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ABSTRACT
The population dynamics, aggressive beﬁaviOur, population genetics
and plasma testosterone levels of two populations of bank voles,

Clethrionomys glareolus and the population dynamics and plasma testos-

terone levels of wood mice, Apodemus sylvaticus have been studied in

mixed woodland in Castle Eden Dene and Houghall Woods, County Durham,

Numbers of Clethrionomys, determined by live trapping, declined to

a minimum in late winter and in three cases out of four rose to a
maximum during the autumn, At Houghall, numbers of Apodemus were
apparently markedly influenced by migration across the woodland edge

but this was not so at Castle Eden, A distribution analysis confirmed

that restriction of Clethrionomys to areas of suitable cover may be a
proiimate density-linked factor for this species, The distribution
of Apodemus was relatively independent of covér,though dense areas
were avoided during the summer, Social interaction between male

Clethrionomys, studied by neutral cage encounters in the laboratory,

though infrequent, was always aggressive, The number of apgressive
acts per encounter was maximal during the spring, then declined to a
winter minimum, Overwintered adults were doﬁinant over individuals
which matured in the year of their birth, and were more aggressive,

An electrophoretically detectable esterase polymorphism of Clethrionomys

showed significant variation in allele frequencies at Houghall but not
at Castle Eden, At the former site the change took place during the
exceptionally dry summer of 1975 and may have been a localised temporary

response Lo environmental conditions, similar to thosce recorded for

some other species of rodents, A radioimmunocassay for testosterone
was developed for small samples of rodent plasma, In breeding males
of both species the mean level was about 5ng/ml. Levels in non-breeding

individuals were below the sensitivity of the assay of 0.65ng/ml, The
spring increase in testosterone level is coincident with an increase in

aggressi&eness, and it is suggested that a high level of testosterone

acts to initiate behaviours associated with breeding.
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CHAPTER 1

GENERAL INTRODUCTION

The concept of the regulation of population density by social
behaviour has been in existence for two decades (Wynne - Edwards 1959),
yet despite much experimental work,evidence for the behavioural regul-
ation of small mammal populations is sparse and mainly inferential,

Many populations of small rodents living at hiéh.latitude show
characteristic three to four year cycles of abundancéh(Krebs and Myers

1974) but this does not appear to be the case with either Clethrionomys

glareolus or Apodemus sylvaticus in north east England (Crawley 1965;

1970).  Ashby (1967) recorded rather poorly defined cycles in

Clethrionomys during the 1950's but in recent years this pattern seems
to have disappeared and been replaced by a rather va;iahle annual
cycle of abundance (Ashby unpubl.) typical of British:populatlons of
this species (Corbet and Scuthern 1977). Apodemus, by contrast, shows
much more regular annual cycles of abundance with relatively little
variation in peak numbers from year to year (Crawiey 1965, 1970;
Ashby 1967; Flowerdew 1978).

Two main regulatory mechanisms have been proposed for these
annually varying species, one intrinsic, the other éxtrinsic. It
has been suggested that during the winter survival of these gpecies
is related to the availability of suitable foods (Watts 1969 for

Apodemus ; Flowerdew and Gardner 1978 for Clethrioqomys) whilst during

the summer the rate of population increase is limited by the poor
survival of juveniles which is, to some extent, density dependent in
both species (Watts 1969; Flowerdew 1971), Juvenile mortality may
be the result of the antagonistic behaviour of adults during the
greater part of the breeding season (Sadleir 1965) but evidence for

this is limited in all species and almost non-existent for Clethrionomys.

There are a number of ways In which Sadleirs (11965) hypothesis

- 7 vun 1979
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might be tested on natural populations, Several authors (Smyth 1968;
Watts 1970; Myers and Krebs 1971) have attempted to improve juvenile
survival on an area by the selective removal of adults, Others have
examined social interactions in the wild (Christian 1971), or in the
laboratory (Sadleir 1965; Healey 1967; Krebs 1971). 1In-all cases
the degree of success has been limited (see Introduction to Chapter 3)
and further study is required.
Mice and voles are not distributed at random in a uniform envir-
r onment but show strong environmental preferences which may be_m;dified
by seasonal, social or other factors. Whilst the general hdbi?at
preferences of the two species have been studied, seasonal changes
in habitat utilisation and movements between different areaé are not
well documented. In particular, the genetic consequences of inhabi-
ting a patchy and variable environment, though the subject of.a large
body of theory (Weins 1976), have received little pructicul.uttcntlon.
This thesis presents the results of a project which has combined
ecological, behavioural, genetic and physiological techniques to
study the population biology of these two species of small rodent.

The project has primarily been concerned with Clethrionomys glareolus

but ecological data on Apodemus sylvaticus have been included for

comparative purposes, as there are numerous differences between the
ecology of the two species, Two areas of woodland in County Durham,
which differ in soil texture and vegetation were studied by live
trapping with particular emphasis on seasonal changesa.in the distrib-
ution of the two species, The two populations of Qo;es have been
examined for seasonal changes in the level of aggressive behaviour

as measured by laboratory behavioural tests, In addition the genetic
response of this species to seasonal and perennial changes in envir-
onmental conditions has been studied by following the frequency of

a genetic marker using starch-gel electrOphoresié. The practicality

-




of applying a sensitive steroid assay to the study of the hormonal
background to breeding has been investigated and measurements of "’
the breeding and non-breeding levels of plasma testosterone in

males of the two species are presented.

Some of the terms used in the demographic analysis require.
definition. As in all live-trapping studies,it is not usually
possible to distinguish between death and dispersal or birth and
immigration, Survival is therefore defined as residence in the -
trappabhapopulatioﬁ rather than vital survival and recruitment refers
to the addition to the marked population of a group of animals f}rst
captured in the same trapping session, Such a2 group may therefore
contain individuals of a diversity of ages. The term cohort refers
to a group of animals of a similar age and thus differs from the
recruitment at a trapping session as the latter generally contained
a number of older animals as well as individuals which had lLecome

independent since the previous trapping session.




CHAPTER 2

POPULATION ECOLOGY..

A, The Study Areas,

1. Castle Eden Dene

a) General

Castle Eden Dene (Figure 2,1), a local nature reserve situated
about 18km, east of Durham, is a long narrow locally precipitous valley
Irunning in an east-west direction and open to the sea at its eaéte;n
end, The Dene is about 4,.5km. long from the western end, where it
is bounded by the Al9 trunk road, to the sea, 1Lts width varies from
250-600m, A stream, which may disappear into the underlying-}ime-
stone in summer, runs down the centre,

The bedrock is boulder clay which has not been resorted by water,
This overlies magnesian limestone which can be seen where th; stream
has eroded through the boulder clay, Drainage is rather poor on the
clay, particularly at the western end where the trapping grid was
located, and there is a high level of ground water,

The vegetation is semi-natural woodland although thefe are some
open heath-like areas, possibly the result of tree fel%lpg during
the 1914-18 war, In some areas there are gmall conjfer or sycamore

plantations and there are a number of large beech trees (Fagus sylvatica)

which appear to have been planted about 150 years ago. Although oak

(Quercus petraeax Quercus pedunculata) is the expected dominant on

boulder clay, this is common only locally and is not regenerating well,
The most frequent dominants on the clay are -

a) Sycamore (Acer pseudoplatanus L.), which 1§”regenerating freely.

b) Elm (Ulmus glabra L.)

¢) Blrch (Betula pubescens Ehrl,)

and on the limestone

Ash (Fraxinus excelsior L.)
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The ground vegetation is dominated in most areas by either -

a) Rough grass (Deschampsia caespitosa, Arrhenatherum elatius

etc.)

b) Bracken (Pteridium aquilinum)

c) Bramble (Rubus fruticosus)

d) Dogs mercury (Mercurjalis perennis)

or e) Rose bay willowherb (Chamaenerium angustifolium)

b) The trapping grid.

Suitable sites for a trapping grid were limited by the precipitous
nature of much of the terrain and, on the flatter areas, by the prox-
imity of public footpaths or difficulty of access becéuse of the density
of the vegetation, The area chosen was on the north side of the Dene
overldpping the northern grid used by Crawley (1965; 1969) in his trapp-
ing study. The ground slopes to the south gently over most of the
grid but steeply in the north eastern corner, The area is predominantly
sycamore woodland bounded to the north by cultivated fields, to the
south by a steep deacending grassy slope, to the eagt partly by fields
and partly by a steep ascending grassy slope, and to the west by a
mature larch wood containing little ground vegetation, The grid was
laid out as a square situated mainly in sycamore wood but including
two small areas of Corsican pine (Pinus nigra) and several isolated
elms, The ground vegetation was composed mainly of dogs mercury,

wild garlic (Allium usinum), bramble and rough grasses, particularly

Deschampsia caespitosa, There was a marked seasonal variation in

both the composition and density of cover of the herb layer with an
annual sequence of changes, In late winter the cover was rather
sparse and was composed of areas of bramble and grasses together with

isolated tussoucks of dead bracken; in some areas fallen trees provided




cover and there was a certain amount of conifer needle and sycamore
leaf litter. In early spring the wild garlic grew rapidly and soon
provided moderately dense but shallow cover over much of the previously
bare ground. In May and June the garlic died back and was replaced
by dogs mercury, which provided cover of similar density, The dogs
mercury persisted until mid autumn (October - November) when it died
back leaving large areas bare once more, Elsewhere grass tussocks
and bramble provided cover throughout the year. Thus there were

j small areas of permanent cover supplemented by large areas of season-
ally available cover,. The seasonal variation had important consequences

for the small mammal populations,

2, Houghall Woods

a) General

Houghall Woods, (Figure 2,2) situated about 0.5km. from the Zoology
Department, are owned by the University, They are situated on sloping
ground to the west of the flood plain of the river'Wgar. The parent
rock is subglacial boulder clay with a substantial sandy fraction

owing to resorting by water, A proportion of the vegetation is nat-

ural with naturally regenerating oak (Quercus petraeq as the dominant
tree, At the southern end, however, nearly all -the oak has been
removed and its place taken by a mixture of naturally.regeneracing

and planted sycamore interspersed with trees of other apecies, notably

beech, elm and larch (lLarix decidua),

b) The trapping transects

Three trapping transects were already in existence at the start
of this project. These were laid out in 1954 (Ashby 1967) and are

still trapped twice a year to provide a long term monitoring of small
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mammal abundance, Rather than lay out a new grid it was decided
to use these transects for which a large amount of trapping data al-
ready exists,

When originally planned the three transects were designed to cover
the maximum possible range of habitats, Each transegf ran from the
top edge of the wood, where drainage is good and exposure relatively
great, towards the lower edge where éonditions are less well drained
but more sheltered, Each transect was in two parts with a gap of
about 30m. necessitated by the presence of public fo;tpaths. For the
first and third transects this gap was at the halfway point but for
the second it was two thirds of the way down, .

Since the laying out of these transects, there have been consid-
erable changes in the vegetation as a result of woodland management
policies and the maturation of trees planted since 1950, Details of

these changes are given in the sections dealing with each transect,

i) Transect 1

This transect slopes unevenly down towards the nérth-east; the
soil is generally a heavy loam although lighter and sandy in parts,
During the last century the area was the site of digging operations
for an extension to a mineral railway which was abandoned before com-
pletion, The area including the transect was planted in about 1950 with
a mixture of larch and sycamore, although few of thellarch have survived on
he upper half, The sycamore are now approaching maturity and the transect
is much more shaded and less exposed than formerly. The present ground
cover is mainly a rather thin turf of Holcus species which provides
poor cover, Locally bracken and bramble provide patches of denser
cover, The lower half of the transect slopes steeply into a small

gully, one of the trap lines running along the north-west side, the




10.

other along the bottom, On this half the vegetation is much more
dense, with bramble and bracken providing moderately dense cover over
much of the area, Further cover is provided by piles of old branches
interspersed with grasses whilst at the bottom of the gully there is

a considerable amount of leaf litter, The last trap position along

the side of the gully was situated outside a badger sett,

ii) Transect 2

The land slopes towards the south-east with the transect being
slightly oblique to the slope, The trees are mainly a wmixture of
planted and naturally regenerated sycamore but include a number of
beech and a few birch, The top third of the transect slopes steeply
and has little cover except beech leaf litter and occasional tuésocks
of grass and bracken, Further down, the slope moderates and the cover
becomes dense, consisting mainly of bramble with some bracken, The
lowest third of this transect, below the public footpath, provides
moderate cover consisting of patches of leaf litter, bramble, bracken

and bluebell (Endymion non-scriptus), There has been a considerable

increase in the amount of bramble in the central portion since thinn-
ing operations in 1958 as Ashby (1967) reported fairly poor cover
even in summer, This increase in cover will have produced a more

favourable habitat for Clethrionomys in compensation for the decrease

in cover on transect 1 since 1965.

iii) Transect 3

This transect shows greater variation in vegetation than the other
two, The ground slopes towards the south although at the upper and
Towar ends the alope I8 not sceep, The upper five Lrap posilLlons

are sltuated pactly (n a clump of young birch and partly amonyg matture

-
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oak trees, Ground cover consists mainly of grasses, some forming

a turf, others in tussocks,. Cover is moderate throughout the year,
The second quarter of the transect is steeply sloping, the trees being
mainly oak and the ground cover a thick continuous carpet of Vaccinum
myrtillus interspersed with oak leaf litter, There is little variation
in cover here between summer and winter, Below the footpath which
divides the transect, the nature of the woodland changes, The lower
half is situated in rather open mixed woodland consisting of a mixture
of sycamore, beech and birch, The ground cover on the third quarter
of the transect consists of grasses together with ém311 patches of
bramble and rather bare mossy areas, The lowest quarter, where there
is little slope contains grasses, mainly Holcus Spebieé.wich patches

of bluebells in spring. Grasses of this type appear to provide rather

poor cover for Clethrionomys,

3. Comparison of the two study areas,

There is a considerable difference between the vegetation of the
two study areas, Castle Eden Dene contains large areas of perennial
herbs which appear for only a limited period of the.year. Permanent
cover is restricted to a small part of the trapping grid, In Houghall
Woods the situation is reversed, Much of the area of the three tran-
sects contains cover which is present throughout the year, and only
small areas are covered by seasonal herbs, As the density of Cleth-
rionomys has been shown to be closely related to the density of ground
cover (Kikkawa 1964; Crawley 1965; Ashby 1967) it is clear that any
seasonal differences in the availability of cover could have important
consequences for the population dynamics of this species, A more de-
tajiled account of seasonal vegetation changes and their consequences

is given in section 2D.




12,

B. The Trapping Methods

1, Trap spacing.

In Castle Eden Dene the size and shape of the trapping area was
determined to a large extent by the nature of the terrain, The area
chosen was such that it could be covered by a square grid 90m. x 90m.
giving an internal grid area of 0.81 hectares,

The trap spacing used on such a grid is an important Qariable
as it may influence the estimate of population density. . Spacing must
be such that there is a high probability of animals encountering an
empty trap during their normal daily movements, This probability is
influenced both by the activity of the animals concerned and their
ability to recognise the trap at some distance, often termed the
'recognition distance', There afe &eua data on individual species
recognition distances but a figure of about 3m., has beén‘SUggeBCEd
for common North American species (Gentry, Golley and Smith 1971) and
a trap spacing of about one sixth of the average diameter of the home
range of the dominant species has been suggested by Smith, Gentry and
Golley (1969-70). Crawley (1965; 1969) obtained the.following estim-
ates of home range in Castle Eden Dene; the diameter has been calcul-

ated on the assumption that the home range is circular,

Species and sex Home Range (m?) Diaméter (m)
Clethrionomys o 1970 50
Clethrionomys 9 1354 . 42
Apodemus o7 2250 - 56
Apodemus @ 1817 43

Apodemus males have the largest home range with a mean diameter of 56m,

although that of Clethrionomys males is not much smaller, One sixth

of 56m. gives a suggested trap spacing of approximately 10m, This
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spacing, giving a total of 100 trapping points on the grid was there-
fore adopted, This is rather closer than the spacing of 15m. used

by many other investigators (Smith et al 1969-70) bué a close trap
spacing should sample a high proportion of the popglation even if only
one trap is used at each position,

In Houghall Woods the trapping positions marked out by Ashby (1967)
were used. Each transect consisted of two parallel lines of twenty
trapping positions 10 yards (9, 14m, ) apart, Except af the gap dividing
the transect into two parts (see page 9) adjacent trapping positions
within a line were 6.5 yards (5.94m,) apart, giving a total length of
58.5 yards (53.6m.) for each half transect, The minimum separation
between transects one and two was 80m, whilst transect three was about
400m, from transect two, Ashby (1967) has recorded'very limited
movement of animals from transect one to transect two, During the
present study only one animal was found to have merd in this fashion.

In the course of the study an attempt was made to estimate the
catchment area of each transect by using a similar trépping scheme
superimposed on the grid area at Castle Eden, The results of this
experiment, together with a survey of previous compariscns will be

presented in section C6.

2, Length of the trapping period

The length of the trapping period used in ceﬁSUSing is a compromise
between attempting to catch all the rodents present An the trapping
area and avoiding attracting non-residents onto the grid. The longer
the traps are left in position the greater the pos;ibility of non-
residents becoming aware of this extra source of food.

The total trapping time may be subdivided into a prebaiting period,

when the bajted traps are present but not set to catch, and & catching
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period when the traps are set and emptied at regular intervals, Pre-
baiting allows the animals time to find and investigate the traps and
increases the probability of capture on the first day the traps are
set, It also increases the probability that the data will fit a
regression model for population estimation, (HaQne'1949; Zippin 1956;
Tanaka and Kanamori 1969). Previous studies have shown, however,

that prebaiting does not eliminate bias due to thé unequal catchability
of marked and unmarked animals (Tanaka 1970; Grodzinski, Pucek and
Ryskowski 1966).

In Houghall Woods population parameters have been studied in de-
tail by Ashby (1967 and pers. comm.) who has concluded that transect
trapping has given a reliable index of small mammal abundance over
a period of 20 years, lle was also able to relate the number of ani-
mals caught on these transects to absolute density by laying out a
transect in'an area already being studied by grid .trapping. In view
of the evidence of reliability of these transects it was decided to
continue with this trapping scheme,

The trapping routine, shown in Table 2,1, consisted of two days
prebaiting followed by two days catching. In Castle Eden Dene the
same prebaiting period was used but the catching period was extended
to three days, This permitted the use of a greater variety of stat-

istical methods and increased the proportion of recabtures,

Day Castle Eden H0ugha11.
1 Lay traps, prebait Lay traps, prebait
2
3 Set to catch Set to catch
4 Empty, reset Empty, -reset
5 Empty, reset Empty, remove traps
6 Empty, remove traps o

TABLE 2.1 Trapping routine at the two study areas,
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C. Population Dynamics

1. Numbers caught

The total numbers of individuals captured at the two study areas

are shown in Tables2,2 and 2.3 for Clethrionomys and Apodemus respect-

ively, Results for individual trapping sessions are shown in Tables
2,4 and 2.5, The figures for Houghall Woods include all three tran-
sects, As the organisation of the trapping routine and total trapping
effort differed at the two sites the numbers are not directly comparable,

Clethrionomys individuals outnumbered Apodemus at -both study sites,

at Houghall by 1,37:1 and at Castle Eden by 1.10:1

2, Trap mortality,

The number of individuals found dead at both sites are included
in Tables 2.4 and 2,5, In this study trap mortality was calculated

as number of dead as this gives a more realistic indication of the
number of captures

probability of trap death than number of dead used by Crawley
number of individuals

(1965; 1970) in his study at Castle Eden,

The mean trap mortality of Clethrionomys was 13.37 at Houghall

and 5,6% at Castle Eden, The number of dead found at Houghall is
considerably elevated by the high mortality in Ocﬁobér 1273; when the
filming of a television programme delayed the trapping routine and the
weather was cold and wet, Given an allowance of 10 deaths for this

upset, the mean mortality is reduced to 10.47%, a figure which is

still significantly higher than that for Castle Eden (12 = 13.5, p< 0.001).
It is difficult to account for this discrepancy as the trapping tech-
nique was the same at both sites. One possibility is that there is

a difference in local weather conditions between the two sites, which

are about 12 wmijles aparc, During the course of the study the [mpression

was [ormed, that heavy frosts were more frequent in Houghall Woods,




17.

trapping sessions at Castle Eden,

a — only 50 traps on half the grid
b - 4 days catching.
¢ - only two days catching,

Date Captures Individuals Dead % of male’
J 9 scape]Total o Q Total o Q otal| individuals

a Aug.'74f 9| 6| O 15 7 5 12 of 1| 1 58

b Sept'74| 37| 40| 3 80 [ 17 18 35 [ 1| o] 1 48
oct.'74] 33[ 33| 1 |67 | 22 25 47 | 4| 2| 6 47
Jan.'75| 8| 15| o 23 6 11 17 | ol 3| 3 35
May'75 | 18| 18] o 36 | 12 10 22 | 1| o] 1 54 .
June'75| 19| 18| 4 41 | 13 13 26 | 1| 1] 2 50
July'75] 50| 29| 4 83 | 27 18 45 1] o 1 60

c Sept'75| 19| 9| 1 29 15 8 23 | of 1] 1 65
Nov'75 | 12| 12| 1 25 10 10 20| 1| 3] 4 50
Jan'76 | 4| s| o 9 4 5 9| ol ol o A
Mar'76 | 8| 9| o 17 7 9 16| 1] 3| 4 44

Totals 217|194 14 [425 {140 132 272 |10 |14 24 ._:;51.4

TABLE 2,4a The numbers of Clethrionomys caught at individuai.

trapping sessions at Castle Eden,
Date Captures Individuals Dead | % of male
J Q Escape] Tolal Ioid Q Total o Q Total -Ilndlviduuls

a Aug'74 71 7] o 14 5 5 10 0 50

b Sept'74| 28| 9| o 37 | 18 6 24 0 75
Oct'74 | 43| 33| 5 81 | 29 20 49 0 59
Jan'75 | 42] 31| o 73 | 23 17 40 | 3] 2] 5 ° 58
May'75 | 21| 12| o 33 | 11 19 0 58
June'75| 14| 8| o 22 7 11 ‘0 64
July'75{ 9| 13| o 22 8 17 0 47

c Sept'75| 10| 6] 1 17 9 5 14 0 64
Nov'75 | 12| 15| o 27 9 10 19 0 47
Jan'76 | 19| 13| 1 33 | 15 10 25 o 60
Mar'76 | 19| 8] 2 29 |13 6 19 0 68

Totals 2241155 9 |388 |1a7 100 247 | 3| 2| 5 59, 1

TABIE 2.4b  The numbers of Apodemus caught at individual
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Date Captures Individuals Dead % of male
o Q [Escape| Total o Q [Total o Q | Total individuals
a July'74| 22| 11 1 34 15f 8| 23 ojo] o 65
Sept'74|( 22| 19 1 42 191 16| 35 51 1] 6 54
Nov' 74 15| 12| © 27 121 9] 21 2 1| 3 57
March'75 8| 6| O 14 | 6| st 11| 2f2]4 54
May'75 | 21} 9 1 31 16| 8] 24 310 3 67
June'?75( 17( 11| O 28 154 11| 26 1 1 2 58
July'75| 23} 91 O 32 18| 9| 27 1 1] 2 67
Sept'75]| 11} 18 1 30 8| 14| 22 112 3 36
Oct'?75 | 16| 13| O 29 151 13} 28 5|91 54
b Nov'75 | 25| 17| O 42 21] 14| 35 1 12| 3 60
Feb'76 71 6] O 16 71 6 13 {3 | 1] 4 54
May' 76 10] 5} O 15 9] 5{ 14 |.1]0 64
Totals 197]163| 4 337 [161|118 | 279 | 25 |20 |45 57.7
TABLE 2,52  The numbers of Clethrionomys caught at individual
trapping sessions at Houghall,
Date Captures Individuals Dead 7% of male
F Q |Escape| Total g Q |[Total o Q Total individuals
a July'741 O} 2} o0 2 0 1 1 0
Sept'74| 38| 22| 2 62 33{ 19| 52 -} 2 0] 2 63
Nov'74 | 32| 18] 2 52 26| 13| 39 67
March'75 24| 5| O 29 18| 5} 23 78
May'75 3| O 7 2 5 60
June'75 2 0 0 2 2 0
July'75 of © 0 0 0 -
Sept'75) 14| 2 1 17 12| 2 14 86
Oct'75 | 30| 12| 4 46 251 10| 35 71
b Nov'75 | 15} 9 7 31 13] 8| 21 62
Feb' 76 71 11 O 8 1 7 86
May' 76 6 1| o 7 41 1 5 80
Totals 1701 771 16 263 140] 647 204 210 2 68.6
TABLE 2.5b  The numbers of Apodemus caught at individual

trapping sessions at Houghall

a - only transects 1 and 2 trapped

b - two traps at each point (N = 240), 3 days catching,
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It is possible that the high number of deaths at Houghall could
have been reduced by visiting the traps in the afternoon as well as
the morning. This was tried in September 1975 when 240 traps were

set, A total of 8 Clethrionomys or 19% of the total catch were cap-

tured in 3 afternoon trap rounds but the total mortality for the
trapping session was not significantly reduced.

Although Crawley (1965; 1970) found that most deaths occurred
during the winter months there was no marked seasonal differéhqe during
the present study. While there is a suggestion of slightly higher
mortality during the winter, the numbers are too low to aliﬁw a more
detailed analysis, Deaths during the winter may be attributed to the
cold while deaths dufing the summer are more likely to be,ddg to de-
hydration than starvation as there was always plenty of fosd present
in the traps. |

Trap mortality affected both marked and unmarked animals though
to slightly different extents, At Castle Eden 407 of the catch and
787% of the dead were unmarked while at Houghall 51% of Lhe:c;tch and
60% of the dead were unmarked, If anything these figﬁreg_suggest that
unmarked animals are subject to greater mortality but the difference
is not significant, This agrees with the findings of otﬁer workers
(Fullager and Jewell 1965; Crawley 1965) that there is no evidence for
a difference in the sensitivity of marked and unmarked individuals to
confinement,

Apodemus suffered very low trap mortality, all the deaths being
confined to one particular trapping session at each site, This agrees
with the findings of Ashby (1967),Crawley (1965) and o;ﬁers,that

Clethrionomys react much less favourably to confinement than Apodemus.

This may be attributed partly to the greater average tlme spent In

the traps by the former species,
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3. Trap-revealed sex-ratio.

The trap revealed sex-ratio of individuals captured over the whole

study period was, for Clethrionomys, 1.06 males to every female at

Castle Eden and 1.36:1 at Houghall. The excess of male Apodemus was.
somewhat greater, the ratios being 1,47:1 at Castle Eden and 2,19:1
at Houghall, Details of the sex-ratio at each trapping session are
included in Tables 2.4 and 2.5 and presented graphically in Figure 2.3,

The overall sex-ratio of Clethrionomys at Houghall shows a'signif-

icant excess of males (I?=6.62, p<0.01) although when each trappﬁﬁé
session is considered separately at no time does the sex-ratio,differ
significantly from unity, At Castle Eden there appears to be ‘a
seasonal pattern of variation in the sex-ratio with an excess 65 males
in late summer and an excess of females during the winter; 1qdeed if
the sex-ratios are compared between winter (October-March) and summer
(April-September) the difference is significant (x2=7.76, 0_01$p>0.005L
Any overall pattern in sex-ratios at Houghall is less clear b;t thare
is some suggestion of a greater excess of males during the éummer
months,

The results reported here are in general agreement wi;h those fouﬁd
by other workers, Ashby (1967) reported a ratio generafly'close to
unity but with periods when there was a marked excess of maies and
suggested that the observed variation was not random iﬁ'nature. Other
authors report an excess of males (Newson 1963, Crawley 1965, 1969,
Tanton 1965) but with no apparent pattern to the variation in ratio,
which altered substantially from season to season,

Apodemus males outnumbered females significantly at both study
sites (HoughallX 2=20, p<0.001; Castle Edenxz=8.9, p<0.01) though
the sex-ratio at Castle Eden was never significantly different from

unity when each trapping session is considered separately, At Houghall
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the small numbers of individuals caught during the summer meant that.
although the calculated sex-ratios always showed a great excess of fe-
males, these differences have no significance when considered separ-
ately, In March, September and October 1975, when reasonably large
numbers of animals were caught there was a significant excess of males
(p<0.02),

Previous investigators have reported a general preponderance of
males, although the sex-ratio may drop to equality in spring (Elton,
Ford, Baker and Gardner 1931; Miller 1958; Crawley 1965, 1970; Ashby
1967). In this study the number of males exceeded the number of
females at almost every trapping session although it reached equality
or favoured females during August 1974, July 1975 and November 1975
at Castle Eden when sample sizes were 10, 17 and 22 re9pectiy;1y.

Data combined from both sites indicates that during May -_August the
sex-ratio was.generally close to unity (38 : 32 ) though not signific-

antly different from the rest of the year (X2 = 3.18, 0.10>p> 0.05). -

4, Estimation of population size,

The estimation of population size is an important pre?equlsite
of any ecological study and many methods have been devisea. The
simplest method, direct enumeration, whether on a grid-or a transect
requires intensive trapping so that a very high proportion of the
animals present in the trapping area are captured. If this is possible
the technique requires no assumptions or statistical analysis, It
has been used with effect where the only information required is an
index of population density (Krebs, Keller and Tamarin-1969).

Indirect methods of estimating numbers and other parameters by

trapping are all based on the mark-recapture method first suggested
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by Peterson in 1889, All these methods rely on the dilution and
subsequent recapture of a marked sample of the population and require
a number of the following assumptions (Smith,,Gardner, Gentry, Kaufman
and O'Farrell 1975).
i) The animals do not lose their marks
ii) The captures are correctly recorded and identified
iii) Marking does not affect the probability of survival
iv) The population is defined as either open or closed so that
either —
a) There is no loss or gain of members during sampling
or b) There is recruitment and immigrationsbut death and emigration
affect marked and unmarked animals equally, For ﬁ§9t methods
mortality rates are assumed to be constant with age glthough
a recent model has modified this so that mdrtality r;tes
may be age-relafed (Manly and Parr 1968),
or ¢) Knowledge is available from other sources which permits an
allowance to be made for migration, birth and déath prior
to the apalysis of the data,
v) The population is randomly sampled so that eicher —.:
a) Every animal has the same probability of capture
or b) If there exist strata within the population which have
different probabilities of capture then the marked animals
are proportionally distributed within these strata,

The first three assumptions are common to all capture-recapture
methods and can be met by careful catching and marking procedures
although it is impossible to test directly whether marking affects
the probability of survival, Part (c) of the fourth assumption is
rarely applicable to studies of wild populations so a choice must
usually be made between eilther iv(a) or iv(b). Models are available

to fit either of these assumptions,
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If the study period is short there is little time for any change
in the population size and a simple capture-recapture model based on
assumption iv(a) may be used, If a longer study period is used then
the losses and gains of the population must be conside;ed'and a more
complex model making assumption iv(b) must be used.

The short discrete trapping periods of this study were spread
over a period of about 20 months so it is possible to dbﬁsider either
the results of a single trapping session lasting only‘a_few days, or
) the results of the whole study, In the former case the time between
release and recapture was short so that gains and losses may be ignored
whilst in the latter case a sequential method must be used which makes
use of the continuity of the study to provide informationm about gains
and losses in the population,

Assumption v, which is common to all capture-recapture methods
is impossible to verify either experimentally or by stééistical means
(Hanson 1967, Roff 1973a, b) unless the entire population can be
captured in some way. This assumption, which is a major weakness
of capture-recapture methods, is certainly violated, to some extent,
in all studies where the animals involved form an otgaﬁised social
structure or show individual variation in behaviour. D.Brown (pers

comm.) found that even with the freshwater crayfish (Austropotomobius

pallipes) some individuals were caught much more easily than others,
In an attempt to overcome these difficulties populhtion size was

estimated in & number of different ways at the two sites,

a) Calendar of captures (Petruzewicz and Andrze jewski 1962)

The calendar of captures is a semi-graphical direct method of
determining numbers, The data are laid out with one line for each
animal caught and a column for each trapping session. The sessions
at which a particular animal is captured are marked and the animal

is assumed to be present if a blank trapping session is followed by
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a mark, An example is given in Appendix 1 as the complete tables
are too large to include in full, This technique is similar to enum-
eration but uses the continuity of the study to include individuals
not caught but known to be present.

One drawback of the method is that if an animal is not seen for
a numer of trapping periods and is then recaptured a decision must
‘ be made as to whether the animal was always present in the area or
| left and then returned, The number of animals assumed to be presen£
H but not seen was generally low during this study and animals were
very rarely absent from the catch for more than 3 trapping sessions
so all animals known to be alive were assumed to be present in the
trapping area,

The number derived from a calendar of captures .is often referred
to as the 'number known to be alive' and sets a minimum limit on the M v¥

size of the population.

b) The Petersen estimator or Lincoln index

The Petersen estimator may be calculated from the results of a
single marking period followed by a single recapture period, The
population size is assumed to be constant between marking and recapturing
and assumptions i, ii, ii, iv(a) and v(a) apply.."The estimation of

population size, N, is given by

N _ mny S.E. of N _ (N-nl) (N-nz)
m n1n2(N-1)
where N = estimate of the parameter N, the population size,
n1= the number of marked animals released from the first sample
n,= the total number of animals in the second sample

3
]

the number of marked animals in the second sample
In this equation N overestimates N by 1/m so the modification

M (n2+1)

N = {(m+1)
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has been suggested by Bailey (1952) for small populations, As the
total number of animals captured never exceeded 52 this modified
formula was applied throughout,
The Peterson estimator was applied to individual trapping sessions
at Houghall Woods where a single marking session was followed by a single

opportunity for recapture,

c). The regression method or Hayne's trap-out,

This method devised by Hayne (1949) was originally applied to
removal methods of population estimation, * It is, however equally
applicable to capture-recapture studies as marked animals may be con-
sidered to have been removed from the population. If animals are
caught, marked and released on successive days it follows thﬁt;when
no new animals are caught the total population at risk on the étudy

(o 95’3-\-.‘.M -
area must have been captured. The aember of new animals should de-
crease linearly if all the animals are equally susceptible to EApture
and if no new animals enter the population, As the trappihg session
does not normally continue until all the animals captured are marked
the total number present is found from the regression of_éhe number
of unmarked animals caught on the cumulative total previously marked.
For this reason the catching period must be a minimum of three days,
approachiung,

A cocrelabioa coefficientkgi 1 would indicate that the population was
behaving in a random fashion and that the assumption of equal catch-
ability was being fulfilled, Except on four occasion;when an estim-
ate was not calculated,corvrelakicn coefficients were over 0,90 sugges-

ting that the population was behaving in an approximately random fashion,

The estimate of population size is the value of 'cumulative number

marked' when 'number of new animals' 18 zero, The standard error of
this estimat_e cian he colealated 1rom the i}'o(mu(a. c\-‘\devl\ \03 %e.hex(M‘f.'g)'
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The calculation was performed on a programmable calculator.
This method was applied to the trapping results at Castle Eden
where the three day trapping period provided sufficient points for the

regression line,

d) The 'constant proportion seen' method.

The small samples captured at several trapping sessions at goth
gites increased the stanéard errors of the methods already described
to the point at which the estimates were valueless, By making an extra
assumption it is possible to combine the data over the whole study period
and derive a new estimator,

If it is assumed that the probability of capture of aﬁ animal
present in the catchment area is constant throughout the stuay.then,
if the trapping effort is the same during each individual session, the
sequence of samples taken is analogous to taking a number of samples
from a population simultaneously, as the proportion of recaptures will
be constant, The mean proportion of the total population captured
can then be estimated.

At Houghall the results shown in Table 2,6a were obtained during
this study. By assuming that a constant proportion of the population
was seen at any one trapping session and dividing by the appropriate

factor (,713 for Clethrioromys, .575 for Apodemus) an estimate of the

total population may be derived, The proportion of Qdimals,particularly
Apodemus recaptured during this study was rather lower than that re-~
ported by Ashby (1967) for trapping between 1954 and 1965 and possible
reasons for this will be suggested in the Discussion,

It is possible to perform a partial check on the assumption of
equal catchability by examining the proportion of animals released

on day 1 that were captured on day 2; this should be constant, A

test of equality of proportions gives x2=9.17 with 10 degrees of free-
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Day 1 Day 2
Species Previousl
viously
Captured|Dead|Escaped | Captured marked Dead| Escaped
Clethrionomys 167 35 8 113 44 10 0
Apodemus 120 0] 8 138 41 2 6
Clethrionomys Apodemus
Released on day 1 129 112
Estimate of 'total
population'(Petersen 331432 377441
method)
Proportion of total 16 74+(113-44) 120+(138-41)
population seen 331 = 0.713 377 = 0,575

TABLE 2.6a Estimation of the proportion of the total population

seen at Houghall

Day 1 Day 2 Day 3
L

Captured | Unmarked | C.T.P.M | Unmarked | C,T.P.M.
Clethrionomys 130 72 120 48 187
Apodemus 120 76 114 33 195

* = Cumulative total previously marked
Clethrionomys Apodemus

Regression egstimate
of 'total population'

Proportion of
total population seen

301 + 13 (r=0.999)

187 + 48

301 _ 5 758

279 + 23 (r =0.993)

195 + 33
279 _ 9.817

TABLE 2.6b

Estimation of the proportion of the total population

seen at Castle Eden.
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dom for Clethrionomys and X2=5,36 with 7 degrees of freedom for Apodemus

showing that the observed variation in the proportion of recaptures

is not greater than would be expected by chance (p>0.3 for both species),
The same reasoning may be applied to the trapping results at Castle

Eden (Table 2,6b) except that here the regression method may be Qsed

to calculate the 'total population', The assumption of equal éatch—

ability may be tested as before by examining the proportion of re-

captures at any particular trapping session, This is most simply
done by considering the proportion individuals for each period. For
captures

Clethrionomys a test of equality of proportions indicated hetefogeneity

(1?=25.4, d. f=11, p¢0.01) but when the small samples of January and
March 1976 were omitted the proportion of recaptures was homogenous
($?=13.7, d.£.=9, p>0,20), For Apodemus the test indicated homogeneity

in the proportion of recaptures cx2=11.9, d.f.=11, p»0.30).

e) Jolly's method (Jolly 1965)

This method differs from prece ding ones as the populafion is
assumed to be open, thus requiring assumptions i, ii, iii, iv(b) and
v. It is not necessary to assume that recruitment or survival are
constant throughout the period of sampling, The model is termed
'stochastic' as changes are by chance rather than exactly determined
thus leading to a more realistic model as it allows fof the variability
inherent in biological processes, For example a death rate of 50%
means that the probability of an individual dying is 0.5 but it is not‘
necessarily true that 507 of the population dies,

As with other methods the model relies on the proportion of marked
animals in a sample being the same as the proportion in the population.
The total numbers of marked animals in the population at a particular

time is the number of marked animals captured at that time together
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with those marked animals alive but not captured. This latter quan-
tity is determined by considering the capture of marked animals at
later dates,

The mathematical derivation of the model is extremely complic-
ated but the formulae arrived at can be seen to be intuitively logical
and can be explained in fairly simple terms (Parr, Gaskell and George
1968).

The notation is that of Jolly (1965), estimates of parameters

being indicated with a circumflex e,g. N

T
Let
N, = The population size at the time of the Ith sample
Mi = The number of marked animals in the population at time i,
mo = The number of marked animals in the ith sample
s, = The numbe; of animals released for the ith sample, so (ni_si)
is the (loss on capture). |
Ri = The number of animals in Si that are subsequently recaptured,
Zi = The number of animals marked before the ith sampie which
are not caught in the ith sample but are caught sulsequently,
This is the number 'known to Le alive' at time i.
°§ = The proportion of marked animals in the population at time
i, this is My .
Ly L
Qi = The probability of an animal released at i surviving till
time i + 1.
Bi = The number of animals joining the population after i and
surviving till i+l, This is the 'recruitment rate',

On the ith trapping occasion Si animals are released of which Ri
are subsequently recaptured. Present but not caught are (Mi-mi) of
which Zi are eventually recaptured, As the chances uf recapture are
the same for boLh groups R, and 7 the proportions recaptured may be
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equated,

=

]

3 =
|2

Mi can be estimated

A
M, = m, + 2.5,
i i’i

i
R,
i

As we are assuming that -

’~
X, = M, and N, = M,
i 1 i _i
n, o,
i i
then’
A
N, = n, +n,Z2.8S,
i i i7ii
m, R,
i i

The standard error of this estimate is given by

A A .
V//ﬁ. (N, - n,) {M. -m, + 8, ( 1~ 1 ) + 1 -,
1 1 1 1 1 1 — ) 1

M, R. S,
1 1 1

The estimate of survival is given by

N
¢1 + Mi+1
M, -m, +8,
i i i

and of the number joining the population after i.-and surviving to time
i+1

3, = N N s.)

By = Nyyp - 0 (Ny-my +5
The model does not give an estimate of Ni or Bi for the first occasion
of sampling or estimates of i and B for the last two sampling occasions,

The data for the complete study period at Houghall and Castle Eden

were set out as detailed by Jolly (1965). A computer was used to per-

form the calculation according to a programme given by Davies (1971).

The layout of the data and the results obtained are shown in Appendix 2,
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Jolly's method may also be applied to a triple-catch.trapping
regime such as that employed at Castle Eden Dene, when a population
estimate can be obtained only for the second day, In.thiSZSpecial
case the estimate is given by

N2 = n, + n, 52 Z2

My T2
with its associated standard error

~ N t
J/NZ(NZ - n2) M2 - m, + 82 (%_ _ é_ + 1 - d2
M 2 2 m

i 2

This formula was applied to individual trapping sessions at Castle

Eden Dene,.

5. Results of the population estimates

The results of the application of the methods described are shown

in Table 2,7 for Clethrionomys and Apodemus in Castle Eden Dene and

Table 2,8 for Clethrionomys and Apodemus in Houghall Woods, The

results are discussed in the following sections,

a) Calendar of Captures

There is in general little difference between the number captured
and the number known to be alive for both species at both trap sites,

the biggest discrepancy occurring for Clethrionomys at Houghall in

October 1975 when the trapping and marking routine was upset by the

presence of a film unit,

The small number of animals known to be alive but not captured
suggests that the trapping schemes employed are sampling a high prop-

ortion of the marked animals present in the trapping area at both sites.

b). The Petersen Estimator

The calculation of the Petersen estimate for both Clethrionomys

and Apodemus give results which are generally considerably higher than
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calendar of captures method. As expected,standard errors are high

because of the relatively small numbers of animals involved.
Although the estimates are high they may not be unrealistic,

Ashby (1967) considered that a half transect had a mean catchment

area of about 0,45 hectares for Clethrionomys and about 0.49ha. for .

Apodemus giving a total catchment area for the three transects of
2,70 and 2,94 hectares respectively The maximum population est-

imates during the present study were 80 Clethrionomys, giving a den-

sity of 30 per hectare and 98 Apodemus giving a density of 33 per
hectare, Both these densities are within the range reported by other

workers (French, Stoddart,and Bobek 1975).

c) The regression method.

Population estimates were only calculated by this method for
trapping sessions in which the correlation coefficient was gréater
than 0,90. This flgure provided a convenient division as correlation
coefficients tended to be either greater than 0,90 or less tﬁan 0. 50,
The correlation coefficient gives an indication of the apblicability
of the assumption of equal catchability, high coefficied;a indicating
that the population is fulfilling this assumption, A 16w correlation
coefficient indicates that the proportion of unmarked anipals is not
decreasing in a linear manner and hence that the population is violating
one or more of the assumptions made, In this case no capture-recaptnure

method will give a satisfactory solution,

d) The 'constant proportion seen' method

The main advantage of this method is that an estimate of population
size may be made for every trapping session, however low the number

of animals caught, The method may be regarded as exchanging errors
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due to the random variation inherent in small numbers of recaptures
for the error in assuming that catchability does not change throughout
the study period. Because of the finite number of traps used there
is an inherent bias in the method so that high populations may be
underestimated because of competition for traps, It seems likely
however that the error introduced by this bias is small compared with
the errors inherent in the assumptions made. Ashby (1967) répérced
that the results obtained when two traps were used at each trapbing
position indicated that competition for traps was of little importance

at Houghall,

e) Jolly's method

This method has been applied both over the whole study period at

Castle Eden and Houghall and as a triple~catch method at Castle Eden,

i) Sequential estimates

If it is assumed that the population meets assumption v, the
accuracy of this method is, in common with other models, determined
by the proportion of recaptures in a sample, a high proéqrtion of re-
captures leading to small standard errors and vice versa, Manly (1971)
suggested two theoretical reasons why this method could give inaccurate
results, Firstly, in computing the estimators Jolly (1965) assumed
that samples were large and ignored mathematical terms which were in-
significant on the basis of that assumption. With small samples such
terms might be significant, Secondly, some of the terms in the form-
ulae are themselves estimates and hence subject to eamﬁling variation,
The same dataare used to estimate both population size and its variance
so these will be correlated. Because of this, population underestimates
appear more accurate and overestimates less accuraFé than they really

are, By far the greatest cause of error in the present study is, how-
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ever, that due to random variation in the small samples used. This,
together with the low proportion of recaptures, leads to large standard
errors of the estimates,

Because of the greater trapping effort at Castle Eden, with the

resultant higher number of recaptures, the estimates for Clethrionomys

have much lower standard errors than those obtained at Houghall, The
only exception to this is in January 1976 when the small sample size
and unusually large number of animals present but not captured gave
rise to an estimate with a very large standard error.

The lower numbers of Apodemus recaptured at both sites resulted
in high standard errors for the population egtimates for thls species
and a number of estimates which are clearly too high.

ii) As a triple-catch method

The Jolly estimator is designed to take account of changes in
population size from one sampling occasion to the next and,if used
as a triple-catch method, is therefore sensitive to random fluctuations
in the number of animals trapped on consecutive days, By employing
a capture-recapture method which assumes that population size is con-
stant this source of error can be removed. Jolly's model therefore
requires unneccessary assumptions when used as a triple-catch method.

As with the sequential estimates the small number of recaptures

resulted in estimates which often have very large standard errors,
f.) Conclusions,

The major problem with studies of the size reported here is the
small size of many of the samples, This will continue to be a pro-
blem with small mammal population studies undertaken with limited
resources and i8 not easily solved by statistical manipulation of
the results (Roff 1973a, b). Capture-recapture methods must all

rely on the use of large samples and a high proportion of recaptures
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to diminish the effects of random variation and thus reduce the
standard error,

0f the methods applied to individual trapping sessions neither
the Petersen estimator, the regression method nor the Jolly triple-
catch gave realistic estimates at every trapping session. The 'con-
stant proportion seen' method allows the-caléulation of an estimate
however small the sample size and is insensitive to variation in the
number of recaptures in an individual trapping session, Because
the anber of animals captured is always increased by a fixed pro-
portion the estimates obtained are never very much greater than the
minimum number known to be alive, The main weakness of the method
lies in the assumption that the probability'of ;atching an animal is
constant from season to season despite well-documented changes in
range, size and activity (Brown 1966; Randolph‘i§77). The effect of
these changes can, however, be minimised by using a close trap spacing
such as those employed during this study.

If the number of individuals surviving from-one trapping session
to the next is fairly high the Jolly sequential estimator gives real-

istic results, as shown by Clethrionomys at Castle Eden, However

inadequate numbers of recaptures lead to estimates with such large
confidence limits as to be valueless,

Despite the limitations of all the methods applied here, there
is often good agreement between them and by considering them all it
is possible to suggest a best estimate of population size at any
particular time. A similar technique was used by Keith and Windberg
(1978) for estimating the numbers of snowshoe hares in Alaska. A
subjective assessment of the reliability of this estimate can then be
obtained by observing the measure of agrecment betgeen the different
methods of estimation. For this to be succeasful_it is important to

perform several calculations which use the trapping data in as many
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different ways as possible. The calendar of captures method gives
2 minimum figure for the population size so any estimates below this
must be rejected, as are any very high estimates. 'The mean of the
remaining estimates may then be taken as an estimate of population
size, The results of this subjective assessment are included in

Tables 2,7and 2.8,

6. Estimation of absolute density

The estimate of the demsity (D) of rodents present in the trapping

area (A) is given by

> (=z)

The problem therefore is to estimate the catchment ‘area (A) of the
line or grid of traps, This will consist of the actual area within
the trapping line or grid together with a border ;oneffrom which
animals are¢ attracted towards the traps, In the case of a transcct
of two parallel lines of traps, each linc may be considered as an
edge of a grid.

Methods for estimating the width of the border zone fall into

two categories

1) Data from the current or previous studies are used to est-
imate the home range of the species being.t;apped. The
width of the border zone is then considered to be the aver-
age home range radius (Stickel 1954; Pelikan 1967; Smith et al
1975).

2) The distribution of captures from outer to“inner trapping
points 18 examined, The edge effect produces an increase
in the probablility of capture at the outer traps compared
with the inner ones (Hansson 1969; Smith, Gentry and Golley

1969, 1970). This method cannot be used on a trapping
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transect,where there are no inner traps,
The application of these two methods to the trapping results is

described below,

a) The home range method
By using the estimates of home range size given by Crawley (1965,
1969 and see p.12 ) and assuming that the home range is circular, an

average home range radius may be calculated of 23m. for Clethrionomys

and 26m, for Apodemus. If the width of the border zone of the trapp-
ing grid at Castle Eden is equal to the home range radius this gives

a catchment area of 1,85 hectares for Clethrionomys and 2,02 hectares

for Apodemus. At Houghall, Askby (1967) found that by assumiﬁg.éhe
catchment area of his transects to extend 23m, from the lines of traps
he obtained good agreement between densities found on Crawle&’g'(1965,
1970) grid and the density found by using a half-transect in Castle
Eden Dene, By assuming the figures of 23 and 26m, given Abové, the
total catchment area of the three transects in Houghall Woods is 2, 79ha,

for Clethrionomys and 3.24 hectares for Apodemus.

During the present study a comparison was made between .densities
estimated by the two trapping methods by setting up a transect running
across the grid in Castle Eden Dene during September 1975. The total

number of different individuals was 9 Clethrionomys (including 1 escape)

and 12 Apodemus (including 1 escape). By using the figure derived in
l" -J' .

Tableduithat 7 .A% of Cleéhrionomys and 57.5% of Apodemus were seen

and by assuming that the catchment area of a transect'wés-0.93 ha, and
1.08 ha, for the two species respectively, the densities calculated

are 13 per hectare for Clethrionomys and 18 per hectare for Apodemus.

Trapping on the entire grid a few days previously yielded best est-

imates of 33 Clethrionomys and 17 Apodemus although the figure for

Apodemus is unreliable as the results of the population estimates suggest

that at that time the population was not fulfllling the assumption of
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equal catchability, These figures yield density estimates'of 17 per

hectare for Clethrionomys and 8 per hectare for Apodemus, There is

therefore reasonable agreement between the densities of Clethrionomys

calculated from the two trapping methods whilst the poor agreement be-
tween the estimates for Apodemus may be attributed to the violation

of the assumption of equal catchability by that species at that time,

b) The distribution of captures method (Castle Eden .only),

Assuming that the distribution of rodents on and around the grid
is random, that animals have a circular home range and that the area
of influence of each trap is circular then, because thg outermost traps
have a larger catchment area, as the grid is approached -the probability
of a given trap capturing a rodent will be maximal aﬁfthe outer row
and decrease to a constant probability some distance inside the grid
(Smith, Gentry and Golley 1969-70). According to this 5ypothesis the
boundary areas inside and outside the grid should be equal in width
and equal to the home range of the species under consideration. As
the width of the boundary inside can be determined b§lthc distance
required to reach constant probability of capture itfis.possible to
estimate the catchment area of the grid.

Data were combined for the whole study period to détermine the
mean number of catches per trap in each trap belt for éach species,
The results of this analysis are presented graphically in Figure 2.4,

For Clethrionomys the mean number of captures, which is the same as

the probability of capture, decreased significantly (t = 2,32 p<0.03)
from belt A to belt B and then remained approximately constant as other
belts were passed, The boundary strip inside, and hence outside, the
grid can therclore he eatlmated, accordling to the thury, as 10m, ,

giving a total catchment area [or the grid of 1.20ha,
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FIGURE 2.4 Estimation of the catchment area by the distribution

of captures method. Vertical bars are * 1 s.e.
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The figure estimated for the width of the boundary strip by this
ﬁethod is less than half the radius of the home range as determined
by Crawley (1965, 1969). The significant difference between the
numbers caught in the first and second trap belts suggests that indiv-
iduals whose home ranges are largely outside the grid are failing to
penetrate beyond the first row of traps. If this is the case then
the method is not strictly applicable as it relies on the fact that
the probability of capturing an animal entering the grid declines
linearly’rather than all intruders being stopped by the first row of
traps encountered, It would appear that the trap spacing used will
have a considerable effect on the results of this method. A close
trap spacing will capture inward-moving individuals at the edge of the
grid and suggest a bound;ry strip equal in width to the 3p§ciﬁg-between
ibacent traps whilst a wider spacing will allow animals to;penetrate
further into the grid before encountering a trap and thus suggest a
wider boundary strip.

If the 10m. boundary strip is applied to the density estimates

at Castle Eden in September 1975 the density of Clethrionoﬁys calcul~

ated on the grid is 28 per hectare and on the transect across the grid
(with a catchment area of 0.39ha,) 31 per hectare, showing that there
is still good agreement between the estimates although these are much
increased. '

The results for Apodemus are less clear, There is n§ linear
decline in the mean number of individuals caught in each trap belt so
it is impossible to define the point at which the influence of animals
living on the edges of the grid has ceased, A possible reason for
the failure of the method in this instance is that the grid was not
large enough to contain a central area of equal probability of capture,

The results of both the methods described are shown in Table 2.9,

For Clethrionomys the use of the 10m, boundary strip gives density




TABLE 2.9b

4a.

Clethrionomys Apodemus
Assuming boundary Assuming. .boundary
strip of strip of
10m 23m 26m -
Aug' 74 13 8 6
Sept'74 33 20 13
Oct' 74 46 29 28
Jan'75 17 11 21
May' 75 22 14 10
June'75 29 18 7
July'75 37 24 10-
Sept'75 27 17 8
Nov' 75 22 14 11
Jan' 76 12 7 14
Mar'76 17 10 11 .
TABLE 2.9a Estimates of population denéigl at
Castle Eden, Individuals/hectare
Clethrionomys Apodemus
Assuming boundary |Assuming boundary
strip of strip .of
10m ) 23m ?6@
July' 74 27 11 .0
Sept' 74 50 21 29
Nov' 74 25 10 20
Mar'?75 15 6 11
May' 75 29 12 2
June' 75 31 13 1
July'75 35 15 0
Sept'75 26 11 7
Oct'75 34 14 18
Nov' 75 43 18 11
Feb'76 15 3
May' 76 20 2

Estimates of population density at Houghall,

Individuals/hectare,
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estimates over twice as large as with a 23m, strip so it is difficult
to reconcile the two methods. The distribution of captures method,
whilst showing a significantly higher number of captures at the edge

of the grid than at the centre is apparently sensitive to the trap

s pacing and because of the close trap spacing employea:mAy not be app-
licable in the present instance,. The figure of 23m. for the radius

of the home range is however agreed on by a number of authors including
Southern (1964), Crawley (1965, 1969), and Ashby (1967)and may there-

fore yield a more realistic estimate of the actual Erapping area,

7. Changes in population size in the two study areas.

a) Clethrionomys

The best estimate of population size is presented graphically in
Figure 2, 5afor Castle Eden Dene and Figure 2,5b for Hogghall Woods,

At both sites minimum numbers occurred during the first three
months of the year with slightly higher numbers being:captured in May
although this was too early for the first litters:to.have appeared
(see Discussion), In 3 cases out of 4 highest numbers were observed
during the autumn, but at Castle Eden in 1975 the population reached
a maximum in June and then declined, with poor recruitment of young
animals observed in the September, and to a lesser extent the November,
trappings. This decline may be at least partially'alconsequence of
the early die back of the dogs mercury in the trapping area in that
year. Although there was no such decline from an early maximum in
Houghall Woods in 1975, the maximum population observed was rather
lower than that of the previous year, There was a fall in numbers
trapped in September followed by substantial recruitment in October
and November giving @ maximum during the latter ménth. A similar

decline, attributable to poor recruitment . ond increased mort-
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FIG 25 BEST ESTIMATE OF POPULATION SIZE
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FIG 26 'BEST ESTIMATE' OF POPULATION SiZE
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ality, has been recorded by Flowerdew (pers.comm,) trapping in a

fenland habitat,

b) Apodemus,

Best estimates of population size are presented gréphically in
Figure 26afor Castle Eden Dene and Figure 2.6b for Houghalli. Woods.
Numbers generally showed the expected pattern of a maximum in autumn,
a decline in spring to low numbers during the summer and a sharp in-
crease during the autumn (Watts 1966, 1969),

At Houghall the trap revcaled population size deéi[ncd almost Lo
zero during both summers of the study, a phenomenon aiso_reported by
other workers (Newson 1960; Tanton 1965; Crawley 1965,'1969; Smyth 1968} -
see Discussion p. 104, |

At Castle Eden the annual fluctuations in numbers; unlike those
reported by Crawley (1965, 1969), were less extreme wi;h.only a four-
fold difference between the maximum and minimum popuI;tions observed,
Numbers showed a typical winter and spring decline, but:a substantial

number of individuals were present throcughout the summer; In 1975

the autumn increase was small resulting in a population peak approx-
imately half the size of that the previous autumn, The breeding
performance of Apodemus was also poor in Houghall Woods during that

summer and autumn,

At both sites 1974 was a more successful year than 1975 for both
species, The difference between years was greater for Apodemus than

Clethrionomys and was more apparent in Castle Eden - than Houghall

Woods. The relatively lower breeding success of both species in 1975 suggesats
that some external ftactor common to both populations was responsible,

one possibility being the unusually dry summer of 1975, In support
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of this suggestion is the finding of Ashby (pers, corm,) that the

proportion of water in stomach contents was markedly below normal in

Clethrionomys in 1975, but normal in Apodemus which tends to eat drier

food.

8. Age structure, Weights and lengthsg,

a) Clethrionomys,

i) Weight,

Although it is known that the pattern of growth of Clethrionomys

is highly variable (Ashby 1967), weight is easily measured and provides
useful information about both the general age structure of the popul-
ation and the growth of individuals,

The weight distributions for males gnd females combined are shown
in Figures 2,7 and 2.8 for Castle Eden Dene and Houghall Woods respect-
ively, Both populations showed a weight distribution similar to that
recorded by dther workers (Ashby 1967; Flowerdew 1977). Mean weight
was at a minimum during the winter (December—Februaryﬂ, when there was
little variation betwee; nembers of the p0pulationf' In April and May
these overwintered indivi&uals, the majority of which were subadults,
increased in weight. Thé;e was considerable var{atio; in the amount
of weight gained but no evidence for any differential growth between
the sexes, The pattgfﬁ'of winter and gpring growth is illustrated
in Figure 2,9 where . the ﬁean weight of ail males which were subadults
during the autumn has beed plotted, fhis pattern of growth may be
contrasted with that of Agodemus (see Di;cussion p. 92).

The population maintained a high mean weight during May, June and
July, the ;ontinuing gréwth of older animals balancing the recruitment
of juveniles during j#né and .July. 1t was during these months that

the heavicest jndlvidﬁdlé were Lound, During June it was possible Lo
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distinguish juveniles from adults by their weight being less than l4g,.
By July this was no longer possible as there was some overlap between

the largest young, which grow rapidly at this time of year (Ashby 1967;

Vincent 1974 for Arvic&la terrestis) and ‘the smallest adults, At this
time the growth of juveni}eg is highly vatiabye and provides a poor
indicator of age (Ashby 1967).

After Jul& thé cgnﬁn;ing disappearaﬁ;e éf the previous season's
large adults and the incﬁgasing proportion of young of the year, which
never grew as heavy as ové;wintered adults, led to A decrease in-Both
the mean and maximum weiéht of individuals captured. During the summer
the variance of the weighf distribution was high reflecting the diverse
age structure and variable growth rate at that time,

The growth of autumn recruits appeared to be much slower than that
of recruits earlier in the season. Over the winter none of tﬂe autumn
recruits gained weight and many older individuals lost welght (sce
Figures 2.7 and 2.8) so that the mean individual weight declined slightly
to a minimum in February or March, At this time the majority of ani-
mals weighed between 11 and l4g , though the lightest ones may have

beén in poor condition (Ashby pers,comm, ).

ii) Length,
As noted by Jewell and Fullager (1966) the measurement of length
is likely to be influenced by both the technique and éxperience of the

researcher, The lengths recorded for Clethrionomys during the present

study provide an example of this.

At Houghall the measurements in May and November of each year
were taken by K.R.Ashby as part of a long term study (Ashby 1967 and
pers.comm) while all others were taken by myself. The resulting length

distribution (Figure 2,10) shows clear peaks above the general trend
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at all times when Ashby was responsible for the measurements and thus
presents rather a confused picture,

At Castle Eden all measurements (Figure 2.11) were taken by my-
self, resulting in much smoother changes in the mean between trapping
sessions, There appears however to be a considerable difference be-
tween the lengths of the animals during the two winters; indeed a t-
test shows both the September and January means for the two years to
be significantly different at the 1% level, Such large differences
have not been reported by other workers, It seems unlikely that a
mean difference of more than 10mm. could be th; result of demographic
changes, particularly as the mean weights for the two winters were
very similar, The apparent increase in length can therefore -be
attributed to a change in the measurement technique, preSuﬁably as
the result of increasing experience, The same effect can be observed
in the results from Houghall Woods but is masked by the variation res-
ulting from the different techniques of Ashby and myself,

It must be concluded that, although length may provide a better
indication of age and growth than weight, its sensitivity to the tech;
nique of the researcher makes it unsuitable for projectp involving
more than one person or for short term studies where the résearcher

starts with no previous experience of the technique.

b) Apodemus
i) Weight
Although the weight distributions of Apodemus (Figures 2,12 and

2.13) were generally similar to those of Clethrionomgp,there was one

important difference, It appears,that, as reported by Ashby (1967),
Apodemus cdntinues to grow during the winter as the mean weight in late

winter was higher than the mean weight the previous autumn, The
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Weight
(9)

8 ] L ] e j ] 1 A A J
S O N D J F M A M J UJ
Houghall Wood
4 oughafl Y¥oods ]_ Mean weight r=0.96 p<0.00I
O Castle Eden Dene

v Houghall Woods . .
i ]_ Minimum weight
o Castle Eden Dene

FIGURE 2.14 Winter and spring growth (weight increase) of Anodemus.
Upper line shows mean male weight, lower line shows
minimum male weight, Late summer recruits only.

Figures show year of observation.
Growth rate = 1.125g./30 days
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rate of weight increase appears to be linear from September till June,
By plotting the mean individual weight, excluding any overwintered
adults, against time for the two seasons (Figure 2,14) it was possible
to estimate the growth rate over this season as approximately 1,3g per
month,

The maximum mean weight occurred early in the summer, after
which it declined as large,old animals died and juveniles were re-
cruited, At Houghall few animals were caught during the summer but
the difference in mean weight between May and September 1975, about
3.5g,, was very similar to that at Castle Eden over the same period,

The first juveniles were captured in July at Castle Eden, when
they could be distinguished by this low body weight, At';hi; time
the smallest adult weighed 19.5g , which is large for the minimum
adult weight (Ashby 1967)., Later recruits were of a diversity of
body weights suggesting a wider range of ages, In September 1975
all adults known to have overwintered at Castle Eden Dené welghed
24g or more but there was no clear distinction between these and the
largest young of the year, By November only one ovepwintered animal,
a very large male survived, If all the remaining aniﬁalé'alive in
November are assumed to be young of the year then a liﬁe.huggeating
the most likely division between year classes may be drawn on Figure
2.12.

If the criterion of a weight greater than 24g in September is
used to divide year classes in Houghall Woods it is apparent that the
large influx of September 1974 contained both overwintered adults and
young of the year, There was a diverse weight distribution at this
time and the use of probability paper showed a disjunction between
22 and 24 g supporting the contention that individuals above and below
this weight belonged to different year classes, By November the

majority of the older, heavier individuals had disappeared and there
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was further recruitment of lighter animals leading to a drop in mean
weight,

In the autumn of 1975 the situation was rather different, The
influx was not nearly so large and appeared to consist only of animals
born that summer, the only old adult being one that was present in the
woods in June, The mean weight was simjilar to that in September 1974
but its variance was lower indicating that the age structure waé much
more restricted, The September influx was supplemented in October
by the recruitment of more light, young individuals resulting in a

sharp drop in mean weight,

9, Breeding

a) Classification of breeding status,

Adult animals were classified into breeding or non-breedihg
condition by the presence or absence of scrotal testes in .the male
and by the appearance of the vagina, pregnancy or lactation in the
female, During the months of June to September ény individual not
in breeding condition which was not a juvenile could be assumed to
be a subadult which had not yet bred, Juveniles could be distinguished
both by their low weight and by their fpelage which remains greyer and

fluffier for up to 20 days after leaving the nest (Ashby 1967).

b) Clethrionomys,

The proportions of adults in breeding condition at each trapping
sesgion are shown in Table 2,10, Overwintered adults came into
breeding condition between March and May and Survivors femained in
breeding condition throughout the summer, At both study sites many
of the unmarked animals captured in July were in breeding condition,

While a few of the largest, weighing up to 21g, for males and 19g. for
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Castle Eden Dene Houghall Woods
o7 ? {Subadult o 2 JSubadult '
} B NB| B NB|l » Q (uv. B NB B NB| 2 Q Uuvenile

July' 74 - - - - - - - - 12 0| 6 ol 2 1 2
Aug' 74 7 0|5 oo o 0 I T
Sept'74 |11 o] 8 6|3 2 6 6 0|3 -|8 9‘ 4
Oct' 74 3 43 Q13 8 9 S I .
Nov' 74 - - - -] - - - 3 1 4 011 6 .-. 0
Jan'75 o ol o 215 7 0 - - -] - .
Mar'75 - -l - -- - - 0o 2|10 o0l2 5 0
May' 75 11 o1t o|2 o© o |17z o8 of|0o 0 0
June'75 |11 o| 8 O0]- O 5 15 09 o0 le 0. 2
July'75 |20 o0 |13 o|4 2 6 13 o}9 o|l2 o 3
sept'75 |10 o|4 -7 4| 3 | 3 ole o|3 5| 4
Oct'75 - -l - -|- - - 3 o{0 of4&4 s 0
Nov'75 o 2|0 2|8 6 0 4 3|2 0.12- 13 0
Jan' 76 0 olo o4 5 0 B I e -
Feb' 76 - -l - -|l- - - o o|lo o i7” 5 0
Mar' 76 1 o0l 0 0|7 6 0 O T - -
May' 76 - -l - -]- - - 8 0|4 ofo0o o 0
1 - individuals whose weight and trapping record shows that they

have previously been in breeding condition.

Subadults are young non-breeding individuals which have lost
the juvenile pelage,

B = individuals in breeding condition,

NB

individuals not in breeding condition,

TABIE 2,10, Breeding condition ol Clethrionomys at the two study

arcas,
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Castle Eden Dene

Houghall Woods

BNB| B QNB1 A4 Yuv.. |7 6:? B NBI g d“ﬁFJuvenile

July'74 | - -} - - |- -] - 6 o/'1 oo of o
Aug' 74 6 0] 4 o0 0 0 - -] - -|- - -
Sept'74 |14 0] 5 0 |O 0 4 23 022 ofl0 6 o]
Oct' 74 6 0|11 O |21 7 5 - -l - -1 - - -
Nov' 74 - - - - - - - 2 1] 2 0,22 12 0
Jan'75 2 D 0 0 15 12 4 - - - - - ; -
Mar'7s | - -|- - |- -| - Jw o}l1 o] 4 5| o
May'75 |11 06 0 [0 of o 3 0|lo o]l o ol o
June'75 | 7 Dl 4 0 |O 0 0 0 0{2 of o o 0
July'75 | 6 D1 8 0 2 0 1 S A -
Sept'75| 8 0| 8 © 6 3 0 8 o2 of 5 o 0
Oct'75 - -1- - - - - 4 312 2{116 7| o0
Nov' 75 1 01 1 8 9 0 o 1 ..6 0|12 8} o
Jan' 76 5 0|0 o0 |10 10| O I R -
Feb' 76 - -] - - - - - 3 olo ol 2 1| o
Mar'76 9 2|1 o 0 5| o0 S e -
May' 76 - -1 - - - - - 5 o1l ol o o o
1 - individuals whose weight and trapping record .shows they have

previously been in breeding condition,

Subadults are young non-breeding individuals which have lost
the juvenile pelage, ’

B =
NB =

TABLE 2.11

individuals in breeding condition,

individuals in non-breeding condition,.

Breeding condition of Apodemus at the two study

areas,
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females, could have been overwintered adults many must have been ind-
ividuals from the first litters which had mafured rapidly, Perforate .
females were-capturEd with body weights a; low as l4g, indicating that
they were coming into breeding condition within two or three weeks 9£
being weaned, From Julx onwards there was a decline in the proportion
of recruits in breeding condition (Table 2,10) as an increasing érOpe
grtion showed delayed maturation in order to overwinter as subadults,
None of the October recrdits was in breeding condition (data from
Castle Eden 1974 and Houghall 1975) although a few of the older resi-

dent males still had scrotal or partially scrotal testes,

c. Apodemus,

The proportions of ;églts in breeding condition are shown in Table
2,11,

Males came into breeding condition during February and March,

By March 607 of males had scrotal testes (N = 30, data from both sites

combined)- and 33% partially scrotal testes but only 2 out of 11 females
were in breeding condition, 6ne of these had a perforated';Agina and

the other had recently mated, as evidenced by the presence of a vaginal
plug. Although sample sizes were small the results support the find-

ings of Elton (1942) that females come into breeding condition a little
later than males, ”

At Castle Eden in 1975 the first juveniles appeared in the traps
in July, when only 2 were trapped despite the presence of 6 pregnant
females during May, The obviously pregnant condition of these females
at that time suggests that, as the young can leave the nest 20-25 days
after birth (Ashby 1967), the first juveniles should have appeared in
June, A similar failure to catch many juveniles during early summer
has been recorded by other workers and has been interpreted as being

the result of either poor survival (Watts 1969; Flowerdew 1971, 1977)
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or trap avoidance (Tanton 1965; Gliwicz 1970; see Discussion p.95 ).
There is good evidence for believing that breeding continued la;e
into the winter at both sites in 1974-5, In October 7 pregnant females
were captured at Castle Eden and 3 females were in breeding condit;pn
in Houghall Woods, The unexpectedly large January cohort at Castle
Eden contained four juveniles so, as the juvenile coat is retained for
about 50-65 days from birth (Ashby 1967), these must have been born
in November,
There was no evidence for such late breeding in 1975-6 as- no
individual was in breeding condition and the weights of the recruits

during late autumn suggest that they were two or three months old.

10, Survival,

a) Calculation of survival rates,

Although Jolly's method of calculating population size glves an
estimate of survival (see p, 29) this suffers from the same inaccuracies
as those already discussed for the estimation of numbers, | Alﬁ survival
estimates have therefore been calculated from the actual survival of
marked animals using the calendar of captures, In order that compari-
sons might be made both between seasons and sites these estimates have.
been standardised to give mean survival per month of 30 days, Stand-
ardisation was accomplished by assuming that the numberlsﬁpvlving
followed a logarithmic decline, That this is a reasoﬁgble_assumption
is shown by Ashby's (1967) estimates of numbers known ténge alive at
intervals after marking, which show an approximately logérithmic decline,
Deviations from this assumption may occur however, particularly during
the breeding season,

Because survival is measured as the actual Survival'of marked
animals and only a proportion of the population was sampled on each

occasjon this may be considered to be minimum rate of survival,
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Tamarin and Krebs (1969), who used a similar technique, considered

that because of this, rates should not be analysed using conventional
statistical tests and that any difference in survival rates greater

than 0,10 over 2 weeks (equivalent to 0,14 over one moﬂth) should be
considered biologically significant, A similar convéntiqé has been
applied here; differences in survival of greater than 0.14 are considered
to be biologically significant and statistical tests have only been

used to emphasise large differences in survival rates.

Mean monthly survival rates for both species at both study sites
are given in Tables 2.12 and 2,13 and presented graphically in Figures
2,15 and 2.16. Standard errors for the uncorrected estimates were
calculated from the binomial formula, Data for males and females have
been combined throughout to provide adequate sample sizes,as Crawley
(1965, 1970) found no consistent or significant differences between

the survival rate of the two sexes,

b) Clethrionomys,

1f the rate of disappearance of marked Clethrionomys from the

trapping area is assumed to follow a logarithmic decline, the weighted
mean monthly probability of survival over the study pefiod as a whole

was 0,717 at Houghall and 0.698 at Castle Eden indicating mean residence
times of 2.1 and 1.9 months respectively. There-isftherefore reasonable
agreement between survival rates calculated for the two sites,

The pattern of variation in survival rates was similar to that
reported by other workers (Crawley 1965, 1970; Flowerdew 1977). The
difference between survival during the period January-June and the
period July-October was significant at the 1% level at both sites,
Changes in survival rates during either of these periods were not
significant, The year may therefore be divided into a éeriod of
relatively high survival during the winter and early spring, when

individuals were not in breeding condition, and a period of relatively
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Month of Interval since Nett Survivél Estimated
trapping previous trapping (+ s.e.) since monthly
sessions (months) previous ' survival
trapping
Aug' 74 - - -
Sept'74 1.00 . 500+. 14 . 500
Oct'74 1.33 . 594+, 08 .676
Jan'75 2,97 .295+.06 .662
May' 75 3.87 .666+.10 .899
June'75 0.93 .809+.08 . 796
July'75 1.07 .640+.09 .658
Sept'?75 1.61 .390+.07 .557
Nov' 75 1.20 .366+.10 .433
Jan' 76 . 2,27 .400+.11 .710
Mar' 76 2.03 . 500+, 13 . 711
TABLE 2.12a Estimated survival of marked Clethrionomys between
trapping sessions at Castle Eden,
Month of Interval since Nett survival Estimated
trapping previous trapping (+ s.e.) since monthly
session (months) EES;%?H; Burvival
Aug'74 - - -
Sept' 74 1.00 . 500+. 158 . 500
Oct'74 1.33 .3814.097 .484
Jan'?75 2.97 .423+.070. . 748
May' 75 3.87 .405+.076 . 791
June' 75 0.93 . 714+, 101 .697
July'75 1.07 .666+. 126 .682
Sept'75 1.61 .2774+.102 .451
Nov'75 1.20 02924, 117 .358
Jan' 76 2,27 .6004-. 104 .889
Mar'76 2,03 L4781, 100 .692
TABLE 2.12b Estimated survival of marked Apodemus between

trapping sessions at Castle Eden,
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Month of Interval since Nett Survivall Estimated
trapping previous trapping (+ s.e.) since monthly
session (months) previous survival
trapping
July' 74 - - -
Sept'74 2.26 .429+,103 . 688
Nov' 74 2.57 .393+.081 .695
Mar'?75 3.13 .579+.099 .839
May' 75 2.57 .857+,082 . 942
June' 75 1.13 . 529+, 100 .570
July'75 1.13 .545+.094 . 585
Sept'75 1. 60 . 500+. 094 .649
Oct'75 0.90 .620+.095 .587
Nov' 75 1.10 . 700t, 058 . 710
Feb' 76 3.00 .294+,075 . 582
May' 76 2.50 400+, 120 .693
TABLE 2.13a Estimated survival of marked Clethrionomys between
trapping sessions at Houghall,
Month of Intervals since Nett survival Estimated
trapping previous trapping (4 s.e,) since monthly
session (months) previous survival
trapping
July' 74 - - -
Sept'74 - - -
Nov' 74 2.57 .224+.060 .558
Mar'75 3.13 .389+.075 . 740
May' 75 2.57 . 130+, 069 .452
June'75 1.13 . 200+, 180 .261
July'75 1.13 - -
Sept'75 1.60 - -
Oct'75 0.90 .643+.130 .612
Nov'75 1.10 .276+.074 .309
Feb' 76 3.00 .318+.097 .683
May' 76 2.50 .375+.160 .675
TABLE 2,13b Estimated survival of marked Apodemus between

trapping sessions at Houghall
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low survival whilst breeding was in progress, Though juveniles cert-
ainly contribute increasingly to the reduction in mean survival of the
population during the breeding season, at both sites survival declined
during May and June before any juveniles were captured (see Discussion),
The estimates of survival calculated from the recapture of marked
individuals give no indication of any differences in survival befween
different age groups, In general,sample sizes were not 1argé enough
to calculate survival for different age groups separately)but the
survival of the individuals marked at each trapping session is shown

in Figure 2,17,

c.) Apodemus,

The weighted mean monthly probability of survival of markéd indiv-
iduals of this species was 0,677 at Castle Eden and 0.581 at Houghall,
indiciating mean residence times of 1,8 and 1,3 months reSpéctively.

In Houghall Woods the very large number of recruits in September
1974 showed initially poor survival of both old and young marked indiv-
iduals, but survival improved over the winter months, Coincident
with the start of the breeding season in March it declined to a very
1ow-1eve1 as the overwintered population disappeared from the woods
(see Discussion p,111), At this time survival was sigﬁificantly
lower (p<0,01) here than in Castle Eden Dene, Survival at Houghall
in September 1975 was similar to that in 1974, but there was a rapid
decline during October and November due to the poor survival of the
October cohort which constituted the majority of the population,

During the winter months (November-February) survival at Houghall was

similar during the two years though the actual num§3f of animals pres-
ent in spring was much lower during 1976 resulting in a large standard
error for the survival cstimate over this period, The pattern of

survival at lNoughall was thus one ol moderate and variable survival
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during the autumn increase in numbers, high survival over the winter
and rapidly decreasing survival at the start of the breeding season,

In Castle Eden Dene, where a number of individuals were present
throughout the summer and the autumn increase was not so large, ghe
data were more complete, During both years survival was high during
the winter and fell slightly at the start of the breeding season.
Data from 1974 and 1975 show that during the period of juvenile re-
cruitment, which lasted from July till October or November survival
was rather low, Once juvenile recruitment had ceased, survival im-
proved rapidly and remained high until the start of the following
breeding season,

As with Clethrionomys sample sizes were not generally larée-enOugh

to separate the survival of different age groups but the survival of
all the individuals marked at each trapping session is shown -in Figure

2,18,

11, Recruitment,

a) Estimation of recruitment,

The total number of unmarked but trappable animals presént at the
time of each trapping session may be estimated by multiplyiﬁg the actual
number of unmarked captures by the reciprocal of the figure derived
on p,28 for the proportion of the population sampled. On' the figures
showing recruitment (Figures 2,19 and 2,20) the actual feéruitment is
shown as a solid vertical line and the estimated total ﬁumber of pre-
viously unmarked individuals by a dot above it, The recruitment in
September 1974 at Castle Eden has been ébusted to account for the
previous trapping being carried out on only half the grid; the estimated
nuﬁber of recruits shown assumes that older animals were present on

both halves of the grid in equal proportions,
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Whether the number of unmarked juveniles and subadults captured
at any one trapping session during the breeding season can be accounted
for by reproduction on the trapping area since the previous trapping;
may be examined by calculating a ratio of young recruits at one E;app-
ing session to adult females at the previous trapping session, Thi&
is in effect the number of recruits that each female would have to
produce to account for the calculated recruitment, The mean litter

size of both Clethrionomys and Apodemus is about 4 per month (Brambell and

Rowlands 1936; Baker 1930) so ratios much in excess of this figure,
assuming there was one litter every three or four weeks, would ;;ggest
that immigration had taken place, The ratio of recruits to females
for trapping sessions during the breeding season is shown in Taﬁles

2,14a and b for Clethrionomys and Tables 2,158 and b for Apodemus.

b) Clethrionomys,

The estimated and actual numbers of recruits at the two study
areas are presented graphically in Figures 2.19a and 1.20a,-.

Both populations showed the expected general pattern bf.high
recruitment- during the breeding season and low recruitment during the
non-breeding season but there are differences in detail boéh between
populations and between years, These will be referre¢-£o in more
detail in the discussion, At both sites the amount of recruitment
during the autumn could be accounted for by reproduction:in the
trapping area, The high ratio of recruits to females iﬂ September
1974 at both sites can be attributed to the fact that this was the first

trapping session to cover the full study area,

c) Apodemus,

The actual and estimated number of recruits at the two study areas

are presented graphically in Figures 2,19b and 2,20b,
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Date No. of non-adult | No. of breeding % ratio
recruits! at previous trapping recruits:females|
Sept' 74 11 5 2.2
Oct' 74 25 8 3.1
July'75 12 8 1.5
Sept'75 14 13 1.0
Nov'75 9 4 2.2
TABLE 2, 14a Ratio of Clethrionomys recruits to females during
the breeding season at Castle Eden.
Date No. of non-adult | No. of breeding Q% ratio
recruitsl at previous trapping? | recruits:females

Sept' 74 21 6 3.5
Nov' 74 8 3 2,7
July'75 5 9 0.55
Sept'75 12 9 1.3
Oct'75 5 6 0.6
Nov' 75 17 6(in Sept.) 2.8
TABLE 2, 14b Ratio of Clethrionomys recruits. to females during

the breeding season at Houghall,

2. -

the actual number of juvenile or subadult
individuals captured,

calculated from the calendar of captures,
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Date No, of non-adult | No, of breeding ) ratio
recruitsl at previous trapping recruits: females
Sept' 74 4 4 1.0
Oct' 74 33 5 6.6
July'75 2 4 0.5
Sept'75 9 8 1.1
Nov'1?75 13 8 1.6
TABLE 2.15a Ratio of Apodemus recruits to females during the
breeding season at Castle Eden,
Date No. of non-adult | No. of breeding @§ ratio
recruits 1 at previous trapping’| recruits:females
Sept' 74 16 1 16
Nov' 74 25 22 1.1
Sept'75 5 0 high
Oct'75 20 2 10
Nov'75 14 2 7
TABLE 2,15b Ratio of Apodemus recruits to females during the

breeding season at Houghall,

- the actual number of juvenile or subadult
individuals captured.

- calculated from the calendar of captures,
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At Houghall Woods the number of recruits in September of both
years was too large to be accounted for by reproduction on the trapping
area and an alternative explanation must be 50ught (see Discussion pl104).
The age structure of the October and November recruits suggests that
they too were not the result of reproduction on the trapping area but
were of the same age aa the September recruits,

At Castle Eden the estimated number of tecguits in October 1974
was likewise too large to have been derived from breeding during August
and September gnd may be partly the reéult of-immigration (see Discussion
p.104), The same explanation is not required for'éhe.autumn of 1975
when recruitment was much lower and the population size did not rise
to a typical autumn peak, Recruitment was on a similar scale in
January of both years, Whilst the presence of juveniles in January
1975 confirmed that winter breeding had taken place (see p. 64) no
young individuals were captured in January 1976. . ft must be concluded
that the recruits in the latter year were animals born the previous
autumn and, as there was little discrepancy between the estimated and
known number of animals present in November, the majority must have
Been either immigrants or individuals which had not entered the trapp-

able population by November,

D, Vegetation and Distribution,

1, General,

The relationship between the density of grOuﬁd vegetation and the

distribution of Clethrionomys and Apodemus has been well documented

(Evans 1942; Brown 1954; Morris 1955; Delany 1957; Newsor 1960;

Crawley 1965; Ashby 1967), Clethrionomys has been shown to have a

strong preference for areas of thick ground cover and a positive corr-

elation between the number of voles captured at a particular trap site
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and the density of vegetation around that site has been reported
(Crawley 1965; Ashby and Crawley 1969), Little preference appears
to be shown for any particular type of vegetation as long as it
provides adequate cover (Crawley 1965),

By contrast Apodemus has been reported as either being distributed
randomly with respect to cover (Newson 1960; Ashby 1967; Southern and
Lowe 1968) or showing a preference for open areas (De}any 1961; Crawley
1965) with some evidence that elevated positions on small scale irreg-
ularities of topography are favoured (Ashby 1967)..

Seasonal changes in the density of ground vegetagion are likely
to influence the distribution of the two species to some degree and
are therefore an important factor in any ecologicalnsQQdy. The re-
lationship between the density of cover and the nﬁmbér of captures at
a particular trap location was investigated by subjectively assigning
the density of ground cover around a particular trap location to a

place on a scale ranked from 1 - 8 such that

1 = very poor cover, much of the area bare,

2 = poor cover, large bare areas with discrete ciumps of vegetation,
3 = some bare areas, numerous discrete clumps_of vegetation,

4 = no bare areas but rather thin cover, :

5 = a few areas of good cover, the remainder poor cover but not pari,
6 = good cover over the majority of the area,

7 = good cover over the whole area,

8 = very good cover, usually thick bramble, cévering the entire area,

If each trap, regardless of its posifion, has the same chance of
capturing a rodent, the distribution of captures woula form a Poisson
(random) distribution, I1f some trap positions were more attractive
to rodents the distribution of captures would tend towards a negative
binomial (aggregated) distribution, An index to the pattern of dis-

persion of captures may be calculated by examining the ratio of the
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variance to the mean, This should equal 1 if the distribution is
random, be less than 1 if the distribution is regular, and be more
than 1 if the distribution is aggregated, There are many ways of
calculating such an index but the one suggested by Mori;ita (1962)

has been widely used and has the advantage of being relgtively indep-
endent of the type of distribution, the size of the mean-and the number

of samples (Southwood 1966),

The index, 1 , is calculated frcm - o/
8 )
Ig = N sz- Zx
(£22 | sx
where
N = the number oi trapping points
&x = the sum of all captures
x = the number of individuals in each sample,

The significance from any departure from a random distribution may be

calculated from the F-ratio.

F =1 (2x-1)+N-5x
° BTN -1

with N-1 and oQ degrees of freedom,

While this index is relatively independent of sample size the
large number of traps with zero catches at individual trapping perxiods
together with small sample sizes at some times of the'year would have
led to inaccuracies, It was essential therefore to combine data from
a number of trapping sessions, The way in which éhis was done is

explained in the following sections.

2. Castle Eden Dene,

The importance of dog's mercury as a seasonal source of cover is

shown by the fact that at 44 trap positions it provided at least 75%
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FIGURE 2.21 Relationship between mean number of caotures

of Clethrionomys and vegetation density
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were typical of those during the following
months.
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of the available cover during its growing season, Once the dog's mer-
cury had withered away many of these areas were pOofl; covered,
The availability of cover was documented by dividing the year

into two periods and assessing the amount of cover présent at each site
for each period, One period ran from 1lst November -~ 30th April, when
little dog's mercury was visible, This will be referred to as 'winter',
The other period ran from lst May - 31st October whennﬁhe dog's mercury
provided cover and will be referred to as 'summer'., - Cover was assessed
for a 10m. square centred oﬂ each trap position duriné &pvember and May

with the results shown in Table 2,16,

Density 'Winter! ’ 'Summer'
Class Frequency(%) Frequency(%)

1 48 : 2

2 31 ' 14

3 10 ' 21

4 3 16

5 6 7

6 o 11

7 2 20

8 o 9

Table 2,16 The frequency of vegetation cover density classes in Castle
Eden Dene,

For each period the number of animals caught at each trap position
and the cover index of that position were used to calculate the mean

number of individuals captured in each density of vegetation, The

results of this analysis are shown in Figure 2,21 for Clethrionomys
and Figure 2,22 for Apodemus,
There is8 a good correlation between distribution and vegetation

for Clethrionomys during both periods which is highly significant (p<

0.001). The gradient of the 'winter' regression is significantly
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greater than that of the 'summer' one suggesting that during the
winter the voles are aggregated in the few areas of good cover whilst
during the summer the greater amount of cover permits Ehem to disperse
more widely,

A map of the distribution of captures of Clethrionomys both for

each trapping session and for 'summer' and 'winter' is shown in Figure
2,23,
A frequency distribution of the number of captures in each trap

during each period (Table 2.17) was used to calculate Morisita's index,

Total no, of 'Winter! o 'Summer '
captures in trap frequency(%) o frequency(%)
0 57 | .. 19
1 17 ' 27
2 12 19
3 6 15
4 3 3
5 2 9
6 0 4
7 0 1
8 2 2
9 1 0
10 0 o 1

Figure 2.17 Frequency distribution of captures of Clethrionomys in
Castle Eden Dene,

For 'Winter' I = 2,88 F 2,99 p«0,001

g

For 'Summer' Ig = 1.99 F

Thus Clethrionomys shows a significantly aggregated distribution

1.99 p«<0.001

throughout the ycar but Morisita's index is much -larger for the 'winter'
period In line wilh the more aggregated distributlon at that time,

A similar pattern of aggregation in winter and dispersal in summer has
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been reported by West (1977) in C.rutilis on the Alaskan taiga, Such
seasonal changes are discussed on page 102,

During the'summer' Apodemus appears to be distributed at random
with respect to vegetation classes 1 to 3 and then shows a negative
correlation with cover density for vegetation classes 4 to 8 (p = 0,01)
suggesting that this species favours the more open.areas of the trapping
grid, During the winter there is no significant correlation with
vegetation density and Apodemus may be said to be distributed at random
with respect to cover,

The frequency distribution of the number of captures at each

point (Table 2,18) was used to calculate Morisita's index

Total no. of 'Winter' ' 'Summer’
captures in trap frequency(%) : frequency(%)

0 19 27

1 % 21

2 15 o 26

3 11 . 12

4 10 5

5 8 7

6 3 1

7 4] 1

Table 2,18 Frequency distribution of captures pf Apodemus in Castle
Eden Dene,

For 'Winter' I, = 1.23 F = 1,45 0.02>p>0.01

For 'Summer' Ig = 1.24 F = 1,43 0,02>p>0,01
A:XZ tesl shows that the winter and summer frequency distributions
are not signilicantly different (X:z = 11,2, p 0.005).
Thus Apodemus showed a similar distribution 16 summer and winter

which did not differ significantly from a Poisson distribution at the

1% level,
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These results agree well with the results of the vegetation analysis
and show that the distribution of this species was not influenced to
any great extent by the amount or distribution of the available cover,

During the 'summer' however the mice were less liable to capture in

the areas of thick cover much frequented by Clethrionomys. This may

have been either because of competition with Clethrionomys for the

limited number of traps, because areas of thick vegetation are unattrac-
tive to Apodemus or because the two species tend to avoid contact (c.f,

Greenwood 1978).

3. Houghall Woods

Because seasonal changes in the amount of cover were siight tae
relationship between numbers caught and the density of cover is hased
on vegetation survey results for September rather than dividing the

year intc 'summer’ and Winter', September was chosen as at this time

the density of vegetation lies midway between a 'summer' maximum and a
'winter' minimum,
The frequency distribution of vegetation density classes is shown

in Table 2,19,

Vegetation Density Frequency (%)
Class

10.8
22,5
21.7
14,2
8.3
11.7
8.3
2.5

R u O BN SN

Table 2,19 Frequency distribution of vegetation density
classes in Houghall Woods,

The number of captures at each trap over the whole study period
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together with the vegetation density around each trap were used to
calculate the mean number of captures in each density class, The
results of this analysis are shown in Figures2.42a and b for Cleth-

rionomys and Apodemus,

For Clethrionomys there is, as expected, a significant relationship

between the two variables (p<0.01). The slope of regression of
0.67 is midway between the values of 0,48 and 1.0 calculated for
'summer' and 'winter' in Castle Eden Dene,

"In order to support the assertion that seasonal vegctational
changes at this site had a lesser effect on the digirihdtion of voles,
frequency distributions for the number of captures per traps were
calculated for 'summer' and 'winter as defined previously, These

frequency distributions (Table 2,20) were used to calculate Morisita's

index,
Total no. of 'Winter' o 'Summer'
captures in trap frequency (%) frequency(%)
0 72 ' 37
1 20 20
2 18 18
3 4 16
4 2 15
5 3 4
6 1
7 o 2

Table 2,20 Frequency distribution of captures of Clethrionomys
in Houghall Woods.

For 'Winter' Ig = 2,24 F 2,00 p<0.001

o

For 'Summer' Ig = 1.48 Fo

1.95 p<0.001
For both seasons the distribution does not differ significantly
from a negative binomial series (U-test, Southwood 1966). Although

Morisita's index is higher during the 'winter', indicating a more
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aggregated distribution, the difference between 'summer' and 'winter!'
is less than at Castle Eden Dene suggesting that at Houghall there was
a less marked aggregation of animals during the ‘winter',

The distribution of captures of Apodemus (Figure 2;26)showed no
correlation with the amount of cover available in September, the number
captured in each density class remaining constant, This random
distribution of Apodemus is reflected in the frequency distribution

of captures (Table 2,21),

Total no, of 'Winter' 'Summer '

captures in trap frequency(%) frequency(%)
0 43,3 L3y
1 30 _ 34;2
2 13.3 - 22,5
3 10 , 8.3
4 2.5 2.5
5 0.8 ' 0.8

Table 2,21 Frequency distribution of captures of Apodemus in
Houghall Woods, ‘

For 'Winter' Ig = 1,46 F = 1,12 p>0.10

For 'Summer'’ Ig = 0,85 F = 0.78 p»0.10

Morisita's indices for 'winter' and 'summer' do not differ signif-
icantly from a Poisson distribution, Apodemus appears, therefore,
to be randomly distributed over the trapping area with no preference

for any density of cover,
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E. Discussion,
1. General.

In capture-mark-recapture studies the extent to which the assump-
tions made on page 23 are violated will depend on trap layout and
spacing (Smith et al 1975), the amount of prebaiting and length of
the trapping period (Tanaka 1970), the behaviour of the species under
consideration and other factors, The present study has used two
very different trap layouts, a transect at Houghall and a grid at
Castle Eden, 1f the population dynamics of a rodent species are
to be compared between the two areas then the influence of the trap-
ping method used must be considered.

There is little published work comparing grid and line trapplng
methods, Like Ashby (1967), retticrew and Sadleir (1970} working
on Peromyscus reported good agreement between grid and transect
trapping methods in the same area, For a given population density
they found that males and females were captured on the transect in
proportions similar to those caught on the grid, it should be noted
however that in their study the transect was formed by removing most
of the traps from the grid. The resulting line was then trapped
for two days immediately after two days trapping on the grid, with
the congsequence that the rodents may not have had time to become
accustomed to the new arrangement of traps, Their grid and line
samples were therefore not strictly independent,

The differences in sex-ratic between the two sites during the
present study, with a greater excess of males of both species at
Houghall, may be at least partially attributable to the different
trapping techniques employed. At Castle Eden traps were spaced
only 10m, apart whilst Ashby {1367) concluded that the catchment

area of a transect extended a mean distance of 23 metres from
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the line Of traps, If the rodents are distributed at random over

the trapping area then the average distance moved before encounter-
ing a trap will be greater at Houghall than Castle Eden, thus fav-
ouring the capture of males moving over their larger home ranges
(Crawley 1965, 1969; Randolph 1977), It should be noted however
that this effect will be. partly balanced by the closer trap spacing
at Houghall,

Differential movement between the sexes may also account for
some of the seasonal variation in sex ratio if the larger home ranges
of males, particularly during the breeding season, make them more
liable to capture, Randolph (1977) in a faecal-tracking study of
Apodemus, reported that the home range size of males apparently
altered from month to month with maxima in April-May and August.

The home range size of females by contrast, changed very little,
These fluctuations in range size could appear in the trapping results
as fluctuations in sex ratio if the trapping method is sensitive

to the home range size of the species being studied. Ashby (1967)
did not record sudden or short term variations in the sex-ratio of
either species, perhaps because he did not trap often enough to
detect them (Ashby pers, comm, ), but reported that males usually
outnumbered females, particularly in Apodemus. He tentatively
attributed this to differential survival both before and after
leaving the nest on the basis that in both species there were
sustained periods when the sex ratio was approximately 1:1. In

one year the sex ratio of Apodemus favoured females during the late
summer and through to the following spring, a situation he attribued
to reduced competition between young males and females as the result
of favourable breeding conditions due to low population density,

Although Ashby's (1967) explanations could account for changes in
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sex ratio from year to year they do not account for changes from

month to month, The socjial organisation of émall mammal communities,

which plays a large part in determining the relative trappability

of males and females (Crowcroft and Jeffers 1961 for Mus) may result

in variations in the trap revealed sex-ratio not.accurately reflecting

any real variation in the sex-ratio of the population (Southern 1564).
A conclusion from many live trapping studies (but not Ashby 1967)

ha; been that the number of individuals recruited as juveniles is

much lower than might be expected from the calculated birth rate.

This has usually been interpreted as being the r§Su1t of high mort-

ality between birth and weaning but a number of recent studies have

suggested fhat other factors may be involved. Andrze jewski and

Rajska (1972, for Clethrionomys glareolus) and Boonstra and Krebs

(1978, for Microtus townsendii) have shown that if an area is trapped

during the breeding season with a combination of live and pitfall
traps, a larée number of juveniles are captured in.the pitfalls but
never appear in the live traps, Both authors attributed the failure
to live-trap many juveniles to their low position'iﬁ the social hier-
archy and Boonstra and Krebs (1978) suggested that inexperience
caused many juveniles to be caught in pitfalls”ag adults rarely
entered them, Gliwicz (1970) reported that tﬁe trappability of

Clethrionomys was related to age so that young animals, though present

were under-represented in live-traps. She suggested that the most
easily captured individuals were those at the toé of the social
hierarchy, A similar increase in trappability with age was reported
by Gurnell (19789 who studied the trap responses of a laboratory
colony of Apodemus. Some evidence that it is the presence of adults
which causes trap avoidance by juveniles was prévided by watts (1970)

who reported that on an area from which adults were removed the mean
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weight at recruitment of juvenile Clethrionomys rutilié was reduced.
The weights of the young of both species trappea during the

present study indicate that in the majority of cases these individuals

had been independent for some weeks before capture as, although growth

is rapid at this stage, very few were captured at weights of less

than 10g. (see weight distributions, Figures 2.8 to 2,12) and most

weighed at least 12g, The weights of many of the Clethrionomys

captured between September and November together with.the growth

data on recaptured individuals suggest that many of these unmarked
animals were independent at the previous trapping segsion when,
however, few were caught.. It must be noted that:the variable growth
rate of this species makes the estimation of age difficuLt,but Ashby
(1967) reported that in a laboratory culture the fe[a;ionship between
age and weight was linear up to the age of about 8 weeks. In Apodemus
the relationship between age and weight is less variaple and data
from Ashby (1967) 5uggest‘that the majority of Apodemus were not re-
cruited until they were at least 8 weeks old. At-Ho;ghall the est-
imation of age at recruitment was complicated by the migratory nature
of this population,.

For both species the weights of the recruits followed a similar
pattern, The first few juveniles appeared in June or July, when
their weights suggested that they were members oﬁithe earliest litters
born in April,. In July or August the weights 6f the majority of
recruits suggested that they too were members of early litters and
very few members of later litters were captured, A similar absence
of small individuals at this time has been recorded by Kikkawa (1964)
and Crawley (1965, 1970) and implies that the trappability of this
age group was low, After July there was a decline in both species

in the minimum weight at recruitment, reflecting perhaps the declining
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growth rate of young animals, It may be concluded, in agreement
with Gliwicz (1970),Andrzejewski and Rajska (1972)énd-Boonstra and
Krebs (1978) that the trap avoidance by these reéén?l& weaned animals
will lead to a considerable underestimate of their number and suggest
ettimakes

that cheLpirth rate or survival of young before weaning, are lower
than lReic true values

Tne proportion of the trappable population sampléd at Houghall
during the preéent study appears to have-declined soﬁewhat since the

study of Ashby (1967) as he reported that the mean.prOportion sampled

between 1955 and 1963 was 767% for Clethrionomys and 81% for Apodemus.

Some of the decline in the catchability of both species may be due

to a real change in behaviour over the years as Ashby (pers,comm.),
using a standard trapping technique, has found trappability to have

been lower between 1967-77 than between 1953-1967." Reasons for such

a decline in trappability are not apparent but may be the result of
altered patterns of foraging activity due to changes in the vegetation
of the woods, The very great reduction in the trappability of Apodemus
during tﬁe present study can also be accounted for by the capture

during the two autumns of the study of a large huﬁber of subadults

which appeared in the traps only once, A case in point is September

19.74 when the population estimates suggest that only-SSZ of the pop-
ulation was captured. Movement within the woods has been suggested
on page 109as the reasea for the single appearance of many of these
young individuals and the capture in the following trapping session
of many unmarked animals of the same age. Mosé of this movement
appeared to take place during September whereas Ashby's (1967) early
autumn trapping sessions were usually undertaken du;ing Octcber, by

which time many of the apparently transient individuals had dispersed.

2, Clethrionomys.,

The population dynamics of Clethrionomys may show considerable
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variation from year to year (Ashby 1967, Southern 1§70) but numbers
are typically high in late summer, decline during the winter to
reach a minimum in April or May and increase until September or
October (Crawley 1965, 1970; Ashby 1967; Southern 1970; Flowerdew
1977). In general the population dynamics presented here support
this view,though the changes in numbers at Castle Eden during the
summer of 1975 are unusually small,

At both sites the recapturé data confirm the view that few in-
dividuals survive to breed in more than one summer. At Castle Eden
about 85% of the overwintered breeding population was first captured
the previous September or later and the same is true at Houghall,
There was good agreement between the mean survival of marked animals
at the two sites, The figure of 2 months for megn:residence time
in the trapping area agrees well with those reported by Crawley
(1965, 1970) and Ashby (1967) and confirms that ver§ few individuals
survived for more than a year,

The size and growth data are in good agreement with those of
other workers (Crawley 1965, 1970; Ashby 1967; Iverson and Turner
1974; Fuller 1977), Individuals which came into breeding condition
in the year of their birth generally lost weighé'dqring late autumn
so that during the winter they were indistinguisﬁaﬁ;e from subadults
on the basis of weight alone. Winter weights of all individuals
at both sites fell within the range 11-15g. Whilst volgs weighing
as little as 1llg, may have ‘been in poor condition.(Ashby pers.comm. ), such
a low mean weight and its associated low variance might be advantageous
to the species during the winter, Iversoﬁ:aﬁd_Turner (1974)
have put forward the hypothesis that a low winter weight may be an
adaptation to reduce food requirements and hence foraging time during

cold weather, a view supported by the findings ol Petterborg (1978)
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who demonstrated that for Microtus montanus in the laboratory, winter

weight loss is a response to decreased photoperiod even when unlimited
food is available. There is some evidence to suggest however that
food supplies may limit overwinter survival (Flowerdew 1971, 1973;
Flowerdew and Gardner 1978).

The start of spring growth and tﬁe onset of sexual maturity have
been shown to be brought forward by artificially improving the food
supply (wWatts 1970; Flowerdew 1973) and may alsc be influenced by

temperature (Fuller 1976; Clarke 1977), In Clethrionomys spring

growth consisted of an increase in both weight and length, A

similar conclusion was reached by Ashby (1967) although Vincent (1974)
reported that in Arvicola a spring increase in weight was not accOmpaﬁ-
ied by any increase in length, The spring weights -recorded during

the present study (Figure 2,9) indicate that at both sites growth

may have resumed earlier in 1975 than 1976 suggesting that, as winter
temperatures in the two years were similar, food may have been more
plentiful during the former winter, This would agree with the con-
clusion from the recapture data that survival was better during the

former winter, The rate of spring growth in Clethrjonomys was

rather greater than that of Apodemus (page 59), yi;h an approximate
weight gain between February and June of just over 2g per mo;th.

By May the variance of the mean weight was considerably greater than
during the winter, This is in contrast to the length distribution
in which the variance during the spring was similar to that during
the winter, This apparent paradox is due to those older individuals
which lost weight during the winter being able to regain it rapidly
during the spring and thus being considerably heavier by May than
individuals which overwintered as subadults (Bergstedt 1965). After

June there appeared to be a cessation of further growth as, although
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it was no longer possible to calculate a mean weight for all over-
wintered adults, the maximum male weight in July was the same as that
in June and individual records show that on average there was no
further increase in weight, A similar conclusion was reached for

Clethrionomys by Ashby (1967) and contrasts with the situation in

Apodemus where growth appears to continue for much longer (see page 59),

Seasonal variation in the growth rate of young Clethrionomys,

with juveniles showing rapid growth and maturation at the beginning
of the breeding season and delayed growth and maturation towards the
end, has been remarked on by a number of authors (Bergstedt 1965;
Ashby 1967; Hyvarinen and Heikura 1971; Vincent ‘1974 for Arvicola)
and is well illustrated by the weights of the recruits during the
present study, The mean weight of the July 1975 recruits, for both

sites combined, was 16.9 + 0.56g (s.e.,) but by September this had

declined to 14.7 + 0,47g (s,e.). The difference is significant at
the 0.02% level. This decline in growth rate was accompanied by

a similar decline in the proportion of recruits in breeding condition,
In July 52% (15/29) were sexually mature but by September the figure
was only 27% (12/48) (data for both sites combined). The factors
that determine whether an individual will exhibit the early summer
type of rapid growth or late summer delayed maturation are presumably
the same as those that determine whether or not an individual will
come into breeding condition., As well as photoperiod (Petterborg
1978) these will include plane of nutrition, temperature, social in-
fluences and genotype (Bujalska 1971; Petrusewicz, Bujalska, Andrze-
jewski and Gliwicz 1971; Clarke 1977). Negus and Pinter (1965)

have shown that in the laboratory,female Microtus montanus which

exhibit delayed maturation have larger litters than females which

mature rapidly and breed in the year of their birth. Selection may
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therefore be acting to delay reproduction in individuals born

late in the summer, In Clethrionomys the switch from rapid to

delayed maturation appeared to take place during July or August as
a proportion of the young captured at this time showed delayed mat-

uration while the rest did not.

The rate of survival of marked Clethrionomys has been very

similar at both study sites, though generally slightly higher at
Houghall, and resembles that reported by other investigators (Newson
1963; Bergstedt 1965; Crawley 1965, 1970; Watts 1966; Flowerdew 1970;
Merritt and Merritt 1978), At both sites the spring decline in
survival appeared to begin between May and June, before many juveniles
had been trapped,and must therefore be accounted for by the decreased
survival of overwintered adults, A decline commencing in the spring

has also been reported for Clethrionomys by Newson (1963), Crawley

(1965, 1970) and Merritt and Merritt (1978) but Ashby (1967) recorded
high survival of adults until well into the summer, Results for

other species including Microtus agrestis, M. californicus (Krebs

and Myers 1974), Apodemus sylvaticus (Watts 1969; Flowerdew 1978)

and Peromyscus maniculatus (Sadleir 1965; Fairbairn 1977) have shown

a similar, though often more marked decline, which has been attributed
at least partially, to increased movement within the population at
this time, Consideration of sSpring recruitment rates during the

present study suggests that the same may be true for Clethrionomys.

At both sites the number of unmarked overwintered adults captured

in May or June 1975 amounted to about a8 third of the population
whereas in January or March only about a quarter of the catch were
previously unmarked (see Figures 219 and 220). A further indication

that increased movement is at least partially responsible for the
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apparent decrease in survival is provided by Crawleys (1965, 1969)

finding that Clethrionomys made larger movements during the spring

and early summer than at any other time of year,

As well as 'activities concerned with breeding' (Crawley 1965,
1970) including'perhaps,increased aggression between adults, the
increased movement during the spring may also reflect the reqoldnis-
ation of previously unfavoured areas following the growth of vegeta-
tion to provide cover, Evidence for such movement was partiqularly
strong at Castle Edeﬂ (see Figure 2,23) where of the 10 recruits in
May 1975 only one was captured at a trapping position occup;ed during
January, the remainder being captured in previously uninhabited areas
of the grid.

Perhaps the greatest difference between the population:dynamics

of Clethrionomys at the two sites has been in recruitment, While

part of the difference in the number of recruits may be attributed

to the two different trap layouts employed, there are considerable
differences in the seasonal rates of recruitment which must reflect
differences in the ecology of this species at the two,sitep. At
both Castle Eden and Houghall at least part of the recruitment at

any trapping session consisted of adults at least several months

old, Some of these may have been present at the previous trapping
session but numbers are such that some must have moved into the
trapping area, Once these animals had entered the mérked population
their survival appears to have been generally no worse than that of
residents so it is apparent that these were not permanently transient
individuals but ones which had shifted their home range, Similar
movements were recorded by Crawley (1965, 1969) who reported that
both changes in home range and wandering movements were common in
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As well as differences between the sites in wipter recruitment
rates, there were differences in the rates of juvenile and subadult
recruitment during the breeding season. From Jﬁne'till October the
reéruitment rate at Houghall was nearly constant and there was little
change in total numbers, showing that recruitment to the trappable
population did little more than replace animals thét_died or moved,
By contrast, the rate of recruitment at Castle Eden was high during
July and then declined steadily so that population .density reached
a peak in July and then declined to the following winter, Both
types of population fluctuation have previously been reported for

Clethrionomys (Flowerdew 1977),with that at Houghall being the more

typical pattern, These differences in recruitment rates may be
the result of vegetational differences at the two sites (8ee Section
2D). In Houghall Woods the relatively constant amount of cover
throughout the year may have resulted in the utilisation of the entire
trapping area and its division into territories by adults during the
spring, with the consequent behavioural exclusion of all juveniles
except those which were able to fill a space r88u1£ing from the death
or disappearance of an adult, Towards the enéjof the summer a de-
crease in adult aggression (see Chapter 3) may then have allowed an
improvement in juvenile recruitment and a consequent rise in numbers,
Population processes at this site would thus appear to be dominated
during the summer by social interactions between adults and juveniles,
At Castle Eden, the increase in numbers during July 1975 followed
the spring increase in the amount of cover available, The survival
of early litters may thus be improved by the aQaiigbility of areas
of previously unused habitat as these may serve as dispersal 'sinks'
enabling juveniles to avoid, to some extent, the aggression of over-

wintered adults, Once these areas have been filled the population




103.

size might be expected to remain relatively constant like that in
Houghall, However the autumn die back of the dog's mercury resulted
in a decrease in the area available to voles forcing individuals to
concentrate in the more favourable areas. Whilst population processes
at such sites undoubtedly involve social behaviour, numbers may prox-
imately be limited by the amount of cover available,

The two types of area, those providing cover throughout the year
and those providing cover only during the summer may bé regarded as
complementary in the population dynamics of this species, During
early summer, vole populations in permanent habitnts'muy 'uxport'
surplus juveniles to seasounal areas or types of habitat not normally
occupied by this species (Flowerdew 1969). Here they are able to
mature and breed with relatively little interference.by overwintered
adults, During the autumn the availability of seasonal areas de-
clines forcing individuals to seek a place to live in the permanent
areas, where changes in social behaviour permit an iﬁcrease in pop-
ulation density,

The animals involved in these seasonal movements appear to be
those which have recently been weaned, as survival in live-trappable
individuals appears to be fairly independent of age; Watts (1970)
reported that the majority of juveniles which wére later captured
had dispersed long distances, though few were ever recaptured,

The two types of summer population fluctuation, that where
numbers are constant during the summer and rise in autuma and that
where numbers rise during the summer and decline dﬁring autumn, may
be viewed as the ends of a continuum, At one end lies population
dynamics in uniformly favourable habitat and at Lhe other, population
dynamics in habitat which can only be occupied during the summer,

The observed changes in numbers in any study will therefore depend
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to some degree on the ratio of permanent to seasonal habitat in one
particular trapping area in one particular year,

The variable nature of the population dynamics of Clethrionomys

(Ashby 1967; Southern 1970; Flowerdew 1977) may be ascribéd_in part
to changes from year to year in the availability of cover, An ex-
ample of this is provided by the present study when the-e;rly die-

back of dog's mercury at Castle Eden during the dry 3ummerrof 1975

led to an early decline in trappable vole numbers compargd.with

1974,

3. Apodemus

The population dynamics of Apodemus in either woodland (Watts

1969; Flowerdew 1978) or arable land (Green 1978) show less variation

from year to year than those of Clethrionomys, Numbégs are typically
low and constant during the summer months, rise rapidiy during the
autumn and then decline to the following spring. |

A prominent feature of the presentlstudy has been
the large increase in numbers during the autumn, except during 1975
in Castle Eden Dene, At both sites recruitment cannot easily be
attributed to recent breeding within the trapping area, At Houghall
the September 1974 cohort contained individuals oflh diversity of
weights (Figure 2,13) none of which had previously been captured,
Similar increases in numbers have been reported by Miller (1958),
Kikkawa (1964), Tanton (1965) Bergstedt (1965) Corke (1974) and
Leigh Brown (1977) and have generally been attributed to immigration
from nearby araple land,although Tanton (1965) suggested that
changes in trappability might be important (see pagel06). At
Houghall the nearby fields (Figure 2.2) were sown with barley during

both years of the present study. This was planted in March and
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harvested in September so there is good agreement between the time
of the autumn immigration and harvesting, The direction of move-
ment within the wood, though not statistically significant also
suggests that animals were coming from the fields. Of the 7 animals
released on the first day which were recaptured on the second,5 had
moved away from the fields and two were recaptured in the same trap,

Whilst there can be little doubt that immigration was largely
responsible for the upturn in numbers during the autumn of i9741at
Houghall, the importance of immigration at Castle Eden and at Houghall
during 1975 is less clear as in these cases all the unmarked animals
were young of the year, The autumn increase in both woodland (Watts
1969; Flowerdew 1971) and field (Green 1978) populations of Apodemus
has been attributed to an increased rate of juvenile Survival, poss~
ibly as a result of decreased adult aggression (Sadleir i965; Watts
1969; Flowerdew 1977). At Castle Eden, the October 1974 recruitment,
which resulted in a& peak in population density, consisted of young
of the year with weights ranging from 10 to 18g. The relationship
between age and weight (Ashby 1967; Flowerdew 1972) suggests that
the youngest of these was about 5 weeks old and that most were aged between
two and three months, It may be concluded thereforé that the
majority of these animals would have been born during July and
August and most would have been weaned by the September trapping,
A similar failure to catch many juveniles during the summer followed
by a period of rapid recruitment of subadults is also apparent from
many other studies including those of Tanton (1965); érawley (1965;
1970); watts (1969); Flowerdew (1971) and Green (1978).

The fajlure to catch many of the October recruits at CastleEden inAugust
ar September could be explained either by trap avoidance, similar to that

suggested for Clethrionomys, or immigration during September and
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October from nearby arable land, There are several factors in fév0ur
of the trap-avoidance hypothesis, The total number of recruits in -
"October is not too large to be attributed to breeding by feéales in
the trapping area during July and August as during that period each
female could produce two litters, Similar rates of increase during
the autumn have been reported for woodland sites some distance érom
arable land (Watts 1969) and also for arable }and with no alte;native
habitat (Green 1978). There is some evidence from laboratory stud-
ies (Gurnell 1978) that the trappability of Apodemus may increase

with age and many of the factors discussed in relation to the-low

trappability of juvenile Clethrionomys may also apply to Agddemue.

Tanton (1965) reported a sharp autumn increase in numbers inlqak
woodland with a weight distribution very similar to that fe;ofded

at Houghall Woods in 1974, He suggested that many of the older in-
dividuals caught during the autumn were also present as udu1£s during
the summer but were not catchable due to a lack of interest in the
traps. All the evidence, however, points to baited traps Being
attractive throughout the year (Gurnell 19789 and to é;ain being

a highly favoured food (Cleminson unpubl,).

In the present study the data show that at Castle Eden many
adults remained catchable throughout the summer and neither the cal-
endar of captures nor the recapture proportion suggest that there
was any decline in trappability. Whilst the weight data from the
present study suggest' that animals born during July and August may
avoid the traps until October or November there is no evidence to
suggest that such trap avoidance was prevalent in older animals, A
similar conclusion was reached by Ashby (1967) and w#LtH (1969) who
attributed the autumm feappearance of overwintered adults during

Tanton's (1965) study to immigration from nearby fields,
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There is little to suggest that during the present study immi-
gration from the fields was important in Castle Eden Dene but this
has not always been the case, Crawley (1965; 1970) reported sharp
dutumn rises in numbers after very low summer populations in two
years, The weight distributions showed that these influxes contained
only young of the year and Crawley (1970) tentatively attributed their
appearance to immigration, Unlike the situation in.1974 these
autumn rises were too large to be accounted for by Sreeding by the
few animals present during the summer, Why the summer population
should have been smaller and the autumn rise relatively larger during
the years of Crawley's (1965, 1970) study is not certain but may be
the result of changing land use, In recent years the amount of
agricultural land,and hence alternative habitat for mice, around the
Dene has been considerably reduced, making migratory phenomena less
important in the dynamics of this species, The reverse has taken
place around Houghall Woods where fields which were éreviOusly perm-
anent pasture are now used for growing a varijety of.cereals (Ashoy
pers, comm, ), This has resulted in an increased #fea of alternative
habitat becoming available,with a consequential incréase in the im-
portance of migration,

If few animals were present in Houghall Woods Quring the summer
then the autumn 1975 rise in numbers, though much 'smaller than that
in 1974 and consisting only of young of the yea;,must also be attrib-
uted to immigration, This view is supported by the fact that some
of the September recruits were young which bred in the year of their
birth and so should have been trappable during the summer had they
been present,

The low summer numbers at Houghall Woods suggest that during

this season this habitat is less attractive to Agodemus than the
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surrounding fields. That these woods are capable of supporting a
breeding population during the summer is apparent from the study of
Ashby (1967) who recorded substantial breeding within the woods during
the 1950's when there was less surrounding arable land (Ashb& bers.
comm. ). Very low summer numbers followed by autumn immigration have
also been recorded for the Pasticks, Oxford, a small copse surrounded
by arable land (Miller 1958; kikkawa 1964), for strips of woodland
surrounded by arable fields in Sweden (Rergstedt 1965), and for other
areas of woodland close to arable land (Crawley 1965, 1969; Leigh
Brown 1977), It would thus appear that if a favourable field or
hedgerow habitat is available Apodemus will émigrate Erom-the woods
during the spring (Bergstedt 1965; Corke 1974; and sece égge 111), breed
in the open fields (Green 1978), or hedgerows bordering fields (Huband,
quoted in Ashby 1967), and return to the woods in the autumn, The
preference of this species for arable land during the sﬁmmer may be
due either to its preference for open areas (see page f9), the exist-
ence of a more plentiful food supply in the fields of.interSpecific

competition with Clethrionomys, The latter reason is unlikely as

interaspecific competition appears to be minimised by the differing
habitat and food requirements of the two species (Watts 1968) and
their different activity patterns (Greenwood 1974), . In any case

Apodemus may be dominant to Clethrionomys (Greenwooed 1974, 1978).

A shortage of food during the summer is also unlikely as woodland

of a similar vegetational type but some distance from arable land

is quite capable of supporting a breeding population and Watts (1969)
has suggested that in general food is not a limiting- factor in Apodemus
populations during the summer, The preference of tﬁis species for
open areas has already been referred to and as well as suggesting

a reason for the occupation of the fields during the summer may also
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explain why the trapping area at Castle Eden, though as close to
arable land as Houghall Woods, supported almuch denser summer pop-
ulation (see Section D for comparison of vegetation density at the two sites),

Whilst survival during late winter may be limited by the food
supply (watts 1969; Flowerdew 1972) there ﬁs some evidence from the
present study that survival estimates were depressed by considerable
movement of Apodemus , particularly during early winter, The
initially poor survival of individuals marked in September 1974 at
Houghall may be the result of a combination of death and dispersal.
Almost all the 16 overwintered adults and 29 parous young of the year
recruited in September had disappeared by November when there was
no recruitment of animals in these age classes (see weight distribution,
Figure 2,13), There is good reason for believing therefore that the
majority of these animals died during this ‘period. By contrast,
although the survival of marked subadults éppeared no better than
that of adults, the recruitment of a large number of unmarked indiv-
iduals in this age class during November suggests that many of the
September recruits had dispersed rather than died. The autumn may
perhaps be viewed as a time when large numbers of subadults, which
had left the fields during September, were moving through the woods
seeking a favourable place to overwinter, Similar, though smaller,
periods of subadult recruitment after the end of breeding are
apparent in November 1975 at Houghall and January 1975 at Castle
Eden,

Because of movement within the wood during,;he autumn and winter,
the trap-revealed survival of marked animals at.tﬁis time may be a
poor guide to the actual mean survival of individuals of this species,
As there was no evidence for breeding during either winter of the

study the decline in the estimated population size may provide a
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FIGURE 2.25 Winter and spring declines in Apodemus populations.
The figures from Crawley(1965) are for his northern
grid in Castle Eden Dene during 1963-4.
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better guide to actual overwinter survival, This decline in numbers
is shown in Figure 2,25, From this graph it is apparent that the
pattern of decline was rather different both between sites and be-
tween winters, At Houghall in 1974-5 and to a lesser extent at
Castle Eden in 1974-5 survival decreased from winter to Summer,
At Houghall Woods the rapid and continued spring decline, together
with the known utilisation of the fields during the summer, suggest
that animals were emigrating from the woods to the fields, Similar
spring movements have been recorded by Bergstedt (1966) and Corke
(1970, 1974). As there is no evidence to suggest that large-scale
emigration was responsible for the spring decline in survival at
Castle Eden, food shortages (Flowerdew 1972), increased intraspecific
strife (Watts 1969; Gurnell 1972, 19785)or predation (Southern 1969)
may all have been involved.

In 1975-6 at Houghall,survival was uniformly poor from October
onwards, so that by February few animals survivea. Because of the
low numbers it is impossible to say with any certainty whether there

was a spring period of emigration but the long term trapping record would

suggest that numberd would decline still further, The reasons
for the poor survival over this winter are not apparent but, as the

survival of Clethrionomys was also poor, may have been the result

of generally unfavourable environmental conditions,

Overwinter survival at Castle Eden in 1975-6 was unlike any of
the patterns previously described as numbers remained virtually
stationary throughout the winter, In many respects the population
dynamics of Apodemus during this summer and winter were exceptignal
as there was no autumn rise in numbers and the recruitment of sub-

adults during November was much lower than expected. The weights
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of the subadults recruited in November and January (Figure 2.12)
suggest that they were the same age as the small September recruits
and must have been independent in September, There is no evidence
therefore for either poor breeding during the summer or breeding
during the winter, Although the weather during the November trapping
session was cold and damp there was no reason for supposing that
the trappability of young animals was partiéularly low so there is
every indication that recruitment was not éeriOusly underestimated,
The "high number of recruits in January was sufficient to maintain
population size close to that observed in the previous January and
suggests that,in the Dene as a whole numbers in the &utumn were
not deficient. It is possible therefore that the trapping area
was particularly unattractive to AEodemus.during November but that
later in the winter either it became as attractive as in the pre-
vious January or the surrounding areas became less attractive,

The rcasons for such changes in attractiveness are not clear
but may involve the avajlability of food, Flowerdew (1976, 1938)
reported that the majority of immigrants in an area with extra food
in winter appeared to have moved only a short distance, He concluded
that such winter movements allowed numbers to be adjusted to the
local food supply and predicted that 'areas of continuous habitat
should show more regular and stable fluctuations than others adjacent
to seasonally suitable areas', Whilst it is true that autumn move-
ments from one habitat to another appeared dufing the present study
to be less important at Castle Eden than Houghall, the population
dynamics of Apodemus seemed equally irregular at the two sites, Much
of the apparent variation between years at Castle Eden may, however,
be a consequence of the relatively small area trapped Lhere rather

than a real difference between years in the population dynamics of
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this species in the Dene as a whole, This hypothesis is supported
by the similarity of the number present during the‘twd springs of
the study.

The great mobility of Apodemus and its apparent willingness
to move in order to exploit most fully the available food supplies
mean that in & heterogeneous piece of woodland such as Castle Eden
Dene, numbers t?apped in a particular type of habitat may be markedly
influenced by the current attractiveness of that Habitat. Even
in what appears to be a human observe: to be a homogeneous piece
of woodland there may be differences between areas in the availability
of food and the suitability of burrow sites, An example of this
variation is apparent from Bergstedt's(1965, 1966) study which showed
that there was great variation in the acorn crop of individual oak

trees,
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CHAPTER 3

The Aggressive Behaviour of Clethrionomys

Introduction

There have been many suggestions that social behaviour, part-
icularly aggressive behaviour, may be important in regulating pop-
ulation density (Calhoun 1949; Wynne- Edwards 1962; Chitty 1967)
either by controlling the proportion of adults breeding (Christian
and Davis 1964; Krebs and Myers 1974) or by limiting the recruitment
of young into the population (Sadleir 1965; Chitty and Phipps 1966;
Watts 1969; Christian 1970; Flowerdew 1977).

Evidence supporting the importance of aggressive behaviour in
the regulation of population densiny has been sought from two main
sources, Experiments on enclosed.or laboratory populations of
small mammals have shown that social dominance plays a key role in
the structure of high density populations (Crowcroft and Rowe 1957;
1958) and that some individuals gain dominance by being able to
defend territories (Mackintosh 1970). Clarke (1956a) in a study of
M,agrestis in 67 m? enclosures found that fertility was reduced as
densities approached 4000/ha- and that adult males could subjectively
be divided into three overlapping categories which he termed dominant,
sub-dominant and subordinate, each class having a clearly defined
place in the social str;cture. In a similar experiment Van Wijééarden
(1960) repcrted that M.,arva lis in 100 m? enclosures reached densities
of up to 72,500/ha.with only a slight drop in fertility, Although
he gave little detail about the social structure it appeared that
the area was divided up between 'clans' of animals with sharply de-
fined boundaries, There was severe wounding amongat adults with
dominunt animals receiving wounds to the head and subordinates to

the back and tall, though thcre appeared to bhe little mortality as
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the result of wounds,

Although these experiments have suggested that voles will main~
tain a complex social system even at very high densities,their chief
interest lies in the finding that densities of several individuals per
square metre can be maintained provided there is sufficient shelter,
and that only at these unnaturally high densities is fertility reduced,
The rapid growth of confined populations has emphasised the importance
of emigration in natural populations in maintaining densities below
a level at which damage to the herbage becomes apparent (Krebs, Keller
and Tamarin 1969), and has suggested that the poor juvenile survival
observed in wild populationsmay be attributable largely to emigration
from the place of birth, followed by death,

Field experiments and studies on social behaviour have proved
difficult to perform because of the problem of observing small mammals
in the wild, Social behaviour has been studied either indirectly,
using methods such as automatic photography (Pearson 1960), multiple
capture traps (Kolodziej, Pomianowska and Rajska 1972; Rajska-Jurgiel
1976) or levels of wounding (Christian 1971; Lidicker 1973; Rose and
Gaines 1976), or more directly by removing individuals to the labor-
atory for behaviaural studies, Krebs (1970) has psed the latter
method to study changes in aggression during a populatioﬁ cycle of
two species of Microtus. He reported that males from peak density

populations were the most aggressive and that for M.ochrogaster,

home range size was related to the level of aggression shown by
individual males, the most aggressive having the largest territories,
As well as changes in aggression related to the perennial pop-
ulation cycle there can also be seasonal changes in aggression,
Turner and Iverson (1973) reported an annual cycle of aggression in

male M, pennsylvanicus with a peak during the breeding season. At
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that time of year, aggressiveness in overwintered animals, as measured
in the 1ab6ratory, and subsequent survival in the field were strongly
correlated, During the summer, overwintered adults were more aggre-
ssive and had larger home ranges than animals which matured in the
year of their birth, These authors were, however, unable-to find
any consistent correlation between the level of aggression and pop-
ulation density, Sadleir (1965) and Healey (1967) had earlier re-
ported that there was an increase in the level of aggression of

adult Peromyscus coincident with the start of the breeding season,
and that as long as adult aggression was high, juvenile recruitment

was low, They claimed that during the early autumn, juvenile survival

improved as adult aggression declined, Juvenile survival, as measured
by recapture rate was also improved on an area from which adults were
removed, Smyth (1968) however, failed to find the removal of adult

Clethrionomys from an area to have any effect on the survival of the

remaining voles,

Suspected changes in the level of aggressive behaviour may be
assessed indirectly by examining everted small mammal skins for
evidence of wounds caused by fighting, though of céurse such a tech-
nique cannot be combined with live-trapping. Studies of this type
on house-mice in corn ricks by Southwick (1958) and Rowe, Taylor and
Chudley (1964) have related levels of wounding to density and also
to the rate of emigration from the population, Christian (1971)
concluded from monitoring a crash in a vole population that levels

of wounding in Microtus pennsylvanicus were directly related to density

and that wounding was confined almost exclusively to adult males,

Lidicker (1973) however, concluded that in M. californicus season,

and therefore breeding condition, was more important than density in
determining the level of aggression as indicated by wounding, The

importance of season in determining the level of wounding in populations
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of M.ochrogaster was stressed by Rose and Gaines (1976) who reported

that high levels of wounding occurred both during the winter (December-
February) and during early spring (March-April) and early autumn (Qct-
ober), the times of greatest reproductive activity, although during
these latter periods wounding was confined almost exclusively to
adults, They suggested that high levels of aggression during the
winter tended to space out individuals; reduced aggression, as indic-
ated by reduced amounts of wounding, during most of the summer months
then allowed a higher density to be tolerated as juveniles were not
attacked, This hypothesis, which suggests that aggression may not

be related primarily to breeding condition, is at variance with other
hypotheses of causes of variation in levels of aggressionybut un-

like most other species of small rodents in temperate climates, the
species studied in this instance did not have a clear division be-
tween breeding and non-breeding seasons,

The results of these and other field studies (see p,200) have led
to a number of different theories about the relationship between
aggressive behaviour and the self-regulation of population density,
Chitty (1955; 1967), who was mainly concerned with perennial vole
cycles, introduced the concept of a genetic component of aggressive

"behaviour, suggested that the level of aggres;ive behaviour was
positively related to population density,and hypothesised that a
high level of aggression during the breeding seaéon would reduce
breeding success, leading to either a stabilisation of or a decline
in population density. This hypothesis has gained some support
from the studies of Krebs (1970) and Christian (1971), but enclosure
experiments (Clarke 1956; Van Wijngaarden 1960; Krebs 1970) have
suggested that juvenile mortality limits population density and
that adult fecundity does not show any marked decline until very

high densities are reached,
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Sadleir's (1965) suggestion (page 116) that éeasonal effects cn,aggréssion
might be as important as density effects has been Supéorted by the
findings of Lidicker (1973) and Rose and Gaines (1976), Indirect
evidence that both effects might be important in natural populations
was provided by Watts (1969) who f0pna an autumn upturn in the
survival of juvenile Apodemus over a number of years, He attributed

- this to a change in the behaviour of the adults and was abie to show
that the timing of the increase was density dependent as high numbers
during the summer delayed the onset of the increase,

A relationship between aggression, recruitment and population

density has been claimed by a number of authors (Sadleir 1965;

!
Healey 1967; Krebs 1970; Christian 1971) although the exact role of
aggressive behaviour in both annual and cyclicallchanges in number
is still uncertain, Investigation oflthis presumeé relationship

s hould help in formulaging a more general concept of the interaction
be tween behaviour, ecology and population regulation in small
mammal communities,

There is little published work on the aggressive behaviour of

Clethrionomys, Comparative behavioural studies on laboratory pop-

ulations have been performed by Johst (1967) on four species of

Clethrionomys and by Ashworth (1973) on two subspecies of C.glareolus

and their hybrid. Oldfield (1968) undertook a general laboratory

study on the aggressive behaviour of C,glareolus and Apodemus sylvaticus

and observed the interactions in small colonies consisting of between
two and five animals of one species, Cody (1969) investigated the

levels of aggression in a laboratory population of Clethrionomys

during the spring and Summer, Using a subjective 'index of aggression'
he showed a significant increase in the level of aggression from

April to August, when the experiment was terminated. Gipps (1977)
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has studied the level of aggressive behaviour in enclosed populations

of Clethrionomys, using methods similar to those employed in the -present

study, but was more interested in differences in the level of aggre-
ssive behaviour of adults, juveniles and castrates than in seasonal
changes. The lack of knowledge about the aggressive behaviour of

wild Clethrionomys and the need to know about the relationship be-

tween aggressive behaviour and population density in as many species

as possible suggested that a study of this relationship in Clethrionomys

would be useful,
It was decided therefore to examine the level of aggressive
behaviour throughout the year using techniques similar to those of

Sadleir (1965).

B. Methods

1. The Measurement of Aggressive Behaviour

Ideally one would hope to assess the level of aggressive behaviour
in a population by observing interactions between members of that
population in the wild. Unfortunately the observation of;small
mammals in the field, though possible (Kikkawa 1964; Greenwood 1975,
1978, in press; Bullock 1977) is not easy,as they are rarely seen
except at artificial feeding stations, The only practical method
of examining their aggressive behaviour is to bring them into the
laboratory and observe interactions in a rather artificial situation,
A basic, but untested assumption of this type of test is that the
amount of aggressive behaviour shown in the laboratory is related to
the aggressive behaviour of the animals in the field, 1t seems most
unlikely that after capture an animals behaviour will remain upn-
¢ hanged,as (& {8 {n a totally unfamiliar environment.where Lt can

ned ther 1 lee nor hide, The only assumption required however Is
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that there is a correlation between behaviour in the-wild and behaviour

in captivity,

Although handling animals in the field has given a strong impress-
ion to diverse experimenters that individuals are much more likely to
bite during the breeding season and are usually more or less docile
during the winter, changes in the level of aggressive behaviour have
proved to be difficult to measure in the laboratory. In most cases
workers have had to either combine data over several months to show
significant changes in aggression between breeding and non-breeding
seasons (Healey 1967; Turner and Iverson 1973),o0r re;ort to a
complex statistical analysis of 'behavioural profiles' (Krebs 1970),
Other workers have failed to demonstrate changes in aggressive
behaviour in the laboratory (Tamura 1966; Flowerdew .197 ) despite
strong evidence from field studies for the behavioural regulation of
numbers (Watts 1969, Krebs and Myers 1974),

Previous studies have used only male animals for behavioural
tests as enclosure experiments have suggested intermale aggression
to be the more important in the formation and maintenance of a
social structure (Clarke 19564, In fact some aggression is shown
by females (Rose and Gaines 1976) but its measufement is complicated
by changes related to the oestrus cycle (Sadleir 1965; Hyde and Sawyer
1977). For these reasons it was decided to use only male animals
for this project,

The two main methods of pairing animals for aggressive encounters
which have been used by previous investigators are.described below,

(i) Wild-caught animals are tested against laboratory-kept animals
which form a graded series of males of known relative aggress-
iveness, prepared by pairing a number of males in a 'round-robin'
series of encounters, From the results of these tests the

males can be placed in a hierarchy of increasing aggressiveness
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which must be retested periodically to monitor any changes.
in their aggressive state or the orxrder of the hierarchy. The-
object of this method of aggression testing is to determine the
position of the wild-caught subjects in relation to members of
the graded series. A measurement of the relative level 6f
aggressiveness is thus determined for each aaimal, Major
difficulties re;ult from the level of aggressiveness béing'
liable to change over periods of a few weeks and from aggression
not being measured on an absolute scale, Even under :n
unvarying regime voles and mice show a definite breeding season,
" indicative of an annual variation in hormonal condition(j.codfre%per&
comm, ). A futher problem is that the behaviour of.the standard animal
may be influenced by that of its opponent, In laboraﬁory rats
(Barnett 1969) and mice (Parsons 196'7; Brain and Nowe11'1970)
the amount of aggressive behaviour shown during a test was ob-~
served to be strongly related to the previous experience ol the
animals, 1f these findings apply to voles then Lﬁe'aggressiveness
of the individuals in the graded series will changélas they
become more experienced. |

Denenberg, Gaulin-Kremer, Gandelman and Zarroﬁ (1973) have
reported that many of these problems can be overcome by using
mice with their olfactory bulbs removed,as standérd opponents,
These bulbectomised mice show very little aggression themselves
but elicit aggression from their opponents. IThéy show little
variation in their response both between individuals and over
a period of time, As bulbectomy 18 a complex operation and
as there Is no certuloty Lhat voles would shuwTLhe same reaction
this method was not adopted,

There are clearly considerable practical difficulties in
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keeping a graded series over 4 lung period of time. Previous
investigators have generally used this method . .for experiments
covering no more than one breeding ;eason (Sadleir 1965; Healey
1967) but even over this relatively short period changes in be-
haviour may occur.

Two wild-caught animals are tested against each éther
(0ldfield 1968; Krebs 1970; Colvin 1973; Turner and Iverson
1973). Both the timing and number of any interactions are
recorded and the frequency or latency (time till first occurr-
ence) of these is used to give a measure of the level of aggre-
ssion of the animals, Although this method avoids the problems
associated with a graded series of males it has a number of
different deficiencies, The behaviour of each member of any
pair of animals is dependent on that of the other, As the
scores given to the animals therefore lack, to some extent,
statistical independence,the results of ea;h'bout must be
treated as one event,so reducing the number of results by a
half (Denenberg et al 1973). Although wild-caught animals
will certainly have had some social experience, the laboratory
testing procedure is totally unfamiliar to tﬁem. It is likely
that experience will allow them to become more accustomed to
the situation and perhaps modify their behaviour in consequence,
For this reason the laboratory experience of an animal must be
considered an important variable,and animals with different
amounts of laboratory experience should not bg compared,

Despite these difficulties this second method of assessing
the level of aggressive behaviour was used in the present
stydy because the problems associated with the maintenance of

a graded series seemed more serious, Matching two wild males
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is the more likely to give a measurement of aggressive behaviour

which can be compared with results obtaiued subsequently.

2, Preliminary Experiments and Observations

Initially preliminary observations and experiments were m54e'§n
vole social behaviour in order to gain experience both in trapping
and observation techniques, Because of the difficulty experiénced
in observing aggressive behaviour in recently captured voles,these
were extended in order to find an experimental regime which encouraged
the display of aggressive behaviour by individuals during thg tests,

Voles were trapped in Houghall Woods during late 1973 é&a early
1974 and the males brought back to the laboratory for observation,
Animals were generally housed singly in wire topped aluminium cages
containing a layer of peat or sawdust with straw as bedding. Rat-
cake and water were freely available and were supplemented occasion-
ally by fresh carrot or cabbage, The animals were kept in a room
in a quiet part of the building which was subject to natural lighting
only and was not heated, although being in a heated bullding it was
warmer than outdoors, |

The description of Oldfield (1968) was used as a guide to enable
specific behavioural elements to be identified,but the number of
elements recorded was later reduced to the six described on page 130,
Although the methods of lighting, recording and ob;grQation were
varied during these experiments,the arena in which the encounters
were staged was always a clear plastic tank with a floor area of
20 x 30cm,containing about 2cm of sawdust,

The flirst observations were made durlng the winter on voles
which waere not In breeding condlitfon and had beenmalntained In the

laboratory fur at least a week. The arvna was flluminated Erom a




124,

distance of one metre by two 60W spotlights, The observer sat about
2m, away with the room darkened, so he was not easily.seen by the
voles, Observations we;e recorded by speaking quietly into a tape
recorder, It was soon evident that the voles were easily disturbed
by any noise made by the observer so a radio was used to provide
background noise; this masked most of the sound mgde_by the observer
but the voles were still aware of sudden noises,.éerhaps because of
their ultrasonic or subsonic content, Little social behaviour was
observad between individuals under these conditions although pairs

of animals were watched for up to one hour. The general response

of two animals on being placed in the arena was to niove to opposite
ends of the tank,where they would remain motionless for long periods,
On the occasions when social interactions were obégfved these were
initiated when one animal left its corner and began.to explore the
arena, After a short period of exploration the subject would approach
its opponent and the two voles would investigate each other by nose
to nose contact, The investigation was terminated either when the
second vole responded with a defence posture, caQsing the first to
turn and retreat, or when the latter turned and gonfinued to explore,
though this was less common,

In view of the considerable amounts of interaction reported by
both 0ldfield (1968) and Ashworth (1973) the lack of aggression be-
tween individuals was surprising, Two possible reasons for this
difference were considered; either the voles were not aggressive to-
wards each other because during November to February,when these
observations were made,they were not in breeding condition, or
their normal social behaviour was inhibited by the testing procedure,
The studies of Oldfield (1968) and Ashworth (1973) were both carried
out during the breeding season, when voles might have been expected

to be aggressive, In the present study voles tested during the
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breeding season showed more activity than those tested during the
winter (see page 142),but the amount of interaction was still less
than that reported by Oldfield (1968) and Ashworth (1973) confirming
that the testing conditions, in the most general sense, are an im-
portant variable in quantifying aggressive behavi;ur.

Two possible ways of altering the testing proc;dure to maximise
the amount of social behaviour shown were investig&ted. The first
was to alter the conditions of the test so the voleg were subjected
to as little disturbance as possible and were allowéd a short time
to become accustomed to'thé arena, The second was to keep the
voles in captivity for some time before the test so they adjusted
to laboratory conditions, Although retaining ahimais in the labor-
atory for more than a few days was incompatable -with the aims of
this study (see pagel27) it was felt that investigation of the
habituation to laboratory conditions would indicate differences he-
tween this and other studies and quantify the iwpqrtance of the time
between capture and aggression testing,

For further preliminary experiments the testing conditions
described on page 123 were altered by removing the two spotlights so
the arena was illuminated only by natural light,and confining the
subjects for 10 minutes under translucent plastic containers so
they became more accustomed to the arena, The observer sat about
2m, away in a shaded corner of the room and obsefvéd the voles as
quietly as possible whilst making pencilled notes about the behaviour
observed, When a number of voles were tested using these conditions
about a week after their first test rather more activity was observed
though the voles still spent long periods in opposite corners of the
arena, The tape-recorder and radio were then reintroduced and the

remaining voles tested, Although the number of fights recorded was
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small, the results (Table 3,1) suggest that the noise of the tape-
recorder and radio made little difference to the behaviour of these
animals and that the increase in activity observed after being at least
two weeks in captivity could be attributed to a change in the behaviour
of the animals themselves, This could be either an accommodation

of the voles to captivity or an increase in individuals levels of

aggression as the result of changes in thelr hormonal condition,

The effect on behaviour in the arena of keeping animals in captivity
for an extended period was investigated further by comparing laboratory-

kept and wild-caught animals, Seven male Clethrionomys were captured

in February 1974 and maintained in the laboratory-for'approximately
one month without being tested. After this time a further four were
captured and all eleven animals tested two days lafef.using natural
daylight conditions and the tape-recorder, Interactions vere re-
corded using the behavioural elements described by Oldfield (1968)
rather than those defined on page 132 and the results have been
analysed to present the information shown in Table 3,2, There is
clearly a considerable increase in activity between individuals
which have been kept in captivity for some time priof to testing,
a procedure adopted by Oldfield (1968), Cody (1969) and Gipps (1977).
In the cases where a laboratory-kept animal was testeﬂ against a
recently captured oneyall the Approaches were made by the laboratory-
kept individuals whilst the recently captured animals spent much
time in a corner of the arena and responded to Appfoachea with a
Defence Posture,

Although these results suggest that maintaining voles in the
laboratory for between two and three weeks before aggression testing

would have resulted in more activity being recorded, such a procedure




Testing conditions No. of observations Mean number of
Approaches in 10
mins., (+ s.e,)

Freshly captured, :

tape recorder not 12 0.58+0,22

used '

After 1 week in

captivity tape 7 2,4240,40

recorder not used

After 1 week in

captivity tape 6 2,66+0.51

recorder used

?otal athr 1 week 13 2. 5440, 32

in captivity -

TABLE 3.1 Effect of time in captivity and altering the testing
conditions on the level of aggressive behaviour of
Clethrionomys,

Subjects No, of observations| Mean number of

Approaches in 10
mins (+ 8.e.)

Recently captured vs 9 1.66+1.2
recently captured

Recently captured vs 7 9.85+2. 8%
laboratory kept

Laboratory kept vs 13 8.07+1.3

Laboratory kept

* All Approaches made by laboratory-kept individuals.

TABLE 3.2

Effect of time in captivity on the aggressive

behaviour of Clethrionomys




128.

was not compatable with the aims of the present study, As demographic
events were to be monitored on the areas from which voles were removed
for testing, it was considered essential to upset the social system

as little as possible. Removing males for long periods would have
allowed immigrants to establish themselves, leading perhaps to the
forced emigration or reduced survival of the ex-residents on release
from captivity.

Further attempts were made to increase the amount of social be-
haviour shown by recently captured voles by lengthening the time for
which'SUbjects were confined under the plastic containers before the
start of a test, A number of voles were captured and tested after a
minimum of 24 hours in captivity. Lengtﬁening the time under the con-
tainers to 30 minutes appeared to increase slightly the amount of Bocial
behaviour shown, although by this time (April) the animals were in
breeding condition and appeared more active'uﬁder all conditions, As
making ‘pencilled notes was not quick enough and the noise of the tape-
recorder appeared to upset slightly the recently captured animals, a
twelve-track paper-tape event-recorder operated by a push-button key-
board was constructed. This recorded at a chart speed of approximately
6cm. per minute, As so little activity was shown in many encounters,
the number of behavioural elements recorded was reduced to the six
described on page 132, Although the event recorder was fairly
quiet the voles appeared to be sensitive to thé slight click when
buttons were activated, The probléms. of disturbance were finally
eliminated by installing a closed circuit television camera and
monitor in an adjacent room whilst recording activity on the event
recorder, The translucent plastic containers were left in position
over the voles for 30 minutes before the start of the experiment and
then raised by a system of cords and pulleys controlled from outside

the room, The time for which pairs of individuals were watched was
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standardised at five minutes as experience showed that if neither
contestant had moved within this time they were unlikely to do so
for at least a further ten minutes,

Although this elaborate system was adopted in order to cause
the least disturbance to the voles the amount of activity recorded
throughout the study was still less than that observed by Oldfield
(1968), Ashworth (1973) or Gipps (1977). This could be attributable
to the greater length of time that these workers' subjects-had been

in captivity,

3. The Testing Procedure

The results of the preliminary observations and experiments led
finally to the adoption of the procedure degcribed below,

On the second and third days of trapping at Castle Eden Dene
and the secénd day in Houghall WOodg all adult male voles captured
wre brought back to the laboratory, Previously captured animals
could be identified by their toe clipped marks, previously uncaptured
males were not marked or bled when captured to avoid disturbance but
were marked later, before release, Voles were housed individually
in wire topped mouse cages with food and water freely available, The
room in which the voles were kept and tested was unheated and subject
to natural lighting conditions. Voles were kept in the laboratory
for a minimum of 24 hours before being tested'aqd were released at
the point of capture between three and four days later.

The amount of times that an animal fights in the laboratory
must be a compromise between allowing the animal to accommodate to
the testing procedure with a consequent change ih behaviour, and ob-
taining sufficlient results to make the experiment meaningful. For

this project cach animal was allowed to fight only twice, the minimum

_.
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number of fights which allowed an cstimation of the repeatability
of each animals performance, Each of these two fights was against
a different opponent wherever possible and these were at least 24
hours apart,

The testing arena was the clear plastic tank described on page 123a
and the bouts were watched using the closed circuit television system,
Before the beginning of the bout the subjects were placed under the
translucent plastic containers which were raised after 30 minutes
by remote control, Behavioural acts were recorded by the observer
for a period of five minutes using the push button keyboard and
event recorder, The behavioural acts, which are.&éscribed in the
next section, were generally sufficiently infrequéné for each occurr-
ence to be recorded separately,but in cases where the same behavioural
act occurred twice within a ten second period without any other act
intervening, the two were assumed to be part of one behavioural sequence,
This arbitrary ten second rule has been used by other investigators
(Oldfield 1968, Krebs 1970). Apart from their toe-clipped numbers,
voles were not marked in any way as it was always possible to follow
the movements of both individuals, At the end of the test the two
subjects were removed, their identities checked and;they were returned
to their respective cages, Brief comments were written about the
behaviour of the two animals with particular refe;ence to any apparent
dominance, The paper tape was later transcribed to give a written

record of the timing and frequency of the acts recorded,

4, Behavioural Acts Recorded

The aggressive behaviour of Clethrionomys in the laboratory has

been dzscribed Ln detail by .Johst (1967), who dellned a sceries of

'behaviour complexes' such as 'attack complex' or 'defence complex',
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and by Oldfield (1968) and Ashworth (1973) who fgllowed the scheme

of Grant and Mackintosh (1963) in dividing social behaviour into a
number of acts and postures, Oldfield (1968) divided behaviour on
the basis of presumed motivation, into introductory, aggressive,
contactual, defensive, withdrawal and ambivalent categories, each
category being further sub-divided to describe a total of 19 elements
of behaviour, Ashworth (1973) used a similar system but recognised
only 12 elements,

A number of classes of social behaviour recér@ed by these
authors ih fact indicate little concerning the le;el of aggression
of individuals, and in most cases investigators.studying the level
of aggression have recorded a smaller number of categories of
behaviour and restricted the number of categories in the subsequent
analysis still further, Sadleir (1965) recorded eight different
categories of behaviour in Peromyscus but analysed only six aggressive
elements,whilst Healey (1967), working on the same species, recorded
nine elements but reported that only two were gqod_indicators of
aggression, Krebs (1970) recorded six broad categories of social
behaviour in Microtus but included only five of-thése in his subse-
quent discriminant analysis and Turner and Iverson (1973) used onmnly
four aggressive elements out of the ten recorded, to calculate an
'Index of Aggression'.

In the present case the size of the event recorder restricted
the number of elements recorded to a maximum of s;x for each animal,
As the purpose of the analysis was to determine the level of aggression
rather than an analytical study, and in view of the experiences of
previous investigators,it was considered that this number would prove
ample for the purpose. The choice of elements to be recorded was

determined from observations of the most common elements during the
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preliminary experiments, Terminology was derived from that of
Oldfield (1968) and Ashworth (1973),as in some cases more than one
element, as defined by Oldfield (1968), was included in a categorf.
A description of the elements, together with an indication of their
presumed motivation and derivation is given below,and the elements

are illustrated in Figure 3,1,

Approach

_ Approach is an ‘introductory element (Grant and Mackintosh 1963)
involving movement directed towards another individual, The approacher
assumes.an elongated po;ture with whiskers and ears forward ;ﬁd tail
extended, This broad category of behaviour was ujed by Ashworth (1973)
but was subdivided by Oldfield (1968) into Approach or Aggressive
Posture depending on whether the fur on the nose was raised-;r not. .
This distinction was not made in the present study as a clear differ-

ence between the two extremes was not obvious,

Investigate
This category comprises the introductory elements Nose, Investi-
gate and Sniff as_défined by Grant and Mackintosh (1963) and described

any close appraisal of one animal by another, 1In Clethrionomys the

animals are usually face to face with noses and whiskers in contact,
This element of behdviour is usually of short duration, often mutual’

and generally follows an approach by one animal,

Defence Posture

This category includes the upright and sideways postures which
have both offensive and defensive subdivisions in many rodents (Grant

and Mackintosh 1963). In Clethrionomys only the defensive sub-division
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Investigate
Y gl
Defence posture m

Mutual upright

Wrestle

Retreat

= ¢

FIGUHE 3.1 Behavioural acts recorded. (after Johst 1967)
In cases where the description refers to only

one of the protagonists, thézsubject is starred.
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was common, the offensive subdivision occurring only as part of a

Mutual Upright. Defence Posture is the most common response of a

subject to an Approach or Investigation by its opponent (see page 14]1).

The subject stands on its hind legs and one front leg in the sideways
posture, or on ité hind legs in the upright posture,and pushes out at its
opponent with one or both forepaws, Oldfield (1968) recognised two
similar elements which have both beeﬁ included in this category,
Thrust, he suggested initially was a defensive act but concluded that
it was shown by animals which had both aggressive and flight drives
activated, whilst Upright Posture was a closely associated posture
with similar motivation, fhe behéviour sequence analysis of the
present study (page 137 suggests that Upright Posture does contain

an aggressive component as the responsé of the opponent is either

Retreat or a further aggressive element,

.Mutual Upright

For this element which has been descr%bed by Clarke (1956), qyétz
(1962) and Turner and Iverson (1973), both contestants stand ovn their
hind legs a short distance apart and strike out at each other with
their forepaws. The head is generally drawn back and the eyes closed,
Grant and Mackintosh (1963) separated this category into an Offensive
Upright Posture,shown by the animal which inifiated the interaction,
and a Defensive Upright Posture by its opponent, but as the Offensive
Upright Posture, 8 common element in rats (GraAtjand Mackintosh 1963)
never occurred except during a Mutual Upright,the distinction has not
been made here, Clarke(1956h) and Getz (1962) considered this act
to be most common among voles of approximately equal social status,
The act has also been called Boxing by Allin and Banks (1968), Skirrow

(1969), Colvin (1970) and Ashworth (1973, and Fighting by Oldfield
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(1968) although other authors have used the latter name in a more

general sense to cover a wide range of agonostic behaviours,

.Wrestle

This element, which was rarely observed, is the most overt form
of aggressive behaviour (Grant and Mackintosh 1963). The animals
are locked together and roll about on the ground until one turns and

flees,

Retreat

In the present case Retreat is used as a general term for any
movement away from another individual, Grant and Mackinczosh (1963)
described 'two withdrawal elements,Retreat,which did not involve rapid
movement,and Flee, which was a rapid form of Retreat, Retreat was

the common'reSponse of a subject to a Defence Posture by its opponent,

5 Analysis of Results

Whatever experimental procedure is adopted at the end of an
encounter experiment, the investigator is left with a record of the
timing, duravion and frequency of all the behavioural acts recorded,
Previous investigators have quantified their reSuits by several diff-
erent techniques, Sadleir (1965), Tamura (1966), Healey (1967)
and others totalled the number of aggressive acts ghown by both sub-
jects and assumed that this total gave some indication of the level
of aggression of the subjects. The latency of par;icular aggressive
acts, as indicated by the time elapsing before their firat occurrence
in an encounter, has also been measured and related Lo aggression (King
1957, Catlett 1961). Turner and Iverson (1973) have shown that, in

general, the frequency and latency of aggressive acts are negatively
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correlated,suggesting that both are covariables of the.same para-
meter, Krebs (1970) gave the frequencies of the aggressive acts
recorded and related them to the frequency of approéches on the basis
that each approach is followed by an attack, a retaliation, a submission
an avoidance or a combination of these, The level of aggression in
a particular eQCOunter was then defined in terms of:the ratio of
attacks to approaches, Turner and Iverson (1973) recorded both

the frequency and latency of aggressive acts, They then calculated
an 'Index of Aggression' by multiplying the grand means of their

four aggressive acts by a factor to make them all numerically equal,
The weighted OCCurrencelof each act in each encounter was then sub-
jected to principal component analysis to give a further multiplica-~
tive factor, For each encounter the weighted occurrence of each

act was multiplied by the principal components factor and the results

summed to give the 'Index of Aggression',

In the present study the total number of interactions observed
was rather small, making the results unsuitable fﬁr calculating
either an approach/attack ratio(Krebs 1970) or an 'Index of
Aggression' (Turner and Iverson 1973) as both these methods rely
on statistical treatment of the act frequencies._. In this study
almost every Investigate was followed by an aggressive act making
these two variables highly correlated (r = 0,83, é(O.QOl) 80 an
approach/attack ratio would have been of little valué, For these
reasons it was decided to compare aggressive behaviour by considering
the total number of aggressive acts (Defence Posture, Mutual Up-
right and Wrestle) observed in each encounter and also the proportion

of encounters in any one month in which any aggression was observed.
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1) General

In over a quarter of the encountcrs observed,thé subjects showed
no activity and remained in opposite corners of the arena, Mutual
Upright and Wrestle occurred in only 217 of encounters, This lack
of overt aggression together with the restricted number of males
available from the trapping areas has meant that in ﬁany cases samples
for individual months were too small for detailed statistical analysis,
and the results for several months had to be combined'to provide
adequate sample sizes,

Most previous investigators have used laboratory populations

of Clethrionomys for behavioural studies and have reported a consider-

able amount of interaction and few problems caused by the presence

of an observer (0Oldfield 1968, Ashworth 1973), As Clethrionomys adapts

rapidly to captivity this difference in technique is a likely explan-
ation for the differences in behaviour observed (see pagel24), In-
vestigators studying the behaviour of other species of small mammals
captured iﬁ the field have reported no difficulty in observing aggressive
behaviour (Krebs 1970; Turner and Iverson 1973) so it is possible that

the lack of interaction observed is peculiar either-to Clethrionomys

or to the techniques employed.

2 Interrelationship of Acts

The behaviour patterns shown by Clethrionomyé in the laboratory

were rather stereotyped, with a small number of behavioural elements
accounting for the greater part of the activity obgérved. Although
the aims of this project were not primarily ethological this section
provides a short description of the common behavioural elements ob-
served and the relationship between them in order that 'typical' be-
haviour sequences may be defined, As no différencgs in the relative

frequencies of behavioural acts were observed between animals from
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Behaviour of Response of Frequency as 7 of
opponent subject total transitions
Approach Defence posture 5.4
Approach Mutual upright 2.7
Approach Refreat 1.3
Approach Wrestle 0.4
Investigate Defence posture 25.6
Investigate Investigate 10.8
Investigate Mutual upright 6.3
Investigate Retreat 5.0
Investigate Wrestle .8
Defence posture | Retreat 26.5
Defence posture | Mutual upright 1.3
Defence posture | Defence posture 0.4
Mutual upright Retreat 6.3
Mutual upright Mutual upright 2.7
Wrestle Retreat 1.8
Wrestle Defence posture 0.4
Retreat | Retreat 0.4
Defence posture 1.3

Mutual upright

5.4
6.3
el
10.8
Approach N 1.3 > Retreat
1.8
\ 1.8
Wrestle
TABLE 3.3 Response of individual Clethrionomys to an act
+ FIGURE 3.2 or posture by an opponent during aggression tests,

Figures on Figure 3,2, are pcercentages,
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Freqﬁency as %
Behavioural transition .of

total transitions
Approach ——» Investigate ':38.6
Approach ——>» Retreat 13.1
Approach —————3 Defence posture 1.6
Approach ——————=> Mutual upright 1.6
Approach ——> Wrestle 0.4
Investigate ———3>> Retreat ‘ 23.5
Investigate ———» Mutual upright 6.4
Investigate ————» Defence posture 4.8
Defence posture ——» Mutual upright ' 1.2
Defence posture —3 Retreat - 1.6
Mutual upright ——> Retreat - 5.6
Mutual upright —> Investigate | 0.4
Wrestle ~————> Mutual upright - 0.4
Wrestle ——> Defence posture . 0.4
Retreat ————> Defence posture ' 0.4

Defence posture -_~‘§_§‘~§E;i§§_§—‘*

6.4 Mutual upright

1.6 4.8
—
Investigate
23.5 5.6
1,6
38.6
Approach 13.1 —3 Retreat
TABLE 3.4 Changes in behaviour by individual
+ Figure 3.3 Clethrionomys during aggression tests.

Figures on Figure 3,3. are percentages,
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Houghall Woods and Castle Eden Dene the results for the two sites

have been combined to give larger sample sizes, Although the absolute
frequency of all behavioural elements altered seasoﬁally there was

no detectable seasonal variation in the relative f;eduency of the
elements, so the analysis includes results for the whole study period,
Sequence of interactions between two animals may be described either

in terms of the response of an animal to an action by.its opponent,

or as a temporal sequence of actions by a single animal ox both
approaches may be combined to give a complefe deqcfiption of any-
social interaction, All these methods of analysis are presented

in the following sections,

a) Behavioural transitions by a single animal

An analysis of behavioural transitions by an animal documents
the frequency with which the subject changes its behaviour trom one
type of act or posture to another, In the present study two trans-
itions predominated;Approach — Investigate, which usually started
any interaction, and Investigate —3) Retreat which ended a high
proportion of interactions, The results of this behavioural analysis
are shown in Table 3.3 and Figure 3.2 Transiiioqs which accounted
for less than 1% of the total have been omikted from the latter in

order to clarify the figure.

b) Behavioural transitions between animals

Behavioural transitions between animals are the response of one
animal to an act performed by its opponent, ﬂere-again two transitions
predominated; Investigate =) Upright Postufe; the usual response of
a subject to an Investigation by its opponent and ppright Posture =

Retreat the usual response of the Investigating animal, The results,
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as a percentage of the total transitions are shown in Table 3.4 and
Figure 3.3 Behavioural transitions which accounted for less than
1% of the total have again been omitted from the figure,

Because such a small number of behavioural transitions predomin-
ated, the frequency of these may be used to describe the most frequent
interaction between two voles, Only four behavioural elements are
involved, one vole Approaches the other and Inveétigates it, the second
vole responds with a Defence Posture causing the first vole to Retreat,
This short sequence was observed many times during the course of the

study and is illustrated diagrammatically below

Subject Oggonent
Approach
Time Investigate
\
l ’:%f Defence Posture
v PP
Retreat l

End of Interaction

3. Variation in the Level of Aggressive Behaviour

a) Between the two study areas

Figure 3.4shows the total number of aggressi@g acts performed ty
each pair of animals throughout the study periéd; There was con-
siderable variation in the numbers of aggressive acts performed per
encounter in any one month with little suggestion that there was any
difference in the level of aggressive behaviour of animals from the
two study areas, As the aggressive tests froﬁ-the two areas con-
tained equal numbers of encounters, it was posaible to test statistic-
ally for any significant difference in the dLeCriBution of the numbers

of aggressive acts by comparing distributions using a Mann-Whitney
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U test, an appropriate non-parametric procedure, There was no
significant difference between the distributions (U = 275, p 0.10)
confirming that results for both sites may be combined to provide

larger sample sizes for the remainder of the analysis,

b) Annual variation in aggression

The data were examined to see if there qu.any difference inv
the levels of aggression between 1975 and 1976. The numbers of
aggressive acts in May 1975 were compared with those in May 1976
using the Mann-Whitney U-teét and a comparison was also made he-

tweeuy the combined data for August-November 1974 and AugusL-November
1975, No significant differences were observed (U = 19, p< 0.05
for the May comparison; U = 166.5, p< 0,10 for the August-NoveMb;r
comparison), It was concluded that there was no demonstrable
difference in the levels of aggression between years and that data

from different years cbuld therefore be combined if required,

c) Seasonal variation in aggression

The proportion of encounters in which there was any interaction
at all between the two subjects is shown in Figure 3.5. The overall
pattern is one of a high level of aggressive behaviour during the
spring and early summer which decreases gradually.

In order to test the significance of the differencé in the level
of aggression between the breeding and non-breeding seasons, the fre-
quency distributions of aggressive acts (Figure 3.4) were compared
for the two periods using a Mann-Whitney U-test, Idegliy the breeding
scason should be defined as the period during which 50% or more of the

males are in breeding condition, In the present study all the
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trapping sessions from the beginning of March till the end of August
are included in this definition as in Septeﬁber only 277 of males were
in breediﬁg condition, The frequency of éggressive acts was signif-
icantly higher during the breeding season both for the combined data

(U = 321, p <« 0.001) and for the two sites wheﬁ considered separately;
(Houghall Woods U = 315; p < 0.005.- Castle Eden Dene U = 326, p < 0.001).
The data may also be analysed by considering.Fhe decline in the mean
number of aggressive acts from May to Novemﬁer when data from the two
years are coﬁbined. This decline is significant (r = -0.45, t = 4,19,
p < 0.00l). The decline over this period in the proportion of en-
counters showing any aggressive acts represents a linear trend which
may be analysed by the method of Yates (Snedecor and Cochran 1967);

the fall in proportions is significant at the 0.1% level (b = 0,128,

z = 5.12) showing that there is a significant decline in the proportion

of encounters containing aggressive acts,

The relationship between age and dominance

The relationship between age and aggression was tested by observing
dominance relationships between pairs of animals from different year
classes, The dominant animal was considered to be the one which in-
itiated all the social interactions, If both animals initiated inter-
actions or if there were no interactions at ail,the outcome: was scored
as a draw, Positive associations between activity and aggression

have been reported by Healey (1967) in Peromyscus, Lagerspetz (1964)

in Mus,and Payne and Swanson 1970 in Mesocricetus. A similar characteristic
of dominance has beenfound by Colvin (1970) and Turner and Iverson

(1973),and is consistent with the findings of Brown (1966, 196Y) that
dominant Apodemus were bolder and showed more explbratory behaviour

than subordinates,

The majority of individuals could be classified as overwintered
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animals or young of the year on the bhasis of weight (see p, 51) or
their previous trapping record. Those which could not be cétegorized
were omitted from the analysis, Out of 21 encounters between ;ver-
wintered and recently matured males,the former class were domigant

in 10 cases and the latter in 1 case, 1f both classes of adult are
assumed to be equally likely to be dominant the probability of such

a result occurring by chance is less than 2% (Je =6.23, D.f = 1),80
it may be concluded that overwintered adults are generally dominant
over those which mature in the year of their birth, In the one case
in which a young adult was dominant over an old adult,the ene0unter
took place in September, the end of the breeding season, and the young

animal was one of the oldest recruits of that season,

D. Discussion

Some of the increase in aggressiveness of individuallClethrionomys

with time after capture (see page 126) may be ascribed to.a general
habjituation to captivity,but other factors are involved,” Brain (1970)
has shown that isolation prior to tésting is one such factor. Isolated
as opposed to grouped male house mice havé a decreased adrenal gland
weight and an increased level of aggressive behavioﬁr;_5uggesting

that the conditions of captivity have a profound effect on the hormonal
state and behaviour of small mammals. Animals in captivity are
generally subjected to a higher average temperature and an assured
nutritionally adaquate food supply. These factors, though less
important than day length, have both been shown to induce testicular
growth in juvenile or overwintering voles and to maintain testicular
function at times of decreasing day length (Clarke 1977), If indiv-
iduals are to be retaiqed in the laboratory for some time before

testing, as in the study of Gipps (1977), then the effect of these
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factors on the level of aggressive bhehaviour must be considered.
The behaviour of individuals retained in captivity for long periods
may ultimately bear little quantitative relatjonship to that they
would have shown in the wild. If results are to be compared be-
tween seasons there is clearly a requirement for a strict standard-
isation of the conditions and time for which animals are kept in
captivity. Because few investigators have ;tudied the behaviour
‘of wild small mammals in the laboratory, standard procedures have
not been generally agreed and comparisons between stﬁdies must
therefore be performed with caution,

The patterns of behaviour recorded during this study are similar
to those reported by Ashworth (1973) although her terminology was
slightly different, She considered that in encounters between two
voles the individual which initiated any social interactions was
dominant,and reported that an Approach by one indiQidual was fre-
quently followed by a Defence Posture (which she termed Ambivalent
Posture) from its opponent, Because attacks wére rare she considered
that most aggression was defensive, Oldfield (1968) found Cleth-
rionomys to be much more aggressive than Agodemus and reported that
non-aggressive interactions were rare with little contact between
individuals except during fighting, Mice, on Fhe other hand, would
often behave amicably towards each other with few signs of overt
aggression, The latter observation was also reported by Flowerdew
(1971). This considerable difference in incraspecific.behaviOur is

not reflected in the behaviour of the two species when handled,

Apodemus being generally much more ready to bite than Clethriomomys.

As Apodemus may be dominant to Clethrionomys (see pagel08) there

may be a distinction between intra- and inter-specific behaviour,

The avoidance shown between individual voles in the laboratory
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may reflect their social behaviour in the wild, a view supported by
the results of the few observational studies available, Kikkawals
(1964) observations at a bait point in Marley Wood showed that whereas

up to four Apodemus were seen feeding together, visits by Clethrionomys

were generally solitary and some individuals, presumably dominant,
chased others if they encountered them, In a similar study Greenwood

(1978) reported that there were few encounters between Clethrionomys

and that the general response of a feeding vole was to retreat when

it detected the approach of another, Bullock (1977) recorded few
interactions between voles observed at bait point as there was little
overlap between the visiting times of individuals; at no time were-
two or more voles seen feeding together, Further evidence that
mutual avoidance may be an important component of vole social be~
haviour is apparent from the observations of Oldfield (1968). He
reported that in laboratory colonies of between three and five male
voles, members initially showed considerable antagoqism to one another
which slowly died down as a dominance hierarchy was -established.

The hierar;hy, though leading to a suppression of bvert aggression,
was however easily upset either by the removal and-éﬁbsequent re-intro-
duction of a colony member or by the introduction of a strange vole,
when overt aggression, involving all individuals,reappeared for a
time, All the members of a colony shared a nest but organised

their periods of activity to avoid one another églgenerally only

one individual was active at a time,

To suggest that all individuals avoid each other at all times
except for mating, would be a gross oversimplification and the ob-
servational studies referred to above show that on occasion individuals
do interact, Some idea of the complexity of individual relationships

can be gained from the double-trap studies of Kolodziej, Pomianowska
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and Rajska (1972) and Rajska-Jurgiel (1976) where an individual con-
fined in one part of the trap either increased or decreased the prob-
ability of capturing an.individual in the 6tﬁer part of the trap.
These studies have suggested that there is a complex series of re-
lationships between individuals of different ages, reproductive state
and dominance status and that individual-recognition is an important
aspect of social behaviour.

Cyclical changes in social behaviour, with particular emphasis
on aggression, have been implicated both in 3 to 4 year cycles of
abundance and in seasonal changes in numbers (see Introduction).

The study of cyclical changes in aggression of the type proposed

by Chitty (1967) has little relevance in the present study as in

Britain Clethrionomys does not have the density cycles of large

amplitude reported widely in Microtine species and in Clethrionomys

at high latitudes (see page 1 ). At both Castle Eden Dene and
Houghall Woods the difference in peak densit; between the two years
of the study was only of the order of 15-20% and there was little
difference in the estimated absolute density at -the two sites, The
only studies which have reported significant changes in aggressive
behaviour correlated with changes in density are those of Krebs (1970)
and Christian (1971),both of whom worked on populations of Microtus
species which showed clearly defined populafion crashes during their
studies. Because of the relatively small cﬁange in peak population
density during the present study it is not unexpected that changes
in the level of aggressive behaviour from year to year were not
detected,

The seasonal changes in aggressive behaviour of Clethrionomys

reported in this study are in general agreement with those found by

Sadleir (1965), Healey (1967) and Turner and Iverson (1973). The
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mean level of aggression was low during the non-breeding season,
incfeased rapidly during the spring and decreased gradually during
the summer and more rapidly during the autumn, This pattern of
aggression would support the hypothesis of Sadleir (1965) and the
findings of Watts (1969) that behavioural regulation of recruitment
is most likely to occur early during the breeding season when the
apparent aggression of overwintered adults reduces the survival

of juveniles, The increase in aggression during the spring is co-
incident with the.scart of breeding activity and seems likely to bé
the result of the spring increase in the circulating level of testos-
terone (see pp. 194-9). The gradual decline in the general level
of aggressive behaviour during the breeding season, as measured by
the number of fights in which any interaction occurred, is similar
to that recorded by Sadleir (1965) for Peromyscus and Turner &nd
Iverson (1973) for Microtus. This decline is coincident with a
decline in the number of overwintered a§u1ts surviving in the pop-
ulation and a consequent increase in the proportion of young of the
year used for aggression tests, As overwintered adults have been
shown to be dominant to young of the year (p.145) it is suggested
that the latter class may be less aggressive, It follows that if
the survival of juveniles is adversely affecEed by the aggressive
behaviour of breeding residents,then overwinteréd adults would have
a more adverse effect on survival than recently matured animals,
Ashby (1967) reported that in Apodemus, and to-aomg extent Cleth-
rionomys low density in late spring and early summer was often
associated with high recruitment rates subsequently, This was often
followed by a lesser deviation than usual of sex ratios from 1:1 the
following winter, suggesting that there was decreased intraspecific
competition, The situation was complicated however by immigration,

This observation would support the suggestions of Chitty and Phipps
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(1966) and Wilson (1973) that the mortality of overwintered adults
is an important prerequisite of the good survival of juvenile voles

(Microtus agrestis). Flowerdew (1978) has suggested that the

presumed tolerance of recently matured Apodemus towgfds juveniles
may account for the observation that in some years:juvenile survival
improves during the autumn despite the continuation of breeding.

The results of this study confirm the observations of Ashby (1967)
and others, that by September of most years few overwintered Apodemus

or Clethrionomys remainedyand consequently that the ma jority of

breeding animals were young of the year, so the suggestion of Flowerdew
(19 78) may be equally applicable to both species,

Whilst this study has been able to show a clear relationship
between age, as defined by year-class, and dominance it has not
been possible to investigate fully any relationship between weight
and dominance because of the small sample sizes and great individual
variation in behaviour, The present evidence would suggest that
there 18 no clear relationship, a conclusion supported by the studies
of Hall and Klein (1942), Healey (1967), Krebs (1970) and Gipps (1977).
Turner and Iverson (1973) reported that in their study heavier animals
were usually dominant,but they did not distinguish individuals from
different year classes and as weight is not a éoodﬁihdicator of age
in Microtus, were therefore unable to separate aég and size effects,
A number of studies on laboratory-bred rodent species have shown that
heavier animals are usually dominant (Ginsberg and Allee 1942; Payne
and Swanson 1970),but the applicability of these results to the sit-
uation in the wild must be questioned as 1aboratd;y conditions provide
little opportunity for normal social development,

1{ dominance Is independent of weight in the wild then other

factors must be responsible for the observed dominance of overwintered
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adults over young of the year, The effect of previous fighting
experience on the aggressive behaviour of small rodents is well
documented (Scott 1966),and it has been shown that winning or
losing a fight can have profound and long laéting endrocrinological
effects (reviewed by Bronson and Desjardins i971). Dominant
animals have smaller adrenal glands and larger sex accessory organs
than subordinates, suggesting that the pituitary-adrenal system is
less active and the pituitary-gonadal system more active than in
subordinates (Brain 1971). In encounter experiments, animals which
have previously been dominant are more likely'to win than animals
which have previously been defeated (Ginsberg and Allee 1942;
Lagerspetz 1964; Oldfield 1968),s0 it would appear that both be-
haviour patterns are self-reinforcing. As overwintered adults
must have been successful at establishing a home-range in order to
survive,it is suggested that this greater social experience is the
basis of their dominance,.

The marked spring increase in intermale aggression took place
3 months before the appearance of the first juVeniles, At both
sites this time of year was characterised by reduced survival and
increased recruitment of adults (see Chapter 2) suggesting that many
individuals were shifting their home ranges. Similar changes in
demography have been recor&ed by other workers:(Sadleir 1965; Healey
1967; Turner and Iverson 1973; Gurnell 1978),and suggest that the
increase in aggression may be the immediate cause-of changes in
movement patterns and home range size (Crawley 1965, 1969; Randolph

1976). In the case of Clethrionomys, where adult males are antag-

onistic to one another throughout the year, such changes might be
expected to be less marked than with species such as Apodemus, where

males behave amicably to one another except during the breeding
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season (Gurnell 1978b). Any tendency for spring movement patterns

to be unresponsive to changes in social behaviour in Clethrionomys

may, however, be opposed by changes in movement patterns as a response
to the spring growth of new vegetation. As has been shown in Section
1D such changes permit a wider distribution of the species in summer
than winter.

In colonising species such as small rodents (Lewontin 1974), the
§pring increase in aggression and simultaneous changes in distribution

may be important in dispersing individuals into areas of seasonally

available habitat, where they are able to exploit previously unavailable

resources,
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CHAPTER 4

Population Genetics

A, Introduction

Since the first application of electrophoresis to genetic analysis
(Harris 1966, Hubb} and Lewontin 1966), considerable effort has.been
directed towards determining the amount of electrophoretically dgt—
ectable vagiation in a wide range of organisms, The extent of the
variation discovered has proved to be very great,and the reSults.of a
number of studies suggest that for any population about 30% of loci
will appear polymorphic and that about 10% of loci in any individual
will appear heterozygous (Lewontin 1974). These figures Wili be
under-estimates of the total genetic variation as only those alleles
that ha;e different electrophoretic mobilities will be detected.

It has been calculated that about 74% of all possible amino écid sub-
stitutions are not distinguishable by electrophoresis,soc it follows
that about 66% of loci will be polymorphic in any species and that
individuals will be heterozygous at 29% of loci (Lewontin 1974).

In their attempts to explain this previéusly unsﬁspgcted abundance
of variation, most population genticists became polarised into one of
two schools of thought. The 'neutralist";chool (Kimura:and Ohta
1971) stemmed from the classical theory that the vast majority of
mutations were deleterious and that natural selection served mainly
to remove them (Muller 1950). Its adherents proposed that most of
the biochemical variation detected by electrophoresis was biologic-
ally irrelevant and neutral in the sense that it was not directly
subject to selection, The 'balance' or 'selectionist' school took
the opposite view, that all the alleles found in a population were there
as the result of natural selection, They saw selection 48 maintaining

the genetic variability of populations rather than conitantly removing
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it, Most adherents of the two schools now hold less extreme views
than formerly, the neutralists accepting.that many alleles may be
subject to weak selection rather than being.;trictly neutral (King
1976, Crow 1976) and the selectionists accepting that random drift,
chance and 'founder effects' may play a part in determining the
frequency of alleles in a population, Much-of the evidence used to
support the vieugoutlined above is derived from mathematical models
and theoretical conéidefations which have pfqved to be virtually
impossible to test in real populations. All.the experiments that
have been performed to date have failed to resolve the question,
mainly perhaps, because the forces acting on.individual loci are small
and variable,so that the number of individuals involved in any ex-
periment must be very large to yield statistically valid results
(Lewontin 1974), -

DeSpité the inability of genetical theory to account for the ob-
served variation, electrophoresis has proved tq'be a useful research
tool in ecological stddies, Even though the neutralist-selectionist
controversy remains uﬁresolved, enzyme bolymb;phisms may be used as
markers to detect genetic changes within or Betwéen populations,

This is possible because loci are not inherited.independently but
interact with the loci around them to form geﬁe gbmplexes or 'super-
genes' (Ford 1964) which are likely to prove the real 'unit of in-
heritance' (Lewontin 1974). The neutralist-selectionist controversy
will not affect the conclusions of studies in ecd}ogical genetics as,
even though & 'neutral mutation' will in the long term be independent
of the loci around it, the number of generations- required to reach
equilibrium has been shown to be of the same order as the effective

population size (Kimura and Ohta 1971). Its immediate evolutionary

fate will therefore be determined by the action of selection on nearby
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loci,and it will appear to be under selection,

In the majority of ecological studies on small mammals, enzyme
polymorphisms have been employed as genetic markérs_without regard
for the biological function of the enzyme., - The feé exceptions incluée
those of Berry and Petefs (1976) and Leigh-Brown (1976), where bio-
chemical differenées in the protein variants under consideration were
considered to have 'a direct effect on the survival 6f the animal,
Previous ecological studiés may be divided into two groups with,
admittedly, a littie'overlap: those concerned with ‘geographical
variation in-allele distribution, which have attemptéd to elucidate
the taxonomic relafioﬁships either between specigs and subspecies or
groups within apecies'(Selander, Smith, Young, Johngon and Gentry
1971), Hunt and Selanéer 1973, Berry 1970, Berry and Peters 1977),
and those which have attempted to follow tempora; or spatial changes
in allele frequency within a population and relaté the observed changes
to environmental factors and demographic events, (Krebs and Myers 1974).
The present study may be classified with the latter group.

Chitty (1967; 1970) was the first to suggest that a balanced
polymorphism between two behavioural ﬁorphs, one tolerant of high
densities but poor at breeding and one intolerant ;f crowding but
successful at breeding,c0u1d be responsiﬁle for the three to four
year cycle of abundance typical of populatiénslof'sOme small rodents.
Consequences of this hypothesis would be that changeé in the frequency
of genetic markers for the two behavioural morphs would be in phase
with the population gygle and that animals dispersing from high density
populations w0u1d/gg%b%21¥ genetically random saﬁple of that population.
Genetic changes o% tﬂi; type have been found in Micfotus species by
Semeonoff and Roberé;on (1968), Tamarin and Krebs- - (1969) and Gaines

and Krebs (1971),who were able to show that significant changes in the
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frequency of certain alleles were correlated with phases of the pop-
ulation cycle, The interpretation of the latter a;thors, that their
results supported Chitty's hypothesis, has been questioned by Charles-
worth and Giesel (1972) who constructed a mathematiéal model of a
fluctuating population, This indicated that changgé in gene frequency
in numerically fluctuating populations could be the result of changes
in the age structure of the population if different genotypes began
reproduction at diffe?ent ages, The observed chénges in gene frequency
would then be a conéequgnce of demographic events rather than selection.
Krebs and Myers (1974) however, have pointed out that the changes in
gene frequencies observed in their natural pOpulatiéns were both too
large and too rapid to be accounted for by the Charlesworth and Giesel
(1972) model, and claimed that the data suggested that the changes
in gene frequency could be accounted for only by>thé-differentia1
survival of genotypes, A further criticism of the selection hypothesis
made by Charlesworth and Giesel (1972) was that all the genetic markers
so far examined in cycling populations have shown-a correlation with
phase of the population cycle,suggesting that, if ghé loci studied
were a random sample of the genome, then a very largg number of loci
must be showing cyclical changes in allele fteqﬁenqy. This criticism
has also been countered by Krebs and Myers (1974) wﬂo have pointed
out that if large density changes are times of atrong selection then
great changes in the genome would be expecqed.

1f it is accgﬁted that the observéd changes in allele frequency
are the result of seiéction via differential su;vival and fecundity,
the problem still rem;ihs of whether the genetic changes are the
cause or consequence of the population cycle, This question cannot
be answered by simply observing changes in natural populations but
requires an experimental approach, Some progress in this direction

has been made by Myers and Krebs (1971), Pickering Getz and Whitt (1974)
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and Krebs, Wingate, Redfield, Taitt and Hilborn (1976) who all crapped
voles dispersing into uninhabited areas and showed that these were
not a genetically random sample of the surrounding population. The
experimental analysis of differential fitness of genotypes is, how-
ever, extremely difficult,as was shown by a study by Gaines, Myers
and Krebs (1971). They established three enclosed populations of
Microtus with different genotypes which had previously been shown to
have different survival rates in natural populations. They failed
to show any difference in growth, fecundity or surfivql in the three
populations and suggested that perhaps intraspecific competition be-
"tween the morphs was important in natural populaﬁiéné.

Whilst the studies of Krebs and his co-workers (reviewed in Krebs
and Myers 1974) have demonstrated that cyclical changes in allele
frequencies are a feature of 3 - 4 year cycling p@pulations, the sig-
nificance of these changes and their relevance c0-pophlation processes
is far from clear, Attempts to distinguish between.cause and effect
have so far met with little success, the only definite findings being
that in some species particular alleles may be unaer-or over-repres-
ented in dispersing animals,

The difficulties of interpreting the results of the genetic studies
and in showing that directional selection exists haQe caused Krebs
(pers.comm, ) to abandon electrophoresis and concéntrate on the detec-
tion of behavioural polymorphisms by more direct means,

Although no gene;{é analysis has been done on the ten year cycle
of the snowshoe hare, demographic analysis has suggested that this
cycle can be explained in terms of an interaction between hares and
their food resources (Keith 1974; Keith and w1ndberg 1978). This
interaction results In periodic declines in hare numbers as they
overeal the most nutritive parts of thelr winter food plants, I'he

decline is lengthened and inereased in size by Lhe presence ot
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predators which have a marked effect ar that period of the cycle,
Large areas of nortﬁern Canada are kept in phase by the periodic effects
of mild winters,

The population processes involved in vole and hare cycles have
much in common (Keith and Windberg 1978). If the vole cycle is the
result of similar interactions between the voles and their environment
then there would be good reason for believing that the observed genetic
changes are a consequence of the cyclelrather than its cause, There
is limited evidence to support such a theory of vole population cycles
(Canham 1969). However much remains uncertain and the subject must
await further research (for review see Krebs and Myerb 1974).

Although much of the research on the population gene:ics of small
rodents has been concentrated on species that show large perennial
cycles, there are many species or populations which show only a well
defined annual density cycle,with relatively little difference boe-
tween peak numbers in successive years, Whilst much of the work on
these species has been concerned with geographgcal'variatiOn and
speciation (Selander, Young and Hunt 1969; Berry 1970) a number of
studies have followed the frequency of genetic markers over a period
of time, One of the most complete studies of this type is that of
Gill (1977a, b) who followed the frequency of a buffy coat colour

variant in a Microtus califomicus population introduced onto a small

island, Although M.californicus populations on the mainland ex-

hibit population cycleé; the Brooks Island population showed only
annual changes in numbers (Lidicker 1973) possibly bécause of the
absence of predators, The frequency of the buffy phenotype, which
was recessive to agouti, the normal coat colour, showed annual changes
out of phase with the changes in population size. (Lidicker 1973),

These suggested that it was at a seasonal disadvantage, From the
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results of breeding experiments Gill (1977a, b) was able to show that,
under laboratory condifions,the heterozygotes had .greater reproductive
success because of both behavioural and physiological factors, She
suggested that the polymorphism was maintained by heterosis together
with a seasonal reduction in the numbers of one of the homozygotes,
Although this study may be criticised on the grounds that a heterozy-
gote superiority under laboratory conditions may not be so under
natural conditions, it is one of the few attempts to estimate partial
fitnesses in small rodents, Whilst not explaining why the buffy
allele is much more common on the island than the mainland or con-
sidering the possibility that this allele is in linkage disequilibrium
with the rest of the genome,Gill (1977a, b) has suggested a plausible
mechanism for the maintenance of this polymorphism,

Another attempt to measure one component of fitness has been made

by Leigh Brown (1977) who observed that the proportion of a population

of Apodemus sylvaticus homozygous for a phOSphoélucomutase allele
declined during one winter, Laboratory experiments suggested that
such individuals were less able to mobilise liver glycogen reserves
than individuals homozygous for the other allele, with the heterozy-
gotes falling midway between, He suggested that food shortage, which
may occur during the winter (Watts 1969),was responsible for the
differential survival of genotypes, The high winter mortality of
this genotype must have been balanced by opposing. selection as the
polymorphism was widespread, but insufficient information was avail-
able to postulate a likely mechanism, The approach of this study
differed from that of Gill (1977a, b) as the polymorphism examined
was assumed to have a direct effect on fitness, rather than acting
simply as a genetic marker,

The studies outlined above are the only two which have attempted
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to measure partial fitness in small rodents using laboratory tech-
niques. The remaining studies have sought to follow seasonal changes
in selection pressure or differential survival of genotypes under
natural conditions, Berry and his co-workers (Berry and Murphy 1970;
Berry and Jakobson 19754 Berry and Peters 1977) have studied the
variability, both biochemical and skeletal, of a population of house

mice (Mus musculus) on the island of Sko kholm in considerable detail,

fhey have reported a number of enzyme polymorphisms which show
seasonal changes in either the proportion of heterozygotes or the
frequency of a particular allele,which they have attributed to selec-
tion, Reviewing these studies,Berry (1977) has pointed out that a
genetic change which occurs during oﬁe year and appears to be corre-
lated with environmental conditions may not be repeated the following
year, He concluded that the key to understanding the apparently
random changes in gene frequencies is to recognise that selection
pressures are not constant and that different polymorphisms may only
be subject to selection spasmodically.

In the past, population genetics has been characterised by a
great deal of theory,with little practical éy;dence to support it
(Lewontin 1974), The field of ecological genetics, pioneered by
Ford (1964), has attempted to measure selectioﬁ and evolution in
natural populations where data about both the ecology and genetics
of a species must be collected, For some species genetical in-
formation is more plentiful than ecological information whilst for

others, including Clethrionomys,the converse is true,

The present study was undertaken with the object of adding some
genetical information to our considerable knowledge of the ecology
of this species and perhaps point to differences between cycling and

non=cycling populations of small rodents, In 'a small scale study
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it was not expected that the balancing mechanism of any polymorphism
would be explained as to do so required considerable ¥esources and
has been done successfully in few cases,

Blood samples were also collected from Apodemus during the study
as little extra effort was involved and little is known about the

biochemical genetics of this species,

B. Methods

1. Collection of blood samples,

Blood samples were collected in the field from the cavernous
sinus of voles and mice (Semeonoff and Robertson 1968) into heparinised
haematocrit tubes (Capilets, Dade), one end of the tube was then sealed
with plastic sealer (Miniseal, Dada) and a label identifying the in-
dividual was attached. In the laboratory the sample tubes were
centrifuged at 4°C in a haematocrit centrifuge and frozen at -20°C
until required for electrophoresis, Samples were stored for up to
6 months without any observable change in the electrophoretic pattern.
A blood sample was taken from each vole at its first capture
unless the animal weighed less than 10g. or was in a weak condition,
In these cases the identity of the animal was noted and a sample
taken if it was captured again, Samples were taken'from about 907%

of voles at first capture,

2. Electrophoresis,

An initial attempt was made to use acrylamide-gel electrophoresis
but this medium was abandoned in favour of starch-gel because of the
limitation in the number of samples that could be run at once and the
difficulty of compuring Indlvidual samples. On starch-gel up to

20 samples could be inserted into one gel and, after staining, any
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variation in electrophoretic mobilities was immediately apparent.
The buffer system employed was a Tris-EDTA-Borate solution which
was used for both the gel and electrode buffers (Smithies 1955).

The concentrated buffer solution was prepared from -

Tris : 109g (0.9M)
Na, EDTA 7.6g (0.02M)
Boric acid  30.9g (0.5M)

Water ;o'i Litre
The pH of this solutién was adjusted to 8,0-using concentrated boric
acid solution, A 1:7 dilution of this solﬁtiqn was used for the
electrode buffer tanks and a2 1:20 dilution for preparing the gel,

Starch gels were prepared from partially hygol;sed starch
(Connought Laboratories) using the method described by Smith (1968),
Each gel contained:~

25g Starch
12, 5ml T.E.B. buffer pH8.,0
237, 5ml H20
Initially attempts were made to use other makes of starch (B.D.H.,Sigma)
but these resulted in much more fragile gels which were difficult to
handle, Gel size was 150 x 180 x 5mm, Gels were used only on the
day of preparation to avoid ageing effects (Smith 1968).

Samples were applied to the gel by removing 5ul of clear plasma
from the unfrozen blood sample with a microsyringe aﬁd applying this
to a 5mm square of fiitér paper, The plasha-soaked piece of filter
paper was then im erted into a slit cut in the gel, Ele;trophoresis
was carried out in a cold room at a temperature of about 5°C, thus
obviating the need for any further cooling. Gels were run overnight
for about 16 hours at a constant current of 8mA until the albumin band

had moved about 60mm from the origin, After the run,gcls were sliced
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through the 5mm dimension with & fine wire to expose surfaces for

staining,

3. Staining

Esterase activity was detected by incubating a gel slice in a
solution containing an esterase substrate (x-naphthyl acetate) and
an azo dye, Naphthol released by enzymatic hydrolysis combined
with the dye to form an insoluble purple band in--areas of enzymatic
activity, The stain solution contained

1 ml of a solution of 10% X -naphthyl acet#te-in acetone

25 mg Fast Garnet or Fast Blue RR

50 ml Tris-HCL buffer 0.05M pH 7.0
After slicing, gels were incubated in stain solution for between 30
mins and 1 hour at room temperature with occasiorial agitation,
After the esterase bands had appeared the gel slice was transferred,
using a sheet of stiff plastic, to a destaining solution consisting
of water, ethanol, acetic acid and glyeerol., (2:1:1:1). After 24
hours in this solution gels were preserved by sealing in plastic
bags, the glycerol in the destaining solution preventing them from
drying up for several months,

The other half of the gel slice was stained for general proteins
using Brilliant Blue (1% in 7% acetic acid). Aéter about 30 mins
in the stain solution the gel was washed in tap water and destained
for 24 hours, The albumin and transferrin bands were the major

proteins detected in this way,

C. Results

1 Polymorphisms detected

a) General proteins

In both species the fastest moving albumin bands were not resolved
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by the buffer system employed but consisted of a long heavily staining
region, In Apodemus this region can be resolved into 7 bands using
suitable buffer solutions (Pantelouris and Arnason 1967)., No indiv-

idual variation was detected in Apodemus or Clethrionomys from either

study site, The transferrin band was placed some distance behind
the albumin band. It showed no variation in Apodemus but in.Cleth-
rionomys a small number of double banded individuals were detected,
Because of the rarity of this variant this polymorphism was ﬁb;.

studied,

b) Esterases

The esterase pattern of Apodemus consisted of a complex séries
of bands and heavily staining regions similar to that reported by
Arnason and Pantelouris (1966) and Leigh Brown(1977). Whilét there
were differences between the patterns of individuals,none of these
appeared to be inherited in a simple manner,and breeding experiments
would have been required to elucidate the inheritance of these
differences, As Apodemus is difficult to breed in thé laboratory
the matter was not pursued further,

The esterase pattern in Clethrionomys consisted of an invariable

fast band, an extended area which stained with variable intensity and
was inhibited by eserine treatment (Semeonoff and Robertson 1968),
~and a series of variable slow bands which were eserine fesistant.

The variation in the mobility of the slow bands appeared to be a
genetically-determined polymorphism, Three presumed genotypes were
detected; one with a single slow band, a second with a single fast
band and the third with a broad band of intermediate mobility. The
three phenotypes are illustrated in Plate 1, In some cases individ-
uals showed both a fast and a slow band but eserine treatment demon-

strated that these were slow banded individuals as the fast band dis-~
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PLATE 1

THE ESTERASE POLYMORPHISM
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appeared after treatment, The nature of the three phenotypes sugg-
ested that the individuals with either a fast or a slow band were
homozygous for fast or slow alleles whilst those with a broad band
of intermediate mobility were heterozygotes, This simple Menaelian
inheritance has since been confirmed by R, Semeonoff (Pers.com@).

As Clethrionomys appears to be unusually monomorphic (Bathgate

1978) and this polymorphism appeared in many respects analagous to
that studied ny Semeonoff and Robertson (1968), it was decided to mon-

itor the frequency of alleles at this locus in Clethrionomys from

both study areas, In discussing this polymorphism those individuals
with the slow band are assumed to be of genotype SS, those with the

fast band FF. and the heterozygotes FS,

2, Variation in esterase allele frequency

A total of 183 voles were scored for esterase genotype. At
Castle Eden Dene 77% of the population, totalling 101 individuals,
were scored and at Houghall Woods 717% of the population,totalling 82
animals, The proportion of the total population scored is lower
than the proportion sampled because of breakages in the.centrifuge
or losses during storage and electrophoresis, As many.individuals
were present for more than one trapping session,the prOportion of
the population with a known genotype at any one time was generally
higher than 75%,

The numbers of individuals of each genotype present at each
trapping session are shown in Tables 4,1A and 4,1B for the two study
areas,together with the frequency of the fast allele (F) which was
less common than the slow allele, The frequencylpf_the former allele
is presented graphically in Figures 4,1A and 4,1B. In general the

proportion of heterogygotes at both sites was rather lower than would
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Trapping | Frequency of Individuals of genotype: Total
period 'Fg+a§_}g}§ S8 FS FF - Scored
Sept.'74 .289+.074 11 5 3 18
Oct, .232+.056 17 9 2. 28
Jan.'75 . 230+, 082 8 4 1 13
May .2504-. 068 12 6 2 20
June .214+. 063 14 5 2 21
July .212+.050 21 10 2 33
Sept, .1824.058 14 8 0 22
Nov, .333+.078 7 10 1 18
Jan,'76 . 308+, 090 7 4 2 13
b. Houghall Woods
Trapping | Frequency of Individuals of genotype: Total
period "ing}é?ie S§ FS FF Scored
Sept.'74 .368+.074 7 10 2 19
Nov. .382+.083 8 5 4 17
March' 75 .166+.076 9 2 1 12
May .154+,070 10 2 1 13
June . 156+. 064 12 3 1 16
July . 147+, 060 13 3 1 17
Sept. L277+.074 10 6 2 18
Oct, .3214.088 7 5 _.2 14
Nov, .4344,073 10 6 7 23
Feb.'76 .417+, 100 6 2 4 12
May .500+. 133 3 1 -3 7
TABLE 4.1, Clethrionomys esterase allele frequencies at each

trapping session,




168.

a Castle Eden

0-5¢
0-4F . I
Fre
) ‘.:l 03k " A\A
F a | I
allele \A—_A—————“"A\ | |
o2} I ‘I’_T\A
o1 I
' 4 [} y Il Il i ] . Il 1 'l 1 ' i I L A 1 1 J
jasondj fmamijijasondij fm
1974 1975 1976
b  Houghall
o6

05 ¢ o I /
. —

Fre l l : ' I
SR 1/
allele : I ,
02 I |

A
T

FIGURE 4.1 Seasonal variation in the frequency of the esterase
F allele at Castle Eden and Houghall.
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TABLE 4,2
Genotypes SS FS FF Freq. of
F alleles
Castle Eden 59 33 9 .252
Houghall 43 27 12 311

The frequency of each genotype at the two study areas,

be expected from the Hardy-Wienberg equilibrium (though the deficit
is not significant for any one trapping session) and the prOpdrtion
of FF individuals was greater than would be expected, The distrib-
ution of genotypes totalled over the whole study period is shgwn in
Table 4.2 above, The proportions do not differ significantiy from
the binomial expectation at Castle Eden (3(2 = 1.84, p<0.10) although
there was a marked deficiency of heterézygotes at Houghall (7(2 = 4. 42
0.05>p>0,02),

At Castle Eden Dene there was little change in the frequency of the
F allele during the study period and the slight rise in the frequency
of the allele during November 1975 was not significant. At Houghall
Woods, however, there was a more marked change in gene frequencies
with a decline in the frequency of the F allele during the winter of
1974-75 and the mean frequency of.this allele ove?zthe whole
study period was close to that for Castle Eden Dene, Whilst the
decline in the freqh;ncy of this allele during the wiﬂter of 1974-75
was statistically iﬁsignificant CK? between November and March = 2,22,
.20>p>,10), the rise in its frequency, which appeared to be the result
of an increase in the proportion of both SF and FF.individuals (ck.
Leigh-Brown (1977) where only the frequency of one homozygote altered)
durlong the 197% breoding scason was slgnlficant at the 17 level (Z =

2.76 p = .0058) when analysed by the linear trend method of vates




170,

(Snedecor and Cochran 1967). The apparent decline in the proportion
of the F alleie during the winter of 1974-75 Qas not repeated in
1975-76 and the frequeﬁcy of this allele appeared to remain high
throughout the winter,though sample sizes were rather small. A much
later sample of animalg from Houghall Woods taken in May 1978 suggested
that the frequency of the F allele had declined once more as 14 SS,

4 SF and 2FF individuals were captured,giving a frequency of 0.22 for
this allele,

The method of sampling gene frequencies used in fhis study means
that, particularly during the winter when survival is high, one
individual will contribute to the estimations of gene frequencies
on more than one occasion, depending on its trapping record, and that
therefore the samples sre not independent, This, together with the
fact that voles have overlapping generations, means that statistical
treatment of changes in allele frequencies and estimates of selection
coefficients is impracticable (Tamarin and Krebs 1969, 1973). The
use of Tate's test for linear changes in proportion during 1975 is,
however, justifiable, as the period of changing gené frequencies is
also a period of rapid population turnover, One .way of avoiding the
interdependence of samples would be to consider oplynthe genotypes
of recruits but sample sizes are too small at any one time to permit
this,

Changes in gene frequency in a population must be either the
result of differential survival or fecundity of genotypes,or differ-
ential migration. Whilst it is extremely difficuli to examine Jdiffer-

ential fecundity in wild populations,it is sometimes possible to ex-

)
amine the differential survival of genotypes, This may be done either

by following the survival of a cohort over a period of time or by ex-

amining the gene frequencies in groups of animals of different ages
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(Semeonoff and Robertson 1968), This method is more sensitive than
comparing population gene frequencies as the gross gene frequency of
all age groups may conceal variability amongst different age groups
(Berry and Peters 1975),and selection in different directions in
different age groups of the population may appear as a constant gene
frequency in the whole population,

At Castle Eden it proved possible to divide the population into
two age groups during the summer of 1975, The ratio of genotypes
of mature adults recruited before September was compared with that of the
immature late-born young of the year recruited between September and
November, Although the difference is not significant ()(2 = 2.2h, p>
0.10) there is some suggestion that the F allele was more common amongst
the later born young of that year. If this is so, the change would
be in the same direction as that observed at HOuéhall during the same
period. A comparison of the same type at H0ugh§11 was not poséible
as the proportion of overwintered and early born young still surviving
in September was low,

In general, observing the differential survival of genotypes in
cohorts of marked animals has not proved to be a useful method of de-
tecting selection because of the small number of animals 8urviving
from one trapping session to the next, Times of high numbers and
high survival were also times of low recruitment so analysing the differ-
ential survival of cohorts would have added no information to that
available from allele frequency changes as the majority of overwintering
animals were of a similar age,

Previous investigators (Tamarin and Krebs 1969; Gaines and Krebs
1971) have reported differences between males and females in the fre-
quency of certain alleles in cycling populations of Microtus, though
the same phenomena has not bheen recorded for non-éycling populations,
During the present study, monthly samples were too small to treat the

‘sexes separately but over the study period as a whole there was no
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evidence for heterogeneity between the sexes, (At Houghall Woods;

13 for heterogeneity = 0.64, p>0. 30, At Castle Eden Dene;.‘JC2 = 2.01,

p>0.10).
D, Discussion

A number of Clethrionomys enzyme systems have been surveyed by

Bathgate (1978) who reported an unusual lack of variability cbmp;rea
with other rodent species, She found biochemical polymorphisms at
only a peptidase locus and at the esterase locus described here,

The plasma esterases appear to be amongst the most va?iable enzymes
(Powell 1975), probably because they are not required to bind with one
specific substrate but have a general detoxification function (Levin

1976). The presence of this polymorphism in Clethrionomys populations

throughout Britain (Bathgate 19783 R,Semeonoff pers; comm) suggests
that it is balanced rather than transient, though in Scotland an
additional allele is present which produces no enzyme acti?ity.
Whilst nothing is known about the biological importance of this
enzyme, its non-specificity suggests that it may not be subject to
strong selection per se but may be associated with other loci subject
to strong and fluctuating cselection pressures, A similar situation
for the Es-2 locus in house mice has been suggested by Bellamy, Berry,
Jakobson, Lidicker, Morgan and Murphy (1973). These authors were
able to separate genotypes with 857 accuracy by considering phenotypic
traits such as size and bone composition. Berry and Peters (1977)
suggested that such loci function as switches between a range of
phenotypic traits and hence may be subject to selection because of
their associated rather than primary effects.

The changes in allele frequency at the esterase locus reported
in this study are in many rcspects similar to those reported by Berry

and his co-workers for Mus musculus (Berry and Murphy 1970; Berry and
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Jakobson 19753 Berry and Peters 1977). Thgre does not appear to be
any continuous repeatable association between any obvious social,en-
vironmental or seasonal factors such as those reported for cycling
populationg of Microtus (Krebs and Myers 1974), or the coat colour
variant repérted by Gill (1976a, b). The fact that parallel changes
did not take place in two study areas only 11 miles apart lends weight
to the Suggéstion £h§t ghe observed changes were not a synchronised
response to exfernal factors such as the wéagher,but were a localised
response to conditions prevailing in one piece of woodland, Berry's
studies of biochemical and morphological variation in the Skokholm
population of hOuse.ﬁice (reviewed in Berry 1977a, b),in which traits
are only subject to_;eleétion SpaSmoqically rather than cyclically,
have led him to emphasise the inconsistancy, both in time and space,
of the selection péeséufés which determine the genetical composition
of a pOpulégion. ;Thié conclusion is well illustrated by changes at
the Hbb locus in the Skokhohn mice (Berry and Peters:1977). For two
years the frequénc&j?f_genotypes at Ehis locus showed an increase in
the proportion of heférozygotes during'the breeding season and a de-
crease during tﬁe Giﬁtet. This pattern however was not repeated in
one particular ﬁinter;-a fact the aufhérs attributed to milder than
usual winter weather, The frequency of alleles alsc showed spatial -
heterogenéity as thg cyglical selectibﬁ ;hly occurred on the cliffs
of the island aﬁd ﬁchi“ the centre du;ingl;ome years,

In tﬁe case of'tﬁ; present study it might be possible to explain
the changes observed i; allele frequencies at Houghall Woods in terms
of different environme;tal and ecological factors during the two years
of trapping. However as Lewontin (1974) has pointed out, & post facto
search for factors correlated with changes in gene frequency is almost
certain to find some statistically significant correlation because of

the large number of factors, or combinations of factors, available to

-
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the investigator, Because of the probability of finding some correlation
is 8o high, Lewontin (1974) has suggested that such an analysis may often

be unable to distinguish the true cause of the gene frequency changes.

An example of such an analysis is provided by the calculation of
Bryant (1974) who showed that 83% of the allelic variation in a
number of studies of house mice could be accounted for by the co-
efficienp of variation of mean monthly rainfall, As most of the data
came from house mouse populations living in barns and protected from
the weather, it is difficult to see how rainfall could exert such
direct selective pressure on these populations,

The widespread occurrence of the esterage polymorphism in Great
Britain suggests that is it balanced, If this is so then the question
arises of how it is maintained. Simple heterosis, the 'classical’
explanation for polymorphisms, would suggest that ideally there ought
to be an excess of heterozygotes,as the heterozygote has a fitness
greater than either of the two homozygotes, However this is certainly
an oversimplification of a very complex situation and there are a
number of reasons why a deficiency of heterozygotes, such as that
seen in the present study, does not rule out heterosis,

Although for heterosis the det fitness of the heterozygotes must

be greater than that of the ho mozygotes, this total fitness is

divisible into & number of components, notably fecundity and sur-
vival, not all of which need be greater in the homozygote, Prout
(1971a, b) has shown that in determining overall fitness the fertility
component in both males and females 18 of much greater importance than
viability,so it is unnecessary for the heterozygote to appear at a
selective advantage throughout the life cycle, A deficiency of
heterozygotes can also result from the subdivision of the population
into small inbreeding sub-units or demes, a phenomenon known as the

'Walhund' effect (Li 1955). Although little is known about the
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breeding structure of Clethrionomys populations, a subdivision into

demes is well documented for other rodent species (Anderson 1970,

Rasmussen 1970) and may also occur in Clethrionomys.

The size of the deficiency of heterozygotes has been used as a
quantitative measure of the amount of inbreeding (Rasmussen 1964,
Petras 1967). This approach may be questioned,as the proportion of
heterozygotes can be influenced by factors such as heterosis, direc-
tional selection, sexual variation in allele frequencies and other
factors which are not easily measured (Selander 1970),

Whilst simple heterosis cannot be ruled out as the mechanism
maintéining this polymorphism several factors argue against sﬁch an
explanation, The deficiency of heterozygotes, the apparently var-
iable directional selection and the differences in gene frequencies
at the two sites should not occur with simple heterosis (Li 1955),
and there is increasing evidence that simple heterosis ma& not be very
important in natural populations as few polymorphisms have been shown
to be maintained in this way (Bryant 1974),

I1f simple heterosis, in which the heterozygote is constantly
fitter than the homozygotes, proves to be uncommon in natural pop-~
ulations what other mechanisms would result in & stable polymorphism?
Recent theoretical models (Haldane and Jayakar 1963, Bryant 1974,
Hedrick Ginevan and Ewing 1976 (review)) have emphasised environmental
heterogeneity, both temporal and spatial, as an important way in which
polymorphisms might be maintained, though at present- there is little
practical evidence to support this-idea, In terms of allowing stab-
ility over a wide range of allele frequencies, temporal heterogeneity
has been shown to be more restrictive than spatial heterogeneity
(Hedrick Ginevan and Ewing 1976), This conclusion has however been

questioned by Bryant (1974). A combination of temporal and environ-
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mental heterogeneity may lead to a stable polymorphism under a wide
range of environmental conditions and the subdivision of a population
into a number of partially inbreeding demes with limited migration
may be particularly effective in maintaining a global polymorphism
(Maynard Smith 1970, Gillespie 1973, 1974). All these factors,
environmental 'graininess', perennial unpredictable changes in
climatic or micro-climatic conditions, and local migration, haye been

shown to be important in the ecology of Clethrionomys so it would

appear that this variability may in itself, be sufficient to maint-

ain a polymorphism,
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CHAPTER 5

The Measurement of Plasma Testosterone

A Introduction: Testosterone and Aggression

The effects of castration on male sexual and aggressive behaviour
have been known for centuries and the androgen dependence of male
sexual behaviour was one of the first endocrinological phenomena to
be investigated scientifically (Berthold 1849), yet many aspects of
this relationship are still unclear,

‘ A number of studies on inbred strains of the house mouse (reviewed
by Gipps 1977) have shown that, depending on the strain, castration
either reduces or eliminates the display of sexual and aggressive be-
haviour. Prepubertal castration is particularly effective in this
respect, suggesting that once these behaviours have developed they
are never completely suppressed and that experience_ﬁay maintain them
in the absence of circulating androgens, Testosterone injections
are effective at restoring sexual and agonistic behaviour in post-
pubertally castrated mice and rats, In prepubertal castrates how-
ever the lack of androgens at the critical age of puberty, means
that later injections have no effect,

In postpubertally castrated mammals, the level of testosterone
replacement required to restore and maintain sexual and aggressive
behaviours at an 'intact' level may be less thaﬁ the normal circula-
ting hormone level, Damassa, Smith Tennent and Davidson (1977)
reported that in castrated rats the plasma testogterone level needed
to be restored to only one third of normal in order to completely
maintain sexual behaviour, A similar situation may apply to the
rhesus monkey (Michael and Wilson 1975) and man (Kraemer, Becker,
Brodie, Doering, Moos and Hamburgh 1976).

In the Cricetidae, which includes Clechrionomys’sexual and agg-
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ressive behaviour may be less dependent on the presence of testicular
androgens than in the Muridae. Payne and Swanson (1971) reported
that the level of aggressive behaviour in castrated golden hamsters

(Mesocricetus auratus) was over 60% of that of their intact opponents,

und in a later study (Payne and Swanson 1972) found that whilst.cast-
rates initiated fewer aggressive interactions, their level of response
once an interaction was initiated was not altered, In similar studies
Vandenbergh (1971) reported that the level of attacking by castrates
was over 70% of that of their intact opponents and Tiefer (1970) and

Whitsett (1975) found no differences between the aggressive behaviour

of castrated and intact animals. In Mongolian gerbils (Meriones
unguiculatus), another cricetid, castration has been reported as

actually increasing aggressive behaviour (Anisko, Christenson and
Buchler 1973) although an earlier study reported a decrease (Sayler
1970). In the latter study the subjects were socially naive juv-
eniles which were kept in isolation for over a month after castration,
whilst in the former the subjects were adults which had previously
been housed together, Possibly the different results of the two
studies reflects a difference in social experience. Gipps (1977)
studied the effects of castration on the aggressive behaviour of male

Clethrionomys glareolus during the breeding season by observing inter-

actions in the laboratory between castrates, intact males and sexually
immature juveniles, He concluded that the aggressive behaviour of
castrates was rather similar to that of juveniles as both groups
showed much social and investigative behaviour but little aggression,
Intact males on the other hand, were less willing to approach one
another but were invariably aggressive when they did so. It would
appear from Gipps\(1977) study that in this member of the Cricetidae,

androgens are important in maintaining the normal agonistic behaviour
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of adult males, although castration does not lead to the complete
suppression of aggressive behaviour,

Species specific differences have also been found in the degree
of androgen dependence of scent glands and scent-marking behaviour
by male rodents, Price (1975) reported that scent-marking behaviour
by male rats ceased completely after castration whereas Whitsett (1975)
found that castration made no difference to the amount of marking be-
haviour exhibited by golden hamsters, although since the flank gland
did not develop the marks could have contained little pheromone,
In the gerbil (Blum and Thiessen 1971) and rabbit (Mykytowycz 1970)
scent-marking is androgen dependent,though it does not disappear
completely afte; castration and the levels of pre- and post-castration
marking are correlated,showing that other factors are involved,

Although castration and replacement studies have implicated
androgens in the control of sexual, aggressive and scent-marking
behavioﬁrs in a2 number of species, few researchers have attempted to
measure the circulating testosterone titres resulting from hormone
replacement injections.and relate these to natufal levels of the
hormone, The only studies which have auccessfully.examined the
behavioural consequences of constant and measurable levels of plasma
testosterone are those of Damassa et al (1977) and Barkley and
Goldman (1977b), The former authors implanted controlled release
capsules of testosterone in castrated rats and,_éfter showing that
the resulting plasma testosterone level was stagle over several
weeks and was linearly related to the size of the implant, reported
that even a plasma testosterone titre of less than one third of
normal was able to maintain & range of sexual behaviour variables
with normal limits (see Figure 5.1). With the proviso that testos-
tefone released from an implant may have a different physiological

effect to that released periodically from the testes (Damassa,
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Kobashigawa, Smith and Davidson 1976 -~ see page 182) these authors
concluded that"differences in circulating androgen a?e not an
important factor in determining the variance in sexual performance
among individual male rats ", The results of this study were confirmed
for mice by Barkley and Goldman (1977b) who were also able to show
that, whilst sex accessory organ weights were linearly related to
the size of the testosterone implant over a range of dose levels
(see also Selmanoff, Abreu, Goldman and Ginsburg 1977),behaviour was
maintained with an implant too small to maintain the sex accessory
organs, Thus, with respect to behaviour, there appears to be consid-
erable redundancy in the amount of testosterone fo;nd in normal males,
Whilst the studies referred to above utilised artificially main-
tained testosterone levels, other workers have measured testosterone
titres in intact males and attempted to relate these to behavioural
variables, Rose, Holoday and Bernstein (1971) reported a positive
correlation between dominance, rank, frequency of aggressive behaviour
and plasma testosterone titre in an all-male grOup-of rhesus monkeys

(Macaca mulatta), but this accounted for only 20-25% of the variance

between individuals and further studies on free-ranging (Eaton and
Resko 1974) or captive (Gordon, Rose and Bernstein 1976) bisexual
groups have not confirmed this correlation. Sensitive assays have
now enabled this technique to be applied to small mammals. Selmanoff,
Goldman and Ginsburgh (1977) have examined the relationship between
serum testosterone titre and social dominance, as measured by body
scarring or encounter experiments, in inbred mice. They failed to
find any consistent relationship between testosterone level and any
behavioural variable in either long term or short term experiments,
This conclusion was supported by the findings of Barkley and Goldman
(1977a, b) who performed similar experiments, 'Batty (1978a) reported

that there was no relationship between individual levels of sexual
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behaviour and plasma testosterone titre within a strain of inbred
mice although there was a negative correlation between mean plasma
testosterone titre and the level of sexual behaviour between a number
of inbred strains, All these authors have ;eported considerable
individual variation in plasma testosterone levels amongst animals

of the same strain housed under identical conditions, Similar
variability has been reported by Bartke, Musté, Caldwell and Behrmem
(1973) who found 111— fold differen;es between individual mouse
testosterone levels,

As well as great intrinsic variability in testosterone levels bhetween

individuals many factors have heen shown to result in fluctuatiows in circulating
testosterone titres,in a range of species, These include diurnal
rhythms (Plant and Michael 1971; Kinson and Liu 1973; Rowe, Lincoln,
Racey, Lehance, Stephenson, Shenton and Glover 1974),exposuré to
females or copulation (Saginor and Horton 1968; Heré, Folman and Drori
1969; Kamel, Mock, Wright and Frankel 1975; Batty 1978b) and stress
(Brain 1970; Bliss, Frischat and Samuels 1972; Kreuz, Rose and Jennings
1972). There is also evidence that testosterone release from the
gonads may be pulsatile rather than continuous (Bartke et al 1973;
Murray and Corker 1973; Katongole, Naftolin and Short 1974; Bartke

and Dalbero 1975) so that the use of a single determination may

be a poor index of androgen metabolism,

It has become increasingly clear that since plasma testosterone
titres may show rapid and transient responses to certain social or
environmental conditions, a single determination of plasma testosterone
level is unlikely to be related to an individuals level of sexual or
aggressive behaviour, As, in the majority of species studied, both
sexual and aggressive behaviour are, to a greater or lesser extent,
responsive to androgens,it may be that testostcrone plays only a

permissive role in the expression of these behaviours,so that as long

b}
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as the hormone is present above a 'threshold' level the'behaviOurs
will appear at a normal frequency. Although few studies have ex-
amined this suggestion in detail,there is some evidence from the work
of Damassa et al (1977) and Barkley and Goldman (1977b) already referred
to, that in laboratory rats and mice this may be the case, Only the
study of Blum and Thiessen (1971) has reported a relationship between
presumed plasma testosterone levels and behaviour, In this case
gerbils were castrated and given hormome replacement weekly by injec-
tion, The authors reported a correlation between Lestosterone dose
and the level of scent-marking behaviour,but it is worth noting that
even their largest replacement dose, which restored scent-marking
behaviour to a normal level, was insufficient to maintain the weights
of sex accessory organs within normal limits, This suggested that
this dose had a physiological effect similar to a very'low titre of
plasma testosterone and that their smaller doses had physiological

effects far below the range of normal plasma testesterone levels,

Although the relationship between behaviour-and_plasma testost-
erone level does not appear to be quantitative in animals in breeding
condition, there is evidence that behaviour patterns associated with
seasonal breeding require testosterone for their induction and main-
tenance, Lincoln, Guinness and Short (1972) shéwed that the display
of both social aggression and rutting behaviour in the red deer stag
required the presence of testosterone either from the testes or from
controlled-release implants, although the presence of testosterone
per se was insufficient to cause rutting behaviour at an inappropriate
time of the year, Lincoln (1974) raported that the commencement of
reproductive behaviour or 'March madness' iﬁ brown hares (Lepus
europaeus) wus assoclated with rapid testicular growth and a sharp

rise in the tota&l testosterone content of the testéa. At the close
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of the mating season there was a marked reduction in both testis size
and its testosterone coutent,

Whilst there are no published rcports of the testosterone levels
in wild small rodents, the factors influencing the size and spermato-
genic activity of the testes, and by implication the level of plasma
testosterone, have been studied in some detail in voles, In non-
breeding individuals during the winter the testes arxre small and
abdominal and few mature sperm cells are present,due to the failure
of the later stages of spermatogenisis, although the early stages
are not deficient (Clarke and Forsyth 1964; Grieg 1968). Winter
populations consist of a mixture of autumn-born juveniles, which
have not matured, and older animals which showed a regression of the
testes during the autumn (Cla;ke 1977). The change to summer breed-
ing condition appears to be controlled largely by the increasing day
length during the spring (Baker and Ramnson 1932; i933; Clarke and
Kennedy 1967) although nutritional state, ambient-;emperaturE, social
influences and genotype may also be involved (Grocock 1972; Clarke
1977). These external influences appear to act by mediating an
increase in the level of pituitary gonadotrophins (Grieg 1968; Worth,
Charlton and Mackinnon 1973) which stimulate the growth of the testes,
the production of mature sperm and, presumably, an increase in the )
production of testicular androgens, During the autumn the decreasing
day length generally causes a reduction in the level of gonadotrophins
resulting in a regression of the testes of breeding animals, At this
time of the year the day-length is insufficient to stimulate the pi:-
uitaries of juvenile animals so these remain in an immature condition
until the following spring, In some years breeding continues
throughout the winter and animals which matured during the late
surmer do not show testicular regression, Ashby (1967) has concluded

that for Clethrionomys in N.E.England such years are characterised
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as having a warm dry autumn with presumably a plentiful supply of
£ood. Thus the length of the breeding season in the wild is contro-
lled not solely by day length but also by prevailing environmental

conditions,

" As studies published since this project was undertaken have con-
firmed that even under the most strictly controlled experimental con-
ditions it is impossible to relate individual testosterone titres
to levels of sexual marking or aggressive behaviour; it was decided
that investigating such a relationship should be outside the scope
of the present work, The development of the radioimmuno-assay tech-
nique, which proved to require considerable skill in dealing with
the small volumes and close tolerances required, and its application
to the determination of plasma testosterone levels in both voles and
mice captured in the field was, however,considered worthwhile, It
was hoped to provide data to support the assumption that in these
gpecies plasma tesmwsterone levels are high in breediné individuals
and low in non-breeders, The technique, if feasiblé with wild snall
rodents, could also be applied to other plasma hormones such as the
corticosteroids, pituitary hormones and hormones of pregnancy, and
may in the future prove to be a valuable aid to our understanding
of the hormonal background to individual and seasonal differences

in behaviour,

B. The Measurement of Plasma Testo3terone

1 Introduction

A number of methods have been used to assay plasma testosterone,

These include gas-liquid chromatography (Brownie,van der Molen,
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Nishizawa and Eik-Nes 1964), double isotope methods (Riondel, Tait,
Gut, Tait, Jjoachim and Little 1963), fluorimetric methods (Finkelstein,
Forchielli and Dorfman 1961) and competitive protein binding assays-
(Horton, Kato and Sherins 1967). All these methods are capable

of detecting nanogram quantities of testosterone but suffer from one
or more practical drawbacks, Testosterone is only one of a number
of 17-ketosteroids and others, such as aldosterone and cortisol, must
generally be removed as they interfere with the detection tecﬁﬁique,
This requires the use of one or more purification steps, usually
chromatographic,which can be tedious and time consuming as well as
reducing the sensitivity of the assay, A further disadvantage is
the comparatively large quantity of plasma required for a determina-
tion; this can be as much as 5ml. and is invariably more than lml.,

a quantity which cannot be removed from a vole without killing it,

The sensitivity of the radioimmuno assay described by Furuyama,
Mayes and Nugent (1970) suggested an answer to these problems. The
specificity of the assay is such that no purification steps are nec-
essary as the only steroid that interferes to a marked degree, dihydro-
testosterone, does not occur in significant quantities in male mice
(Lucas and Abraham 1972). The assay will detect as little as 25pg.
of testosterone which means that only 25-50ul. of plasma is required.
This amount can be readily obtained from a small rodent without sac~
rificing it.

Although not itself antigenic, testosterone forms a complex with
bovine serum albumin (BSA) to which antibodies can be raised in sheep
or rabbits, The antibodies, which are very specific,are then purified
and used in the radioimmuno assay, which is a competitive reaction,
Testosterone extracted from the plasma sample and 3H-testosterone are
first bound to an excess of BSA, - The two types of complex, one of

which is radioactively labelled, then compete for binding sites on
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a limited amount of the anti-testosterone antibody, After incubationm,
a dynamic equilibrium is established between the two types of testos-
terone-BSA complex so the more testosterone there was in the plasma
sample the less 3H-testosterone will be bound to the antibody, The
free and antibody bound phases of testosterone can then be separated
using dextran-coated activated charcoal and an estimation made of

the proportion of 3H-testosterone in each phase, BH-testosterone

is detected by liquid scintillation counting, a technique which is
responsible for the great sensitivity of the assay, As the method

is comparative it is necessary to construct a standard curve by
performing the assay with known amounts of testosterone, The pro-
portion of 3H—testosterone bound to the antibody is regressed on the
amount of unlabelled testosterone added, The amount of testosterone
in an unknown sample can then be found by refereh;e to this standard
curve, Details of the technique were adapted from the methods of
Verjan, Cooke, De Jong, De Jong and Van Der Molen (1973) and Williams,

Horth and Palmer (1974).

2 Materials
a) Standards

1, 2, 6, 7 (n) - 3H-testosterone, S.A. 91 Ci/mMol. was obtained
from the Radiochemicals Centre, Amersham. A stock ‘solution in
toluene-ethanol (9:1 V/V) containing approximately 20,000 dpm/50ul.
was used, Testosterone B.P. was obtained from B,D.H. and standards

prepared by serial dilution in n-~hexane-ether (4:1),

b) Solvents and reagents

Ethanol 'Specially purified for the determination of 17-ketost-
eroids', toluene 'Aristar', diethyl ether 'Aristar' and n-hexane 'Analar'’

were obtained from B.D.H. Dextran coated charcoal was prepared by
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dissolving 25mg. dextran (Sigma) in 10Cml. of 0,05M borate buffer,

pH 8.0, and adding 250mg. activated charcoal (B,D.H.);

3. Glassware

Assays were performed in conical glass centrifuge tubes which
were siliconised with a solution of dimethyl-dichloro-silane in

toluene,

4, Antiserum

Freeze-dried rabbit anti-testosterone antiserum (Searle), obtained
by immunization of a rabbit with testosterone-3-BSA, was diluted to
working stremgth with 0.05M borate buffer pH 8.0 containing 0.1% BSA
(Sigma) and 0,1% NaNj as an antibacterial, This solution had a shelf

life of six weeks at 4°C.

5. Tritium detection

Samples were dissolved in 5 or 10ml. of NE250 Scintillation
Fluid (Nuclear Enterprises) and counted for 10 minutes in a Nuclear
Enterprises automatic scintillation counter, Counﬁing efficiency

was 36.2% - _

C) Procedure

Plasma from male Clethrionomys and Apodemus was obtained as

detailed on page 162, Samples of 25ul. for individuals or 50ul. for
pooled samples were extracted by shaking with 1,5ml n-hexane-ether

(4:1 v/V) for 60 seconds using a vortex mixer, and then centrifuged
at 3000rpm for 5 minutes, In order to prepare the standard curve,

known amounts of testosterone in the range 0-200pg.were added to
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1.5ml. n-hexane-ether and treated in the same way. After centrifug-
ation, lml, aliquots of the n-hexane-ether phase were transferred to
clean tubes containing 100pl. (approx, 40,000dpm) of the 3H-testosterone
solution and evaporated to dryness under a stream of pure nitrogen;
450ul. of antiserum was then added to each tube, After mixing on a
vortex mixer for 60 seconds the tubes were incubated overnight for
16 hours at 4°C to equilibrate the competition reaction, The following
day 50u).0f the incubation solution was removed into a counting vial
to estimate the total amount of 3H-testostemne present and 500ul.of
dextran coated charcoal was added to the remainder to separate the
free and antibody bound testosterone, Following incubation at 4°¢c
for 15 minutes, the tubes were centrifuged at 3000rpm for 10 minutes
and 500ul. of the supernatant containing the antibody-bound testosterone
removed into a counting vial. 5ml, of NE250 scintillator were added
to the 'total estimation' vials and 10ml to the 'antibody-bound' vials
and all were counted for 10 minutes,

In order to estimate the efficiency of the n-hexane ether extrac-
tion, aliquots of the 3H—testosterone standards were added to pooled

samples of rat plasma and treated as unknown samples,

D. Results and Discussion

1) cCalculations

As this method is comparative it is not necessary to make an
allowance for the efficiency of the counting system used. Quench
correction 18 also unnecessary as the experimental and standard tubes
all contain the same amounts of solvents and are thus quenched to
the same extent,

The total amount, in cpm, of 3H-tesLouterune'Ln an asway tube

is calculated from the count of the 50ul. sample taken after incubation,
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Total “H-T = count of 50l 39936_29
remaining _ sample

The amount of antibody-bound testosterone is calculated from the

count of the second sample

Total 3H—T

= count of 5001 x 350 + 500
antibody~bound sample after incubation 500

From these two figures the absolute percentage of 3H testosterone
bound to antibody can be found

Absolute % bound = antibody bound 341
total SH=T

x 100

The figure plotted on the standard curve is the relative % bound,
found by equafing the percentage bound when O pg, is added with 100%,
The relative percentage bound is plotted against the 1$garichm of the
amount of testosterone added, The quantity of teseoscerone in a
sample of plasma is found by calculating the relative percentage of
3H-testosterone bound and reading off the amount of téstosterone
present from the standard curve, This figure is then multiplied

by a correction factor to account for the losses in the extraction
procedure,

A typical standard curve is shown in Figure 52 together with a
curve supplied by the manufacturers of the antiserum, There is some
difference between the two as the resulg of the slightly different
methods used, Theiéu£ve obtained shows good sensitivity between 10
and 100 pg. although pipetting errors, which become sizeable when
working with such sméii volumes, are responsible for the large in-
crease in errors ncé?itﬁe limit of sénsétivity. For each experiment
the standard curve wé;.constructed uSiﬁé duplicate samples of each
of the standards, Tﬂé curve shown in the figure is a composite
one containing the ;e;uits of several different experiments and it
can be seen that there is good agreement between the values obtained

at different times,
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3H-T added 3H—T added No. of Mean proportion
ul Pg Observations recovered(+s.e,)
25u1 _40pg 6 .596+.021
50u1 82pg 6 .608+.029
100ul 165pg 6 .624%,029
Mean proportion recovered = 0.609 + .016
TABLE 5.1 Proportion of testosterone extracted frbm‘plaama
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a) Recovery Estimation

The efficiency of the solvent extraction was determined by
adding either 25, 50 or 100ul. of 3H—testosterone to an assay tube,
evaporating the solvent and dissolving the testosterone in 25 or 50
pl. of laboratory rat plasma, The testosterone was then extracted
from the plasma in the usual way and the proportion éf 3H-testosterone
recovered estimated by counting a sample of the n-hexane-ether phase,
As the specific activity of the 3H-testosterone solution and the
counting efficiency of the system used were known, it was possible to
equate a particular count (in dpm) with a particular amount of test-
osterone, The results shown in Table 5,1 were obtained, Mean
recovery from the plasma was 60,97 so all values obtained were adjusted

to account for this,

b) Precision

As only one 25ul.plasma sample was available for each.wild animal
it was not possible to estimate the precision of the assay:by éerform—
ing duplicate analyses, A plasma pool from two male laboratory rats
in breeding condition was therefore used, The testosterone content
of this pool was assayed a number of times to provide an estimate
of the precision of the assay, In 14 estimations, using either 25
or 50ul. plasma samples the mean testosterone level, uncorrected
for procedural losses was 1,98ng/ml.with a S,D. of 0,415 giving & co-~
efficient of variation of 8,66%. 95% confidence limits were 1,15~2,81
ng/ml, The mean testosterone level, after correctioé for procedural
losses was 3.26ng/ml. which is within the range reported by Frankel,

Mock, Wright and Kamel (1975).

E. Plasma Testosterone in Voles and Mice
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Individual estimates of plasma testosterone are given in Table 5.2

for Clethrionomys and Table53 for Apodemus, For both species there

was a clear difference between the values for individuals in breeding
condition, defined as the possession of scrotal testes, and individ-
uals not in breeding condition, In the latter case values of below
10pg. in the assay were below the level of detection as this was the
smallest standard used, Animals with partially acfotal testes in
general showed values intermediate between breeding and non-breeding
> titres, though there was considerable variation, There thus appears
to be correspondence between breeding condition, as defined by the
presence of scrotal testes, and high plasma testosterone level, a
result which is in agreement with numerous other studies (Lincoln
1974; Gordon, Rose and Bernstein 1976; Bramley 1970; Lincoln, Youngson

and Short 1970). For Clethrionomys the mean value for individuals

in breeding condition was 4.34 + 0.37 (s.e.) ng/ml and for Apodemus
5.12 + 0,34ng/ml, Both these values are within the range reported
for laboratory house mice (Batty 1978a) but are a little higher than
those found in laboratory rats (Damassa et al 1977), There was no

evidence of the extreme variation between individuals reported for

mice (see page 182 ) as the range of values was 0-6.6ng/ml.for Cleth-

rionomys and 0-5.2%ng/ml for Apodemus.

The breeding cycle of Clethrionomys has already been described

on page 61, The data from this study would suggest that the circul-
ating level of testosterone is related to the size, and consequently,
state of maturation (Clarke 1977) of the testes, Such a conclusion
is not unexpected as in all seasonally breeding mammalian species
which have been studied’both testicular growth and testosterone

production are mediated by the pituitary hormones,
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Date/Site Breeding | Uncorrected T level | Corrected T level
Status pg/25ul ng/ml,
May 1975 TS 70 4.6
Houghall TS 100 6.6
June 1975 TS 85 5.6
H0ugh;11 TS 52 3.4
TS 36 2.3
TS 90 5.9
TS 65 4,3
July 1975 TS 58 3.7
Castle Eden T%S 44 2.9
Juv 0 0
July 1975 Juv 22 1.4
Houghall TS - 85 5;6
TS 65 4.3
TS 65 4.3
Juv 0 o
Sept, 1975 Juv 0 0
Castle Eden Juv 0 o
TS 50 3.3
Jan, 1976 TNS 0 0
Castle Eden TNS 0 0
TNS 0 0
Feb, 1976 TNS 0 0
Houghall TNS 0 0
Mean for TS animals = 4, 3440,37ng/ml,

Mean for TNS + Juv. animals not calculable as value of O indicates
only that the value wad below the sensitivity of the assay (approx

0.65ng/ml).

TABLE 5,2

Plasma testosterone levels in Clethrionomys,

TS -
INS =

individunin with seroLal
individunls without scrotul testes,

T = Testosterone,

Lestes,
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Date/Site Breeding Uncorrected T level Corrected T level
Status pg/25ut ng/ml
June 1975 TS 70 4.6
Castle Eden TS 67 4.4
TS 98 6.4
TS 68 4.4
July 1975 TS 79 5.2
Houghall TS 89 5.9
ds 48 3.1
2 . ’
Sept, 1975 TS 85 5.6
Houghall TS 75 4.7
T%S 10 0.65
pds 24 1.6
5 .
Sept. 1975 Juv 20 1.3
Castle Eden TS 68 4.4
TS 37 2.5
Nov. 1975 TNS 14 0.9
Castle Eden TNS Q 0
Jan, 1976 TNS 0 0
Castle Eden TNS 0 .0
1 .
T4S 0 0
Feb, 1976 T35 49 3.1
Houghall T35 22 1.44
March 1976 T%S 81 5.3
Castle Eden T%S 38 2.5
Mean for TS  animals = 5,1240, 34ng/ml,

Mean for TNS + Juv,

animals not calculable as value of O indicates

only that the value was below Lhe sensitivity of the assay (Approx

0,65ng/ml),
TABLE 5.3 Plasma testosterone levels in Apodemus, .
TS individuals with scrotal testes,

TNS
T

individuals without scrotal testes,.
Testosterone,



197,

Lincoln (1974) reported that in brown hares the testicular con-
tent of testosterone increased to a peak in March or April, some
time after the testes had reached their maximum size and rate of sperm
.production, The time of this increase was well correlated with the
onset of intense breeding activity or 'March madnessﬂ; After April
the testosterone level decreased to about one third of its former
value but sexual activity continued, albeit at a lesser intensity,

The rate of Spermatogenisia and the weights of the testes and sex
accessory organs were maintained at this lower  level until July

or August, These findings suggest that a testosterone level even

less than one third maximum was sufficient to maintain full breeding
condition and that the spring peak in testosterone level was related to
a behavioural phenomenon rather than a climatic one,

There is no evidence from the present study for a spring peak
in testosterone levels in either species studied an¢ the results
avajilable would suggest that the titre of testosterone rose concurrently
with testis size, This difference between these species may be re-
lated to their different breeding strategies; ha;es_showing a short
peak of intense breeding behaviour ovef one or two months and small
rodents a longer period of sustained breeding activity,

The April peak in hare testosterone levels reported by Lincoln
(1970) may have been a consequence, rather than a cause of 'March
madness', as it has been shown for several species (see Introduction
to this chapter) that testosterone levels can be-influenced, at
least in the short term, by the social environment, The onset of
testicular growth arid sexual behaviour may be initiated by more
central mechanisms éucﬁ as changes in ghe pituitary or central nervous
system, Such an iﬁtefpretation is supported by the study of Lincoln,
Guiness and Short (1972) who showed that testosterone played only a

permissive role in the rutting behaviour of the red deer stag, The
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administration of testosterone at an inappropriate time of the year
failed to induce sexual behaviour although it had an effect on social
aggression,

The results of the experiments described both here and in the
Introduction suggest a dual role for testosterone in seasonally breed-
ing small mammals, Firstly, the correspondence between the maturity
of the testes and the secretion of testosterone m;y enable the pituit-
ary to monitor the state of these organs (Damassa et al 1976) and
initiate sexual and sexually-associated behaviour at an appropriate
time, Secondly, testosterone has a directly stimulating effect on
secondary sexual characteristics, particularly the growth of the sex
accessory organs. This effect may by quantitative to some degree,
Thus the maturation of the testes and onset of sfermatogenesia is
accompanied by the growth of these organs to the size required for
successful breeding.

These observations suggest that the administration of testosterone
at a natural level to a small mammal with regressed testes will
fail to initiate béth the growth of the testes and the appearance
of sexual behaviour. There would however be grbqth of the sex
accessory organs, Such an experiment does not appear to have been
performed as all testosterone administration studies have used labor-
atory animals which breed throughout the year,

Although the presence or absence of a measurable level of
circulating testosterone may provide a good guidé to the breeding
condition of an individual,there appears from préviOus studies (see
Introduction) to be no relaticnship between individual titres of
testosterone and any form of sexual or aggressive behaviour, Be-~
cause of the unknown precision of the testosterone estimates and small

range of values encountered during the present study,a comparison of
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individual testosterone levels with individual aggression scores
could have yielded no statistically satisfactory conclusions, As
has already been pointed out on page 182 a single determination of
plasma testosterone titre may be a poor index of the mean physiolog-
ically effective level of this hormone, For this reason as well as
the fact that plasma testosterone levels are responsive to short term
environmental factors,it seems unlikely that field experiments-bn
small rodents, in which conditions must remain uncontrolled and un-
measurable, will provide much information about any relationship

between hormone level and behaviour at the individual level,
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CHAPTER 6

CONCLUSIONS

watts (1969),after an analysis of 18 years trapping data from
Wytham Woods, Oxford (Newson 1960; Smyth 1963; wWatts 1966; Southern
and Lowe 1968) suggested that several different mechanisms, some of
them density dependent, were involved in the regulation of Apodemus

populations. These conclusions were later extended to include

Clethrionomys by Flowerdew (1971) though in this species the situ-
ation was.complicated by the use of buffer habitaés which were only
occupied seésonally.

Both Ehese authors and others (Bergstedt 1965; Hansson 1971;
Flowerdew and Gardner 1978) have concluded that during the winter,
survival is well correlated with the size of the autumn tree seed
crop, a good crop resulting in high winter survivél and an early
'start to breeding the following spring (Flowerdew 1973). Whilst
this may be true in woodland where the food supply is dominated by
favoured tree seeds such as oak, ash or beech, it may not be so in
mixed sycamore woodland where the total seed crop is much smaller,
Ashby (1967) found that sycamore seed was not a favoured food of
voles or mice, being generally eaten in quantity only during winters
when other foods were scarce in relation to rodent abundance, He
concluded that the demand for seeds of this type was determined by
a complex series of interactions including the availability of
alternative foods, population density, interspecific competition
and weather conditions during the winter, The occurrence togerher
in mixed woodland of a wide variety of foods of varying palatability
may make the overwinter survival of small rodents in this habitat
less sensitive to annual variation in the avail#bility of any one

resource than is the case in largely monotypic woodland, This does
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not rule out the possibility that food is limiting Auring the winter,
but suggests that annual variation in the avajilability of any single
food may be poorly correlated with overwinter survival, Ashby (1967)
considered that the weather during the autumn had an influence on

the length of the breeding season in both species, though the éffect
was more marked with Apodemus, warm dry autumns resulting in a pro-
longation of breeding. He suggested that sucﬁ autumns were particu-
larly favourable because they both reduced the demand for food and
increased its availability, The overwinter survival of these species
may therefore be influenced by an interaction between weather, food
resources and the type of habitat,

Previous authors (Watts 196?; Flowerdew 1971; Flowerdew ;nd
Gardner 1978) have calculated overwintering success by comparing
numbers caught in November or December with numbers caught in the
following May or June, In many cases, for example the Apodemus
population in Castle Eden during 1975-76, this leads to Véry high
estimates of survival, sometimes greater than 1, despite the fact
that the survival of marked animals may be rather poor. Overwinter
success calculated in this way contains three separate components,
winter survival, spring survival,and winter and spring immigration,
Data from this and other studies have shown that winter and spring
survival rates may be very different as there is often a marked
decline in numbers during the spring, partiéularly in Apodemus,
Winter and spring movements though not always detectable by trapping
(Crawley 1965, 1969; Fléwerdew 1976) ﬁaf lead to considerable re-
cruitment of unmarked iqdividuals even in the absence of winter
breeding, In mixéd woodland, such as the two study sites, the
winter distribution of food may be heterogeneous,encouraging in-

dividuals to move in order to take advantage of favoured food sources
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as and when they become available,

Spring declines in numbers, though not common in Clethrionomys ,

are a feature of many Apodemus populations and have been attributed
by Flowerdew (1978) to a combination of predation, starvation and
dispersal, At Houghall much of the spring decline of Apodemus in
1975 could be attributed to emigration into the nearby fields, At
Castle Eden there was nqt'a particularly marked decline although
Crawley (1965, 1970) reported a sharp drop in numbers associated
with poor spring survival, suggesting that Apodemus were emigrating
from the trapping area, A decline in the amount of arable land
around the Dene has been suggested as the probable reason for this
change in population dynamics.

watts (1969, for Apodemus) and Flowerdew (1971, for Clethrionomys)

concluded that the recruitment of juveniles during the summer was
density-dependent so that high numbers of adults during thé breeding
season resulted in poor juvenile recruitment and vica versa, Other

factors must also be involved, particularly in Clethrionomys,as in

some years juvenile recruitment is insufficient to replace the number
of old adults that disappear, resulting in a decline in density,

The present study has been too short to investigate tﬁe problem of
density dependence but the results of the distribution analyses have
shown the impsrtance of seasonally available buffer habitats in the

population dynamics of Clethrionomys.

The very rapid increase in the numbers of Apodemus during the
autumns of the present study has been attributed to immigration 8o
that numbers at this time reflect breeding success and survival in
this alternative habitat. Watts (1979) omitted woodland edge pop-
ulations of Apodemus from his analysis of this species density

regulation mechanisms in favour of populations 'living under more
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natural conditions', Whilst such migratory populations may only
have become common since the advent of agriculture (Jeffries et gi
1973) and large scale forest clearance they may now be as typical

as populations living in continuous habitat, Since neolithic times
the proportion of lowland Britain covered by trees has shrunk from
70 to 7 percent (Godwin 1956) and large areas are now covered by
arable or grazing land interspersed with woods and hedgerows, Even
in the remaining foreats, large areas of continuous climax vegetation
are rare, most woodland containing a mixture of natural and planted
trees, Such a vafiety of trees will consequently provide a yide
range of habitats and food resources within one piece of woodland,

The great mobility of Apodemus and its ability to exploit a wide
range of habitats sﬁggests that 'habitat-edge' migrationsahd movemeﬁts
may be a widespread feature of this species ecology. Movements of
several hundred metres do not appear to be uncommmon (Watts 1970;
Ashby unpubl,) so that the population dynamics of this species may
be affected by migratory movements for some distance either side of
a habitat discontinuity,

In Castle Eden DenejApodemus numbers appeared to bé less influenced
by migratory phenomena, though this has not always been the case
(page 107). Changes in numbers at that site during 1974-75 were
typical of those reported for continuous woodland or field habitats,
The weight distribution of the young animals captured during September
and October suggests that many of them were two or three months old,
though few had been trapped previously. A similgr age distribution
is apparent from the work of Crawley (1965, 1970),; watts (1969);
Green (1978) and Gurnell (19789, and suggests that the increase in
numbers during the autumn is not solely the result of the improved

survival of juveniles but can partially be attributed to an increase
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in the willingness of subadults to enter the traps.
Though there is a little direct evidence for the behavioural

regulation of juvenile recruitment in either Clethrionomys or Apodemus

the annual cycle of aggression of male Clethrionomys reported in

Chapter 3 shows that seasonal changes in behaviour do occur, with
most intermale aggression being shown at the start of the breeding
season, The greater aggressiveness in the laboratory of ovgrdintered
males of this species, than subadult individuals maturing in ghé'year
of their birth suggests that it is the disappearance of the former
which permits an increase in juvenile and subAdult recruitment during
the autumn. Whether such a hypothesis applies to Apodemus is still
uncertain as whilst Flowerdew (1971) was able to show that the pres-
ence of adults had an adverse effect on the growth of juveniles [n
the laboratory, he was unable to demonstrate any aggression between
adults, More recently Gurnell (19789 has reported that =2xcept for
a short period at the start of the breeding season, male Apodemus
usually behave amicably towards one another,

The type of agonistic behaviour which in the wild causes the
majority of juveniles of both species to disperse from their place
of birth, is unknown, The results of the few observational studies
available suggest that the sort of overt aggression observed in

the laboratory, particularly in Clethrionomys, may not be common in

the wild, though it should be noted that nothing is known about the
behaviour of either species in their burrow systems,which can be

extensive (Ashby, unpubl.). Though few fights have been observed
at artificial feeding stations (Kikkawa 1964; Greenwood 1974, 1978;
Bullock 1977; Gipps 1977),wounded individuals, usually adult males
(Rose and Gaines 1976), are not uncommon during the breeding season,

so some fighting must occur, Whether juveniles are ever involved



205.

in such fights is unknown but displacement from feeding sites by
adults may be common, The stratification of times of emergence to
feea, with dominant individuals appearing first (Gliwicz 1970; Garson
1975) suggests one way in which juveniles may be forced to disperse,
They may be constrained to emerge at such an unfavourable time, or

be displaced so often from favourable feeding siges, that they have
insufficient time or opportunity to feed and are thus forced to mi-
grate in an attempt to find an area where there is less intraspecific

competition,

The results of the genetic analysis of Clethrionomys together

with those of Berry and his co-workers (review: Berry 1977) have
suggested that in rodent populations which shown only annual cycles
of numbers, changes in allele frequency in many polyﬁorphisms may
be local and temporary responses to environmental he’terogeneity,
In this respect they differ from those reported by Krebs and his co-
workers (reviewed Krebs and Myers 1974) who found changes in allele
frequency at a number of loci to be in phase with the three to four
years population cycle, Such changes have, howéver-only been studied
for the duration of one cycle, Although Krebs has been unable to
ascertain whether the genetic changes are the cause or the consequence
of the population cycle he has concluded that such changes are an
integral part of the population ecology of thesé species, The size
of these changes has been taken as an indication of the strong selection
pressures presumed to be operating at times of rapid population density
changes.

The relationship between genetlc changes ip annual and percennial
populatlon cycles I8 far from clear, Perhaps the non-cyclical nature

of the genetle changes in annually fluctuating populations is a reflec-
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tion of the relatively weak selection operating on such populations
and the short time for which selection operates in one direction,
There does not appear to be a fund;mental genetic control of whether
a species will undergo population cycles as some populations of a
species may show perennial cycles whilst others do not (Lidicker
1973; Krebs and Myers 1974), Rasmuson, Rasmuson and Nygren (1977)

claim to have found inherited differences in behaviour between cycling

and non-cycling populations of Microtus agrestis from different.parts

of Sweden, but have not yet shown that these would be solely a con-
sequence of the difference in population dynamics.

A number of ways in which a polymorphism might be maintained
in a population have been discussed in Chapter 4, There 1is incregsing
theoretical evidence that environmental heterogeneity ﬁight be suffic-
ient to maintain a polymorphism in the absence of heterosis, if the
fitness of different morphs depends on their local environment,
Gilpin (1975) has suggested that a situation in which extinction and
recolonisation are frequent events, would enable group selectlve
pressures to produce evolutionary change at an appreciqble'rdte.
The organisation of small mammal populations in which thére may be
a demic structure, limited migration, utilisation of buffér habitats
and a short lifespan may be particularly effective at maintaining

polymorphisms, Although Clethrionomys appears to have rather few

detectable enzyme polymorphisms, Bathgate (1978) has shown that
this species is morphologically rather variable so that its genome
as a whole may not be deficient in variability,

The ease with which environmental heterogeneity can maintain a
polymorphism may depend on the 'patchiness' of the environment as
experienced by the individual (Weins 1976). A.'coarse grained'

species, which exhibits patch selection, may be subject to different
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selection pressures in different patches, and may occupy small patches
where drift and founder effects become important,  Under such con-
ditions there should be a high degree of polymorphism (Maynard Smith
1970; Gillesﬁie 1974a, b), For fine grained species, which react

at random to environmental patchiness, there are two conflicting
theories, Some investigators have suggested that, as all members

of a species encounter the same average environment, a-'general
purpose' genotype should be selected (Selander and Kaufman 1973),
while others have maintained that high variability would be »reserved
to deal with all eventualities (Bryant 1973).

Since the present study has shown that Clethrionomys is not

distributed at random with respect to its environment, it therefore
tends towards being a coarse grained species, Such an interpreta-
tion is in agreement with the results of the genetic analysis which
has suggested that this species may respond rapidly to short term
environmental changes, Much more research is required on both the
pépulation structure and genetic constitution of s@all rodent species
before the significance of such gene frequency cﬁanges can be fully
understood,

The results of the endocrinological experiments reviewed in
Chapter 5 appear to show that in small rodents testosterone plays
only a permissive role in the display of sexual and aggressive be-

haviour, Although the present study has been unable to investigate

the apparently unlikely possibility of a8 quantitative relationship
between plasma testostercne levels and aggressive behaviour, it has
shown that the spring increase in testosterone level is coincident
with the growth of the testes and an increase in Lhe level of male
sexual behaviour, Other authors reaching a similar conclusion have

been referred to in Chapter 5,
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The results of two recent studies appear to support the view
that testosterone stimulates the growth of the sex accessory organs
but has only a permissive role in the control of behaviour. Krebs,
Halpin and Smith (1977) implanted testosterone propionate pellets

into intact male Microtus townsendii in an effort to increase their

aggressive behaviour and perhaps influence their spring population
'dynamics. The pellets were implanted during January, some weeks
before the start of the breeding seéson. As predicted by earlier
studies (page 183 the increased level of testosterone failed to
advance the onset of breeding or increase the level of aggressajive
behaviour, but there was some evidence that the growgh of .hip élands
was accelerated, Morin, Fitzgerald, Rusak and Zucker (1976) reported
that in castrated hamsters kept under short photoperiods, testosterone
injections failed to increase the display of copulatory behaviour
although it is known that under longer photoperiods testoste;one

is effective in this respect, As in the experiment of Krebs et al,
the testosterone resulted in an increase in the size of ﬁhe sex access-
ory organs, even under short photoperiods.

There i3 thus much evidence that testosterone, produced by the
testes during spermatogenesis, is acting as a 'trigger' to initiate
patterns of se#ual and sexually-oriented aggressive behaviour at an
appropriate time of the year, The evolutionary advantage of such
a feedback loop is clear, as for an individual to exhibit these
behaviours before spermatogenesis is complete would be a waste of

resources and thus lead to a reducticn in evolutionary fitness,
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SUMMARY
The population dynamics, aggressive behaviour, population
genetics and plasma testosterone levels of two populations of

bank voles, Clethrionomys glareolus and the population dynamics

and plasma testosterone levels of wood micé, Apodemus sylvaticus
have been studied in mixed woodland in Castle ﬁden Dene and
Houghall Woods, County Durham, |

At Castle Eden there are large areas of éerennial herbs,

notably dog's mercury Mercurialis perennis, giving seasonal ground

cover only, interspersed with small arcas of permanent cover, while
at Houghall seasonal changes in the degree of'éover are smaller,
Rodents were captured by live trapping at intervals of approx-
imately 4 weeks during the summer and 8 weeks during the winter
from July 1974 to May 1976. At Castle Eden a 90 x 90m. trapping
grid, with adjacent traps 1Om. apart, was 1aia out and trapped
for 3 days after 2 days prebaiting, At Houghall the 3 transects
laid out by Ashby (1967) were used, to maintain the continuity

of his study. Each transect consisted of two parallel lines

of 20 traps 9,614 metres, apart, adjacent t;éps being separated
by 5.94 metres, The trapping period consisted of 2 days
prebaiting followed by 2 days trapping.

The total number of individuals caught was 425 Clethrionomys

and 272 Apodemus at Castle Eden and 388 CléthrionOmys and 247

Apodemus at Houghall, giving a preponderance of Clethrionomys

at both sites, Mean trap mortality of Clethrionomvs was 13,3%

at Houghall and 5.6% at Castle Eden, The high figure at
Houghall is reduced to 10.4% if an allowance is made for delayed
trap inspection during October 1975, but mortality at this site

was still significantly higher than at Castle Eden, perhaps
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because of local weather conditions, Trap mortality of

Apodemus was negligible, The trap-revealed sex-ratio of

Clethrionomys was 1.06 males per female at Castle Eden and
1.36:1 at Houghall, For Apodemus the ratios were 1,47:1

at Castle Eden and 2.19:1 at Houghall, The greater excess of
males at Houghall may be the result of the trapping technique
employed there,

Population size was estimated using the following capture-mark-
recapture methods; the calendar of captures, Petersen estimator,
Haynes regression and Jolly's method., An additional method
assumed that a constant proportion of the popu]atibﬁ was seern
at each trapping session, A comparison of results suggests
that with large sample sizes and a high proportion of re-
captures, Jolly's method applied over the whole study period
yields estimates with acceptable confidence limits but that
with small samples and rélatively few recapture; this method
fails, The results of all the methods should thgn be compared
and any very high or low ones rejected.

Absolute densities were estimated by two methods at Castle

Eden and one at Houghall, The first, applicable at both
sites, adds a boundary strip equal in width to the mean radius

of the home range, taken as 23m, for Clethrionomys and 26m,

for Apodemus, The second, applicable only to grid trapping,
relies on the theoretical decline in the probability of capture
from the edge to the centre of the grid, This suggested a

boundary strip of 10m, for Clethrionomys but did not yield an

estimate for Apodemus as the probability of capture of this
speciss did not decline, 1t i8 concluded that this latter

method may not apply in the present {nstance. Densities



211.

calculated by the home range method varied between 6 and 29

per hectare for Clethrionomys and between O and 29 per hectare

for Apodemus.

Changes in numbers at the two study sites were similar to

those described by other workers, The Clefhrionomys populations
were ét a minimum during the first three months of the year

and in 3 cases out of 4 reached a maximum during the autumn.

At Houghall, the population of Apodemus disappeared almost
cqmplétely during the summer then increased rapidly during the
autumn, while at Castle Eden there was less variation between
summer and autumﬁ'population sizes,

Weight data confirm that Clethrionomys d¢ not grow during

the winter but increase rapidly in weight during the spring, In
contrast, Apodemus continue to grow throughout the winter with
no evidence for an increased rate of growth during the spring.

Large Clethrionomys lost weight during the autumn so that In

January and February all individuals weighed between 11 and
15g. The growth of the young of both species appeared to be
slower during the autumn than the early summer, The length
distributions provided an unreliable index-of the age structure
of the population because of a change in measurement technique
with experience,

Survival was calculated from the recapture of marked animals
and converted to a monthly survival rate by a logarithmic
transformation, Estimates varied between 0,43 and 0,94 per

month for Clethrionomys and 0,24 and 0,89 per month for Apodemus.

The weighted mean monthly survival at Castle Eden and Houghall

respectively was 0.698 and 0.717 for Clethrionomys and 0.677

and 0.581 for Apodemus. Survival of both species was generally
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better during the winter than the Summér'with a spring decline
in survival commencing before the recruitmené of any young,

At Houghall the poor trap-revealed spring survival of Apodemus
was probably the result of emigration to nearby fields,

At both sites the continuous recruitment of uﬁmarked adults

of both species showed that many individuals shifted their
home range from time to time. _ The autumn recruitment of
Apodemus at Houghall was too large in both years to be
attributable to breeding within the wood &nd.Ln 1974 cobcained
both overwintered adults and young of the yéar, It is con-~
cluded that at this site Apodemus migrate into the woods from
the fields during September, . At Castle Eden the autumn re-

cruitment of this species was high in 1974 but not 1975 and

in both years could be accounted for by reproduction in the

* trapping area, In 1975 the rate of recruitment of Clethrionomys

at Castle Eden was high at the start of the breeding season
then declined, whereas the reverse was true at Houghall,
This difference is attributed Lo.differences‘in vegetation
between the two sites,

The distribution of captures of the two 8pecies was related

to the density of vegetation around each trap position, At

both sites the distribution of Clethrionomys was positively
correlated with the density of vegetation so that at Castle

Eden this species showed a markedly aggregated distribution,

particularly during the winter, Apodemus, By contrast, was in general

distributed at random with respect to the vegetation,though
at Castle Eden it showed a tendency to avoid areas of thick
cover during the summer. It is concluded that the use of

seasonally available habitats plays an important role in the
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distribution of Clethrionomys, allowing juveniles to avoid to

some degree, competition with older animals, The dependence
of this species on the availability of suitable cover may
account for much of the variability from year to year in its .
population dynamics,

It is concluded from a discussion of the literature that
there is much circumstantial evidence for the regulation of
small rodent population densities by social behaviour. Direct
evidence is,however,lacking,as these species social behaviour

is not well documented, The aggressive behaviour of Clethrionomys

was studied in the laboratory by observing neutral cage encounters
between pairs of males removed temporarily from the trapping
areas, Recently captured individuals showed little interaction,
which experiments showed to be due to their unfamiliagiiy with
the testing situation., An annual cycle in the 1evey'of
aggressive behaviour was observed,with a maximum at the start

of the breeding season declining to a minimum during the winter,
Overwintered males were the mor-e aggressive and were:generally
dominant to those which matured in the year of their birth.
Though the results may be interpreted as supporting a hypo-
thesis of the limitation of juvenile reciuicmen; by adult
aggression, the applicability of laboratory resulls to the field
situation is questioned as previous studies have suggested

that intraspecific avoidance may be as important as overt
aggresasion,

From a review of previous studies on genetic changes in small
rodent populations it is concluded that genetic changes in
cycling and non-cycling populations may be related. A plasma

esterase polymorphism of Clethrionomys was studied by starch-
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gel electrophorésis. At Castle Eden estimated allele
frequencies did not show any significant change during the
study period but at Houghall the estimated frequency of the
fast allele varied significantly between 0,15 and 0.43. This
change took place during the exceptionally dry summer of '1975.
There was no evidence for an annual cycle in the frequency of
this allele and it is concluded that the genetic change was a
localised response to temporary environmental conditions,
Similar genetic changes have been reported by other workers,
From a survey of the literature it is concluded th;t testosterone
plays only a permissive role in the maintenance of aggressive
behaviour, with a‘threshold well below the range of values
found in normal males, Individual variation in aggression
appears to be controlled by more central mechanisms and is
markedly influenced by experience, A radioimmunoassay was
developed for assaying testosterone levels in small samples

of rodent plasma, The results confirm that testosterone
levels are high in breeding individuals and low in non-breeding
ones, Mean levels for breeding individuals were 4, 34ng/ml.

for Clethrionomys and 5.12ng/ml for Apodemus, Levels in non-

breeding individuals were below the sensitivity of the assay
of 0.65ng/ml.
It is concluded that the ecological and behavioural data for

Clethrionomys are compatable with a theory of intrinsic

population regulation mediated via the limitation of juvenile
recruitment by adult agonistic behaviour. For this species,
however, the availability of suitable vegetational cover may
be the proximate factor limiting population density in mixed

woodland, The distribution of Apodemus, though relatively
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independent of cover, appears to be markedly influenced by
seasonal changes in the attractiveness of differént habitat
types,so the great mobility of th;s species must be considered
when studying its demography. In mixed woodland of the.present
type the overwinter survival of both species is unlikely to-

be correlated with the availability of any single food r§30urce

as the tree seed crop is small,
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APPENDIX 1

Calendar of Captures

Trapping dates
Castle Eden Dene 21-23 August 1974
2- 4 September 1974
15-17 October 1974
15-17 January 1975
13-15 May 1975
12-14 June 1975
16-18 July 1975
4,5,9,10 September 1975
11-13 November * 1975
21-23 January 1976
25-27 March 1976

Houghall Woods 10-11 July 1974
12-13 September 1974
29-30 November 1974

5- 6 March 1975

22-23 May 1975

26-27 June 1975
31 July - 1 August 1975
18-19 September 1975
16-17 October 1975
19-21 November 1975
19-20 February 1976

6- 7 May 1976,

Key to tables

Number ~ individual to@clipped numbers

S ~ Sex
G - Genotype
S = slow banded
F = fast banded
"H = heterozygote

Captured and released

o
1

Captured but dead,
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No.
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Calendar of Captures, Apodemus, Castle Eden Dene,

No.

Aug' 74| Sept Oct | Jan'75] May | June July
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No.
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Calendar of Captures, Apodemuys, Houghall Woods,
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No.
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No,
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APPENDIX 3.

On several occasions the trapping routine described in Chapter 2

was extended,

Allowance for this has been made on the figures showing

the best estimate of population size by adjusting the estimates as

follows:-
Castle Eden

August 1974

September 1974

Houghall
July 1974

Oniy half the grid was trapped.

The toﬁal numbers of individuals captured has_been
multiplied by two to give an estimate of the total
population on the whole trapping area,

The grid was trapped for a total of four days, -

The total numbers of individuals for three days was:-

Clethribnomys 35
Apodemus 22

No unmarked Clethrionomys were captured on the fourth

day so no adjustment to the estimated population size
was required, Two unmarked Apodemus were captured
on the fourth day so the best cstimate of population
size has been reduced by one to 26 by applying the

'constant proportion seen' method,

Only two transects were trapped but for three days,

The total numbers of individuals captured in two days

was: -
Clethrionomys 18
Apodemus 1

The figure for Clethrionomys was adjusted to three

Lransects using data 'rom May and September 1974

Ad tuslment factor Individunls on all transucts _ 62
4 Indlviduals on transects 112 45




November 1975

257,

Total number of Clethrionomys = 18 x 62 25

45

Best estimate of population size by 'constant pro-

portion seen' method = 35,
Transects trapped for three days,

Total numbers of individuals for two days:-

Clethrionomys 29
Apodemus 21

Best estimate for Clethrionomys from 'constant pro-~

portion seen' method = 41,

Best estimate for Apodemus is not altered from that
given in Table 2.8 as no unmarked individuals were
captured on the third day,

The survival of Clethrionomys givea in Table 2.13

has been bascd on a two day trapping period.
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