ul JO -GOHJ n_..sm.zdo mﬂo._.uu..mbHHm mﬂavdodw. .HO.H ...wNﬂm as8uea swmoy mmwm.nmvb.m..wo mOP.m.EHPmﬂ b Hm OHQ..N.H

1G6°T T¢°T 09°0 69°0 20°T 72*0 soao® g PTJI) SoTBUSZ

T 266/ 114°; 5062 (19 6™ €911 2 *pL SNOT]BATAS

gns9 G626 oche G632 TETH 216 o Stwapody

e T 221 260 - GG o 61°0 /2"0 8oJ0® V PLI) soTBuwSg

0T 6169 10656 gese rh9g 108¢ 62T N.En STOT]BATAS

4419 He6h 112 1122 ¢gTIE 280T N.a sTmepody

16°¢ 00°¢ g/°0 20°T e 9€*0 goaoe g€ PTE) SSTBH

T 6TS9T gt 8l/¢ Théh G)69 T N.En SNOTIeATLS

ahoeT 8/02T 64TS TETH r41:1 et N.s snmapody

le*2 T6°T 8/°0 96°0 le2°T o saxo® Y PTJIH SOTeH

9 69601 (4 0¢/¢ 9z9% 9z19 z2gze N.?ﬂ SNOTJeATAS

T/16 g2/l 6TTS 98¢ ALY g0AT 20 sStmepody

STRUTUR *1*g *1°g pelepsek *g°g *g*g BOIY 83TUf xag 3 soroedg
J0 .OZ .m.wu.mﬁﬂ.@&. .@Ubhown.o m_w.m.n.ﬁb.ddﬁ O.P.mms..mounﬂ mb..nms._..oﬁH EﬁEﬂmﬁ.nS




were used, but were smaller when calculated by the other three
methods (Table 89). The males on grid A again had larger
average range sizes than those on grid B when animals
captured seven or more times were used (Table 90). As only
six animals on grid A and one on grid B were captured ten or
more times no comparison is possible between their ranges
(Table 91).

None of the samples of Apodemus females on grid B contained
more than seven animals, so therefore no valid comparisons may

be made between the range sizes of animals on the two grids.

¢) Conclusions

There was no significant difference between the average
range size of animals on the two grids, despite the differences
in vegetation between the grids, and the comparative absence of
Apodemus from grid B, although there was some indication that

range sizes of Clethrionomys males were a little larger on grid

B than on grid A. This may possibly be associated with the
more uniform vegetation cover on (and the absence of Apodemus

from) grid B. There is no concrete evidence for this, however.

4. Home range size and vegetation type.

In Table 92 are presented the average home range sizes

of both sexes of Clethrionomys and Apodemus in the four

different vegetation types represented on the two grids. The

250



251

Grid A Grid B
Species
Larch Sycamore Larch Ash
2 2 . 2 2
Clethrionomys 1431m. 1397Tm, 1486m. 1329m,
Males
; X 2 2 2 2
Clethrionomys 1215m. 1085m, 1177m. 1205m,
Females
2 2 2
Apodemus 2242m. 3058m. 1701m. -
Males
2 2 2
Apodemus 2727m. 1677m. 1215m, -
Females
Table 92. Estimates of home range size of Clethrionomys

and Apodemus males and females in different
vegetation types, Estimates calculatsd using
the Exclusive Boundary Strip method on animals
captured seven or more times.



range sizes were calculated using the Exclusivé Boundary Strip
Method on animals captured at least seven times. Because of
the small sample sizes the estimated range sizes in the
different habitats could not be tested statistically.

No consistent differences in range size could be found
for either species between the different habitats. There is
some suggestion that range sizes in the larch woods are larger
than those in the sycamore and ash plantations for both species

but the differences in range size are not great.

IV. THE EFFECT ON ESTIMATES OF HOME RANGE SIZE

OF THE NUMBER OF RECAPTURES PER ANIMAL

In the information presented earlier (pp. 215-252) it has
been observed that the apparent size of trap-revealed home
range increases with increased numbers of récaptures per
animal e.g., the home range size calculated for animals
captured ten or more times is greater than that for animals
captured three or more times. The question of how many re-
captures per animal are required before it may be assumed that
the whole.of the range has been revealed is as yet not
satisfactorily answered. The data for all animals captured ten
or more times were studied to see if there was any indication
that the apparent size of the home range had ceased to increase
with increased numbers of recaptures per animal. The home

range size was calculated by Manville's Method for each
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recapture number for every animal captured ten or more times
altogether. For both sexes of each species the average size of
home range at each number of recaptures was calculated, and the
results were plotted on a graph of home range size against
number of recaptures. This procedure was carried out for the

35 male Clethrionomys, the 27 female Clethrionomys, the 7 male

Apodemus, and the 11 female Apodemus, which had been captured
at least ten times. The graphs showing average home range size
per number of recaptures are illustrated in Fig. 43. From
these gréphs it may be seen that in all cases the curve of
increasing range size flattened as the number of recaptures
approached nine or ten. 'It'seems, therefore, that the true
range size may be revealed by the time the animals have been
trapped 10 times over a period of a few weeks or months. In
addition to the procedure described above, a record was made,
for each individual captured ten or more timés, of the numbers
of captures that it had had when the range-size ceased to
increase, if this in fact did happen. The average of the
number of recaptures rqquired was then calculated, thus giving
an egtimate for each sex of each species of how many recaptures
will probably be required before the apparent range-size stops

increasing. For Clethrionomys males the average numbexr of

recaptures required before the range-size ceased to increase
was 9, for Clethrionomys females it was 10, for Apodemus males

and females it was 9. From this study, on admittedly rather
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Graph showing the increase in apparent home range size
with increased number of recaptures per animal, for both
sexes of Clethrionomys and Apodemus, in samples of
animals which were eventually captured ten or more times.




scanty figures, it would seem that at least ten recaptures are
required before it may be assumed that the animal has reveﬁled
most of its home range. In the present study some animals
appeared to still be increasing their home range size when they
were last trapped. Some examples of individual home ranges
increasing with increasing numbers of recaptures are given in

Fig. 44 for Clethrionomys, and Fig. 45 for Apodemus. The range

sizes are calculated using Manville's Method, and the areas are

given as the number of squares traversed,for simplicity. The

area of each square is approximately 25Om.2.

V. DISCUSSION

1. Home Range size

Brovn (1956a) calculated estimates of home range size for
Apodemus and Clethrionomys. In her investigations she trapped
in mixed woodland, using Longworth traps in groups of four on a
grid with a 30 yard spacing. She calculated the average hoﬁe
range size of animals captured five or more times using the
Minimum Area Method, the Exclusive Boﬁndary Strip Method, and
Manville's Method. Her results are presented in Table 93,
together with the directly comparable results obtained in the
present study. Vhen the estimates from the present study,
calculated using Manville's Method, are compared with the
estimates calculated by Brown using the same method, it is seen

that there is close agreement in some respects between the
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results of the two studies. One difference is that Brown found

the home range of Apodemus females to be greater than that of

Clethrionomys males; +this was not so in the present study when

Manville's Method was used. The estimates which Brown calcul-
ated for Apodemus far exceeded those found in the present study.
With the other two methods of estimation the relative range
sizes of the sexes of the two species are the same from the two
studies, but the actual areas calculated by Brown (1956a) are
almost twice as large as those found in the present study.

This may be due to the wider trap-spacing used by Brown, but

as the results for Clethrionomys with Manville's Method were

similar in both studies it may be that the methods of estimat-
ion were applied wrongly by Brown. In the present study
epproximately 60% of the animals were restricted to one
quadrat of area 250m.2; Brown (1956a) found 60-70% to be
similarly restricted although the area of the quadrat she used
was - 900 yds.z. This would indicate that a large proportion of
animals enters the trap nearest to the home site, whether that

trap is 18 yds. or 30 yds. distant. The range sizes caloulated

by Brown for Clethrionomys and Apodemus captured five or more
times are more comparable with the range sizes calculated in
the present study for animals captured ten or more times. This
would suggest that the true home range may be revealed with
fewer recaptures of the animal if wider trap-spacings were used.

In effect, the trap-limitation factor may be reduced with traps
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spaced more widely. However, there is always the possibility
that those animals with small home ranges may not be detected
if trep spacings are too wide. Miller (1958) studied Apodemus
populations using traps moved at random within 25 yard squares.
He calculated home range size using the Observed Range Length
Method. Miller's results, on animals captured three or more
times, are presented in Table 94, along with the results
obtained in the present study using Miller's techniques. The
home ranges calculated in the present study are considerably
larger than those obtained by Miller, particularly for female
Apodemus. The maximum range sizes obtained by Miller were simi-
lar to those found in the present study, but the minimum range
sizes were much smaller in Miller's work. It would seem that
Miller (1958) included in his calculations many animals with
home ranges just touching the periphery of the grid i.e. with
the main area of the home range away from the grid. Such a
procedure could certainly depress the average values he
obtained. Kikkawa (1964) worked on both Apodemus and Cleth-
rionomys in the area used by Miller (1958). He trapped a grid
with a trap-spacing of 11 x 11 metres and analysed the movements
and calculated the range size of both species. Kikkawa used
Manvillet's Method of estimation on animals captured at least
ten times in his range size calculations. He omitted from his
calculations those animals which he considered to have changed

their home range, and those which he regarded as 'wanderers!,



Species
and sex

Observed Range Length

Home Range Size

Pasticks

Dene .

Pasticks

Dene

Apodemus
Males

Apodemus
Females

60.8m.

35.1111.

72.2m.

56.1m.

2905m.2

968m.2

5131m,

3272m.,

2

2

Table 94.

The Observed Range Length measurements, and the
average home range size calculated from them,
for Apodemus captured three or more times in
the present study (Dene), and that of Miller
(Pasticks; 1958).
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or as having been involved in dispersal activities. His results
for all animals captured ten or more times, and the adjusted
estimates after omitting the animals mentioned above are given
in Table 95, together with the exactly comparable results of

the present study. There is close agreement between the
adjusted vaiues of Kikkawa's range size estimates and those of
the present study. One difference is the larger estimate for
Apodemus females obtained in the present study.

Tanton (1965) found Apodemus to have an average range
length of 68 metres. This value is in agreement with that
found in this study, and is larger than those quoted by Brown
(1956a), Miller (1958), and Kikkawa (1964). Miller (1958)
thought that his own and Brown's (1956a) estimates of home
range may have been too high, but Tanton (1965) thinks they
were too low, The results obtaingd in the present study tend
to confirm Tanton's view that the estimated range sizes for
Apodemus- given by Brown (l956a) and Miller (1958) were too low.
It is proposéd here that their range size estimates for

Clethrionomys were oo low also.

The range sizes calculated in the present study for
Apodemus and Clethrionomys with ten or more captures, using
Manville's Method, are felt to be as accurate a measure of
“home range area as it is possible to obtain using live-trap-

ping techniqﬁes. The average range sizes obtained were:-

2430m.2 for Clethrionomys males, l521m.2 for Clethrionomys



Average Home Range | Average Home Range
(Originsal) (Adjusted)
Species and Sex
Units Dene | Pasticks Dene | Pasticks
m.2 2430 2208 1620 1515
Clethrionomys Males 9
ydsa 2906 2641 1938 1812
m.2 _ 1521 1124 1168 1124
Clethrionomys Females 2
yds. 1819 1344 1397 1344
m.2 3124 1816 1296 1228
Apodemus Males -
yds.® | 3736 2172 1550 1469
m.2 2143 1124 1750 | 1006
-Apodemus Females 2
yds. 2563 1344 2093 | 1203

Table 95. Estimates of the average home range size of
Clethrionomys and Apodemus from the present study
(Dene), and estimates from the study of Kikkawe
(Pasticks; 1964). In both studies the range sizes
were calculated for animals captured ten or more
times and Manville's Method of estimation.. wal used.
See text for explanation.




females, 3124 m.2 for Apodemus males and 2143m.2 for Apodemus
females,

The ecological counterpart of Apodemus in North America is
Peromyscus_leucopus, commonly called the wood mouse. Many
people have worked on the movements and home range of this
species and varied estimates of range size have been quoted.
Burt (1940) estimated the home range of males as 0.28 acres,
and that of females as 0.21 acres, in animals living in an
oak-hickory wood, while Nicholson (1941) found that few
individuals were captured more than 200 feet from the point of
first capture. Blair (1940b), working in the same area as
Burt (1960), found the average range size of males and females
to be 0.8l acres; he recognised that the mice foraged in
adjoining grassland as well as in the wood. Wood-mice living
in brush areas were found to have home ranges of between three
and six acres (Blair 1943a). The.woodland forms of Peromyscus
leucopus had similar range sizes to that found for Apodemus
males in the present study (0.77 acres). Various sub-species

of Percmyscus maniculatus, the deer mouse, were found by various

authors to have home ranges varying in size from 0,10 acres to
2.29 acres. (Blair, 1940a; Mohr, 1947; Manville, 1949;
Morris 1955). These éstimates are rather larger than those
recorded for'AQodemus in the present study. Range sizes have

also been calculated for various species of Clethrionomys .

Tanaka (1951) calculated the home range size of Clethrionomys

.
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smithi as 0.15 acres. The same author (Tanaka, 1953) recorded

the range size of (lethrionomys rufocanus as being from 0.19-

0.54 acres. BSeveral workers have estimated range size in

Clethrionomys gapperi; Blair (1941lc) found the range to vary

from 0.49-3.56 acres, Manville (1949) estimated the average
range as 0.23 acres, while Morris (1955) calculated the range
as between 0.37 and 0.98 acres. These estimates are compar-

able with the values of 0.60 acres for Clethrionomys glareolus

males, and 0.38 acres for Clethrionomys glareolus females

obtained in the present study.
Although not directly comparable with the present work,it
is of interest to note the range size estimates calculated for

species of Microtus. Hayne (1950) found Microtus pennsyl-

vanicus tc have range sizes of between 0.07 and 0.58 acres.

Blair (1941b) found a similar range of values (0.02-0.58 acres).

The range size of Microtus montebelli was calculated as between

0.06 and 0.28 acres by Tanaka and Teramura (1953). Finally,

for Microtus agregtis, Brown (19563) found the home range to

be between 0.06 and C.70 acres, while Miller {1957) found an
average value of 0.25 acres.
From this review of home range size in various species of

Apodemus, Clethrionomys, Peromyscus, and Microtus certain

impressions may be gained of the relative degrees of activity
v
of the different species. Although methods of analysis have

varied greatly in the works of different authors yet a fairly
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consistent set of results for range of home range size has been
compiled. The grassland and meadow voles of the genus Microtus
tend to have smaller ranges than do woodland voles of the

Clethrionomys group. This latter group in turn have smaller

ranges than do the mice of Apodemus and Peromyscus species.
The various species of Peromyscus have ranges varying greatly -
in size, but in general terms the range-sizes are comparable

with those of Apodemus.

2. Factors affecting home range size

Many factors have been reported as affecting the size and
stability of home range areas. Some of the factors are discussed

here with reference to the present study.
a) Sex

In the present study the males of both species were
observed to have larger home ranges than the females. Such
sexual differences in range size have been reported for many
species of rodents (Blair, 1942; Storer e} al 1944, for

Peromyscus maniculatus; Blair, 1940s, for Microtus penngyl-

venicus; Chitty, 1937; Evans 1942; Brown 1956a; Miller 1958;
and Kikkawa 1964, for Apodemus; and Brown 1956a and Kikkawa 1964

for Clethrionomys.) Many of these workers have suggested or

supported the view that the smaller range size of the female is
a result of the restriction to the nest-site imposed by the

care of the young.
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b) Age

The home range sizes of animals in the present study
were observed to increase in size with inereasing number of
recaptures. As some of the recaptures were spread over several
months it may be that the size of the home range was increasing
as the animals grew older. That young animals do range over
smaller areas than the adults has been confirmed by many
workers on several different rodent species (Haugen 1942;

Blair 1942; Evans and Holdenreid 1943; TIitch 1947; and many

others).
¢) Food habits

No information on possible variation in home range size
according to food habits was obtained in the present study. It
is of interest to note, however, that there is some indication
that insect-eating species of small mammal range farther afield
than do those which eat vegetation. This could well help to

explain the greater size of home range in Apodemugs compared with

Clethrionomys. Blair (1943a) found that insect-eating Onychomys

leucogaster, and Onychomys torridus range farther in the same

habitat than do the nearly-related Peromyscus species which are

primarily vegetation eaters.

d) Food and cover

Several workers have found that the area ranged over by

small mammals tends to be larger where the cover is sparse and



smaller where it is dense. Protection and food are difficult
to separate as factors influencing the movement, however.

Blair (1940a) found that Microtus pennsylvanicus living in

sparse bluegrass had larger ranges than those living in dense
bluegrass. No significant relationships between cover and
home range size were discovered in the present study although
it is possible that the larger range sizes found for

Clethrionomys and Apodemus in the larch area on grid A were

agssociated with the sparse ground cover found there.
e) Season

Many workers have found range sizes of rodents to be
smaller in the non-breeding season (Blair 1943a; 195la; Brant
1962;). In Apodemus and Clethrionomys in the present study
movements were found to be of greater length in the breeding
season, particularly in the--males, so the range size would be

larger then than in the winter.,

5. The value of the home Tange concepnt.

From the results of the present study, and from an
exhaustive study of the literature on home range in rodents,
certain opinions have been formed concerning the biological

validity of the home range concept and its usefulness as a

comparative index of activity. In view of the reported effects

on the home range size of season, food supply, age, sex,
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population density, habitat etc., it seems that the definition
of home range area should have incorporated into it a time
factor e.g. "...that area normally traversed by the individual

within a specified period of time." The practice of quoting

home range area is regarded as of no value unless the following

information is also given:-

1) the method used to collect the data e.g. live-trapping
on a grid,

2) the period of time over which the records were made,

3) the season, and the habitat, in which the data were
recorded,

4) the age, sex and breeding condition of the individuals,

5) the method of estimation of range size used,

6) the population density of the species,

7) the importance of territorial behaviour in the species.

Provided that the information listed above is forthcoming then
the home range area is to be regarded as a biological reality.
In effect, the distinction ought to be made between two types

of home range with reference to an individual:-

i. the total area traversed with some degree of regularity
throughout the recorded life-span of the individual,

ii. that area within the total area which is regularly traversed
within short specified periods of time under specified

environmental conditions.
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Where average home range sizes are required for a
population of animals then the distinctions noted above should
be taken into consideration, and the raﬁge of values quoted as

well as the calculated average range size for the population.
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SECTION E. THE BIOCHEMICAL ANALYSIS OF STOMACH CONTENTS

OF CLETHRIONOMYS AND APODEMUS

I. INTRODUCTION

When the present investigation into the ecology of

Clethrionomys and Apodemus began in October 1962 one of the

original intentions was to carry out studies on the food and
feeding behaviour of the two species. One way in which it was
planned to examine the food ingested was to carry out bio-
chemical analyses of the stomach contents of randomly selected
individuals. It was hoped to determine the proportions of
fats, proteins and carbohydrates in the contents, and to see

if the average proportions differed between the two species,

or differed seasonally in either species. This part of the
programme was carried out for one year (1963) but was curtailed_
when the whole subject of food preference and feeding behaviour
was taken over by Mr. N.H. Cleminson. During 1963 samples of
animals were obtained by break-back trapping on transects 3.-=5
(see Fig. 2) in the four seasons of the year, and analyses were
performed on the stomach contents. A great deal of time and
effort was expended before workable techniques were devised,
and suitable apparatus obtained, to carry out biochemical
analyses on the micro-scale required. As a consequence of
this, and of the many samples wasted through experimental

errors, the results are scanty and of doubtful value. However,
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as the concept of the whole study was exploratory it is felt
to be desirable to describe the methods of analysis which
eventually proﬁided satisfactory results, in the hope that
future workers may avoid meny of the teething troubles. The
actual results of the analyses are presented also, although

their significance is doubtful for two main ressons:-

1) individual variation was found to be great, and hence
samples were too small,

2) many oflthe earlier analyses were performed in apparatus
which was not sufficiently accurate in view of the small

amounts of material available.

Despite the drawbacks freely mentioned above, the study is
felt to be of some value in that the techniques have been found
to be workable, and could well be used in association with

microscopical examination of stomach contents.
ITI. METHODS OF STUDY

1., The preparation of the samples for analvsis

Every animal was weighed and the stomach was removed
immediately the animal was brought into the laboratory. After
removal the stomach plus contents was weighed and the weight
recorded. Each stomach was then slit open and the contents
transferred to a clean dry watchglass, every effort being made

to remove any contents adhering to the stomach wall. The wet




stomach contents were then weighed, and as a check the stomach
wall was also weighed and the weight was subtracted from that
of the stomach and contents to give another weight for the

wet contents by difference. After the weighings each set of
wet stomach contents was dried to Standard Dry Weight in an
oven (three hours at 102° c.). After drying the contents were
again weighed and the weight of water found by difference

from the wet weight previously recorded. The weight of water
was then calculated as a percentage value of the wet weight of
the contents. After this treatment the samples were ready for

analysis by the techniques described below.

2. The quantitative estimafion of fat content using

the Soxhlet Apparatus

a) The principle of the method

For the purposes of this investigation the term 'fat!
is used where a more accurate term would be 'ether-extracted —
material'. The extraction by ether removes not only true
fats but also oils and waxes, but as this is unimportant in
the present context the term 'fat' is used in this general way.
The extraction is based quite simply on the fact that the fat
may be removed from a materisl by treatment with ether. The
apparatus in which this procedure may be carried out is |

described below.
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b) The Micro-Soxhlet Extraction Apparatus

The Micro-Soxhlet apparatus for fat extraction is
shown in Plate 7. The apparatus is simple in design and
construction, there being only three sections to it. At the
top is a reflux condenser, in the middle an extraction chamber
with a siphoning device, and at the bottom a flask which
contains the ether. In an extraction the material to be
extracted is placed in the extraction chamber, the flask is
half=filled with ether, and cold-water is circulated through
the condenser. The flask is heated in a water-bath and the
ether volatilises and rises into the extraction chamber and
the condenser. In the latter it.liquefies again and the
iiquid collects in the extraction chamber and covers the '
material prgsent there., On reaching the level of the siphon
the ether siphons off and drains into the flask carrying the
extracted fats with it. On re-entering the flask the ether
volatilises again but the fat remains in the flask., After
several cydleé the extraction is complete and the quantity of
fat collected in the flask is determined. The exact procedure
followed idfthe present study, together with the details of

the weighings made etc. are presented below.

¢) The procedure followed in the estimation of fat

content in a prepared sample

Each prepared sample was finely ground up and placed

in a special quality fat~free filter-paper thimble. The



PLATE VII

THE MICRO-SOXHLET APPARATUS.






instruments used to grind up the sample were washed in ether
and the washings added to the thimble. Chips of porcelain
were placed in the flask to prevent 'bumping' and the whole
was then weighed. After weighing the flask was half-filled
with ether. The thimble plus contents was then placed in the
extraction chamber, the whole apparatus connected up, and the
flask heated in a water-bath on an electric coil. On warming
the ether volatilises as described in b) above and the siphon-
ing procedure commenced. The ether was allowed to siphon off
at least 12 times to ensure that all the fat was removed from
the sample. When most of the ether was in the extraction
chamber the flask was disconnected and the experiment dis-
continued. The ether in the flask was eyaporated off and the
flaék was placed in a steam-oven for thirty minutes. After
removal from the steam-oven the flask was allowed to cool in

a dessicator and was then weighed. After the final weighing the
percentage of fat contained in the original sample was calcul-
ated by use of the formula given below: -

% fat in sample = 1Q0 (y=2) where x = weight of material,
X

weight of flask and

<
i

chips and fat,

z2 = weight of flask and
chips,
e,

Y=z = weight of fat.

This procedure was carried out for all the samples examined in

the study.
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3. The guantitative estimation of 'crude protein' using the

Kjeldahl Method for the determination of Total Nitrogen

a) The principle of the method

A sample of the material is boiled with concentrated
sulphuric acid (H2304) with the addition of potassium sulphate
to raise the boiling point, and copper sulphate to catalyse
the oxidation of the carbon and hjdrogen. The digestion
process is prolonged to ensure that all the nitrogen is
converted into ammonia. When the digestion is complete the
acid digest is made alkaline by the addition of sodium
hydroxide and the ammonia thus set free is distilled into a
measured amount of boric acid and titrated by hydrochloric
acid. The nitrogen value of the zample may he calculated
from the titration result (see below) and this is then
multiplied by 6.25 to convert into terms of protein. ‘his
value of 6.25 is derived from the fact that most proteins

contain about 17% of replaceable nitrogen.

b) The Markham Micro-Kjeldashl Apparatus

The Markham Micro-Kjeldahl Apparatus is shown in
Fig. 46 and Plate 8. "The complete apparatus consists of three
main units; there is a large round-bottomed flask for the
production of steam, the main reaction vessel or Markham still,

and e condenser. The Markham still consists of a funnel, a
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PLATE VIII

THE MARKHAM MICRO-KJELDAHL APPARATUS.







reaction chamber, and a steam-jacket. The still is cleaned by
removing the burner from beneath the steam generator so that
the contents of the reaction chamber suck back into the steam-
jacket. Replacing the burner causes more water to accumulate
in the reaction chamber, which is again sucked into the steam-
jacket. This is repeated two or three times. Before using,
steam is passed through the apparatus for gbout 20 minutes.
When using the apparatus care must be taken to ensure that the
delivery tube is arranged below the surface of the boriec acid

in the receiver.

¢c) The procedure followed in the estimation of the

'crude protein' content of a prepared sample

Each prepared sample for the protein estimation was
fat-free after the fat-extraction procedure had heen followed.
After all the ether had been evaporated off and the sample was
removed from the. thimble it was carefully weighed. After
weighing, the sample was placed in a micro-Kjeldahl round-
bottomed flagsk and to it was added 0.5 grams of potassium
sulphate, three drops of copper sulphate, and 2 mls. of
concentrated su}phuric acid. The flask was then placed over a
micro-burner in a fume cupboard and gently heated until the
mixture was colourless (approximately 4 hours) and then for a
further 30 minutes. If, after this time, the liquid was clear

and free from any appearance of charring the flask was removed
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from the flame and allowed to cool for 5 minutes. Approximate-
ly 20 mils. of distilled water were then slowly added to the
flask which was rotated all the while to allow the water to
rinse the neck of the flask. The flask was then allowed to
cool again. The sample was at this stage ready for transfer-
ence to the micro-Kjeldahl apparatus.

Into a conical flask was measured 10 mls. of 2% boric acid
containing a mixed indicator of methyl red and bramcresol green;
this flask was placed beneath the main outlet from the'condenser
in such a wey that the outlet was beneath the level of the acid.
After ensuring that cold water was passing through the condenser
the sample was poured into the reaction chamber of the apparatus
end the flask and the neck of the funnel washed with distilled
water which was added to the sample. Some 20% NaOH was then
added to the sample until the liquid became alkaline (deep blue);
when this happened the burner was placed under the flask and
the distillation was commenced. The distillation was continued
for ebout fifteen minutes during which time the steam produced
in the water flask carried over with it into the receiver all
the ammonie formed in the reaction. After the distillation was
complete the heat was removed and the reaction-chamber

automatically emptied itself. The apparatus was then cleaned

out using distilled water.
The liquid in the receiving vessel was titrated with

N/lo hydrochloric acid to & red endpoint. The 'crude protein!



content of the original sample was then determined by perform-

ing the calculation given below:-

1 ml. of normal (N) acid 14 mg. nitrogen

1l ml. of N/lo acid l.4 mg. nitrogen

' 'x' mls. of N/lo acid

l.4x mg. nitrogen

l.4x mg. of nitrogen would be formed from 6.25 x l.4x mg. of
tcrude protein', therefore the amount of 'crude protein' in

the original sample = 8.75x mg.

This value of 'crude protein' was then expressed as a percent-

age of the dry weight of the original sample.

4. The 'total carbohydrate' portion of the sample

The food of the mice and voles consists essentially of
what may be termed 'free water! and 'solids'. The 'free water'
is the amount of substance lost in drying the material under
specified conditions of analysis (as above, p.270 ). That
which is not moisture constitutes the 'solids! and is made up
of protein, fat, carbohydrate, and ash. Apart from moisture,
protein, and fat (the methods for determining which have been
described) carbohydrate is the only other constituent of food
that may occur in large quantities., In the pregent invest-
igation the 'total carbohydrate by difference' was determined
by deducting the dry weight of protein and fat from the dry

weight of the sample. In fact this total carbohydrate value
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includes also the ash content and any organic acids present in
the sample, No attempt was made to estimate the amounts of

crude fibre in the samples although techniques for this are
usable. The 'total carbohydrate! includes therefore the

sugars, dextrins and starches, the crude fibre (mainly cellulose),

4

and the ash (various minerals).

5. The final data recorded for each sample after analysis

When the procedures described above had been carried out
the following information on the composition of the food sample

was available:-

i. the moisture content,
ii. the percentage by weight of fat (ether-extracted material),
iii. the percentage by -weight of 'crude protein',

iv. the percentage by weight of 'total carbohydrate'.

Ih the results section which follows these four values are

given (as means) for the seasonal samples of both species.
IIX. RESULTS

l. Clethrionomys

Full analyses were performed on 262 Clethrionomys

individuals; no record was made of their sex. The details of
the seasonal average weight of the animals, of the stomach

contents wet, and of the stomach contents dry are given in
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Table 97, together with the average percentage water content
of the samples. As may be seen from the size of the standard
errors of the mean values given there was a great range of

recorded weights of stomach contents.

a) Water content of the samples

The mean water content of the samples never dropped
below the value in summer of 73.33%, and the highest moisture
content was found in the samples taken in the winter and spring
(almost 90%). No significant difference between the seasons
was found with regard to water content of the stomach contents

samples, but there was an indication that less water was present

ol IS YO )

in the samples in the summer and autumn.

il L

b) The 'crude protein' content of the samples (Table 99, Fig.47)

Very little variation was found in the protein content
of the samples taken in different seasons, and such variation as
there was in the mean values fell within the standard errors of
the means. The protein content was found to be less than 10% in

all seasons.

c) The fat (ether~-extract) content of the samples

(Table 99, Fig. 47)

There was considerable fluctuation in the seasonal values

of the fat content in the samples. 1In summer the percentage fat



279

APODEMUS

Avga Wt. Avge. Wt. Avge. Wt. %
SEASON of animal of contents of contents H20

in sample. wet. dry

(gms.) (ems.) (ems.)
Spring | 24.40 £ 5.3 | 1.46 ¥ 0.96 | 0.36 X 0.22 | 79.96 ¥ 21.3
Summer | 26.00 ¥ 6.2 | 1.20 X 0.80 | 0.36 ¥ 0.20 | 73.00 ¥ 18.4
Autumn | 21.7 4.3 | 1.37 ¥ 0.91 | 0.34 ¥ 0.22 | 77.42 ¥ 23.1
Winter | 20.5 ¥ 2.1 | 1.40 ¥ 1.00 | 0.28 ¥ 0.19 | 84.40 ¥ 17.3
Table 96 Details of the average weight of Apodemus in the
seasonal samples and the average water content
of their stomach contents.
CLETHRIONOMYS

Avge Wt. Avge. Wt. Avge.Wt.' %
SEASON of enimal of contents of contents H20

in sample. wet. dry

(ems.) (ems.) (ems.)

Spring | 22.3 23,1 | 1.21 ¥ 0.99 | 0.28 % 0.20 | 87.60 & 14.40
Summer | 19.9 £ 5.4 | 1.09 2 0.74 | 0.27 ¥ 0.14 | 75.33 ¥ 22.1
Autumn | 21.0 ¥ 4.0 | 1.26 ¥ 1,10 | 0.13 % 0.06 | 80.02 ¥ 17.6
Winter | 17.6 ¥ 2.3 | 0.98 ¥ 0.61 | 0.19 ¥ 0.09 | 88.75 ¥ 22.3
Table 97 Details of the average weight of Clethrionomys in

the seasonal samples and the average water content
of their stomach contents.
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was 33%, and in spring it was only 11.7%. However, again there
was a great deal of variation between individual samples and

hence the standard errors of the means were large.

d) The 'total carbohydrate' content of the samples

(Table 99, Fig. 47)

The total 'carbohydrate' fraction of the samples was
much the most important quantitatively in all the seasons.
There was considerable variation in the seasonal mean values,
however, which ranged from 57.7% of the sample dry weight in
summer, to 80.4% of the sample dry weight in spring. The ‘total
carbohydrate'fraction was of course directly dependent upon the
amounts of fat and protein found in the samples, as its value

was found by difference.

2. Apodemus

Full analyses were performed on 174 Apodemus individusals.
The seasonal sample sizes are given in Table 98 along with the
mean values of the percentage fat, protein, and carbchydrate
found to be present in the samples. The average weight of the
animals used in the study, and of the stomach contents may be
seen in Table 96 together with the seasonal percentage water

conterit of the samples.
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carbohydrate in the stomach contents of
Clethrionomys.

APODEMUS
% Crude % Fat % Total No. in
Season Protein. (ether extract) | Carbohydrate Sample
(Fibre & ash)
Spring 23.4 & 7.6 46.1 T 14.7 30.5 ¥ 10,2 31
Summer 28.5 ¥ 8,2 43.0 ¥ 13,2 28,51 9.8 16
Autumn - | 17.6 % 4.3 36.4 = 9.7 46.0 ¥ 13,0 80
Winter 9.8 3.1 22,0 ¥ 8,2 68.2 ¥ 21.4 47
Table 98. The percentage of crude protein, fat, and total
carbohydrate in the stomach contents of Apodemus.
CLETHRIONOMYS
% Crude % Fat % Total No. in
Season Protein (ether extract) Carbohydrate | Sample
(Fibre & ash)
Spring 7.9 ¥ 3.7 11.7 ¥ 5.6 80.4 ¥ 17.0 40
Summer 9.3 ¥ 5.0 335.0 ¥ 19.0 57.7 ¥ 23.1 66
Autumn 8.9 ¥ 4.2 17.4 ¥ 8.6 73.7 & 24.2 104
Winter 7.6 & 3.7 21.4 £ 10.5 7.0 & 21,0 52
Table 99. The percentage of crude protein, fat, and total
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a) Water content of the samples

The mean water content of the samples varied from 75%
in summer to B4.4% in winter. Considerable individual variat-
ion was found to be present in the samples collected each

season. As in Clethrionomys the mean water content of the

samples was lowest in spring and summer,

b) The crude protein content of the samples

(Table 98, Fig. 47).

Considerable proportions of protein were found to be
present in spring, summer and autumn. Even the winter value
of 9,.8% was larger than the largest protein content recorded
for Clethrionomys in the summer (9.3%). The highest seasonal

average protein content was found to be in summer (28.5%).

Individual variation was found to be great, but the difference

from the situation in Clethrionomys is evident.

c) The fat (ether-extract) content of the samples

(Table 98, Fig. 47)

The fat content was considerable in all the seasonal
samples, ranging from 46.1% in spring to 22% in winter. As
with the protein fraction the values are far highér than were

recorded for Clethrionomys.
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d) The total 'carbohydrate'! content of the samples

(Table 98, Figz. 47)

In accordance with the resulits of the fat and protein
estimations the carbohydrate fraction was much lower than was

found in Clethrionomys. 'The highest value was 68.2% in winter,

and the lowest was 28.5% in summer.

3. A comparison of the results of the analyses of the stomach

contents of Clethrionomys and Agodemus

As has been emphasised throughout this section the results
obtained must be considered warily if they are to be regarded
as being at all representative of the general situation in

Clethrionomys and Apodemus. However, if these doubts are borne

in mind then it may be suggested that there is a genuine
difference in the composition of the food ingested by

Clethrionomys and Apodemus, and that the difference varies

seasonally. In all seasons the protein content of the AQodemus'

stomach contents was higher than that of the Clethrionomys

stomach contents, and this was very marked particularly in
spring and summer. This situation was found to prevail also
with the fat content of the samples in the two species, although

to a lesser extent. Conversely, the carbohydrate content of

the samples from Clethrionomys was considerably higher than in

the samples from Apodemus.
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From the extremely limited data available it is dangerous
to draw conclusions relating to the diet of the two spgcies.
However, the extremely high fat and protein content of the
samples of Apodemus stomach éontents taken in tﬁe spring éhd
summer suggest that a great deal of animal mate;ial mey be
ingested. The higher fat content and fractionally higher
protein content of the samples taken from Clethrionomys

stomache in the summer suggest that Clethrionomys also may

take animal food at that time. These conjectures are based on
the fact that animal material is usually rich in fat and
protein, with smaller amounts of carbohydrate, whereas plant
material is rich in carbohydrate with greatly varying amounts
(but usually small) of fat and protein depending upon.thé plant
concerned. Such theories as those would fit in well with the
reported preference of Apodemus for animal (mainly insect)

food in the seasons when it is readily available (Miller, 1954;
Curry-Lindahl, 1956; HolisGva, 1960; Kikkawa, 1964; Tanton

1965; Gorecki and Gebezynske 1962).
IV. CONCLUSIONS

The methods described above for the estimation of the
amount of fat and protein in a sample of ingested food material
have been shown to work. If such studies are to be undertaken,
however, it is suggested that they are carried out in associat-

ion with other work on food including:-
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i. work on food preference by means of food choice
experiments,

ii. analysis of available food material using the same
techniques as are used for the analysis of the
stomach contents,

iii. microscopic analysis of the food in the gut,

iv. microscopic analysis of the faeces,

v. analysis of the faeces by the described techniques.

If all these procedures are carried out then sufficient
information should become available to allow accurate state-
ments about the type of food ingested by the animals to be
made. In addition, basic data for possible work on the

energetics of the animals may be accumulated.



SECTION F

GENERAL DISCUSSION AND SUMMARY
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GENERAL DISCUSSION

Detailed discussions of the population dynamics, the
movements and home renge, and the spatial distribution of

Clethrionomys and Apodemus have been presented in the

appropriate sections. In this more general discussion the
study as a whole is briefly reviewed and some of the results

are considered with relation to wider fields of knowledge.

l. A brief review of the present study

Two annual cycles of two populations of Clethrionomys

and one of Apodemus have been described in the present study.

With the exception of the realisation that Clethrionomys
individuals may.travel considerable distances (at least 375
metres) no startling new discoveries heve been made about the
ecology of the two species, but confirmatory evidence on
several points concerning the population dynamics and move-
ments has been obtained, and knowledge of the spatial distri-
bution of Clethrionomys with regard to the vegetation of the
field layer (Elton and Miller 1954) has been added to. Of
particular interest is the demonstration in the present study
of the existence of seasonal variation in the movements and

the distribution of Clethrionomys. In addition an attempt

has been made to clarify the methods of estimation of home
range, and hence to clarify the concept itself. Finally,

techniques have been developed for the analysis of the
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stomach contents of the two species in the hope that some
information of value may be obtained to supplement microscopic

studies of the food of the rodents.

2. Factors affecting population size

Affecting any population are a number of factors that
serve to regulate its numbers. These factors are discussed in
great detail in a number of major works (Allee et al 1949;
Andrewartha and Birch 1954; Dice 1952; Elton 1942; Lack 1954;
Slobodkin 1962). Briefly, any population at a given time is
i' the result of the interaction of the forces of reproduétion,
mortality and movement. Reproduction tends to increase the
population, mortality tends to decrease it, and movements may
increase or decrease it depending upon the net result of
immigration apd emigratipn. The factors of physical habitat
(environment), predation, and competition affect the action of
the three forces mentioned and thus may exert a regulatory
effect on the population. The effects of environmental factors
e.g. weather, have bheen generally considered to be density-
independent, but Andrewarthé and Birch (1954) doubted the
existence of density-independent factors, and Chitty (1960)
stated that his "....vole work suggests that population
densities are indeed governed or regulated but that this is
most commonly achieved by the action of the physical factors

and since the action of any factor depends upon the properties
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of the individual, it seems a priori improbable that the effects
of weather are independent of population density." In the
present study sudden hard frosts following mild periods of
weather were observed to be associated with severe mortaiity
in Clethrionomys, a factor perhaps increased in its effect by
artificial interference i.e. trapping, preventing animals from
behaving normally. The guestion of mortality in animals with
cyclic fluctuations in numbers has been examined critically
in a series of publications by Chitty (1957, 1959, 1960),
Christian (1956 etc.), Pitelka (1957) Chitty (1960, Christian
(1961), and Frank (1957) consider that stress conditions in
high population densities may be responsible for the dramatic
declines in numbers which occur in voles and lemmings, but
they differ in their views of the exact mechanisms involved.
Chitty (1960), and Christian (1961), however, agree that the
effect of both 'density-independent' e.g. weather, and
density-dependent e.g. predation, factors is increased because
of the lowerea resistance of individuals to them. Pitelka
(1957) supports the view of Lack (1954) that food is one of
the causative factors in population declines, but that this is
unlikely has been demonstrated by Krebs (1964), Bendell (1959)
and Gorecki and Gebczynskd (1962). Clethrionomys glareolus
has not been regarded as being subject to cyclic fluctuations

in numbers, although Ashby (1962; pers. comm.) as a result

of studies made on Clethrionomys populations in Houghall Wood,




Durham, from 1954, suggests that there is a c¢yclic fluctuation
of approximately four years periodicity in that particular
locality. The present study, being of less than 3 years
duration, has little, if any, relevance to the question of
cyclic fluctuations and hence nothing more need be said on
this subject, interesting though it may be.

Predation can be a density-dependent factor but in most
populations of mammals its effect has been demonstrated to be
small at most times, and negligible in the breeding season ~
particularly of rodents. Lockie, Charles, and Bast (1962)

found that predation on a population of Microtus agrestis by

stoats, weasels, and short-eared owls was the most important
single mortality factor in winter. They also found, however,
that predators could not cope with the rapid production of
young voles when breeding got under way, and other checks on
population size came into operation. Similar demonstrations
of the small effects of predation have been described by
Southern (1940, 1954), Jackson (1951), Peters (1948), and
Davis (1951c). In the present study it is probable that
predation effectas by weasels or Tawny owls were negligible as

only two weasels were caught on grid A after November 1962,
although six were caught on grid B (see Table 112).

Competition, which may be regarded as the direct struggle
between individuals for a limited supply of environmental

necessities (Solomon, 1949), may affect the reproduction,
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mortality, or movements of a population. Calhoun (1952)
reported that competition among Norway Rats drove the weaker
animals away, and Steiniger (1950a) found the aggressive
defence of territories to be responsible for the dispersal of
young. Frank (1957) obtained similar results to those above

with populations of Microtus arvalis. It seems then that

competitive mechanisms such as hierarchy and territorislism
serve to keep the population within the limits set by the
environmental resources.

In the present study, the recruitment of individuals, as
revealed by the capture of juveniles, was sufficient to account
for the increases in population size, despite the fact that
the calculation of mortality rates revealed that there was a
high juvenile mortality throughout most of the breeding season.
There is no reason to believe that immigration or emigration
were having any untoward effects on estimates of population
size, particularly in the non-breeding season. With Apodemus
very few individualé were captured in the period from May to
September, and those which were captured were adults, so the
annual cycle of events is less well known in Apodemus +than it

is in Clethrionomys. Chitty (1964) considers that adult

behaviour towards juveniles in rodents is aggressive to the
extreme during the breeding season, this resulting in a heavy
Juvenile mortality. Chitty is of the opinion that such

aggressiveness is at least partially responsible for falls

290



in numbers in vole populations. Chitty's views have recently
been supported by Sadleir (1965) who studied agonistic

behaviour in populations of Peromyscus maniculatus, the white-
footed mouse. Sadleir suggests that the main factor determin-~

ing population size in Peromyscus maniculatus is the low

recruitment of young into the population compared with the
number of embryos carried by pregnant females. He agrees
with Chitty that the large juvenile mortality is due.to the
behaviour of the adults toward them. Peromyscus maniculatus
is not territorial but it does have a home-range (McCabe and
Blanchard 1950), and during the breeding season the juveniles
are driven away from the adult home-range areas. The lack of
"g place in which to live" (Andrewartha and Birch 1954)
together with the effects of predation and possibly of shock
will certainly, in Sadleir's (1965) view, result in the death
of the juveniles. Only those juveniles fortunate enough to
find a home-range newly-vacated by an adult, or those which
survive long enough to deprive a low-aggression adult of its
home-range may survive to maturity. Sadleir (1965) reported
that the-number of juveniles entering the traps rose rapidly
at the end of the breeding season, and he suggests that this
is due to a newly-evident lack of hostility on the part of
the adults, possibly due to the regression of testicular and
ovarian activity at the end of breeding, with a consequent

lowering of the sexual hormone level and a diminution of
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aggressive behaviour., The results of Sadleir's (1965) work
are of interest in the present discussion because it is
possible that such a mechanism as he describes for Perogx;cus
maniculatus could apply to Apodemus also. As has been stated
elsewhere (pp.105-110 ) only an occasional juvenile was
caught during the breeding season in the present study, yet
there was a tremendous influx of sub-adults into the traps

in October and November. Full consideration is given to.the
question of Apodemus population dynamics in another place
(pp. 50-77 ) but it could well be that a mechanism working
in the way described by Sadleir (1965) is at least partially
responsible for the magnitude of the intiux, and particularly for

the high proportion ot sub-adults in the influx.

3. Habitat and the ecology of Clethrionomys

In Section C the close relationship between the spatial

distribution of Clethrionomys and the distribution of the

vegetation of the field Layer (Elton and Miller 1954) has been
demcofistrated. It is suggested that this dependence upon
vegetation cover is a fundemental and vital one in the life

of Clethrionomys. The avoidance of open areas by Clethrionomys

has been observed by many workers and was particularly evident

in the present study. The high degree of diurnal activity

displayed by Clethrionomys has been revealed in many trapping

studies (Brown 1954; Miller 1958; Kikkawa 1964) and by
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experiments on activity rhythm carried out in the laboratory
(Miller 1955; Brown 19560). Conversely, Apodemus has frequent-
ly been captured in areas completely devoid of vegetatioﬁ
(Evans 1942; Miller 1958; Fullager et_al 1963) and has been
foﬁnd to have a distinct and exclusive nocturnal activity
period (Miller 1955; Brown 1956b). The suggested importance
of light as an inhibitor of Apodemus activity (see p. 170)
has frequently been remarked upon as various workers have
found, as was found in the present study, that poor catches
were made after moonlight nights (Gentry and Odum 1957;

Tanton 1965). By inference, theh, it seems that Apodemus is
less tied to cover than is Clethrionomys at least partially
because of the protective darkness during activity periods.
Cover would seem to be vital to Clethrionomys for protection
from predators, and also, as the vole is mainly vegetarian in
diet (Gorecki and Gebczynska 1962), for food supply. Again,
particularly in the summer, Apodemus, with its demonstrated
preference for insects and seeds (Gorecki and Gebezyhskd 1962),
would seem to be less dependent upon association with
vegetation cover.

The habitats occupied by Clethrionomys in the present study
may be divided into superior and marginal areas in terms of
the degree of protective cover afforded by the vegetation of
the field layer. The superior habitats were occupied during

population lows and the marginal areas were occupied in
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addition to the superior omes in population highs. The class-
ification of habitat in the present study depended more upon
the degree of protective cover afforded by vegetation than upon
its nature (although the most dense cover was almost invariably
provided by bracken and bramble). Goertz (1964) studied

populations of Sigmodon hispidusg, the cotton rat, and he found

that the percentage of captures of Sigmodon corresponded
positively with the dengsity and the height of the grassy coﬁer
and herbaceous ground cover. He found that the dense tree
canopies were correlated negatively. From the results of the
present study and that of Goertz (1964) it would seem that the
weather could act as a density-dependent factor in the winter
decline of numbers through the preservation of those individ-
uvals that occupied superior habitat. This suggestion is in
agreement with the remarks of Naumov (1936) to the effect that
an animal population will utilise only favourable habitats at
low population densities, but will spread to less favourable
ones as population demsity increases, and will finally‘occupy
all available habitats at peak population density. Evans
(1942) suggested that marginal habitats may be essential for
the survival of a population in the event of an epidemic or
similar catastrophe, he based his views on the 'fact' that
increased contact in crowded habitats would facilitate the
spread of a disease or parasite. This has never been

demonstrated to be true, and all the evidence from the present
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study is against Evans' views. The decreases in population size
affected all habitats, and those animals in marginal habitats
either died or moved into more favourable areas, until

eventually the only survivors were in superior habitats.

4. The treppability of Clethrionomys and Apodemus

At times when there is no competition for traps, trap-
pability will depend entirely upon the degree of interest in
the traps. In order to investigate and analyse possible .season-
al variation in such interest the average recapture index for
individuals was used as an indicator (see pp. 34-35 ).

Clethrionomys was found to show more interest than Apodemus in

gummer and less interest in autumn and winter., In the autumn-

winter of 1950-51 Miller (1958) caught very few Clethrionomys

in 'The Pasticks and Brown's (1954) figures showed a low re-
capture rate at South Lodge Wood for these seasons. 'The
latter author, having caught a large number of individuals,
supports Evans (1942) suggestion that the high capture is due
to pepulation increase caused by the continuation of breeding
rather than to greater interest in the traps. Kikkawa (1964)
found similar fluctuations in the degree of interest shown in
traps by mice and voles to those found in the present study,
and he noted that in winter, despite the severe competition
because of increased density, many mice were caught repeatedly.

Increased interest in traps towards winter mey be, as Kikkawa
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(1964) observed, partly due to food-storing habits. In the
present study in autumn some mice stored bait by blocking the
trap-tunnel with leaves and soil (see also Kikkawa 1964). The
day length at the time at which such food-storing occurred was
approximately 12.6 hours, a similar day-length to that recorded
by Miller (1955) as inducing the food-storing habit in lab-
oratory animals. Elton et al (1931) reported that storing
habits of Apodemus began in the late summer and that the
stored food was often found in runways.

The question of the availability bf food as a factor in
causing a loss or gain of interest in traps was considered by
Tanton (1965). Tanton (1965) quoted evidence showing that
Apodemus tended to take considerably more animal material as
food in the summer months, coincident with the period when
there was a lack of interest in the traps (Holisdva 1960;
Miller 1954; Kikkawa 1959; Gorecki and Gebczyﬁské 1962).
Tanton (1965) found X2 tests to be consistent with the
hypothesis of changing behaviour towards traps, and he post=-
ulated that the increased'number of mice which first appeared
in trgps in the autumn would be trap-prone, and their repeated
appearance would cause there to be a high recapture index. As
the natural food resources dwindled the more trap-shy individ-
uals would enter the traps also. Tanten (1965) found no
evidence of mice learning to avoid or enter traps, and Young

et al (1952) with house mice, and Crowcroft and Jeffers (1961)



with feral house-mice, reached similar conclusions.

The possible effects on population estimation, and the
invalidity of sampling methods, in populations where the
degree of interest in the traps varies greatly with season
has been discussed already for Apodemus (pp. 68-77 ).

Al ternative methods to live-trapping have been tried by many
workers who realised the difficulties of sampling using traps.
Southern, Watson and Chitty (1946) used infra-red radiation,
and Southern (1955) and Finley (1959) used red light for the
observation of nocturnal animals. Movements have been studied
by the use of dyes (Chitty and Southern 1954; New 1958), of
radioactive tracers (Godfrey 1954; Miller 1957), and of radio-
transmitters (Le Munyan et al 1959; Cochran and Lord 1963).
Distribution and abundance in different habitats, and activ-
ity rhythm have been studied by the use of dropping boards
(Emlen et al 1957), of nest-boxes (Howard 1949; Terman 1961),
and of automatic photographic recorders (Pearson 1959, 1960).
But, as was pointed out by Kikkawa (1964), no-one has yet

checked trapping results against such methods.
5. Suggestions for further research

The present work has laid the foundation in a specifiec
locality for a closer investigation into the nature of the

relationship between Apodemus and Clethrionomys. Of particular

-

importance is the solving of the problem of what happens to
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the Apodemus populations on grid A during the breeding season,
and the answer to this question should resolve the whole
question of the trappability of Apodemué in the summer. Trap-
ping methods should be supplemented by dropping-board studies
(see Emlen et al 1957) and by radio-active tracer work, and
the trapping methods themselves should be varied to see whether
trap spacings suitable at one time of the year are suitable at
eanother. In addition, an area as similar as pdssible to that
of grid A should be trapped out and the recolonisation care-
fully followed, in order to determine habitat preference in
the absence of competition due to the presence of a lot of

animals.
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SUMMARY

1, A study of the ecology of Clethrionomys and Apodemus

was made in Castle Eden Dene, a local Nature Reserve, from
1962-1965. No previous investigations had been carried out in
the Reserve and this was one of the first studies made on the
ecology of woodland fodents in the north of England.

2. The methods of sampling the small mammal populations of
selected areas of the Dene are described, and the nature, and
methods of obtaining information on the animals are presented.
B The methods of estimation used in ascertaining various
population parameters are described and the usefulness of such
parameters is discussed.

4., The trapping records are presented and the comparative
absence of Apodemus from grid B, and the preponderance of

Clethrionomys over Apodemus'mn grid A, is noted. The male to

female rétio of Clethrionomys caught was 1.4 ¢ 1 on grid A, and
1.5 : 1 on grid B. For Apodemus it was 1.5 : 1 on grid A, and

2.5 ¢+ 1 on grid B, In Clethrionomys there was seasonal

variation in sex-ratio, with females being best represented in

summer and autumn. For Apodemus the males predominated in the

catches particularly in the winter months.

5. ' Trap mortality in the coﬁrse of the study as a whole was
found to be of the order of 15% of individuals on grid A and

31% on grid B for Clethrionomys. The greatest mortality occur-

red in Octoher-December. Trap mortality was negligible in

Apodemus.



300
6. On grid A both sexes of Clethrionomys had equal re-

capture indices. On grid B females had higher recapture
indices than the males. Seasonal variation in the likelihood
of recapture was found to exist, with Clethrionomys being more
likely to be recaptured in summer, and Apodemus in winter.

7. Changes in population size of Clethrionomys and Apodemus
on grids A and B are described for the period from March 1963
to January 1965. Clethrionomys was found to have a low
population in spring, which built up to an October peak value
and then declined through the winter. Apodemus was found to have
a low population in spring and very few captured at all during the
breeding season. There was an enormous influx of sub-adults
into the traps in autumn, and the peak population for Apodemus
was reached in December. After March the population declined
sharply. Very few Apodemus were found to be present on grid B,
in the study as a whole.

8. The survival rate of the Clethrionomys population on
grid A was found to be high in early spring, but it declined
throughout the breeding season, finally improving again as
antumn and winter continued. The survival of Apodemus appeared
to be very low after April, but complicating factors of trap-
pability render the estimates of survival rate in Apodemus un-
reliable. On grid B the survival rate of Clethrionomys was
consistently higher than on grid A, and seasonal variatioms,
although present, wére less well marked. There were found to
be no consistent differences in the survival rate of the sexes

of Clethrionomys. On grid A the survival rate of overwintered



animals of 1962-63 was found to be high, while that of the
summer-young ot 1963 was found to be low. The survival rate

of the autumn-young of 1963 was superior to that of the summer-
young. A similar pattern was evident in 1964 also. On grid B
the survivel of summer-boin young of 1963 was found to be
superior to that of overwintered animals of 1962-63, and of
autumn-young of 1963. Some summer-young of 1963 bred in both
1963 and 1964.

9, The breeding season of Clethrionomys extended from April

to December for the males ot Clethrionomys and from May to

December for the females. That of Apodemus males extended from

March to December, and the females from April to December. The

breeding success of Clethrionomys was found to be superior on
grid A when considered in terms of the number of juveniles |
produced. 1963 was found to be a better breeding season than
1964. The breeding of Apodemus was apparently excellent, but
was poorly documented until October in each year.

10. ‘The age structure of the populations of Clethrionomys

and Apodemus was determined by use of the frequency distribut-
ions of body weights. The value of body weight as an indicator
of age, when used in conjunction with breeding condition and
appearance in a population of marked animals is indicated.

The mean weight of Clethrionomys and Apodemus males was found

to increase rapidly in the spring but to decrease throughout

the breeding season because of the dilution effect of the entry
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of juveniles and the death of older, heavier animals. The

complicating factor of pregnancy in females was found to make

body weight records less valuable.
11. The changes in population size in the larch wood and

in the sycamore wood on grid A are described for Clethrionomys

and for Apodemus. Similar descriptions are given for the

Clethrionomys populations in the ash plantations and the larch

wood on grid B. The population of Clethrionomys in the

sycamore wood was found to be larger than that in the larch
wood at all times, but to be particularly so in the autumn.

In contrast the population of Apodemus in the larch wood was
found to be larger than that in the sycamoré wood at all times,
although in the winter there was not a great margin of
difference between the two areas.

12. The differences in population size between the Cleth-
rionomys in the ash and those in the larch on grid B were found
not to be so great as those differences existing between-
populations of the two woods on grid A. However, the populat-
ion in the ash plantation was consistently larger than that in
the larch wood. The few Apodemus that were caught on grid B
were caught in the larch wood.

15. Seasonal changes in the distribution of Clethrionomys

on both grids are shown to occur, and the importance of cover,
in this case, provided mainly by bramble and bracken, is

demonstrated. Also emphasised is the way in which temporarily-



available favourable habitats, with cover provided by summer
vegetation only, are utilised. The avoidance by Clethrionomys
of areas devoid of cover in the field layer is demonstrated,
and the apparent disregard of Apodemus for cover is also shown.
14. It is suggested that it is less the nature of the veg-

etation which governs the distribution of Clethrionomys, but

rather the degree of protective cover afforded by it. It is
also suggested that Apodemus may positively prefer open areas
which allow freedom of movement, relying upon its nocturnal
habit for protection from predators.

15. A record was kept of the density of the vegetation
cover of the field layer at each trapping point on both grids,
prior to the start of every trapping periéd, and there was
found to be a close correlation hetween the distribution and

abundance of the Clethrionomys population and the density of

the vegetation cover on both grids. No such correlation was
found between the distribution of Apodemus and that of the

vegetation cover. Apodemus distribution was at random with

regard to cover,

16. The utilisation of temporarily available favourable

habitats was demonstrated to occur in Clethrionomys, without

there being of necessity population pressure causing animals
to move out of consistently favourable areas.
17. The advantages of using linear measure of movements

to reveal daily activity and possible seasonal variation in
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such activity are discussed, and the reasons for using frequency
distributions of maximum movements to show seasonal variation
in activity in both sexes of the two species are given.

18. Seasonal variation in activity was found to exist in
both sexes of both species. GCreater activity was evident in
spring and summer than in autumn and winter, and in Cleth-
rionomys females, greater activity was evident in the spring
than in the summer, also. Apodemus males were apparently more

active than Clethrionomys males only in summer, but Apodemus

females were more active than Clethrionomys females in all

seasons. Males of both species were found to be more active
than the females, particularly in the summer.
19. Only in spring was there a statistically significant

difference between the activity of Clethrionomys males on grid

A and those on grid B, with the males on grid B being more
active. The situation in the females was the reverse of that
in the males.

20, The discovery of four main movement patterns in the two
species is described, the three most evident being change in
home range area, exploratory movements, and dispersal movements.

Males of Clethrionomys were considered to have changed their

home range area more than were females. With Apodemus such
behaviour was confined to the males. Large numbers of both
species and sexes made movements away from, and back to

established home range areas, such movements are considered to
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be exploratory in nature.
21. Digspersal and wandering movements were detected in

both sexes of Clethrionomys and Apodemus. These movements

were more common in Clethrionomys than had heen expected from

reports in the literature. Movements of up to 365 metres were
recorded, this being the maximum distance it was possible to
record with the trap arrangement used.

22, Range Length measurements of Clethrionomys and Apodemus

caught 10 or more times were found to average 79.5 metres for

Clethrionomys males, 50 metres for Clethrionomys females, 101

metres for Apodemus males, and 73 metres for Apodemus females.
23, The existence of transient animals in the population

is suggested. It is also suggested that trap-limitation of
movement is the biggest problem in studying movements of
marked animals.

24. The home range concept in small mammals is discussed
and the relevant literature is reviewed. The validity of trap-
" revealed home range size is considered by use of the literature,
and the more important methods cof estimating home range size
are described.

25. The estimates of home range size were found to differ

for one class of animal e.g. Clethrionomys males, according to

the method of estimation used and the number of times the
animals in the sample had been captured. The variation in
estimates of range size when one method of estimation was used

on the four different groups of recaptured animals was found
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to be less than that obtained when different methods of
estimation were used on one group of recaptured animals

e.g. those captured three or more times.

26. The estimates of average home range size calculated
using the Minimum Area Method of estimation were found to
always be the smallest, those obtained using the Adjusted
Range Length Method of estimation were found always to be

the largést. The ranking in order of magnitude of the average
home range sizes when standardised methods of estimation were

used on comparable groups of animals was:- Clethrionomys

females, Apodemus females, Clethrionomys males, Apodemus

males. Thus males were found to have larger range sizes than
females and Apodemus to have larger range sizes than

Clethrionomys.

27. No consistent difference was found betﬁeen the range
sizes of animals in different vegetation types. The estimated
average home range size wag found to increase with increasing
number of recaptures of the animals in the sample. A suggest-
ion of a cessation in the inerease in the apparent range size
was present when animals had been captured ten times.

28. Manville's Method of estimation of home range size was
found to be easy to apply and to give consistent results.

The average home range size of both sexes of both species
calculated using Manville's Method on animals captured ten or

more times was:- Clethrionomjis males - 2430 square metres;




Clethrionomys females - 1521 square metres; Apodemus males -
3124 square metres; Apodemus females - 2143 square metres.
29. Close agreement was found between the results of the

calculation of average home range size of Clethrionomys and

Apodemus in the present study, and the results from the study

of Kikkawa (1964).

30. It is suggested that the definition of home range area
should have incorporated into it a time factor viz. "....that

area normally traversed by the individual within a specified

period of time." In addition a list is given of the inform=-

ation whibh.the present author considers ought to be given
along with any estimates of range size. It is also suggested
that the home range area is a'biological reality, but that a
distinction ought to be made between two types of home range,
where one is that area traversed with some regularity through-
out the recorded life-span of the individual; and the other
that area within the total area which is regularly traversed
within short specified periods of time under specified
environmental conditions.

31. Biochemical analyses were performed on the stomach

contents of 262 Clethrionomys individuals and 174 Apodemus
individuals, samples being taken in the four seasons of 1963.
32, The fat content (ether-extract) was estimated by ether-
extraction using a micro-Soxhlet apparatus, andlthe protein
content was estimated by use of the Markham micro-Kjeldahl

apparatus. The 'total carbohydrate' fraction of each sample
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was found by difference.

33, The protein content of Apodemus stomach contents was

higher than that of Clethrionomys stomach contents in all

seagons, but was particularly so in spring and summer.
Similar results were obtained for the fat contents. Naturally

the carbohydrate portion of the Clethrionomys stomach contents

was higher in all seasons than it was in Apodemus.
34. It is tentatively suggested that the results of the
analyses confirm the conclusions of other workers that Apodemus

tends to eat more animal material than does Clethrionomys,

particularly during the summer.

35. A brief review of the present study is presented, and
the factors affecting population size are discussed in general
terms with specific references to the present study where
appropriate.

36. It is suggested that predation by weasels and owls Qas
probably negligible throughout the time of the study.

37. The question of agonistic behaviour toward juveniles

in the breeding season in Peromyscus maniculatus (Sadleir 1965)

is discussed with regard to its relevance to Apodemus.
38. The importance of vegetation cover as protection and

food supply for Clethrionomys is discussed, and the situation

is compared with that in Apodemus. Superior and marginal
habitats are considered with regard to their possible
survival value.

39, The trappability of Clethrionomys and Apodemus is
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considered. Seasonal variaetion in interest in traps was

found to occur with Clethrionomys showing more interest in

the summer, and Apodemus in the winter. The possible role

of changing diet in Apodemus is discussed with regard to

the trappability of Apodemus. It is thought that the prefer-
ence of.Apodemus for insects and seeds in the summer may
cause the lack of interest in the traps.

40, Some alternative methods to live-trapping for the
study of small mammal populations, used by other workers, are
mentioned, and some suggestions for further research into the
relationship between Clethrionomys and Apodemus are put

forward.
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APPENDIX I. LIVE-TRAPPING FOR SMALL RODENTS AND WEASELS

IN A 100-ACRE AREA OF CASTLE EDEN DENE
I. INTRODUCTION

In this Appendix to the main thesis it is proposed to
describe briefly the results of three trapping experiments
carried out in an area of 100 acres of Castle Eden Dene. The
three experiments were performed in August-September 1962,
May 1963, and September 1963. The first live-trapping experi-
ment was part of a mammal survey of the whole of the Castle
Eden Denes which was heing carried out by Mr. J.D. Davies,
Mr. D.S. Gibbons, and the writer, under the supervision of
.Dr. K.R. Ashby. The second and third trappings were repeats
of the first one; the second being performed by the writer
and several students of zoology, and the third by Mr. P.J.

Bolton, Mr. C. Malpus, and the writer., Dr. K.R. Ashby

supervised all the work. The full results of the three studies,

which have been analysed by the writer, are to be presented as

a joint publication by Dr. K.R. Ashby and the writer.
II. THE STUDY AREA

The general features of the study area have already been
described (see pp. 5-7 and Fig. 2). The nature of the tree
cover of the area is shown in Fig. 48, and the dominants in the

ground vegetation are shown in Fig. 49. These two figures were

331
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constructed by putting together the vegetation records from
individual trap positions and presenting them all together

on one map.
II. METHODS OF STUDY

1, Trapping procedure

A 50 metre grid based on the Hational Ordnance Survey
Grid was marked out over the study area in August 1962. Live-
trapping for small rodents, using Longworth small mammal traps
(Chitty & Kempson, 1949) was carried out with traps placed
every 50 metres along the grid lines running in an east-west
direction. Trapping was done in two sessions of five days each,
because insufficient traps were available for the whole area
to be covered in one trapping. Session I was carried out
with two traps placed every 50 metres along the oddly-numbered
grid lines (Fig. 49), and session II was performed with traps
similarly placed only along the evenly-numbered grid lines.
No pre-baiting period was used, the traps being set on the
first day and checked daily for a further five days. One day
was allowed for the traps to be moved to the new positions,
then session II was carried out in an identical manner to
session I. After session II was completed, weasel traps were
placed at intervals of 100 metres along the grid lines. They
were pre-baited with liver for two days, and were then set

and visited daily for five days.
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The procedure described above was carried out in the May

1963 and September 1963 trappings also, but with the following

modifications:-

1) three Longworth traps were placed at each point instead

of two,

2) estimates of the density of vegetation cover at the

trapping points were made.

2. Methods of marking and the data recorded

Both ear-clipping and toe-clipping methods were used to
mark the rodents, but ear-clipping only was used on the
weasels. The rodents were given a mark to indicate upon what
day they were marked, but the weasels were given individually
specific marks.

All of the animals captured were marked and weighed, and
information on their place of capture, sex, sexual condition,
and approximate age was recorded.

All weasels were anaesthetised with ether before they were

removed from the trap on the recommendation of Lockie & Charles,

{pers. comm.).

Iv. RESULTS

The numbers of Apodemus and Clethrionomys captured, to-

gether with their sexual condition, are given in Tables



100-103% for the first survey, and in Tables 104-107, and
108-111 for the second and third surveys respectively.
Information on the body-weight frequency distributions is
presented in Figures 50-52. The distribution of the captures

of Clethrionomys and Apodemus in the three surveys is shown

on maps shown in Figs. 53-55. 'In the sub-sections below the
results from the three surveys are treated together in order

to compare them.

1. The number of animals captured

In 2ll three surveys the number of Clethrionomys captured

exceeded that of Apodemus by & ratio of approximately 8 : 1.

Only in the first survey were any Microtus or Mustela captured.

Reference to Tables 100-111 shows that the largest captures of

Clethrionomys and Apodemug were made in September 1963, and the

lowest in Méy 1963. The trapping in May, at the onset of the
normal breeding season, would be expected to provide only low
catches. The greater size of the samples in September 1963,

as compared with September 1962, i= possibly due to the larger
number of traps then available rather than to the presence of

significantly larger populations of Clethrionomys and Apodemus.

The absence of Mustela from the surveys in May and September
1963 may have been due to the severity of the long hard
winter of 1962-63 making it difficult for the animals to

survive.

340
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Males Females Dead in trap
Fec, NF P. I. Esc., | Total | Males| Females | Total
1, 10 3 2 7T 1 23 2 4 6
2. 6 10 10 8 0 34 1 4 5
3. 16 8 14 12 3 53 3 3 6
4. 25 9 11 12 1 53 1 2 3
5. 24 8 [/ 10 18 3 63 0 0 0
Total| 81 38 47 57 8 | 231 i 13 20
Table 100. The total number of Clethrionomys captured in
Session I. September, 1962. Animals dead in
traps are included in the total daily catch.
Males Females Dead in trap
Day
Fec, NF P. I. | Esc, | Total | Males | Females | Total
1. 35 4 10 6 (0} 55 1 2 3
2. 35 ( 10 13 0 65 4 1 5
3. 32 6 15 19 5 71 1 1 2
4, 38 12 18 17 4 89 4 4 8
De 29 19 8 21 0 71 9 1 10
Total | 169 48 61 76 9 | 363 19 9 26
Table 101 The total number of Clethrionomys captured in
Session II. September, 1962, Animals dead in
traps are included in the total daily catch.
Fec. = Fecund P, = Perforate
NF = Non-Fecund I. = Imperforate
Esc. = Escaped.



Males Females
Day F. NF P. I. | Bsc. | Total
1. 2 0 1 0 0 3
2. 1 0 3 0 6
3 3 0 l 0 5
4. 1 0 2 0 4
5. 4 0 2 0 10
Total 11 0 9 0 28
Table 102. The total number of Apodemus captured in
Session I. September, 1962.
Males Females
Day -
F. NF P. I. Ese. Total
1, 6. 0 3 1 12
2, 4 0 0 1 0 5
3. 4 0 2 1 8
4. 3 0 4 0 0 7
Se 2 0 1 0 6
Total 19 0 10 3 38
Table 103. The total number of Apodemus captured in
Session II. September, 1962.
F. = Feound" NF = Non-fecund
P. = Perforate I. = Imperforate
Bsc.= Escaped
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Males Females . Dead in trap
Day
Fec. NF P, I. |Esc.| Total | Males | Females | Total
1. 11 0 3 2 0 16 0 0 0
2. 18 0 3 . 3 1 25 1 0 1
3 19 0 0 4 1 24 0 0 0
4o 12 0 2 2 6 22 1 0 1
5e 23 0 3 2 2 30 1 0 1
Totall 83 0 11 13 10 | 117 3 0 3
Table 104. The total number of Clethrionomys captured in
Session I. May, 1963. Animals dead in traps
are included in the total daily catch.
Males Females Dea& in trap
Day -
Fece NF |P. I. Pr.|Esc. Total | Males|Females | Total
1. T 0 i 3 3 0 14 0 0 0
2, |11 0 4 2 3 0 20 0 0 0
3 | 10 0 3 2 2 0 17 0 1 1
4. 16 o 2 1l 3 1 23 0 0 0
56 19 0 0 3 5 1 28 0 0 0
Total | 63 0O |10 11 16 2 102 0 1l 1
Table 105. The total number of Clethrionomys captured in

Session II. May, 1963. Animals dead in traps
are included in the total daily catch.

Fec. = TFecund P, = Perforate
NF = Non-Fecund I. = Imperforate
Esc. = Escaped Pr, = Pregnant.



344

Males Females
Day .
Fec. NE P. I. Bsc. Total
1. 0 0 0 0 0 0
2 1l 0 0 0 0 1l
3e 0 1 0 2 1 4
4o 3 0 0 3 2 8
Se 1 1 0 2 0 4
Total 5 2 0 7 3 17
Table 106. The total number of Apodemus captured in
Session I. May, 1963.
Males Females

Day

FQCQ NF Po Io Pro ESC. Total
1. 2 0 0 0 0 0 2
2, 2 0 0 0 0 0. 2
3e 2 0 0 0 1 0 3
4. 2, 0 0 1 0 1 4
54 3 0 0 0 1 0 4
Total 11 (0] 0 1 2 1 15
Table 107. The total number of Apodemus captured in

Session IX. May, 1963.

Fec, = Fecund NF = None-fecund
P, = Perforate I. = Imperforate
Pr, = Pregnant Esc.= Escaped.
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2. Breeding
At the time of the trappings in September 1962 and

September 1963 breeding was still taking place in both the

Clethrionomys and Apodemus populations, and the populations

were heterogeneous in age-structure. In May 1963% the breeding
appeared to have just commenced, for although all the males
were fecund not all the females were in breeding condition,

and there was no evidence that any juveniles had been produced.

3. The body=-weight frequency distributions

Histograms showing the range of body-weights in the

Clethrionomys and Apodemus populations on the three occasions

when trapping took place are shown in Figs. 50-52. The
distributions confirm the ideas already put forward as a
result of examining the breeding data ¥iz. that breeding was
actively in progress in the September surveys, and was

commencing at the time of the May survey.

4. The distribution of captures over the study area

The mapped distributions of the captures of Clethrionomys

and Apodemus are shown in Figs. 5%-55. According to the
number of individuals captured at each trap site the density

of capture was denoted as listed below:-
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1) no captures ees.. absent
2) 1-3 captures eese. low density
3) 4-6 captures «eees medium density

4) 17-10 captures ..... high density

When the mapped distributions of Clethrionomys captures at
the three trappings are compared it is seen that whatever the
overall number of animals captured may have been, the major
centres of abundance were similarly placed on all three
occasions. 1In May 1963 the highest grade of density reached
was 'medium' on the above scale, but the areas of medium
density corresponded well in position with the areas of high
density in September 1962 and 1963. Similarly, the 'low!
density areas of May 1963 were incorporated in the medium
density areas of the two September samples.

From this admittedly very brief analysis it may be suggest-
ed that the results of this investigation tend to support the
views of Naumov (1936). Naumov suggested that when a popul-
ation is at its lowest density it occupies only the most
favourable habitats, but that as the density increases the
pressure of numbers forces the population into less favour-
able hebitats, until eventually a maximum .density is reached
when all possible habitats are occupied.

The numbers of Apodemus captured were much fewer than

those of Clethrionomys and hence the distribution of the
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Males Females
Day : -
Fec. NF J. P. I. Pro ILP PL J. | Esc. Total
1, 12 5 1 2 15 4 2 0 9 2 52
2. 15 12 1l 19 2 4 0 4 4 62
5 335 8 9 30 4 4 0 9 4 109
4. 22 10 9 3 31 7 12 0 5 5 104
5. 4 15 14 1 28 5 9 Y T 0 93
Total 96 S50 34 |15 123 22 31 O 34 15 420

Table 108. The total number of Clethrionomys captured in
Session I. September, 1963.

Males Females
Day .
Fece NF Je Pe I. Pr. IIP PL J. | Esc,. Total
17 13 3 10 l 15 4 T C 5 0 58
2. 12 9 11 1 18 8 15 0 12 1 87
3a 16 12 8 1 26 6 4 0 5 1 79
4, 29 15 6 2 22 6 13 4] [ 3 102
5e 18 10 T 4 26 T 13 0 3 5 93
Total B8 49 42 9 107 31 52 0 3 10 419

Table 109. The total number of Clethrionomys captured in
Session II. September, 1963.

Fece = Fecund NF = Non-Fecund

Je = Juvenile Pr. = Pregnant

I. = Imperforate P. = Perforate

ILP = Imperforate, PL = Perforate, Lactating

Lactating,Pregnant. fsc.= Escaped.
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Males Females
Day
Fec., NF J. P. I. Pr. ILP PL J. |Esc.|Total

l. 5 1 0 1 1l 0 0 0 1 0 9
2. 0 0 0 0 0 0 0 0 1l 2 3
3 6 0 0 3 1 4] 1 0 0 1 12
4. 8 2 0 0 1 0 1l o 0 5 17
S5e 10 0 2 0 1l 0 2 0 1 1l 17
Total | 29 3 2 4 4 0 4 0 3 9 58
Table 110. The total number of Apodemus captured in Session

I. September, 1963,

Males Females
Day
Fece NF J. | P. I. Pr. ILP PL J. |Esc.| Total

lf 5 1 0 1 0 0 1l 0 1 3 12
2, 9 1 1 0 0 1l 3 0 1 5 21
3 8 0 1l 1 0 0 0 0 1] 2 13
a, 10 0 1l 0 1 0 1l o 0 0 13
Se 6 1l 0 1 1 1l 2 0 1l 2 15
Total| 38 3 3 3 2 2 1 0 4 | 12 74
Table 1lll. The total number of Apodemus captured in Session

II. September, 1963,

Fec. = Fecund NF = Non-fecund

Je = Juvenile P. = Perforate

1. = Imperforate Pr. = Pregnant

ILP = Imperforate, PL = Perforate,

.. Lactating, Pregnant Lactating

Esc.

= Escaped:
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captures must be considered warily if viewed as being
representative of the distribution of the Apodemus population.
However, in September 1962 the majority of the Apodemus

captures were made in areas where Clethrionomys was less

well represented, and this general premise held with the two.
other surveys also. Whether this apparent distinction
between the distributions of the two species is real is not
clear, because it could possibly be partially due to the ex-
clusion from the traps of the nocturnal Apodemus by the prior

occupation of those traps by the diurnal Clethrionomys. This

would have been less likely to happen in September 1963 when

there were more traps available,

5. The possible influénce of cover density on the distribution

of rodents

From the distribution maps in Figs. 53-55 it may be seen

that the highest numbers of Clethrionomys captures were made

where the densest vegetation was found around the trapping-
sites, Conversely, the majority of the Apodemus captures
were made in areas where the cover was less dense. The relat-
ionship between the cover density of the vegetation and the

distribution of Clethrionomys and Apodemus ha&é been examined

more closely in Section C (pp. 137-17D.
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6. The captures of weasels (Mustela nivalis)

A complete list of all the weasels captured in Castle
Eden Dene from August 1962 to January 1965 is given in Table
112, It can be seen from this table that twice as many
weasels were captured in 1962 than in 1963 and 1964 added
together. The positions of the captures may be ascertained

by reference to Fig. 49 which has the grid references marked.
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Eden Dene from 1962-1965.
captures see Fig.

2 = dead.

Date of Sex Weight Type of Locality
Capture trap
3}/7/62 é - Longworth U5
3/9/62 é - " .15
3/9/62 é 118 gms. " P7
5/9/62 Q 55 gms. " U8
8/9/62 Q 40 gms. " S8
18/9/62 é 134 gms. Weasel BT
18/9/62 é 120 gms. " R1l
19/9/62 é 110 gms. " P11
19/9/62 8 123 gums. " N5
20/9Y62 é 118 gms. " 19
20/9Y62 é 109 gms. " N7
21/9/62 3 118 gums. " R11l

- 27/11/62 8 128 gus. " H5
28/11/62 8 100 gms. " P5
28/11/62 8 118 gms. " R9
29/11/62 8 130 gms. " F5
6/3/63 3% 112 gus. Longworth Grid B
20/3/63 3 102 gms. " Grid B
28/4/63 3 110 gus. " Grid B’
28/4/63 Q 52 gms. " Grid B
6/8/64 Q 50 gms. n Grid A
13/8/64 é 80 bms. " 6rid B
13/8/64 8 - f Grid A
18/8/64 8 100 gms. " Grid B
Table 112 . Records of captures of Mustela nivalis in Castle

For position of
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APPENDIX II. A SPECIES LIST OF FLEAS TAKEN FROM RODENTS AND

SHREWS IN CASTLE EDEN DENE

In June 1964 some work was carried out by Mr. P.J. Bolton

and the writer on the fleas of small rodents. Below is given

the species list of fleas obtained from rodents and shrews in

ten days trapping. The fleas were identified by Mr. P.J. Bolton.

1.
2.
3.
4.
5
6.
7.

Ctenophthalmus nobilis nobilis (Rothschild)

Ctenophthalmus nobilis vulgaris (Smit)

Malarseus penicilliger mustelae (Dale)

Doratopsylla dasycnema dasycnema (Rothsohild)
Palaeopsylla soricis soricis (Dale)
Peromyscopsylla sylvatica spectabilis (Rothschild)
Bystrichopsylla talpae talpae (Curtis)

Fleas 4 and 5 are shrew fleas; flea 7 is a mole flea.



