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ABRSTRACT

JJIW, GIPPS ¢ The relationzhip between population variableg and
male aggressive belinviour in communities of bank voles
(Clethricnomys glareohis) in large field enclosures.

The relationship between male aggressive behavicur and
population variakbles in the bank vele (Clothiricnomys slareclas
(Schreber, 1730)) vas studied using two large(osUm?) field enclosures.
Inown porulations were established in each of the enclosures, and
followed by live trapping. In an attempt to manipulate the level of
aggressive behaviour in cne (the experimental) enclosure with respect
to the other (the contrel) a majority of the feunding males in the
experimental enclosure were castrated.

Laboratory arena testing was used to study the behaviour cf
adult, castrated and Immature male voles. It was demonstrated that
beth castrated and Immature male veles were significantly less
aggressive than adult males. Adult males were found to fight less
with castrated and immature males than with cther adults, Castrated
males sometimes exhibited retaliatory behaviour when approached by
cither an adult or immature male, but overt aggressive behaviour
rarely resulted. Lumoture males were very rarcly aggressive.

Cheervation of behavicuiral interactions in the field (ot a bait

~ peint) showed them to be qualitatively different to those cbserved in
the laboratory arena; voles appeared very wary of each other, and
many interactionz observed were characterised by mutual aveidance
or flight. Overtagoressive behavicur was rarely seen, It can be
inferred that voles do fight in the field, because they commonly exhibit
stmall wounds cn ruzap, tail, and face; these could however, be
sustained in the confinement of burrows, where escape and mutual
aveidance are less poseible thon at a bait peint, and which may be
more closely paralleled by the laboratory arena. Significantly more
adult mnles in the enclogures showed fresh wounds than did castrated
or immature males, or adult or immature females.

The number of vcles in the experimental enclogure increased
significantly faster than did the number in the countrol enclosure; the
density in both enclosures was also significantly higher than commonly
encountered in the wild., The differcnce in numbers between the two
enclosures was due to a difference in the number cf iramature animals
entering the trappable population; mortality of imnarked animals in both
enclosures-wasg very slight but mortality of infants was significantly
higher in the control enclosure than in the experimental. Reproductive
inhibition of adult and immature animals of both sexes was cbserved
in both enclosures. At the same time, extremely young animals
trapped in the wild populations were found to be gexually mature. The
differences in the uge of space by different age and sex classes
betwecn the two enclosures were also Investigated.

The study demonstrated that male aggressive behaviour had a
significant effect on the population variables of bank voles at the
hich densities and at the high rates of population growth cbserved in
large enclosures., The findings are discussed in the light of several
hypotiieses put forward to explain populaticn regulaticn and cyclic
changes in numbers of Mlerctine rodents.
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CHAPTLER 1

INTHODUCTION




Porulation remilation in small mammals,

It iz axiomatic that both extrinsic and intrinsic factors act to
regulate the numbers cf animals. Clearly, however, the relative
Importance of different factors in controlling numbers varies in time
and space. Lxtrinsic, density independent factors are of greatest
importance in marginal cr only temporarily suitable habitat (for

inztance, in a poyulation of house mice (1Tus musculus) inhabiting a

South Australian wheatfield, studied by Newsome, (1229), avallability
of home sites in cracks in the ground was contrelled by rainfall, and
this controlled the population density) Intrinsic, deasity related
fuctors,on the other hand, clearly assume greatest importance with a
porulation's indegendence from its environment (for example, mice in
a granary are unlikely to die of starvation (Anderson, 1872)).

Vatson and Moss (1973) point cut that the traditional concept of
limiting factors, borrowed from the physical sciences, does not
necessarily apply to complex biological systems which can adjust their
recuirements to varying availability of resources; as a result, more
tiian one factor can be limiting at any one time, and it is prebable that
many of the apparently conflicting number-controlling mechanisms can
and do operate either together or separately depeading upon the
circumstances. Lddicker (1973, 1975) also argues for a 'community
view of small mammal population dynamics'.

This introduction concentrates only upen the role of intrinsic
fuctors, mediated by Intraspecific social behaviocur, in regulating the
numbers of rodents. This is not to say that I believe all the other
potential number-regulating processes to be unimportant, but that,
because a totally experimental approach to the study of intrinsic
factors in population regulation was adopted in the present inquiry,
with all extrinsic factors as far as possible held constant, they are
not reviewed here; full reviews of both extrinsic and intrinsic factors
thought to affect rodent numbers are given by Delong {1937), Irebs
and Myers (1974) and Tapper (1975).

Clear evidence that social behaviour can have profound effects
on demographic variables has been prezented for many vertebrate
species including rodents, and has been fully reviewed by, among

others, Watson and Moss (1970), King (19723) and Vvilson (1372); a



review cf the literature on vertebrates cther than rodents will nct be
repeated here.

Considerable uncertainty remains however, about the
mechanisms by which soclal behavicur, in particular intraspecific
agoressicn, affeets rodent population dynamics; this uncertainty is
largely the result of there being sgveml strongly held and conflicting
views about the relative importance, in natural porulations, of each
cf the intrinsic mechanisms that have been demonstroted to regulate

nunmbers under different experimental cenditions.

The two rodent groups whose population dynamics have been most
studied have keen the family Muridae (particularly mice) and the sub-
family licrotinae (voles and lemmings). Although mice and voles are
superficially similar, their ecclogical and reproductive strategies are
considerably different. LIlce are commonly found living commensally
in granaries and hay ricks where food is extremely plentiful; in these
habitats they cften reach very high densities. Voles, however, rarely
live commensally, and are generally found at much lowar population
dengities than mice, even under conditions where essential resources
are in e:cess.

Deing the mort common laborzatory animal, it is not surprising
that the populzaticn ecology of the house mouse has been go
intenzively studied. The majority of these studies have been on
enclosed groups of animals, ranging from 'populations' in small
laberatery cages, through large laboratory and {ield enclosuresg, to
granaries and hay ricks; relatively few studies of free-living
porulations have been carried out. This introduction will cover
mechanisms of population regulaticon in all the above habitats.

Vole (and leraming) perulation dynamics have been much
Investigated for a different reason; the numbers of these animals
appear to exhibit regular, as opposed to random, fluctuations, with a
period of 3 - 5 years. The form of this population cycle, and in
particular the phase of decline in numbers, has been sliown to be
rather variable, and is described in detail by Krebs and Myers

(1974). Although the existence of resular cycles has been disputed,
[~ < y
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Krebs and Myers (1974) point out (p.278) that no population of
Microtine rodents that has been studied over a 3 - 4 year period cr
longer has failed to show cyclic changes in numbers; however, even
if the fluctuations are not cyclic, their amplitude is still of interest
to population biologists, since fluctuations of the magnitude
exhibited by veles snd lemmings do not appear to be exhibited by
other rodent groups. A larger proportion of the vole studies (as
opposed to those on mice) have been on free living populations; the
studies of enclosed populaticons have tended to be on populations in

relatively large {field enclosures.

There are four processes that can affect population numbers:-
1, Births, 2. Deaths, 3. Immigration, and 4. IEmigration

In unenclosed populations, (1) and (3) have often had to be
combined under a blanket term such as 'recruitment', and (2) and (4)
cormbined under a term such as 'losses', since births are not
distinguizhable from irnmigration, or deaths from emigration, when
a population is being studied by live-trapping technigues alone; ag a
result, most ¢f the studies of unenclosed populations have not been
able to demonstrate the relative importance of each of these four
fundamental processes in regulating population numbers. In enclosed
populaticns however, immigration and emigration are eliminated, and
population regulation can only occur in eitggrlzg?‘iwo ways:-

1. Depression of the birth rate, or 2. Elevation of the death rate.

Tach-of the major intrinsic mechanisms, by vhich it is
iypothesised that the numbers of rodents are controlled, and the
evidence for each, will now be reviewed under four main headings;
these are:-

1.1 The relationship between social interactions and the
endocrine and neural physiology of individuals, affecting (a)
reproduction and (b) mortality.

1.2 The relationship between increased numbers of aggressive
interactions, associated with increased population density, and

mortality of different age and sex classes.



1.3 The relationship between gocial behaviour and disperszal.

1.4 The behavioural genetic hypothesis particularly related to
the regular cyclic variations of Micretine populations, in which
cdifferent genctypes have selective advantage at different staces of the
population cycle, dependsant upon the frequency of agoressive
interactions; this mechanism also makes allowance for dispersalasa

major contributing factor to population regulation.
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1.1{a). The relationship between social interactions, endocrine
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physiclocy, and reprcduction.

-

Potential regulation of populaticn numbers by depression of the
birth rate can be the result of several distinet processes:-

(2) permanent or semi-permanent female anoestrus, either by
regression of previcusly breeding females cor by failure of young
females to reature, leading to decreased length of the breeding season,
increased time interval between pregnancies, or giraply a reduction in
the proportion of females that are In breeding condition at eny one time.
(L) suppressicn of testicular ability to produce viable spermatezoa,
again either by regression of previously breeding males, cor by fzilure
of young males to mature.

{c) ccnception failure.

(d) failure of all or some of the embryos to develep as a result of
foetal resorption.

In general, theze phencmena have been most cften cbserved In
encloced freely-growing laboratory populations of house mice, where
there has been little scope for a sceial systera of any comrlexity, based
upoen territorial subdivision of the available space to develop. (e.g.
Strecker and Lmlen, 1922; Croverceft and Rowe, 1937; Pctrusewlcz,
1877, 1803; Lidicker, 1985). This depression of reproduction has
usually been observed to cccur after a rapid initial increase in numbers
due to breeding by the founder members, followed, as progressively
more crowded conditions have led to a rise in the rate of agcressive
interactions, by failure of hoth male and female animals to mature
sexually, and by the sexual recression of adults which had previously

been in breeding condition.

Reproductive stunting has also been observed In houce rmouse
populations in larger, more complex enclosures, where spatial sub-
division as a result of territorial behaviour has been possible; in
these larger enclosures, it has usually acted together with other factors,
rather than alone, to control numbers (Southwick, 1252(a); Christian,
1226; Lloyd, 1975; Lidicker, 1973).
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That reproductive inhibition is the direct result of crowding has
been demonstrated by Croweroft and Rowe. Ags mentioned above,
inhibition of reproduction of females was shown by them (1257) to have
had the most significant effect on their populations ¢f house mice in
small laboratery enclesures. In a subsequent paper (Crowcroft and
iowe, 1958), they showed that non-fecund members of assymptotic
populations in these small enclosures, either moved or allowed to
move of their own accord into larger (130, 22%, or 403ft2) pens,
rapidly became reproductively capakle again, and population growth
was renewed; animals just moved from one small pen to another

remained reproductively inhibited.

Delayed maturation at hizh densities hag also been observed in
confined populations of voles (Clarke, 1955; Van Vijnraarden, 1969;
Keller and Ilrebs, 1870). Similarly, ia free living populations,
reproductive stunting at high densities has been observed beth in voles
(iKalela, 1957; Koshkina, 1965; Zejda, 1984; Christian, 1971bgand
house mice (DeLong, 1867). Dujalska (1970) has sugrested that, in
an island population of banit voles in I'oland, studied extensively by
herself and others (Gliwicz, 1973, lists the major references)
territorial behaviour of adult breeding females prevents other females
from coming into breeding condition, and so limits the number of
young born; in effect, non-territorial females are reproductively

inhibited by the social behaviour of females with territories,

A secend physiolerical phenomenon that has been observed to be
asgsociated with increased density is foetal resorption. This has been
shown to cceur in crowded laboratory populaticns of mice (Christian,
1956; Lloyvd and Christian, 19G3), and percentage resorption was
shown by Crowercft and Rowe {1957) to be significantly higher in
their crowded populations than in a previous study (Laurie, 1846) of
free-living house mice. Foetal resorption has almost certainly been
the cause of the observation that litter size is lower at high densities,

beth in mice (e.g.Southwick, 1958) and voles (Zejda, 1864; Keller
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and “Krebs, see also Krebs and Myers, 1974, pp291-3 for a review)

£ further physiclogical consequence of crowding which hag been
demonstrated in both voles and mice is permanent stunting of young
as a result of deficient lactation (Chitty, 19535; Christian and
Lemunyan, 1853). Young ghysically stunted in this way would clearly
be at a disadvantage in crowded conditions and less likely to breed

than nermal individuals.

The mechanism by which it is hypothesised that increased rates
of sccial interaction affect the reproductive physiology of individual
animals {3 one by which those interactions cause increases in the
functioning of the pituitary-adrenoccrtical axis leading to inc;reased
levels of adrenal androgens and progesterone; these may in turn

‘inhibit gonadotrophin secretion and hence maturation. Low artificial
doses of some adrenal androgens have been shown to inhibit
maturation of immsture mice (Christion et 21, 193%). Genadotrophin
secretion may also be inhibited by ACTII, pozsibly by the inhibition
of the secretion of hypothalamic gonadotrophin-releasing hormones
(Christian, 1975).

Studies of static groups of mice agsembled In cages for
relatively short periods, (as opposed to freely-srowing populztions),
have demonstrated cther effects that may well be important, at least
in very crowded populations; thesd are relatively short-term
physiological reproductive blocks, contrelled by clfactory cues. Tor
instance, the Lee-Eoot effect causes pgeudo-pregnzncy when a few
female mice are grouped together, but can cause anoestrus when
large groups of females are agsembled (Lee and Doot, 1956; Vhitten,
1359}, Similarly, the Druce effect, (Eruce, 133C(a) and (b)) causes
implantation to be blocked when a newly inseminated female is
exposed to a strange male or his odour. This phenomenon has been

ocbserved in beth house mice and several species cf Micreotus (Bruce,

1803; Clulow and Clarke, 15(8; Dronson, 1871). The odour of
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congpecifics has also been shown to be akle to delay maturation in

both male and female Peromyscus leuconus (Logers and Beauchamp,

157¢) and in female mice (Vandenbergh, 1973). The role, if any, of
thesge phenomaena. in natural or freely growing enclesed populations

cf rodents iz not lnovm.



1.1(b). The relationship between social interactions, endocrine

- o

physiolegy, and mortality.

s g

As set out in the previous section, it is postulated that this
mechanism is based upon the activation of the pituitary-adrenal
system by Increased rates of social interaction at high density. It
is hypothesised that increased cdrenocortical activity leads to
raized levels of corticoids, which inhibit antibody formation and
inflammatory responses; as a result, there is an increase in
sﬁsceptibility to disease and paragitism, and hence, indirectly, to
mortality. This phenomenon hag been much more rarely observed

han inhibited reproduction at high densities, and its effect on natural

populaticns of rodents i3 unknown ( Christian et al, 193E%).
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1.2. The relationship between social Interactions and mortality.

——— o — SO ot St S S v

In this section, the direct effects of social interactions upon
mortality are to be considered; in other words, death must be the
direct result of conflict, or the result of increased disturbance and
activity associated with high densities. It would seem reasonable to
assume that nestlings are most vulnerable to general disturbance in
crowded populations, and high mortality of infants has repeatedly
been cbserved in studies of enclosed populations of beth mice and
voles (Browm, 1953; Southwick, 1955(b); Christian, 1956; Louch,
1956; Anderson, 1951; Eeimer and Petras, 1987; Lloyd, 1875;
Lidicker, 1965, 1978). This high neonatal mortality has been
ascribed individually to abandonment of the young by their mother,
cannibalism, trampling and nest disturbance, or to combinations of
these; it has, In the main, been associated with populations enclosed
in relatively complex laboratory or field enclosures, where it is
possible for more extensive spatial sub-division to develcp than in
lzboratory cages. House mice have been shown t{o be territorial in
many studies of large captive colonies (Croweroft, 1955; Crowcroft
and Kowe, 1063; Anderson and Iill, 1885; Reimer and Petras, 1937
and Lidicker, 1978), and in field and commensal situations (Anderson
and IIill, 19¢5; Leimer and Petras, 1968; Rowe and Redfern, 19¢9);
it has also been shown that territories are not necessarily held by
individuals, but may be held by social groups (Kelmer and Fetras,
1967; celander, 1970; Lidicker, 1978). It would appear that in
enclosed populations of raice at least, juvenile mortality, associated
with increased population density, is the result of elevated levels of
activity and aggressive behaviour within these discrete and relatively
stable social groups, since territorial groups in the same habitat can
exist at widely differing densities (Lidicker, 1976).

In the studies described above, the relationship between
population dengity and infant rortality has been simply observed; In
a few cases, an experimental approach has been attempted. Controlled
dizturbzance (either by cage changing, or by the addition or removal of
individuala for a limited period) of ceged mouse populations by
Petrusewicz (1957, 1963) elevated significantly both juvenile survival

and the numbers born; controlled exploitation of mouse populations
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of juvenile mortality or reproductive inhibition in regulating

population numbers.
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1.3. The relationship between social interactions and disnersal.

LMany of the studies so far described have been on enclosed
populations of house mice and voles, where emigration (and
immigration) have been completely thwarted. Ilowever, it has long
been observed that the densities reached in artificially enclosed
populations of rodents commonly greatly exceed densities found in
natural populations. The difference between free-living and
enclosed populations i3 perhaps most striking when mice or voles
are confined in large outdoor enclosures; in these conditionz, where
there is space for a complex social system to develop, it might te
expected that social behaviour could act to control density at a
level similar to free living populations. This has not, however,
been found to be the case, and extremely high asymptotic densitles
cf both mice and voles have repeatedly been cbserved in la.ré'e
enclosures (Clarke, 1955; Louch, 1238; Crowcreft and Rowe, 1957;

-Van Wijngaarden, 18560; Houlihan, 198%; Gentry, 1368; Krebs et
al, 1869; Lidicker, 1576). In the majority cf these cases, food and
water were supplied in excess, thereby making it impossible to
eliminate these as factors allowing the population to expand so
dramatically. Firstly, however, provision of supplerientary food
to free-living populations of voles hag not proved sufficient alone to
produce a peak population, or to prevent & decline ({rebs and Delong,
1988) and secondly, vcles in large enclosures without supplementary
food have still exhibited very high initial rates of increase in density,
with maxima far in excess of normal field densities, and with
starvation and decimation of the forage only setting in later (Krebs et
al, 1969). Thus it would appear that dispersal alone is an important
factor in coﬁtrolling the density cf emall mammal populations, and
this case has been consist-ntly argued by W .2 .Lidicker (sece
Lidicker, 1975). He argues for the existence of beth pre- and post-
saturation dispersal and suggests that the former occurs well before
the numbers of animals approach carrying capacity, and is carried
out by animals in good condition, of any age or sex or group (including
pregnant females), with good chances of survival., Saturation

digpersal, on the other hand, is the outward movement of surplus,
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probably sccially subordinate, juvenile or ¢ld individuals, forced to
disperse as the population reaches the carrying capacity of its
habitat, and with poor chance of survival. This latter is the
traditional view of dispersal (Lidicker, 1975). The ccnceypt of pre-
saturation digpersal {3 more contentious, but has been observed in
house mice, bank voles and several species of Microtus, as well as
in other rodent groups (see list in Lidicker, 1365, p.108;

}ilborn and Krebg, 1876; Krebs ot al, 1976). Doth types, but
particularly pre-saturation dispersal, are mediated by social
behaviour, and both can obviously have profound demogragphie
effects. Regulation of numbers can be achieved by saturation
digpersal, where dispersal of individuals into marginal habitat
probably causes widespread mertality. ¥Fre-saturation dispersal,on
the cther hand, serves to prevent numbers from reaching carrying
capacity, by celonising unused, perhaps only temporarily suitable,

habitat.
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1.4, The relationship between social behaviour, genetics and

- o~ A S ot St B G Vs e + et S S e e o= S Gk . B

demography.

e v

The final major mechanism by which it i1s suggested that
gocial behavicur afiects the population dynamics of rodents is
rather more comrplex than the cthers, and is derived from the
hypothesis originally proposed by Chitty (1928). The central feature
of this hypothesis is that gelection, acting through behavioural
interactions, causes short-term genetic changes within the
population, which affect the aggressiveness, breeding success and
propensity for dispersal of individuals, and cause the regular cyclic
changes observed in vole populations. It is best summarised in a
diagram from Krebs and Myers, (1974, p.384) (Fig. 1.1.), and is
reviewed fully by I{rebgs et al (1973) and Krebs and Myers (1974).
The evidence for this mechanism being the driving force behind
vole cycles is largely circumstantial. It has been shown that
genetic changes (the frequency of polymorghic marker genes)
correlate (either positively or negatively) with the cycle of numbers
of several Microtus species (Semeoncff and Robertson, 1368; Tamarin
and Krebs, 1969; Gaines and Krebs, 1971); aggressive behaviour,
measured in neutral arena tests, has also been shown {0 be
correlated with the phase of the cycle (Krebs, 1970). Ilicwever, no
reletion between genotype and aggressive behaviour has been found,
(rebs, 197C) althcugh propensity for dispersal, which presumably
is behavicurally mediated, was found to be asscociated with the phase
of the population cycle (I.lyers and Krebs, 1871; Iilborn, 1975;
ililborn and Krebs, 1976),and Eilborn (1875) showed that there were
significant differences in tendency to disperse between sibling
groups, al‘ihough, as he pointed out, this result might have been due
to maternal, rather than genetic Influences. Iiowever, no differences
in fitness were detected (Galnes, Myers and Krebs, 1571) between

three genotypes of Microtus ochrogaster introduced into enclosures,

and studied during the phase of initial population growth.
The major stumbling block to acceptance of this hypothesis is
that none of the studies described abeve demonstrate whether the

genetic changes are the driving force behind the population changes,



23,

Tig. 1.1, Modified version of the Chitty behavioural-genetic

hypothesis to explain Microtine cycles (from Krebs

and Myecrs, 1974))
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or whc¢ther the demographic processes of mortality and natality are
causing the changes in gene frequencies. Irebs and Myers (1974)

argue ' for the former, but there is, as yet, no conclusive evidence.
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The four possible Intrinsic mechanisms of rodent population
control reviewed above have a clear comamon factor, and that is that
they all depend upon there being a relationship between social
behaviour and population density. More gpecifically, they assume a
positive relationship between either the quantity and/or quality of
aggressive interactions and population density. It is nct necessary
to assume that this relaticnship is Unear, and evidence that the
frequency of Interactions between Individuals is nct directly
proportional to population density, at least In field populations of

Microtus californicus (Pearson, 1230) and M.ochrogaster (Carroll

and Getz, 1978) suggests that this assumyption would be unwarranted.,

preel]

The central aim of the prescont study was to determine
experimentally if male sggressgive behaviour was associated with

population variables in communitics of kanl voles, Clethrionomys

glareclns (Schreber, 1780) in large field enclosures; in particular,
the aim was to modify overall levels of aggressive behaviour in the
population in one enclesure (hereafter called 'the experimental
enclosure!) with respect to the levels of agoressive behaviour in the
population in another enclosure (hereafter called 'the control
enclosure'), and to determine the effects of this manipulation upon
demographic variables, This was achieved by establishing In each
cf the enclosures similar populations of bank voles. In the
experimental enclosure, the majority of the founding males were
castrated; in the centrol enclosure, none of the males were
castrated. Cther variables (weight - structure of the introduced
populations, enclosure areas, availability of food and water, etc.)
were kept constant. This thesls is thercfore divided into three
najor parts, each corresponding to a section of the study.

TFirstly, it was necessary to determine the effects of castration
on the agoressive behavicur of bank veles; this was done ina
laboratory study of interactions, in a ncutral arena, between pairs
of voles drawn from laboratory-maintained groups of individually

housed adult, immature and castrated male banik voles. This
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study is described in Chapter 2, with a review of the literature on
the factors that affect rodent aggressive behavicur.

Zecondly, it was necesszry to determine the desrec to which
the behavioural interactions cbserved between voles in the neutral
arcnz were comparable to those cccurring under field conditions;
dgirect observations of behavioural interactions between voles at bait
polnts in the cnclosures and ot a field study gite were therefore
carried cut. This study iz described in Chapter 2.

Finally, populations of voles were established In the enclosures
asg described above, and followed by live-tranping, This study ig
deseribed in Chapter 4, which inelndes a review of the literature
derived from previocus research in which the demograrhic
conseruences of deliberate manipulation of redent norualationg have
been studied. (mly cne introduction of veles into the enclosures was
fcllowed for lens cnough to give useful results on porulaticn dynamics
(experiment LIICL 4); at the end of this cxpceriment, vhich ran for
10 months, the behavicur of some of the animals removed from the
eaclosures wasg tested using the same neutral arena tecknicue
mentioned above, and previously used in the main behaviour study to
compare the behavicur of adult, castroted and Lomumature male vales.,

The results of this supplementary study of behaviour are described

in Chapter 2.
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2. 1. INTRODUCTICN

Many factors have been shown experimentally to affect the
outcome ¢f interactions between male rodents in the laboratory; any
study of the aggressive behaviour of rodents in the laboratory must
take these factors into account, and allow fcr, or eliminate them.

This Introducticn therefore reviews 2 large number of studies
on variocus aspects of rodent agonistic behaviour, with particular
reference to the intrinsie factors affecting it. The first full descrivtion
of the behaviour of a micrctine rodent in the laboratory was Clarke's
(1956) study cf the aggressive behaviour of the field vole, Microtus
agrestis. He described qualitatively various acts and postures observed
in interactions between beth adult and adult, and adult and immature
veles, and males and females. Asg well as describing adult male-adult
male behaviour, he noted that adult males will attack males or femsales,
and will, if successful in fights, become the dominant animal of the
group to which they belong. Pregnant and nursing females were also
cbserved to attack animals appreoaching their nest. Grant and Maclkintosh
(1863) described in detail the behaviour of four laboratory rodents,

including Mus muscvlus and drew attention (p247) to the glaring

inconsistancies between previous descriptions cf the social behaviour

of rats and mice. The names and descriptions of the majority cf the
behavioural components scored in the present study were derived

either from Grant and Mackintosh (1952) or from Clare (1955), and

- are described fully in section 2.2.2; most of the studies to be described
below have also derived much of their ncmenclature of behavioural
components from these two papers. Getz (1952) described the aggressive

behavicur of Micretus pennsylvanicus and Micratus cchroeaster but

pooled results from male and female enccounters, usced each animal
several times, and used small numbers of individuals. Allin and Banks
(1958) described in detail the agonistic behavicur of sexvally mature

males cf the collared lemming Dicrostonyx rroenlandicus, and recorded

the duration and frecuency of eleven components of aggressive
behaviour. Ifowever, only 21 encounters were cbserved with no attem;t
to match the animals of a pair for age, weight or expericnce. In one of
a series of papers on the population biology of Microtus, Krebs (1870)

compared changes in the aggressive behaviour of the male Microtus



pemnsylvanicus and IMNMicrotus ochroraster with changes in numbers

over a population cyele; using Clarke's (1958) description of
behavioural categories, he used Llultiple discriminant analysis
successfully to characterise the behaviour of males from different
phases of the cycle. Colvin (1970) described the interspecific
behaviour of {ive species of Microtus in 160 encounters between pairs
cf individuals of the different species, using the behavioural
components described by Allln and Banks (1538). Turner and Iverson

(1973) showed that aggressive behaviour of Llicrotus penngylvanicus

varied over the season by combining the weighted values of four
agoressive acts into an Index of agoression and showing that this was

gignificantly higher during the brecding scason than cutside it.

A few studies have been made on the agonistic behaviour of

Clethrionomys species. Von' Velter Johst (1967) compared the

behavicur of four species of Clethrionomys (including Clethrionomys

glareclis) and divided agonlstic behaviours into 'Attack, defence, and
escape gyndromes'. Schleidt (1945) desceribed the scunds made by

Lvotomysg (Clethrionomys) clareclus. Ferrin (1970) desceribed and

compared the behavicural elements of Micratus agrestis and

Clethrionomys elareolus, using the terminolegy of Clarke (193€), and

Ashworth (1973) studied the aggressive behaviour of two subspecies of

Clethrioncmys glareolus, the mainland and Shiomer forms, and their

hybrids. She noted that, in a small ncutral arcnz, cften ne aggrescive
bchaviour was observed during a five minute encounter. Transition
raatrices were used to analyse sejuences of behavioural components
and she demonstrated that the subspecies behaved gignificantly
differently. -

A very large volume of literature on the relationship between
endeerines and aggressive behavicur in murid rodents, particularly
mice, exists as a result of investigations into several distincet fields;

hese include the crganisaticnal effects of necnatal hormonal influences,
the 'concurrent' (Mugford, 1974) effects of hermones on behaviour, the
relationship between hormonal status and agzression - facilitating and -

inhibiting cues (usually pherorones) and the effects of different

naturally occurring and artificial androgens.



The developmental effects of androzens on neural crganisation in
beth male and female neonatal rwice are well known; castration and the
admeinistration of hormicnes to necnates has marlked effects on the
future development of behaviour (Eronson and Desjardins, 1268, 1971;
Idwards, 1958; D'eters et al, 1872; V. hitsett et al, 1672). In
particular, newnatal castration of rcale mice prevents adult aggressive
respenses from developing. A singie injection of testosterune
immediately after castrotion reverses the effect, but a single injection
ten days after neonatal castration is much less effective in restoring

adult aggressive behaviour (Edwzrds, 1989).

Llany studies have shown that castration of both adult and inucature
male mice reduces aggression; the ability of artificially administered
zndrogens to restore the agoressive behaviour of castrstes is also well
kmovn (Ukrich, 1928; Beeman, 1947; DBevan et al, 1957; Suchowsky
et al, 1969; Haoug and Ropartz, 1973; Leshner and oyer, 1973).

Uhrich (1928) castrated both adult and prepubertal male albine!
raice; he found that prepubertal castration grestly reduced fighting,
whereas cagtration of adults was much less effective. In both groups,
{ighting continued in a few individuals for some time fcllowing
castration, and cne animal castrated as an adult fought for many months
aftervards, demonstrating that simply drastically lowering levels of
‘circulating androgens Is not necessarily sufficient to suppress
agcressive behé.viour completely. Larly castration was mere effective
In reducing aggressive behaviour than was casgtration in aculthood, but
neither succeeded in abelishing fichting behaviour completely, In
contrast, Deeman (1947) castrated Inboratory mice (C37 blicit or Bagg
albinc) et 23 and 83 days old, and found very little asoressive behaviour
in either group 27 days after castration. CSubcutonecuely implanted
rellets of testosterone propionate restored aggression; remceval of the
implont resulted in a return to the non-agrressive castrate condition.
Leven et al (1957) found that beth the frequency and intensity of
azcressive cets wasg greater in intact male mice (CS' I ogouti) than in
males castrated as weanlings. They also showed that three androgens,

including testostercne, restored {ighting in castrated animals, at a
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dose level of 150mg/day. In a second experiment, hormone levels
of 309-620mg/day given to a different strain of mice (3wiss albinc)
appcared to suppress fighting behavicur. Suchowslcy et al (1869)
alzo demonstrated that the percentage of fighting incidence in male
Swiss albino mice dropped considerably fellowing castration. It was
also stated that animals castrated at the beginning of their 30 day
isclation and testing pericd did not become aggressive; the age of
castration was not however steted. Leshner and Moyer (1975)
showed that In standard opponent tests male CF\W albino mice
castrated at 42 days old fought significantly less thaﬁ sham operated
animals and less than castrates receiving 150mg/day of testosterone
propionate; there was no significant difference between the shams
and the castrates with testestercne. They were unable to ghow that
these treatments had any effect on avoidance responses to agonistic
stimuli.

In summary, studieg described above have ghown that castration
of male mice both pre- and pest-prubertally reduces aggression, but

that pre-pubertal castration is probably the more effective.

The development of aggressive and mating behavicur, and of the
testes and levels of circulating androgens, have been studied in the
mowse by McKinney and Desjarding (1973). They showed that between
21-35% days of age, plasma androgen concentration in male mice
increased by 3007. and then dropped by around §39. at 190 days cld.
This Increase in plasma androgen was associated with a marked
increase in the Leydig cells in the testes; spermatozoa were detected
in 40 day old mice. Intermale aggressicn was first cbserved in 38
day old, previously isoclated animals, by which age 904. of males had
exhibited aggressive behaviour., Intermale agaressive behaviour was
raore closely correlated with age than with the amounts of any
particular androgen, but McKinney and Degjirdinscame to the
conclusion that the onset of aggressive behaviour ceincided with
reneral elevaticn of androgen secretion; they also sugzested that
the cnsets of mating and fighting kehavicur were independant ¢f cne

another, and that the neural centres controliing aggression required



lower androgen levels for activation than did those activating

sexual behaviour. DBrain and Nowell (1859) also described changes in
organ weights and histology, and fighting behaviour associated with
maturation of TT mice. Fighting behaviour was associated with

development cf the testes in Microtus pennsylvainicus by Christian

(18713);he showed a correlation between scars received from
fighting and seminal vesicle welght, assuming development cof the
latter to parallel testicular secreticn of andregens. Levy and King
(1953) found that a control group of male mice would not fight before
24 days of age, but that by subcutancous Injection cf 0.5mg of
testosicrone prepicnate, they were able tc make mice fight as early
as 18 days old. Lagerspetz and Talo (1257) also showed that the age
at which aggressive behaviour was cbscrved cculd be lowered by
adrainistration of testostercne. Svare and CGandlernan (1975) studied
the intermale aggressive behaviour of male Roclland-Swiss mice
between the ages of 21 and 59 days; they found that testosterone
propionate administered in an oil vehicle to castrated male mice
from day 21 of life to day 50 caused them to exhibit aggressive
behaviour, whether or not they had been gi{ren testostercne propionate
neonatally. Control animals given oil alene from days 21-50
exhibited no aggressive behaviour. It would clearly appear to be the
case, therefore, that the onset of aggressive behaviour in male mice
is directly associated with puberty, and in particular the onget of

the secretion of testicular androgens.

The mode of action of androgens in mediating aggressive
behaviour is not known; however, Owen, Peters and Dronson (1974)
have shown, by sterectaxic implants of testusterone propionate into
variocus parts of the brain of castrated male CFI raice, and subseguent
testing for ageressicn, that the septal region of the forebrain is
- responsive to androgen. Llotnick and Aeilullen (1972) have found that

septal lesiong wubclish aggressive behavicur in male CFI mice.
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The role of the adrenal gland in aggressive behaviour has alao
beex} rmuch investigated, (see Leshner, 1875; Leshner and Candland,
1973 for reviews). Adrenalectomy of male mice reduces
~aggressiveness, and corticosterone replacement therapy resteres it
in operated mice to the level of Intact controls (Brain et al, 1971;
Train and Foole, 1874; Leshncr,1972; Leshner ¢tal, 1573). In
generel, the effects are nct so marked as the effects of castration
and androgen replacement therapy. oince androgen therapy does not
restore aggressive behaviour to adrenalectomised male mice, nor
corticesterone restore it in castrated male mice, the two syctems
appear Independant (Leshner, 1872), Leshner et al (1973) end Brain
and Pocle (1974) sugcest that it may be the levels of circulating ACTII,
rather than levels of corticostercids or adrenal androgzens that,
presumably through neural action, actually affect aggressive behaviour.
The complex nature of the structure and function of the adrenal glands
in mice means that the relationship between pituitry - adrenocortical
influences and behavicur in mice is nct well understood (Drain, 1872);
the marked variation of the gland between different groups of rodents
also means that it i3 no really possible to generalise from the findings

of laboratory mice.

In a1l the previcus exar:ples, it hag been sclely the effects of
hormones on agzressive behaviour that have been investigated.
Lrevious gocial experience hag also been shown to have a marked
clicct on subgecuent behaviour. The study of McKinney and
Desjarding (1978) showed that provicusly {solated males, without
fighting experfence, could exhibit spontanecus argressive behaviour,
and In many of the studies described above, male mice were isclated
a3 weanlings and thercfore had no oppertunity to fisght before being
tested for the first time. ITowever, in cormapetitive agroressicn tests,
using raale C5701/10 mice, Devan et al (1960) showed that pre-test
experience was highly important in determining the winner. The fact
thot several autheors have used trained fighters or lesers as stimulus
animals in neuvtral arena tests shows that experience must be an

important factor (Sadleir, 1965; Ilealey, 19C7; Lec and Erale, 1971,
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1¢72; Drain and Poole, 1874). In the wild, few animals can reach
adulthood in the behaviourally naive state ¢f many of the animals used
in laberatery behavicur tests (Leshner 1975). These studies may, at
least in part, explain why castration of adults is less efiective in
reducing aggressive behavicur than prepubertzl castration;

= androgen levels may have been lowered or removed as a

S

circulatin
result of castration, but probably fighting experience alone is enocugh
to male anirnals agrressive and allow fighting, even in the absence of
horracnal influences. King znd Gurney (1837) showed thet male mice
raised In isclation from the age of 29 days to around 110 days were

less aggressive than males raised with either males cor females from

20 to ¢35 days old, then isclated until around 110 days old.

The degree ¢f familiarity between opponents in aggressive
interactions has also been shown to affect the cutcome, and, in rodents,
the ezistence of species, subspecies and group odowurs have been
demonstrated (see Stoddart, 1974 for a review).

Flackintosh and Grant (1885) showed that the urine of a strange
male mouse rubbed on the fur of a pair of familiar mice enhanced
agzressive behaviour, whereas the urine of a familiar male mouse
reduced aggression between strangers. Ivankina (1974) and Ilealey
(1557) also showed that strangers were more aggressive than mice
2mjliar with each cther. It is well known that the level of fighting in
newly greuped animals decreases guite quickly with time, and a
relatively stable system results (Crowercft and Rowe, 1933; Nowak,
1971; Foole and Morgan, 1973; Terman, 1971). Crowcrcft and Rowe
(1358) ebserve:; a family of mice for a total of 300 hours, and saw no
agaressive behaviour between members; all however displayed
aggressive behaviour to strangers of either sex. Roewe and Redfern
(19C9) report similar results.

Most of the studies previously deseribed used isclated, and
therefore strange animals for neutral-arena aggression testing.
Uther studies have gpecifically used this phencmencn to elevate
aggressive levels in encounters by introducing a strange mouse into

the home cage of ancther animal (e.g.Mugford and Nowell, 197.0).
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A further factor knovm to affect aggressive behaviour is the
inherent difference between individuals; many workers have ncted
the fact that individuals, without prior fighting experience, were
very variable in their aggressive tendencies, even when other variables
were held constant (e.g.Brain and Lvans, 1874a;Bevan et al, 1957
and Luttge and Fall, 1873). Lagerspetz (1254) found that she could
select for aggressive and nen-aggresesive genotypes ¢f mnle mice
within two generaticna. Cenectically contrclled agrreszive behaviour
is the basis for Chitty's hypothesis cn the regulation of numbers and

the control of cycles in Microtine rodents (Summarised in Chapter 1),

The behavicur of an individual is nct the only thing to be influenced
by its hormonal state; the ways in which different hormonal stotes
ellcit different responses from opponents in behaviour tests has
provided a large field of investigation, particularly in the ways in which
this informatica 13 transmitted, In many studies it has been shown that
olfactory cues transmitted by an individual have had a profound effect
on the degree of aggression shown to that individual (see Cronson, 1971
for a review). For example, Lee and Brake (1971) have shown that
female mice are less prone to attack by isclated fighter males than are
cother males. NMugford and Nowell (1879, 1971a), Dixcn and Mackintesh
(1871) and Svare oand Gandleman (1975) have shown that a substance in
female raouse urine inhibits inter-male fighting, and castrated male
mice are less susceptible to attacik by fighter mice than are intact
rmales (L.ee and Erake, 1971; DMugford and Nowell, 1872, 1971b).

lowever, castrated male (.%%/J)mice were attacked by trained(D JA/QJ)
fichters if the castrotes were treated with testostercne propionate

(Lee and Brake, 197Z); Mugford (1974) 2lso showed that castrated
male mice injected with testostercne propionate were attacied more
by trained fizhters than were oil Injected controls, but that there was
no cifference between injected castrates and intact males in the amount
of agoression elicited. Drain and Ivans (15742) showed that castrated
TQ males given daily 1.m. injections of Img of either androstenedione

or dihydrotestostercne were attacked significantly more than were oil



36.

injected centrols. In a further experiment, Drain and Lvans (1974, b)
painted urine from intact or castrated male donors of three strains
(TO, ASUXP and CFLP) onto the fur of castrated males, and

disztilled water into the fur of castrated and intact males; they found
that trained TO fighters attacked intacts with distilled water
significantly more than castrates with distilled water, castrates with
the urine of intacts significantly more than castrates with distilled
water, and castrates with intact urine significantly more than castrates
with castrate urine. Slight strain differences were noted. Jones and
MNowell (13733a)have shown that the urine of adult male mice, as well as
centaining an aggression promoting factor, also centains an aversive
factcr which causes cther adults to avoid areas maried with it in an
cpen field test.

These experiments have shown that, apart from the central
motivational effect that androgens have on individual males,
presurably acting upon neural tissue, androgens also exert effects
through olfactory cues, scme of which at least are present in the
urine. Thus, adult male urine appears to possess an agzression
relecesing character, under androgenic contrel; castration extinguishes
its effect, and androgen replacement therapy restores it.

If the argression releaging factor of adult male urine is under
androgenic control, then imumature males sheould not pogsess it.
LIachintosh (197C) noted that, in his enclosure experiments, juvenile
mice were immmune from the aggression of territerial mzles; Dixon
(1272), however, found that painting the urine of juvenile males on the
fur of adult males did not inkibit attacks on them by cther adult males;
similarly, juvenile male urine failed to evoke aggressive behaviour in
pairs of familiar (and therefore ncn-aggressive) acult males. Ile
therefore concluded that the relative protection of juveniles from
attack was due to the absence of the urinary releaser of aggressicn
which has been demonstrated to be present in the urine of adults, and
which has already been shown to be under androgenic contral; as a
corollary of this, he concluded that the juveniled immunity from attack
wasg not due to the presence of an aggression-inhibiting facter in their
urine.

The studies described ahove have demcenstrated that there are
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differences in the urine of adult, castrate and immature male mice.
Jones and Nowell (1973b) have demonstrated that the urine of

dominant and subordinate male TT mice is also qualitatively different.
In an open field test, group housed males showed a marked preference
for the half of an arena treated with water or the urine of a subordinate
male rather than the half {rcated with the urine of dominant males.

In a second experiment, they showed that the urine of dominant males,
painted onto the fur of castrates, elicited significantly more
aggression than the urine of subordinate males, or water; the
difference In the reaction to animals palnted with water or subordinate
male urine was Insignificant. They discussed the relationchips
between defeat, the pituitry-adrenocortical axis (Dronscn and
Eleftheriou, 18653, b) and the ventral prostate gland which i3

sensitive to endogenous androgens (Brain and Nowell, 197C),

All the above experimental observations have been made on
murid rodents, predominantly laboratory mice; as far as I know,
the only experimental analysis cf the relationship between androgenic
hormones and the aggressive behaviour cf male redents cf the sub-
family bicrctinae has been that of Perrin (187C). Apart from
noting the differcnces in the behaviour of adults and juveniles, and

males and fernales of both Microtus arrestis and Clethrionomyvs

glareolus, he showed that castrated Microtus acrestis males

explored a complex T-maze significantly more than did adults.

Juvenile Clethricnomys glareolus exhibited more exploration of

traps than did adults. In testing for aggreszsion, juvenile Microtus
arrestis males were less aggressive than adults, Lut approached
acdults more than they approached other castrates, The castrates
showed raore expleratory behaviour than adults. Testosterone

henylpropionate Iniections restored arsressive behaviour.
v ' Ciedy



The present behavioural study was restricted completely to
examining male bank vole aggressive behavicur, and the ecoclogical
study to be described in Chapter 4 is devoted to determining the role
of that behaviour in population dynamics. Iowever, female rodents
can also exhibit aggressive behaviour, whose role in the population
dynamics of oles and mice is not known; nevertheless, the enormous
effort that has been devoted to the study of male mouse and vole
aggressive behaviour has not been counterbalanced by an ecual volume
devoted to the same study of females; this has primarily been because
it i3 difficult to make allowances for the oestrus cycle of females,
with its associated hormonal fluctuations, and this renders interpretation
of behavioural cbservations difficult. It is also well know that female
rodents are much less aggressive than males (see Beach, 1948) (with
exceptions, like the golden hamster, see, for instance, Payne and
Swanson, 1972); they have therefore been congsidered less important
in the control of socially mediated population processes and
éonsef;uently have received less attention. Regrettably, the trend

continues with the present study.

It was the purpose of the present study:-

(2) To demonsztrate that castrated male bank voles were less
agegressive than Intact males.

() To demonstrate the differences between the ways in which
intact, castrated and immature bank voles reacted to one another.
(¢) To confirm that the animals used in the ecclogical studies in the
enclosures (fully described in Chapter 4) did not differ significantly
in their behaviour from the animals used in (a) above.

This introduction hag reviewed many intrinsic factors that have
been shown to affect the outcome of aggressive interactions between
male rodents; these have included the effects of age and castration,
the two variables concentrzated upon in the present study. The
effects of the remiaining intrinsic factors, and all extrinsic factors
known to affect rodent aggressive behavicur, have been eliminated
as far as possible. The ways in which this has been attempted is

described in the racthods section (2.2) below.
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.2 METIIODS

2.2.1 Animals used and procedure adopted for encounters

2.2.1(a) Animals used

This laboratory study of behaviour was made on two groups of animals:-
(i) The main behavioural study was carried out on animals caught in
Longworth traps from several trapping sites within Crown Lands near

Windsor, and in the grounds of Royal Holloway College.

(ii) A supplementary study was carried out cn animals removed from
the enclosures at the end of experiment ENCL 4 (see Chapter 4 for

full details).

2.2.1(b) Procedure adopted for tests of behaviour

Encounters between unfamiliar pairs of male voles were carried out
in a neutral arena.

Before an encounter, the two animals to be tested were removed
from their cages and each placed under a white opaque closed-top
cylinder (diam. = 12cm, height = 12cm) in a perspex tank (H 20cm x
W 2Ccm x L 45cm), in which a thin layer of fresh sawdust had been
scattered. This tank was placed inside a sound-proofed box ( 60cm x
W 45cm x L 45¢m), with a glass observation panel in the front, and a
glass lid. The tank was illuminated from above by 2 x 15W white light
flourescent tubes. A string and pulley system enabled the two
cylinders covering the animals to be raised from outside the sound-
procfed box after it had been closed up (see Plates 2.2.1.(i), (ii),iii)).

The animals were left under the cylinders for 600s before the
encounter, which lasted 1, 000s. Direct observation of the encounter
was made through a sheet of one-way mirroer and it was simultaneously
recorded using an ITC VF 302 video camera linked to a Sony CV2 100
ACI video tape-recorder. A microphone inside the sound-proofed
box, connected to an amplifier and headphones, enabled any
vocalisations to be detected, '

The following classes of animal were used:-

(2) Adult Intact Males: Body weight and size are not at all good

measures of sexual maturity in rodents, since sexual maturation has
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repeatedly been shown to be independant of body weight, but hizhly
dependant on external factors (for instonce, social envircnment, see
Chapter 1 for a review). Eowlands (1923) chowed that,in bank voles,
10urng was the critical weight (cf one testis) above which spermatozoa

were very rarely cbsent; since ernermatogenesis ia the gseminiferous
tubules cnd the active secretica of testostercne by the Leydig cells In
the testes of rodents are closely ascociated (i.e. . McKinney and
Iiegiarding, 1973), it is renscnable to assume thot the prescnce of
spermatezon is indieative of active androgen secreticn. Thusz on
adult male was defined in the present ctudy as cne which had testes
each greater than 100 in weicht, Since testis weight cbviosusly
cannet be determined in the field, the relationzhip between testis
weicht and some externally measurable characteristic had to be found.
Fig. 2.2(i) shows the reclationship between weight and length of
tectes removed from T8 bank voles., The testes were fited in Bouins
fizative, then stored in 70 alechcl. After removal of all fat and
connective tissue, excess fluid was dried off on filter paper and the
length of each testis measured with dial calipers to the nearest 1/20th mm;
cach was then welghed on a torsion balance to the nearest milligram.
It can be seen that the weizht per testis of 122mg corresponds
to a length of approximately 3.8cm. In other words, snimals with
testes greater than 9.8cm in length zre almost certainly fecund,with
active androgen gecretion. Tecause of the unreliakility of estimating
tcatis length by palpation through slin and fur, a 25, margin for error
vag introduced. Thus, adult enimals were defined as those with the
testes either in the scrotal zac or able to be pushed there with gentle
pressure cn the lower ventral abdomen, and whose testes were
estirnated by palpation to be arcund or abeve lem in length. Adult
males when first brought in from the field were cammonly found to
be gearred cn the tail, face and lower dorsal ebdercen, and so clearly

Lod had previcus fighting experience in the wild.

(b) Immoture Intact diales: Animals generally of lizh =ht (up to

around 12 g) whose testes were abdominal and whose testes were
estimated by palpation to be less than 0.0em in lenctli.- It was hoped
that these two criteria eliminated from the immmature class all those

whose testes were actively secreting androgens (see (a) above). Any
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aniinals that had scars In this class were not used, with the intention
of also eliminating all animals who had had any fizhting experience in

the wild.

(¢) Castroted Males: Lmmesture males vith beth testes removed.

Lil:teral castration was carried out under Vetalar anzesthetic
(I'arke-Davis brend of Detamin lﬂ5fdroc111\.ri¢e) administered {.p. at
a dose rate of 130mg/ka body weight. Under anzesthesia the lower
ventral cbdomen was shaved end washed in 74, aleohel. A lem
midline incision was made antericr to the urinary papilla and each
teotls extracted. N chromic catgut ligature was then tied arocund the
spermatic cord, artery and vein; these were then cut and the testis
in its capsule removed. The incision was closed using two gutures

cf 2/3 moncfilament nylon. Adult males all underwent a sham operation,
to eliminzte the possibility that the operztive technique was affecting
behaviour directly. This gsham cperation consisted of the same events
a3 full castration, except that the testes were not extracted from the

incigzion in the peritoneur.

The following measures were taken with the aim cf standardising
the encounters.
a) A1l enceunters were done between May and Neoveniber, that is

vwithin the normal breeding seascon of Clethricnomys glareclus. The

cnly excepticn to this was the series of tests carried out on the
snimals removed, in November 1876, from the enclosures at the end
of Luperinient Incel 4, which were carried cut between December 1976

end Februnry 1977 (see Chapter 4 for full details).
b) &1 encounters were Jdone betweon $8.3% and 11.00 to n.iainiise the
cilect of circadian rhyths on the anizeals behaviour; this cffect has

Lean demanstrated for Ciathriznomys glareclus by Saint-Cirons (1860).
Js g

¢) Snimals were Isolated in epacue white polyprepylene cages
(I licm x W 1Zcm = L 45cm) for a minimum of two and a muaximum
of five weeks prior to testing, with access to food (Linong diet 86)

and water ad 1lib.
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d) The anirnal house where the animals were kept was kept between
16% and 22%C (Greenburg, (197¢ )ha.s demonstrated the effects of
temperature on the behaviour of miice) and under conditions of

natural daylength.

e) The cvening before an enccunter, the animals to be used were
moved in their cagzes from the aninal hicuse to the room in which the
tests were to be carried cut, which was maintained on the sam

o

lizhting and temperature rezimie. A fan running continuously in this

reora cffectively blanketed extroneous nolses.

f) No enimel wag used more than twice; when an animal was used for
a scecond time, it was alvays with 2 different opponent to that met in
the first encounter, and always after a minimum of three weels

isolation following the first encounter.

£) Opponents in encounters were allocated using random numbers,
with the added criterion that when two animals of the same clags met
(i.e. acdult versus adult, castrate versus castrate or immature versus
immmature) their weights did nct differ by more than Sorems, When an
animal met another cf a different class (i.e. adult versus castrate,
adult versus immature, castrote versus immature) this criterion

could vbviocusly not be achered to.

L) The encounters were all carried out in the standard perspex arena,
within the sound-procfed box. A\ fan rumning continuously in the room
uzed for encounters eliminated extraneous auditery distractions. The

boerver was Invizible to the veles behind the cne-way mirrer, which

was set at an angle go that they could nct see their cwn rllecticas.

i) Loth perspex 2nx and cylinders were thercughly washed in hot

water cnd detergent, het rinsed and dried botween each encounter,
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Z.7.2.  Dehavioural Compenents Chserved

As znlready mentioned in the mtroduc.tmn above, the behavioural
commpenents observed and scored largely followed the scheme of
Crant and Llackintosh (1863} in their description of the behaviour of

Lus rugceulus, liowever, descriptions of particular postures or acts,

and their names, were also drawn from: Clarke's (18038) study of

Microtus asrestis, Hrebs' (1570) study of biicerctis ochronaster and

Iilcrotus peansylvenicus, Turner and Iverson's (1873) study of

Dlerctug penngylvanicus, Colvin's (197%) study of Liicrctus montanus,

% o

Micrctus loncicondus, Llicrotus californicus, Micrctus ozhrosaster

and Mliecrctus pennsylvanicus and Aghwortl's (1972) study of

Clethricnomys glareclus. Throughout the rest of this thesiz, the

following convention regarding the names of behavioural compenents
will be chserved:- Couxponents cbzserved and scored by myself, the
cseriptions of which follow, vwill be written in capitals, e.g.
LOCCLICTICN . Cpecifically defined cempenents of othicr euthors will
be written as proper nouns, e.g. ese. Certain of the narmes of
behavioural comaponents have been used by beth myself and other
authors, and may appear in either form, for instance ADIJOACH or
Approzch. V.hen this cecurs the description of each belhavioural
component given below will clarify whether my definition differs in

any way fr 12t of the pr us author.
any way from that of the viu uthor

.

The following behaviours were observed.

1. LCCOAOTION o Any movement of the animal's whole body;

nievenaent of the Lc.ad and front part of the body alone was not scored,

Zz. GROOMST'LE, Any cleaning action of the body surface. The

degree to which this behaviour was displacement behaviour, as opposed
to simple care of the body surfice, was nct possible to determine,
since the two are nct easily, if at all, visuzlly distinguishable.,

Turner and Iverscn (1972) noted that self-grooming coften cecurred
vhen there appeared to be a 'conflict situaticn' and that displacement
grooming was generally of longer duration than cordinary washing;

they scored all Grs together. Clarie (1950) deseribed Toilet in both
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agoressive and non-ageressive situations, @nd Crant and Mackintosh
(1963) also distinpuished displacement and normal croorming activity,
both suzgesting however, that the dicplicernent activity was
cenziderably abbreviated with respect to the normal. Decause of
this conflict, a1l self-grooeming was scored as GRCOMI-SILT in this
study.

Lol

S TioTH CHATTIN . Low intensity nuise (described by Clirke, 1956

as 'rather like a muffled pneumatic drill’ in Iiicrotus acrestis); the

same description is agt for Clethrionomys glarecius, the noise was

probably caused by gnashing the tecth, It was agscciated with
vibration of the whiskers, which made it poszible for the animal doing
it to be identified easily. Teeth gnashing was included, with squealing,
in Vocalization by Turner and Iverson (1972). In the present study, it
appeared to constitute a threat/deterrent behaviour; in scme cases it
appeared to serve to keep the aniraals separate, and honce not fighting,
whereas in others it was the prelude to more aggressive behaviour.

In r.any encounters, bcth cvertly agsressive and not, it was net heard,

« APTLOACH . Dlovement by an individual to within approximately

4
1%2cm of an opponent. Grant and Mackintogh (1953) desceribed Approach
asz any movement towards an oppenent, without setting any arbitrary
distance limit. Krebs (1873) scored Approach with 5-8cm of o
stationary animal, with a second approach not being possible until

the animals had separated by at least 15-20cmn; no such condition was
imposed in the present study. Turner and Iverscn (1372) scored Time

Together when the two animals were withia Scm of each ctiher,

o DTDLTCI-ATTIND, This iz a posture in vhich the whele body,

hezd and neck were extended towards the opponent, with ears and
whisiers forward end tail stretched cut straight behind; it was the
exact ermivalent of Grant and Mackintosh's (1552) Stretched fttention

Dozture, but was not desceribed Ly Clarke (1922).

6. MNO%w, The noses of the two opponents were within about dcm of

each other with the whiskers touching. This behaviour was also
described as Nose by Grant and Maciintesh (1868) end by Turner and

Iverson (1978) as mutual Nago-Nasal.
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7. SNIF¥F, The nose of the animal performing this behaviour was
in contact with the fur on any part of the body of his opocnent except
the nose. This is a cermbinaticn of Grant and Maclkintosh's (1353)
Iniff and Investizate,

8. LT AT, This was eny racovernent from a position vithin 18cm

3

of an opponent to a position cutside 15cm, the exact cpposite of

ALDPLCACIIL, Kot included in the category was LI (see Lelow).
Crant and dackintosh (1253) described lletreat as any directed

racvement away from the cpponent, as a comploment to their Appreach.

9. UDPRLIE, The two animals were gtaticnary together with bodies
toucking. The only other behaviour that could occur simultanecusly
was GROOB.'I.-SELF; the start of any other behaviour caused IXUDCLI

to stop. :

10, TUNGU-ATTACK ., An animeal which had just made on approach

lunged at his opponent with both fore-feet re_ised, as if tryin~s to puch
hira awny. This act could be accompanied by movernent of the whole
body. It was equivalent to the cffensive veright of Crunt 2nd IMackintosh
(1952), and the Attack of Clarke (1976) and was included as pouncing
vithin the Attack of Krebs (1872). JAshworth (1972) included Lunge,

wrestling and chasinr within her Sttack,

11, LUNCI-ILUTALINTI, Exactly equivalent to LUNGI-ATTACK,

except that it was performed by an anir:al which had been approached
by Lhis oppencent. Crant and Luackintosh (18388) and Sshworth (1973)
calied tiiig Delensive Upright, zlthough Ashwoerth included it, with
Cidoways Delence, in hier Srcbivalent FPosture. Clarke (1925
desceribed the Laiging and Squatting type of retaliation s preliminaries
to the rare cows p.teh. Counter-attacik by a subordinate; in this study, ~
these two acts were combined. Iirchs (1870) described Lietaliation
as'tiie staticnary vole responding to the approaching male by pouncing

at Lim ond sumnetinies retaliating'.

Yo SOUTAL,. An audible high-piched sound cf short duration, which

was com ,mcnly associated with LUNGI-DITALIAT It was also

scametimes made during MUTUAL UDPRIGIT (sce 13 below) as well as

by highly subordinate animals after agaressive interactions, when the
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dominant animal, after retreat, made any sudden movement. Irchs
(1979) described his Threat as 'u{u*ight gtance or normal stance
accompanied d by baring of the teeth and sruealing vecalisetions'. e
noted that this bechavicur graded into his Tetaliation anld vus
diztincuished by lack of phycical centoct. Turner cnd Iverson (1978)

did nect score Suueal and Tecth chattor gsenarately,

15, LIUTUAL UPGICIIT ., This occcurred when both animals were

[ucing each clher, resting on their hind legs ond tails, end pushing
at cach cther with thelr fore-fect. This corresponded to Grant and
Miacidntosh's (1282) Upright, Asiwerth's (1973), Colvin's (1973) and

Clarke's (1850) Dox, and was a2 canpencnt of Kreb's (1677) Attacic.

14. W RBIESTLZ, The two animals were locked together, tumbling
over cach other. Grant and Macidntosh (1853) did not describe .
Verestle as such, but divided thie hishest levels of argressive behaviour
into Attack, Dite and the Cffensive and Defensive Upricsht and

cideways pestures. In the present study VIRELSTLI was scored
separately because of the extrame ferocity and gpeed with which it
cecurred., It was described as V. restling by Clarke (192¢), Colvin
(1273) and Ashiworth (1973), and was included as Vv restling within

Erebs' (16723) Attaclk, aleng with ouncing, Doxingy and Chasing.
9

1z, CRU ("”[ CTIITR . This wag vhen one animal carried cut active

grocraing movernents in the fur of the oppencnt. Grant cnd Jiackintosh
(15C3) called this Agzressive Croor and it vas generally agseciated
with a deminant animal grocmin~ a subordinate; in the present study it
not infrecuently led to LUNGI-I .“T::.LL‘ I by the grocmaee end
gometimes to VVIVLSTLL; en some oecasions however, (merticularly
betweon two immature or two castrated als) this behovicur did
not annear to be part of a lead-up to more agrressive behavicur.
Krohs (1270) described Mutual Growning in cennection with his Iellow,
tut ¢id not score it.

Ay TY Ty

16, CLL0UCH. A gcomrmen respense to CROCLT OTILILL, but not
necessarily always occurring with it; the animal crouching pressed
both head end body acainst the flecor, and remained mictionles3. Vihen
associnted with GROCM OTIHER, the groomer usually groo med the

dorsal surface cof the neck, the back of the head, or the back of the
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groormee. Clarke (1953) described this posture as Freeze, and it is

Y

shown by CGrant and Mackintosh in their fis.4. Their ILlevated Crouch

el

wags not observed in this study,

17. CACL. A vigorous pursuit of eac aninaal by the cther, both
ruaning, and representing, in thic arena at least, very hizh levels

L3

of aggressive activity. This was Cescribed as Chasze by Crant and

Liacniatosi (1843) and Clirke (1620), and lacluded within Sitack by
reks (1970). Turner and Iversen (1970) distlazuishied Clhase from

.

Follow (act scored in the prezcnt study) but disccatinued scering
Chase because it was 50 infrequently seen. It was sinilarly very
rarcly scen in the present study.

S. Fli.i, The complement to CI1VvCi, without which it could not
cceur. Cront and Liackintosh described Flee as a high intensity form
of Iietreat, associated with 'uncirected bauncing raoverents'. Krebs

(1873) scored Retreat and Flee together as Avoidance.

19, LOSIINATE. he two animals were rmoticnless, the dominant

above Lis oppenent, commonly with his fore-feet resting on the supine
body of kizs eppenent. This ecualled the Agoressive posture of Grant

end Linckintozsh (1953) and was included within Krebs! (1970) Attack.

2, CULMIT. The complerment to DOMINATI; the submissive
aniral usually lay supine or propped up in a corncr of the arena, with
his flonk or belly exposed. This pesture was equivalent to Krebs!
(1972) Lubmission, and Crent and Mackintosh's (1232) Cubmissive
Tocture, Clarke's (1928) tiupine' (his fig.0) represented on extreme

forey of CUBLLT

=1, 2i..CD. Cfthe 20 behaviocural components described above, four
represented the highest levels of agoressive behaviour ¢bascerved.
These were MUTULAL UTRIGHT, VWRESTLL, CILALI and DULINATLI,
They were therefore combined into a composite 'agcressive behaviour!
cemponent, MV CD, and snalysed in the same wey as all the other

individual components.

IMost of the behaviours were chvicusly mutually exclusive. Apart
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from those behavicurs that comrzonly ccenrred together (e.g SWUEAL and
LUNCL-RETALINTLI) cthers did so by definition; thug LUNGI-

ATTACY, LUNGD-RITALIATE, APPRCACII, RDTRTAT, CIIASD

and FPLID were 2ll included in, ond were scored sirnultancously

with LCCOLICTION . Sirsilarly DONMIIATED and SUDMIT, and

CItnlD and TLIZE ,2were always scored tegether, cne for each animal,
NCED end ENITTE cemmnnly but not always occurred in asseciation

with CTLLTCI-ATTINDG; CRLCUCH was commenly associnted with
GLGOLT OTIILR but the two were not mutuclly desendant.,

Puring the enccunter, the fellowing seven behaviours of beoth
cnlimals were recerded directly:- LUNGD-ATTACH, LUNCIE-
LLUTALIATE, TIWETH CHATTLR, SCUEAL, MUTUAL UTRICIIT,
VRLEDTLI, and TIUDDLI,

The video recording of the encounter, played back twice, enabled

the other 13 behavioural comivonents to ke scored for each anirnali-
LOCCIIOTICH, CROCM-5LLT, APTPTRCACIH, STRLTCIH-ATTIEND,
NCOST, SNIFF, ILETROA R CUCH, CIIASE, LCLIINATLE, FLIZ,

¢ 7 1 TN T T
[N Tk JOTN J. » GJ‘.»&JO.(-L C Addadn g

2.2.3, Dehavioural varizbles measured.

The following variables for cach behavioural component
cbiefved were determmined:-
Iatency: The time interval in gceonds from the start of the encounter
to the first cccurrence of a behaviour.,

Ocecurrence: The nuraber of times a behaviour occurred during the

encounter.

Duration: The total accumulated time in seconds spent performing

a behaviour.
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2.2:8. Apmratus

The apparatus used tc record the three measures cof the 20
behavicurs was as follows:- In front of the chserver was a 12-butten
kevboard, each button activating, when pressed, two microswitches
mounted side by side. (see plite 2.2.1(iii) above). The {irst of these
switches, when closed, completed a circuit centaining a =7 volt DC
supply, a standard CPO solencid five di ;it counter, and two further
micreswitches, each beiny activated alternately by a =u-tocthed
vhieel, driven by a Venner synchromnous mctor rcetating at a constant
elv revciutions/minute. Thus, when the push-button micrcswitch was
closed, the GPO counter added cne digit every cusrter of & gsecond.
The gecond of the microswitches underneath each button, when closed,
corspleted a circeuit econtzining a 19 velt DDC sunply end cne pen of an
FC lichinson & Co. 10 pen event recorder, with a chart speed of
S emfs (see plute 2.2.1(iv). ilach push-button, zctivating the two
muicreswitches, wos presscd cnly vhen a particular behaviour
cceurred. Thus, at the end of on encounter, the nuirber ca the GPO
counter eualled the accuntulated tinse gpent in a particular behaviour
in secondsf1 (duraticn). From the paper output from the event
recorder lutency and occurrence were determined; Lotency was
determined to the nearest 19 seccnds, and the minircurs detectable
gap between two rarks cn the evefit reccrder output represented one

sccond.,
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2.2.050 Ttnatistieal Anslysis

The total nuniber of encounters between individuals of different

groeups i the wain beavicuir study is given In Table 2.2.5(1)

Toble -.2.0{i) biiin behavicur study, totul nunbers of cancounters.,

Ad - C I

I ;17 [ 19
i j ey

LK
[ )

o

19 ! Ad = Adult males

= Castrated nales

_P_H__,_,ﬂ
= 0
i

H

Iemature 1males

P
—
)
W
«J
e e ]

The numabers of records chtained from these encounters i given in

Tuble 2.2.0(id

T:ble C.000(1)  DMain behavicure study, nuncbers of recordsyall
encounters.
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Iiey as for Table 2.2.5(i)
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Ilecause the encounters were of a finite length, inevitably there
were many occasions when a particular behaviour wag not cbserved;
the regult of this was many scores of 1337 seconds for latency and
zero for occurrence and duraticn, which still had to be included in
the analysis. Clearly the results obtained were rarely, if ever,
normally distributed, and any parametric statistical analysis would
have been inappropriate. Comparison was therefore made for each
of the measures for each cf the behaviours observed between each
clags of animal and certain cther classes using the Mann - V. hitney
test (Mann and Vhitney, 1947; Siegel, 195C); details of which

clagses were cermpared with which are given in Table 2,.2.5(v)

Comparisons of duration of LUNGL-ATTACK, LUNGL-
BLUTALIANTLD, AVUIICACIHI, TLUTHRIEAT and & ULAL were omitted,
since all these behavicural acts vere essentially instantancous, and
thierefure had no {inite length; consideraticn cof their duraticn was

therefore meaninglcss.

The L:tency, CGocurrence and Duraticn of LUTULL UPRIGIHT,
VOLLSTLL, GV and DOLIINATE canbingd (A0 CL), (being the
four behavioural components observed in the arens walch appeared
to be exhibited at the highect levels of agrression) were also

compared.
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Veytotabla 2,0,7(v).

I’ach unshaded cell in the table above corresponds to 2
comparison between two particular linds of encounter (2 row and a
column). The nurmber in the cell is the number of the table in the
Fegults Section (2.3.) which contains values of U and p of the Mann-
Vohitney test associated with that comparison,

Thus, for example, cell* shows that Table 2.2.2(a)(ii) in the
Hesults centains details of Monn-V hitney comprariscns of three
measures ¢f 20 behavicural compenents of adalts which had been
cenfronted with other adults with the behavioural components ¢f
adults confronted with castrates.

Croup (1) was the class of animal vhese behaviour was being

Croup () vas the class of animal that was being used 2as cpponents.

The entire snalysis was then repeuted for all those encounters

in which ATDPLCACH occurred (f.e.omitting all these encounters in

er

which no clcse-contact behaviour occurred). The number of these

“

encounters are given in Tables 2.2.53(vi) and 2.2.2({vil).

Table Z.2.0(vi). Iiain behavicur study, numbers of encounters
observed, only encounters with A& PFROACIL.

Ad C I
1 16 o 1
C 17 1.’3
Ad 31

Keve Ad= Adult males
it -
C = Czstrated males

I = Immature males
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Table ©.2.5(vi). Supplementary behaviour study, numbers of
encounters vbserved, only encounters with
APFROACII

Adl4 CRt 4 In4

IR4 - - - 1% Ley:
14 - - 14 Ad4)  Animals remeved from
s . 3 - C4 ) = enclosures following

I4 ) experiment LNCL 4

AdL4 31 I = Right enclosure

L = l.eft enclozure

The numbers ¢f records thereby cbtained are given in Tables
2.2.2(vi) and ( 1x).

-

Table 2.2.5(vil). Main behavicur study, numsbers of records, only
encounters with APTROACII,

Clasg cf animals whose Class of animals being  No. of

behavicur was being recorded used as opponents records
Ad Ad 62
Ad C 17
Ad . I 16
C Ad 17
c C z8
C I g
I Ad 16
1 C 8
I I 38

1N ey: Ad = Adult males
C = Cacstrated males

I = Immature males
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Toble 2.2.5( 1¢). Supplementary behaviour study, numbers of

records, only enccunters with API'LOCACII.

Class of animals whose Class of animals being No. of
behaviour was being recorded used as opponents records
AdL4 | AdL4 8
CR4 CR4 18
IL4 ‘ IL4 23
I IR4 28
ey: Add)

Ca )= Animals removed from enclosures fcliowing
) experiment LNNCL4

R = Right enclosure

L = Left enclosure
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2.0 RIICULTS

The results of the fcllowing comparigons are given in this section:-
2,3.1. A\ comparison of the behaviour of adults confronted with other
adulty, castrates confronted with cther castrates and immatures

confroented with other immatures (bMain behaviour study).

2.3.2. Comparisons cof the ways in which the behavicur of a particular
class ¢f animal varied when cenfronted with different gsorts of oppeonent
(3I1in behaviour study).
i.e. (3) The differences between the behaviour of adults confronted
castrates, immatures or cother adults.
(b) The differences between the behavicur of castrates
caenfrented with adults, immaotires or otlier castrates.
(c) The differences between the behaviour of immatures

confronted with adults, castrates or other immatures.

2.3.3. A comparison of the behaviour exhibited in adult-adult,
castrate-castrate and immature-immature encaunters by animals
remoeved from left and right enclosures at the end of experiment

ILNCL 4 (Supplementary behavicur study)

2.3.4. Acomparison of the behaviour of the adult,castrated and
irmmature male voles removed from experiment ENCL 4, described
in section 2.2.3, (Supplementary behaviour study), with that of the
adults, castrates and immatures used in the main behaviour study,

described in Sections £.3.1 snd 2.3.2.
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2.2.1, DIEULTS,

Table 2.3.1(i) shows that the number of adult-adult encounters
with AT OACH was net eignificantly different to the number of
castrate-castrote encounters with ATLFTIOACL ( 7(,2= 3.63, ¢f = 1,n.3.).
Ilowever, Table «.3.1(ii) shows that high levels of cressive
behaviour (15 CL) ceccurred in significantly more of the adult-adult
encounters than in the castrate-castrate encounters,

()Uz* £.92, df = 1, p<G.21). Combining the two tables above,
Table 2.3.1(ii1) shows that if ualy those engounters in which APTPROACH
occurred are considered, the differcaces in the incidence of MTwCD

o

becomes more hishly significont. ( 7= 13..2, <f = 1, p<0.021),

Takle ©.5.1(i) The number of encounters in which AFTGC,CI did or

not cecur.

(8 [P P C T
Type of | |.. I WS !
vE Totalno. pom—
encounter Yes MNo
.‘Jﬁ'xd VS A'\Ld é? 3 13‘ T %:_ My e
IR I St -

di = 1,n.s. L= 5.88
Cvs C 19 13 6 -7(2-: . an df = 1
f=1 p<o.oz

Ivsl 138 18 1 i

Adult males

-
[
¢
t
»e
et
o,
n

]

Castrated males

= Immature males

Poed
i
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Table 2.3.1(ii)

The number of encounters in vwhich high levels of aggressive

-y

behaviour (11V CD) did or did not occur - all cneounters considered.

e e e o i e e 2 et 3t e o1 e e
: F A1 CD t
Total No. Yes No

Type «f
encoamnter

G o o 2 e o et . o 7 B s 10 s S s e e e e e
Advs Ad 47 21 28 - L= 6.97 - o
; | =1 L= 6,99
e e e e o e e e e e 2t e e

C vsC 19 ¢ 17 3 df=1

R N R S [ L p<0.01
I val 19 T ¥ J
. | :

i
H '

VR s w2 TR G4 - W W (b v B R ! W i} ok b e a Ao o oA e e e

J
s
]
o

Key @ As for Table 2.5.1.(i)

The number of encounters in which MW CD did cr did not cccur -

caly encounters with APPIIOACII cansidered.

T v S R o B g A G S b W B B S T 3 n Fob P B ok e Mo B+ L M B -—-‘

11V CD
Total No. Yes No

Type of
encounter

A v o T S e s S 2 o Y Y e AT B AN T e W S oA Wt G e I B o et e o A

Ad vsad | gl o1 16 - 'X;;= 10.60 -
; P erE A, 2 .
e | p<0.¢01 L= 14.46

C wvs C

13 2 11 .3 3 1P u
] = .11 af = 1

df =1

g

[ S -...._N —— - :- e o n. s .
I vsl |18 oz 15 | p<0.001
! |

Licy: As for Table 2.2.1(i)
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Takble @t 1{iv) shows that adult males fought simificantly more
and socner thon did castrated males (A0 CIy, p<l.071). It can also
be seen that the sociul and investizative behaviours (M EPUTIWCACTH,
STRETCH-ATTLND, NCOLL, LHIFYF) were not simmificontly Cifferent
Betvreon the tuwo clagses of wale. Concideratica of only thiose
cancounters in which L DTHCACY cocurred shov s that the differences
in v LIITLY and LUTUAL UTDICLT are sigmificont (,€5..61), and
tht the adults alzo exhibit LUNCL-ATTACH more (€. 00). In
Teble o000 1(iv), it can be seen that TLETI-CIIATTLI wus raore
coramon énd lasted Ionger in edulis then castrates, but that the
latencies were nct signilicantly different. In cncounters with
APTHOACTH, the castrates huddled with each other significontly
scener and more cften than the adults (p€0.43). As has already been
chovn, ATLVLOACIE did not occur in significantly mcore of the
caztrate-castrate encounters thun in adult-adult encounter
(Table 2.5.1(), Y.3== 0.03‘ , df = 1,n.s.); In cther words, it
appecred that cestrates were as wary of cther castratez s were
aaults of cther adults. V hen AUDIRCACL had occurreld, thore was
no gignificant difference in the amount of sccial and investizative
behovicurs erhibited, but adults fought significantly nuiore than the
castrates., v

In cantrast to the Lu;:\ con of cdult-adult cnd enstrete-
castrute encounters, Toble £.5.1(1) shows thet AT 1ILCACTH
cecurred In significently mere of the il;.n'xat;xre-iz;t.r:mture encounters
tiian in the adult-adult enccunters ( 'X__ 2.08, <f=1, oKLY.
Teble 2.3.1(i1) shows that apgressive behavicur (M Ci) cecurred in
significantly more of the adult-adult enccunters thon in the immature-
nmature encounters. ( '[;= e, df =1, p<eLil). ~in,
cembining the two tables above gives Takle 2.3.1(1i1); cenci dering
enly those encounters in which A0THOACH ceourred, the difference
in the incidence of LIV CD Lecemes reore highly sipnificont

(= 1..40, ¢f =1, p<o,001).
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Key to tables  2.3.1(iv), (v) and (vi)
2.3.2(a)(t1), (iii) and (iv)
2.3.2(b)(i1), (iii) and (iv)
Z.3.2(c)(il), (iii) and (iv)

“e3.2(1), (v), (vi) and {vii)

2.3.4(1v), (v) and (vi)

1. Iach takle shows the values cf tho ctatistic U and agscciated
probability p obtained from Miann-V hitney tests comparing each
meagure of each bechavioural compeonent of the two groups of animals
(Crcups 1 and 2, shown above the main bedy of the tzble). e lcft-
hond half of the table chows the results when all encounters in each
croup are compared, the rizht-hond half vwhion enly those endounters
with AFTILCACII are compared,
2. Lirnificancelevels are ghown as follows:
p<0.C31 =1, p<t.C1l =2, p<0.83=3,

3. The fisure in brachkets shows which groun of animels (1 or 2)
had the hizher values of cach measure of each behavioural
component.,

Sd = Adult male

C = Castroted male

I

= Immmature male

b
n

Tlicht (experimental) enclosure

L = Loft (control) enclosure

»*.
-
k

Ca g = Animals removed from the enclosures
) at the end of experiment ENCL 4

(zee Chanter 4 for full details)
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Table 2.3.1(v) shows further the differcnces betveen the
behaviour of adults confronting adults and immsatures confronting
imxatures. It can be ceen thot Immaotures fought csimificantly less
with each cther than did adultz, particularly once an ATTICACIH
had been made, (AWCD, p<2.051). The difference is still
girmificant, though less so, for latency and duration of 21 CD when
a1l encounters are included (o€9D .31).‘ In the encounters with
SPPLRCACY, adults exhibited LUNSGID-ATTACII more often and
socner {(p<0.03) than did immetures. Table 2.3.1(v) also shows
that STRETCII-ATTLEND cccurred secner (p<G.03) more coften
(p<0.01) and lasted lenger (p<0.01) in irmmature-immature
enccunters thon in adult-zdult encounters when only those encounters
with APTRIONACII were considered, but that there is no significant
difference when all enconters are considered. Although APPROACI
cccurred in gignificantly more cf the hmmature-immature
encounters than it did In the adult-adult enccunters, (Tuble 2.3.1(i)
')L‘:= 5.28, df = 1, p<8.02) once it had cecurred, then sccial and
investigative behaviours were nct more ccramen, euxcept in the case
cf CTRETCII-ATTEND. In other words, social and investizative
behaviours tended to lead to overt aggression in edult-adult
cnccunters but nct in immature-irmmature encounters. Adults
e:hibited TEZTII-CITATTIR sooner (p<5.05), mcre cften (p<0.001)
and lenger (p<0.001) than did immatures when only the enccunters
with ATTROACII are considered, and only the difference in latencies
is non-significant in all encounters. TLITIHI-CIIATTIR appearced as
a deterrent to further aggression in adult-adult enccunters in many
caces, sometlmes spparently actively inhibiting APPRCACII, but in
cther cncounters it was seen to lead cn to highly agzressive
interactions., It can be scen that GROOM-SDLE was seen more and
for lenger in immature-immature encounters than in adult-adult
enzcunters, when all encounters are censidered, and for longer in
cnccunters with APDPROACII. The ecuivocezl natare of GRCCLI-SELE
dezceribed in section 2.2.2 means that it was net really possible to

interpret these differences.
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Table 2.3.1(vi) shows the differences between the belinviour of
cazatrates cenfronted witl strates, and that of irunztarces
cenfronted with Irunatures. In gpite of the large sample cizes, it can
be seen that there were no zignificant differeaces between the social
and investigetive and agoressive behaviours of the two groaups. VWhen
all encounters are ccensidered, it can be seen that iramatures spent
lenmer(p<0,20) In GROCAM-ZILLE than castrates agnin, the
biclogical reason for tm.a is difficult to interprct. Simificantly

e (Takle 2.5.1(i), ’L= 4.28, ¢f =1, p<0.03) fmnature~
{romaoture cnecunters invelved an ADTROACI than did the castrate-
castrate cncounters, but there 15 no significant diffcrence in the
murmbers of encounters in which hich levels of aggressive behaviour

(317 CD) occurred (Tables ¢.5.1(i1) and 2.3.1(1ii)

[ -
S.5.1. Dumraspe,

deration of the adult-adult, castrate-castrate o g‘nd

(J
J-u
D'\'

mmaturg msmature encounters has shovn that, @ the arona tes

used I the present stady, adults fought simificantly more amonest

themselves than did costeates or Dnmaturss, and thet there were

no imipertent cifferences betweon the recordad behavicureal

components of erstrates and fnunctures. llowever, immnctures

appeared less reluctant to aprroach cach othier tliin did cither

adulls cr castrates; in both of the lotter prouns, soveral encounters

had no ATITRCACT ot all. Cnee an ATTRICACII had Leaa made, there
viaz no real difference in the amount of secinl rnd baventizotive

behavicurs exhilited by the three groups; Ia the adult-adalt encounters,

the infiinl soeial Behaviour esealated to wogrecsive Lehaviour, in the

caztrateos and imminteres it did not.
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2.8.2, llesults (cont,)

.2{3) Compariscn of the ways in which the behavicur of adults

S s L e e s e W e W S e e S

varied when confronted with castre tes, lmmatures or other adulis.
Tzble 2.3.2(a)(i) shows thet significantly more approaches were
made in the adult-immature encounters than ia the adult-adult

encounters, but that other comparisons were non-significant.

Toble 2.2.2(a)i). The mumber of encounters in which APCROACH
did or did not ocecur.

oy - L R “"k’ «

ERTCACHE
Type of encounter Total No. TITICACH

Yes No
2
1‘5-(1 VS Aé\-d ’1'17 31 16 =u vu? v
) ]df—l n.s. 1= 5.05
Advs C 20 17 dfi= 1
A ‘ 2 plU.0o
Advsl 17 16 1 1=U.73

af = 1n.s.

D e e e e e T T e ol T e O SP

Ley: Ad= Adult males
C = Castrated males
1 = Immature males

Table 2.3.2(a)(ii) shows the comparisen of adult-adult ecncounters
with adult-castrate encounters. It can be seen that adults confrented
with adultg fought sooner, more often and for lonzer than did adults
coenfronted with castrates (AW CD, pd 0.031). LUNGL-ATTACIH and
LUNGL-RLTALIATE were also exhibited sooner end more cften by
acdults in adult-adult encounters than by adults in adult-castrate
encounters. In general, the zmaocunt of social and investizutive
behavicur vas not different although, in all encounters, adults
confrenting castrates eshibited STILTCH-ATTIND mcere (p£0.02)
and in the encounters with ATTRCACII, adults confrenting adults
exhibited SNIFF more (p<0.053). Cnce APTROACI] had occcurred,
adults were more prone to S:ULAL when with cther adults than when
with castrates. This was because S ULAL was commonly cbserved
in asasociation with high levels of aggressive behaviour( LUNGE-

ATTACK, and LUNGE-RETALIATE a8 well as MUTUAL UDRIGIT
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and WRESTLL).

Table 2.3.2(a)(iil) shows the comparison between the behaviour
of adults confronted with adults and the behavicur of adults confronted
with fromatures; the results are very similar to those described in
the previous secticn. Adults in adult-adult encounters indulged in
significantly more aggressive behaviour than did adults confronted
with Imaatures (MW CD, p<0.01 for all encounters, p<9.001 for
encounters with ATPRCACY ; MUTUAL UPRIGET, p¢0.01 for all
cncounters, p<0.001 for encounters with APPRCACIH; LUNGI-
ATTACK and WRESTLL, p<0.05 for encounters with APFPROACIL).
It can also be seen that adults in adult-adult encounters exzhibited
TEETI-CHATTLR sooner, more often and for longer than adults,
confrented with immatures (TEETH-CHATTER, p<0.05 for duration
iin all encounters, and for latency and cccurrence in encounters with
ADTROACH, p<0.01 for duraticn in encounters with APPIICACII).

Table 2.53.2(a){iv) shows that there wag very little difference
between the behaviour of adults confronted with castrates and that of
adults confronted with immatures; the former group exhibited
TLETII-CIIATTLR sooner (p<9.C5, all encounters, p<9.91 in
encounters with APPRCACIH, and lenger (p<3.0Z, in encounters with
APFROACH) than do the latter. Also, in the encounters with APPROACH,
adults exhibited STRETCIL! -ATTIEND rore to castrates thon to
immatures {(p<0.05). These slight differences have no cbvicus

erplanation.

Su3.0(n)e Tumamery,

&3 eupected, adults fouszlit mcere with dlier adults than they did
vwith either castrates or fmuaatures. The responge of adults toth
presence of cactrates is oimilur to their response to nmstures,
with little or no agoressive behaviour, end vwith cimilir zmounts of

social and invectizotive behavicur being exhilited.
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2.3.7(h) Ceravarison of the ways in which the behaviour of castrates

varied when cenfronted with edults, Immatures or cther castrates.

—— R

Table 2.3.2(L)(1) shows that, in encounters with castrates, there
were no gignificant differences in the numbers of eacaunters

containing APTILOACII between the differcent groups.

Toble 2.3.2M)i), The number of encounters in which APIRIOACH

id or did net cecur.

I 1~ W G - G S SR B WS R BN P - TS W, A Bk s M o B+

Type of encounter Total No., -

b4 it A CH

Ye:s No
C vs Ad 21 17 3 X =1.49 s
[ o e st e w2 o o O Gt a0 ot e .W._,.....ﬁ.,.,-_._,‘-_”_.] df = lp..&. .L = 1 .40
Cwvs C 19 13 6 d o o
. - - o P~ S S o S o P S T W A P S o B o o A e kel e S e ...__.,,_,] 2 Joe0 _ df = ‘1}1050
Cvs I 8 0 df = 1,n.s.

Table 2.3.Z(b)(ii) glves the differences between the behaviour of
castrates confrented with cther castrates and that of castrates
confronted with adults. It can be geen that when all the encounters
are considered, castrates exhibited APFROACH with adults significantly
sooner (p<0.93) end more often (p<0,05) than they did with cther
castrates. Similarly, castrates exhibited STRETCL-ATTEND to
adults significantly more (p<0.05) than they did to cther castrates.

It has already been noted that APPLROACH only occurred at all in 13
cut of the 19 castrate-custrote encounters, and this is reflected by the
fact that these significant differences are not repeated when only those
enccunters with APPROACH are considered. It can also be seen that
castrates eshibited TEETIH-CHATTER simificantly more coften and for
longer ot adults than they did at other castrates (p<8.C31 ). LUNGE-
LETALIATYE also has lower latency (p<0.05) and higher occurrence
(p<0.01) for the castrates in the castrate-adult cncounters than in the
castrate-castrate encounters, as does SULDAL (Latency and
Cccurrence, p<d.03). LUNGLE-RETALIATE by a castrate usually
guickly deterred further approaches by an adult. On the cther hand,
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the Latency of GRCCM-CTIIZR is significantly lower (p<3.05) and

the occurrence and duraticen of both GLOCLI-OTIIER and IIUDDLE are
sirnificantly higher (p<0.02) for castrates confronting castrates than
for casirates confronting adults. Thus, close contact wos more likely
in castrate-adull encounters than In castrate-castrate encounters;
however, LUNGE-RETALIATE, SCUEAL and TECTH-CIIATTER were
most often the result in castrote-adult encounters, vwhereas ITUDDLE

and GROCM-CTIIER predominated in castrate-castrate enccunters.

Table 2.3.%(b)(iii) compares the behaviours of castrates
ccnironted with other castrates with that of castrates confronted with
frnmatures. When all encounters sre considered, it can be seen that
LCCGMOTICH occurred more citen (p<0.0C1) and for longer (p<0.01)
in the castrates In castrate-imumature encounters than in the castrates
In castrate~-castrate encounters. In those enccunters in which an
ATTROACH occurred, LCCCJICTION cccurred sconer (p<3.05), more
cften (p<0.01) and for longer {(p<0.55) in the encounters when castrates
were coenfronted with Immatures thon when ecastrates were confronted
v:ith cther castrates. It can also be seen frum Tobles 2.2.2(b)(iii) that
the castrates tended to exhibit to APIPROACIHI, STRIETCH-ATTEND,
NOGL and RETRIAT more with inoniatures than they did with cther
cactrates; even when cnly those enccunters with an AT PIRCACII are
ccnsidered, these social and Investigative behavicurs were more common
in castrates with Inrmmatures thon in castrates with cther castrates.
Cimilarly TEDRTII.CHATTIL cccurred more cften and for longer
(p<C.001 for all encoumters) in castrates with immatures than in
caotrates with other castrates, as did > LUNGLE-RETALIATE (p<0.031
for all three measures in all encounters and for occurrence and duration
in cncounters with APPIICACEH). In neither sort of encounter, hewever,
vas there an appreciable amount of overt agzression.

Table 2.3.2(b)(iv) compares the behaviour of castrates in castrate-
adult and castrate-immature encounters. It has becen shown that in both
these two gorts of enccunter, castrates tended to exhibit more social and

avestigative behavicurs than they did to cther castrates; it has also been

shown that castrates exhibited TESTIH-CHATTLER and LUNGE-RETALIATE
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meore to adults and immatures than they didto cther castrates.

Table 2.3.2(b)(iv) shows that in both all encounters, and in encounters
with APTIVOACI, castrates indulged In social and investigative
behaviours significantly more with immatures than with adults. There
are no significant differences in those behaviours which were shovwan to
be exhibited more by castrates to adults and immatures than to other

castrates such as TEETII-CIHATTEDR and LUNCGLE-RITALIATE.,



8z.

3.2 __) . furnma

-~ -

Fewer castrate-castrate enccunters contain APTFRCACII than do

astrate-adult and castrate-immature encounters. In encounters
with APTROACTH castrate-castrate enccunters are characterised by
IICEDLL and GRCCM-CTIIIR, whereas castrates commonly LUNGE-
RETALIATE, TEETII-CHATTIR and SCULAL In casirate-aciult
encounters, and LUNGE-RIUTALIATE and TEETII-CIIATTIER
cagtrate-immature encoaunters., LUNGI-RETALIATE and TRETII-
CIIATTIIR appeared to have a deterrent effect to the advonces cf
adults or immatures but were nct commen in castrate-castrate

encounters.
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2:3:2(e). Comparison cf the ways in which the behavicur of immatures

varied when confronted with adults, castrates or other irmatures.

Teble 2.3,2(c)(i) shows that very few encounters with limmatures
did not contain APPROACII, and there are no significant differences

between the groups.

Tehle 2.3.%{c){1). The number of encounters In which APTROACIT
did or did nct occur.

APPROACI
Type of encounterz  Total Mo, ~r———cess
Yes No
- &
Ivs Ad 17 16 1 X=0.45 2
e e o e o e e e e i e et et e e e o =0.02
df= 1, ns.
Ivs C 8 8 1 - S di=1
e e S - . e B . e Al e T AP 3 s s A 0 - 1ok - 'L =3 * "‘L - ns
S W P A S . . ‘, .
df=1,ns

Ivsl 19 18 1 -

e i e T T

Table 2,3.2(c)(ii) shows that the only significant differences
between the behaviour of immatures in immature-irmmature
encounters and in irmmature-adult encounters was more LCCCGMOTION
and STRETCH-ATTEND In the latter. No immsture-adult cncounters
contained any high levels of aggressive behavicur (111 CD), and only
two immature-immature ¢ncounters contained any LIV. CD,

Table 2.3.2(c)(iii) compares the behaviour of immatures
confronted with castrates with that of iromatures confrented with
other immamreé . It can be seen that both occurrence and duration
cf LOCOMOTION are simificantly greater in the former than in the
lotter (p€0.001 and p¢0.21 respectively) and that in general imumatures
confrented with castrates exhibited sigmificantly mere APPROACII,
STORETCII-ATTIND, NOSL, SNIFF and RETREAT. The rcason for
this is that in immature-imanature encounters approaches were few,
and after a bout of investigative behaviour, the two animals tended to

scttle down. TLELTH-CHATTLER was more cominen in immature-
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6.

caztrate encecunters, and ATPRCACH by an immature was commonly
countered by LUNGLE-RETALIATL by the castrate; the Immature then
retreated but often the cycle of APIFROACH - STRETCH-ATTIND -
NG3E - LUNGE.RETALIATD (Ly the castrate) « RETHEAT was
repeated geveral times.,

Table £.3.2(cYiv) shows the differences between the behavicur
cf Immatures confronted with adults and that ef immatures confronted
with castrates. It can be seen tiat immatures exhibited LOCOMOTICN,
APPROACH, NOSE, SNIFF ond RETRIAT significantly more with
castrates than with adults. It has already been ghown that)in
comparisen with tmmature-Livmature encounters,inunatures confranted
with castrates eshibited more LCCOLIOTION, APIFLCACH end social
and Investigative behaviours as a result of the castrates tendency to
LUNGE-RIDTALIATE; the same appears to be the caze when

{mmeture-castrate and lmmature-adult enccunters are compared.
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2.2.%(c). Summary

Immatures confronted with any oppencent rarely exhibit overt
agsressive behaviour. The degree of LOCCRCTICN and
investigative behaviour exhibited by Immatures appears to be
grentest in inmature-castrate encaunters and least in Immature-
Immature encounters, with irnmoature-adult encounters folling
between these two. This is due to the fact that Imun atures settled
dovwn with each othier, whereas castrates tended to cihibit
retnliztory behaviour, thus elevating levels of zctivity amaengst

their immature cppenents.



2.3.3,and 2.3.4, Tesults (2ont.)

It has been the cbject in the raain behavicour study, the results of
wiidch have been presented 1n sections £.8.1 and £.2.2, to demonstrate
the differences botween the beliavicur of adult, castrated and immature

male banic voles, by comparing cnccunters of adults with adults,

castrates with castrates and Inunatures with iramatares, and by
comparing their reactions to different cpponents. The alin of this
behavioural study was to validate the premises upon which the
experimental ecclogical study described in Chapter 4 was based,

TFeollewing experiment LINCL 4, the actual animals used (sce
section 2,2.0 for details), upen whose behaviour the experiment
depended, were tected, firstly to demonstrate the tehavicural
aificrences between the various clisses of male remcved from the
enclogurces, and sccondly to demeoncsirate thot their Lchaviour vwas
comaparable to that of the anlinals veed in the main behaviour study.
Theoe reosults are degeribed In Section £.2.3 and 2.3.4 respectively -

which follovwr.

2.2.3, Pemilts {cont.) - 0 Oupplementary Lehaviour study, animals

L k- A S T

from 2_}:'Wcrnt:cnt ‘.u\,L 4.,

The scction that follows gives the results of the following
cc‘mparisons:
2.3.5(a) : between the behaviour of adults from the left (control)
enclosure and that of castrates from the rigit

(experimental) cnclosure.

2.3.2(b) : between the behaviour of adults from the left (control)
cnclosure and that of immatures also from the left.
2.3.2({c) : between the behaviour of castrates from the right
{experimental) enclosure and that of immatures also
from the right.
.3.2(d) : between the behavicur of immatures frem the lcft (control)
enclosure snd that of fmmatures {rom the right

(experimental) eaclosure.
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2.3.2(2). Comparison of the behavicur of adults from the left

D e L T T e e e

(control) enclosure with that of castrates from the richt (experimental)

A e —— T TGS B G- e . G S S P B S e . e P B S M B4 Rem e Sk e . T s . —— e

en,closurg_.

-

Table 2.3.2(i) shows the differences between the behaviours of
the castrates and adults removed from the enclosures at the end of
experiment ENCL 4. It can be seen that adults exhiibited high levels
of aggressive behaviour siznificantly sooner and more often that did
the castrates (MW CD, p<0.01 for all encounters, p<0.031 for
encounters with APPROACIH). Tables 2.3.2(i) and (iii) and (iv)
show that cut of a total of eight adult-adult encounters, four contained
APFRCACIH, and of these four, all four contained M'WCD. Among |
the castrates, all eight enccunters contained APPROACII, but none
cf these contained MWCD. Thus it can be seen that the adults
removed from the left enclosure, once APPROACIH had cccurred,
were clearly much more aggressive than the castrates frcm the
richit enclosure. ‘

Table £2.3.3(i) shows that general sccial and investigative
behaviours occurred, as one would expect, sooner, more citen and
for longer in the castrate-castrate encounters than in the adult-
acdult encounters. The highest level of amicable behavicur, HUDDLLE,
occurred significantly more between castrates than between adults,
both when all and when only encounters with APFPILOACII are cansidered.
TLETH-CIIATTER which it has already been noted appeared tobe a
behaviour with threat properties, occurred significantly more cften
between adults than between castrates {p <0.05 for all encounters, ,
p<0.01 for encounters with APPROACH. The castrates also exhibited
LOCOCMOTION sigmificantly more than the adults; because of its
association with fighting in the adult-adult encounters, the significance
is markadly less in the encounters with AFFLROACH than when all
cncounters are considered.

In general therefore, this comparison paralellel that between the
behaviour of castrates and adults in the maia behaviour study (Results
given above in section 2.3.1). Adults fought significantly more than
castrates; following APPROACI, castrates exhibited more social and

amicable behaviour.
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22.

Tokle 2.3.8{ii). The number of encounters in which APPIIOACII
c¢id or did not occur in behaviour tests of animals
from Lxperiment ENCL 4.,

T - - “ATFRUACIT

Type of Total No. Yoo No

encounter

AdLivefdid & 4 & qk=5.337.2
vs & ¢ * :I df= 1 Y =4.00
CR4 vs CLR4 8 8 o A P05 lafsl SY2.y g
IL4 vs IL4 16 14 2 Y= P<0.05 | 4oy
i — ---.~F] df= 1
n.s n.s.

4 vs IR4 18 14 2

-— —— o — O A e e e s e A v

Key: Adi = Adult males )
C4 = Castrated males)
4 = Immature males )

removed from enclosures at end
¢f experiment ENCL 4

L. = Left enclosure
I = Right enclosure

Table 2.3.3(iii). The number of encounters in which high levels of
aggressive behaviour (MWCD) did or did not occur -
all encounters considered.

- ———— s -  tus: 2o Wom s T

MW CD
Type of Total No. Yes No

encounter
—e e —

AdLA vs AdL4 8 4 4 df:ﬁl-33 +%= 9.64

CR3 vs CR4 8 0 8 p<0.05 | df=1 yzg 0
e e

IL4 vs IL4 16 0 16 —X=o0 <001 4 ey
U USROS I ¢ & i |

IR4 vs R4 16 0 16 -n.s. n.s.

. a0 e kS4TGB e b - ——n v -

Key: As for Table 2,3.3(ii)
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Table 2.3.2(iv). The number of encounters in which MWCD did
or did not cccur ~ anly encounters with
APPROACII considered.

Type of Total No. 1\ AL ('P
encounter : Yes No
AdL4 vs AdL4 4 4 o0 TJF=12.047,

- R - T | L= 17.98
CR4 vs CR4 8 o 8 Jpl0.001 |y 40

- 2

IL4 vs IL4 14 0 14 -72: =01 p<0.001 |df= 1
R4 vs L4 14 0 14 Jn.s. n.s.

- — -

——

Key: As for Table 2.3.3(ii)
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2.3, u(u) Comparison of the behaviour of immatures from the left

. S, i s e . e Bt i e % o e et T A i VP S

(control) enclosure with that of immatures from the risht

G A A W W o e e b B el WY e gye e ) v A v o Yo o=

Lc per{mental) enclosure,

——— e AL A A

Takle 2.3.2(v) shows that the only difference between the
behaviour of immatures from left (control) and righit (experimental)
enclosures was thoet for innmatures from the left, the ceccurrence of
GROCLI-ZLLTY wag sizaificantly higher than for immotures from the
rirht (p<C0.01 for all acounters, o .05 for encounters with
AVPRCACII). Immnatures frora left and rizht enclosures hiad lived
all their lives In different seocial environments - thoze in the left in

the presence of adult ntact rmales cenly, those in the right in the

prezcnce of the same nuraber of adult malcs, the majerity cf which
were castrated ( ce Chapter 4 for full details). It was therefore

Lighly likely that there were differences in tic learnt behaviour of
these two groups; the methiod of arcena tecting used in the present
ghudy was clearly not sengitive encuglh 1o give any clewr indications
of these differences. I is interesting to note, however, that th
cily other behavicur where the cificrence between the groups
approached girmificance was TULTI-CITATTLIR (2<0.13 for latency,
occurrcnce and <duration for all encounterys, lnunatures {rom the
irht enclocure exhibiting it sconer, more cften and for longer thaa
those frorm the 1oit). Yerbaps the fact thot Lbotl these behavicurs
are seractimes port of lov level end or conflict apgreszive situations
indicates that the iromatures from the control eaclooure were more

acruainted with asoregsion than were the immnetures from the

experimeoental enclocure.
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6.

2.2.%(2). Corparizon of the behaviour of adults Afrom the left

et e s -

(centrol) enclosure with that of immatures also from the left enclosure.

As with the comparison of adult-adult and Immature-irmmature
encounters in the main behavicur study, the results ¢f which are
given in section 2.3.1., Table 2.3.2(vi) shows that the acults from
the left (control) enclosure fought significantly more than did the
irnmatures also from the left enclosure (M. CD, p<0.{1 for all
encounters, p<0.901 for encounters with AFPDPROACII). The same
result is demonstrated in Table 2.3.2(iii) where it can be seen that
the number cf encounters between adults centaining DIV CD was
significantly higher than the nurnber of enccunters between immatures
containing MW CD ( ‘X_2= 9.64, df = 1, p<3.01). Vi hen all encounters
are considered, thé immatures exhikited APPLRCACII miore and
sooner than the adults (latency p<0.035, occurrence p<8.41). They
also exhibited significantly higher levels ¢f social and investigative
behaviours. These differences are not significant, however, when
only these encounters containing APFRCACH are consgidered. This
is primarily because four out of the eight adult-adult encounters
cont;ined no APFROCACII. Lven so, immatures exzhibited LOCCOMOTION
sooner and for lenger than the adults in the encounters with APPROACH
(p<0.05 for both). Adults exhibited TEETH-CHATTER more than the
immatures in all encounters (p<9.03) and when cnly encounters
containing APFROACII are considered (p<0.01). Ncot surprisingly,
the comparison between the behaviour of inunatures from the left
enclcsure and that of the adults from the left enclosure is very
similar to the comparison made between im:mature-immmature and
acult-adult encounters in section 2.3.1, There appeared tu be less
inhibition of movement and ATPROACII when two immatures
confrented each other than when two adults confronted each cther,
and as a result more acts of AFFRROACIH were made. In those
encounters where thisg inhibition was overcome, social and investigative
behaviour tended to lead on to aggressicn between adults and on to

amsicable behaviour between immatures.
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98.

2.3.3(d). Comparison of the behaviour of castrates from the right

O o B W e - G a® ey - e oo P i )

(H pcrimcnhl) enclosure with that of the immo atures also from the

o e - i B M o a8 i P W — -

right enclosure,

- o - -

Table 2.3.3(iii) shows that there was no fighting either between
the castrates or the immatures from the right (experimental)
enclosure, and Table 2.3.3(ii) shows that there was no sigificant
difference in the number of encounters that contained AFPFPRCACIH,
Table 2.3.3(vii) however, shows that the castrates from the right
enclosure were markedly more active than the immatures.
LOCOMOUTION occurred significantly more often and lasted longer
in castrate-castrate than in immature-immature encounters, both
when all encounters are considered, and when only encounters with
APPLOACH are considered (p€0.05). In general, the social and
investigative behaviours also occurred significantly socner, more
often and for longer when castrates encountered cne another than
when imniatures encountered immatures. These elevated levels of
LOCCRMOTION and investigative behaviours exhibited by the castrates
were assoclated with high levels of TEETIH-CHATTER, HUDDLL,
GROOM-CTILR and CROUCIH, all of which were gignificantly higher
than in the immature-immature encounters (TEETII-CIIATTER,
p<G.0G1 for latency, cccurrence and duration when all encounters
are considered, p<0.001 for latency occurrence and curation in
encounters with APFROACH, HUDDLE, p<0.05 for latency and
cccurrence both when all encounters and only encounters with
ATEFPROACII are cansidered. GLOOM-OTHER and CROUCH, p<0.05
for all three measures for all and for encounters with AFPROACH).

These results are in marked contrast to the comparison of
castrate-castrate and Immsture-iramature in encounters in the main
behaviour study (section z.3.1) where there were practically no
differences in behaviour between the two groups. The reascns for
this contrast are that the castrates removed from the right
(experimental) enclosure were much more active than the castrates
previously studied and hence indulged in more investigutory behaviours.
A direct comiparison between castrates removed from the right

enclosure at the end of experiment LNCL 4 and castrates from the

main behaviour study is given in secticn 2.3.4(b).
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2,3.3. Summary.

Adults from the left (control) enclosure were significantly more
aggressive in laboratory arena tests than the castrates from the
right. This fact is the foundation stone upon which the entire study
of the populations within the enclosures rested; calculated
manipulation of the levels of aggression in one enclosure with respect
to the other, whilst as far as possible keeping cther differences
minimal, wasg an integral part of the experimental design. Adults
from the left enclosure ' were less inclined to exhibit APPROACI
with each other than were castrates from the right; as expected
however, following APPLROACIH castrates exhibited more amicable
behaviour, adults exhibited more aggressive bechaviour. Immatures
from different enclosures showed no marked differences in
behaviour.

Adults from the left enclosure, as expected, fought more than
immatures from the éame enclosure; following APPRCACI, adults
feught, immatures were amicable. Neither castrates or immatures
from the right enclosure fought; however, the castrates were
significantly more active and social than the immatures, something
thet was not cbserved in the main behaviour study (cee 2.3.1.).

The reasons for this difference are discussed below (2.4).



ults (cont.)

_ Sections £.3.3(a) - (d) have clearly demonstrated the differences
between the behaviour of thie adult, castrated and immature males
removed from left and right enclosures of Lxperiment LICL 4.
Chapter 4 describes the resulis that this difference in coverall levels
cf aggression between the two enclosures had on populaticn variables.,
Section £.3.4, which follows, compares the results of the adult-
adult, castrate-castrate and irnmature-limmature enccunters between
animals from Experiment EINCL 4 with equivalent encounters
previcusly described in the main behavicur study (section 2.3.1.
zbove).

2.2.,4(=), C(‘I‘G’)Sll’l.aul of the behaviour se ecn in sdult- adult encounters

i m e e e we e e - e - . e e e aL & R e e v areme e e

from the .rgam lmmvmur ndy with the ehin¥iour seen in encounters

o — - — e e e M e i mc m e ar mm . e m - B e =

Letween adults removed from the loft encleozure at the end of

T - Am L B M sl wh e Gm U s S M g s el e v e ae am b #e b T e A W A o b e e e e T @M e e e it e s W

grperiment LNCL 4.
Talkle 2,3.4(i) shows that there was no sirnilicant difference in
the number of encounters with APPRCACIH between the adults from
ne left enclosure and those previously studied, ner was there any
significant difference in the number of encounters with hizh levels
of aggressive Lehavicur (MV.CD), (Takles 2.2.4(ii) and (iii))k
Table 2£.3.4(iv) shows that there were only slight differences
between the bchaviour of the two groups; in particular, the adults
from the main study exhbibited MIUTUAL UI'RICIIT and hence MW CD
sooner (p<0.05) than did the adults removed from the left enclosure,
when only those encounters with APFRCACII ore considered. Inall
encounters, adults from the moin study exhibited TELZTII-CIIATTLER
more often and for lonrer than adults from the left enclosure (p<6.33).
These differences are lost when only those encounters with APTROACH
are conzidered. Conversely, adults from the loft enclosure exhibited
GLCCM-SLLT more and for lenger, both vhen 2ll encounters are
considered, and when only encounters with ADPTTICACII are considered
(p£0.05). The uncertain nature of CRCOLI-ZLLT cither as a
displacement behaviour, or as simple body care, mean that the

differences shown are difficult to interprct.



Table 2.3.4(i)

The nunber cf encounters in which APPROACH did

or did not occur - comparison of results of main
behavicur study with those of supplementary behaviour
study.

e P e S et e o x-S

APPRCA ;
Type of encounter Total No. ,X'.P RC fu
Yes No
£dvs Ad 47 31 16 Y= 0.77
AdL4 vs AdLA 8 4 4 ff S 1
CvsC 19 13 6 7Y = 2.25
CR4 vs CD4 8 8 o 4 df=1
’ - naso
Ivsl 19 18 1 ] L= 0.77
| df = 1
IL4 vs IL4 and 32 28 4 n.s.

IIi4 vs IN4

(encounters from
both enclesures

combined)

I o S 172 B e Sre. W W G S s @A it e e . S B R e AR B e SR AT SRt Bk S e s P

Fey: Ad= Adult males )
C = Castrated males ) from main behaviour study
I = Immature males )

Adt = Adult males )
C4 = Castrated males)
I: = Immature males)

removed from enclosures at end of
experiment ENCL 4

L = Left enclosure
L = Light enclosure



Table 2.3.4(i).

The number of encounters in which LMV CD did
or did not occur - all encounters considered;
comparison of results of main behaviour study
with those of supplementary behaviour study.

ATULe e, A P D B e e WAh Y W S s e A W P e WA D NN L A S e e

Total Ko, =l
Yes No

Type cf encounter

Advs Ad 47 21 25 ] A= 0,13
AdL4 va AdL4 8 4 4 af=1
N.s.
Cvs C 19 2 17 7 %= 6.93
|
CR4 vs Chic 8 0 g | =1
n.g.
—— e, e - ;
Ivsl 19 2 17 7 A= 3.47
IL4 vs IL4 and . o 12 i if: 1
IR vs I v ¥ T

(encounters from
both enclosures
combined)

cd

Key: fs for table 2.3.4(1)



Table 2.3.4(ii1). The number of encounters in which MWWCD did or
did nct occur - anly those encounters with
ATPROACII considered; compariscen cf results of
mazain behavicur study with those of supplementary

study.
MV CD
e 2 i } 3 - -
Type of encounter Total No Yos  "iio
e e et e e e e e e e e e e e e e e e e e e 5
Advs Ad 31 21 10 ] Y= 2,93
AdL4 vs AdLA 4 4 0 di= 1
- ~ L “ n.s.
Cvs C 13 2 11 = 1,47
, 4 ] &
CIid vs CLi¢ 8 Q 8
e e e e e B0 B0
Ivs I 18 2 18 ] “=3.13
. 1f = 1
IL4 vs IL4 and cg o 28 n.s.

Litd vs Iit4
(encounters from both
enclosures conibined)

.t A O i e gl S T . AL . W Mo T e M e 4 G e B s W S MR W e e S S B e M A S0 e P

Eey: As for Table 2.3.4(i)
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106.

£.2.4(h). Comnarison of the behaviour seen in castrate-castrate

encounters from the roain behaviour study with the behaviour seen

L

m encounters between cacstrates removed from encleosures at end

B e T S o T e T o T T Y

of experiment TNCL 4.

Tobles 2,.3.4(1), (i) and (iii) show that there are no significant
differences in the number cf enccunters centaining APFLLOACI and
AV CD between the two groups of castrates being compared.
APTRCACII occurred In eight cut of eight encounters between
castrates from the rightenclosure, and MV CD in none of them.
Table 2.3.4(v) shows however, that there were considerable
differcnces in the locomotory and social and investigative behaviours
between the two groups, particularly when all enccunters are
ccenzidered. In general, it is the castrates from the right enclosure
which exhibited significantly more LCCOLIOTICN, STRETCH-ATTEND,
IWOLE, SNIFF, LIUPDLE, GROGUI-OTIIZR and CILCUCII than the
cestrates from the main study. Castrates from the right enclosure
were particularly active and non-aggressive. As in the main part
cf the study, LUNGE-RETALIATE was occasionally cbserved, and,
aleng with TEETII-CHIATTIR, it appeared to prevent any higher
levels of agpression beilng exhibited; however, there were no
sicnificant differences in these two behaviours between the two

groups.
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2.3.4(c). Cemparison of the behaviour seen in immature-immature
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encounters in the rmain behavicur study wit_h p?:_le behaviour geen in
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encounters between immatures removed from left and right
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ggclosures at the end of exggeriment ENCL 4.
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For this comparison, the results of encounters between immatures
from the right enclosure have been considered jointly with the results
cf encounters between Immatures from the left enclesure; it has been
already shown that the behavicur of these two groups was not
sicnificantly cifferent in any imiportant points.

Tables 2.3.4(1), (i) 2nd (iii) show that there were no significant
differences between the nunber of encounters with ATTRCACH and
MW CD between the two groups. Table 2.3.4(vi) shows however,
that there were cuite considerable differences in the amounts of
various behavioural ccmponents. The most striking wasg that, both
when all encounters are considered and when only those encounters
with AFPTTICACI are considered, TEETH-CHATTER was exhibited
socner, more often and for longer by the animals from the main
study than by the animals from the enclosures (p<0.001). In
contrast to this, social and investigative behaviours were, in general,
exhibited more by the immatures frem the enclosures, particularly
when only encounters with APPROACH are considered (IWUDDLE,
p< 0.1, for latency, cccurrence and duration, ETRETCII-ATTEND,
pd0.05 for latency and occurrence, p<0.01 for duration, NOIL,
p< €.85 for occurrence, p¢ 0.01 for duration, SNIFT, p<i.23 bor

latency ond occurrence, p< .61 for duration).
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. Surmmary,

The behaviour of adults from experiment ENCL 4 differed only
very slightly from the behaviour cof adults in the main behaviour
study. The behaviour of castrates from the right enclosure of
experiment LNCL 4 and the behaviour of immmatures from both
enclosures of ENCL 4 combined, however, differed markedly from
the behaviour of castrates and iremeatures from the main behaviour
study. In both cases, there was no difference in the amount of
aggressive behavicur cbserved, but the animals from the
enclosures exhibited significantly mcre locomotory, social and
investigative behavicurs such as LOCCOLMOTICN, APIFROACTI,
STRETCH-ATTEND, NOIL and SNIFF.
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4. DIZCUSSION

- The studies described in the intreoduction to this chapter have
shown that many factors are capsble of influencing the form that
encounters between male rodents In the laboratory can take.

Section 2,2.1. describes the precautions taken to ctandardise the
testing procedure used in the present study, aimed at eliminating
as far as possible all factors excert the condition of the individuals
Leing tested. DMost of the studies described in 2.1, used animals
from carefully sclected strains of mice, whose lineage for many
generations was known; In this study the males used were standardised
only with respect to age, weicght and treatment. Notwithstanding
this, the results obtained have largely corresponded to those of
previous reports.

Tizch secticn of the results of the Inboratory study of behaviour

2.3 abeve) will now be dizcussed in turn.
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Cection 2.4.1. Discussion of section 2.3.1. « Comparison of the

behaviour of adults confronted with cther adults, castrates confronted

with other castrates, and immatures confronted with other immatures.

Pre-pubertally castrated male bank voles fought significantly
less with each cther than did sham-operated adults. This is in
agrecement with all the previous studies of the direct effects of pre-
pubertal castration . of redents (Uhrich, 19838; Deeman, 1947;
Cuchowsky et al., 19€9; Leshner and Moyer, 1977 amony others),
where testicular androgens are assumed to control directly, through
neural influcnce, an anizﬁqal's tendency to aggressive behaviour.

flz0 az expected from previcus studies of other rodents,
Immature male voles fought significantly less with cach other than
did adults. Ilowlands (193C) has shown that at around a weight of

100mg, the testes of Clethrionomys glareolus start to contain

spermatozoa, and, as described in the introduction (2.1), several
studies have demonstrated that the onset of aggressive behaviour
coincides with puberty and the general elevation of circulating
androgens assoclated with it (Levy and King, 1953; ILegerspetz and
Talo, 1937; Drain and Nowell, 1859; Christian, 1971; and McKinney
and Desgjarding, 1972).

Lecause wild caught anlmals were used in the present study,
immaturity had to be defined in physiological (testis size, body
weight, etc) rather than chronological terms, as is possible with
laboratory born animals. An immature was defined, therefore, as
an animal weighing less than 13gm, whose testes were estimated by
palpation to be less than 0.5cm in length, and which had no scars to
indicate figlting experience. Voles born at the end of tiie breeding
season commornly fail to come into breeding condition in the year of
their birth, and firgt become sexually mature at the beginning of the
next breeding season; anlmals born at the beginning of the breeding
scagon may become sexually méture very quickly at a very low weight,
Although a physiological definition of immaturity was used in the
present study, the results are in sgreement with the general
hypothesis that male agoressive behaviour is chiefly under the control
of testicular androgens, which are present in the immature animal

at extremely low levels.
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Unlike the castrates, immatures were much less wary of each
cther than were adults, and approached each cther in significantly
more of the encounters. Again however, there was relatively little
difference between the amount cf investigative behaviours of the two
groups, once an approach had been made.

In general, immatures and castrates did not behave very
differently, except in the case of the number of encounters cbserved
with an approach, where Immatures approached each cther more than
castrates. The factor that, in the neutral arena, keeps more adults
apart from adults, and more castrates apart from castrates, than
frmatures apart from immeatures,is not clear. The work of Jones
and Nowell (1975b)on the aversive olfactory cue present in dominant
but not repeatedly defeated ale mouse urine, and its posszible
relationship to pituitry-adrenocortical function,may be of relevance,
since pre-pubertal castration has the well known effect of causing
the retention of the X-zone of the adrenal cortex in mice, as well as
causing adrenal hypertrophy; however, the complexity of the
relationships between adrenocortical and gonadal influences and
behaviour, which are not well understood, preclude any conclugions

being drawn.
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Section 2.4.2. Disenssion of Section 2.3.2. - Comparisons of the

ways in which the behaviour cf a particular class of animal varied when

confronted with different sorts of opponent.

In broad terms, it has been easy te show that adults are more
aggressive than castrates or Immeatures, simply by meacuring the
incidence or duration cf those behavicurs which represented high
levels of aggression. In the present study these were MUTUAL
UTRIGIIT, WRESTLE, CHASE and DCMINATL, combined into a
cormposite aggressive behaviour LIWCD; many of the mcuse studies
described in the introduction (2.1) have used similar methods,
glightly more or less refined. For example, Dixon (1972) scored a
total of 48 elements of bechaviour, but then only enalysed the results
of his experiments In terms of four major groups of elements (Non-
soclal, Social iavestigation and msting,* gzression and Flight).
\.hen the amount of overt aggressien is low, however, these
relatively crude measures are not sufficient to describe differences
between groups. In the following sections therefore, whilst the gross
cifferences in both aggressive and social and investigative behaviours
will be discussed, the differences in individual elements, particularly
those aggressive elements displayed by immatures and castrates
which appear to prevent escalation to higher levels of agoression,

will also be discussed.
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Section 2.4.2(3) Discussion of section 2.3.2(2) - Comparisons of

the behaviour cof adults confronted with castrates, immatures or

other adults.

The results obtained in this section were as expected from previous
studies on rike. It has been shown in the introducticn that tecticular
androgens appear to have two distinet concurrent effects on aggressive
behaviours of rodents:- |
(2) Throuzh the modification of the production of olfactory cues.

(b) Through central motivational effects on fighting, presumably
acting on brain tissues.

Several authors have shovm that castrated male mice are less
susceptible to attack by trained fighters than are intact males (Lee
and Drake, 1971; lugford and Nowell, 1870, 1271b; BErain and Evans,
1574(a) and (&), and that immature males are similarly fmmune
(Mackintosh, 1970; Dixon, 1973). Androgen replacement therapy
restores proneness to being attacked (Lee and Brake, 1972; Mugford,
1974; Drain and Evans, 1874(2)). The reason for this appears to be
that an egsression releasing substance is present in the urine of adult
male mice, and is under androgenic control; immature males and
castrates do nst possess it. The urine of fermales has been shown to
have an aggression inhibiting cuality (Mugford and Nowell, 1979,
1971a; Dixon and Mackintogh, 1971; Svare and Candleran, 1973);
this does not appear to be the case with the urine of castrates and
immatures, since the urine from both these groups does not prevent
adults from beinz attacked, or attenuate aggressive behaviour in
potentlally acgressive situations (Pixon, 1973). Thus it was to be
expected that adult male voles would attack and ficht wih cther adulls,
but would not fight with castrates or immatures, and the results have
shown this to be the case. The differences between thie behavioural

reactions of adults to castrates and immatures was not rmarked.
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Section 2.4.2(h) . Discussicn of section 2.3.2(b) - Comparisons of

the behaviour cf castrates confronted with adults, immatures or

other castrates.

The results of the comparison of the behaviour of castrates
confronted with different opponents were rmuch less clear cut than
those described in the previous section because, in general,
castrates were not overtly aggrescive,

The function of certain behavicursl elements in preventing the
escalation of behaviour to higher aggressive levels, cither by causing
an approaching animal to retreat immediately, or by preventing the
approach in the first place, apreared fmaportant in the behaviour of
castrates. Thus, lunging at an approaching opponent (;LUI‘IGE-

0 ALIATE}, with no bodily contact, was commonly sufficient to
cause the approaching animal to retreat. This behaviour is
morphologically very similar to the lunge of an animal that has
approached another(LUNGE-ATTACK)but the raotivation for the two
éppc:zred to be quite different; the former appeared to havea
deterrent effect, the latter to be overtly agrsressive. LUNGE-
RIETALIATE was exhibited by castrates to beth approaching Immatures
and adults; with adults it was ofien accompanied by a squeal, and
appeared to be more effective as a result. This behavicur is clearly
described and drawn in Clarke's (1938) study of the ficld vole

Mierotus arrestis, although he associated squealing with weaker

rather than more effective retaliation by subordinate animals.
TLITII-CIIATTLCR was observed in all three classes of animal, in

all test situations, and seemed to act effectively as a deterrent to
approach; it was comraonly observed in encounters where no approach
at all was made, Clarke (135C) said that teeth gnashing was a
threatening behaviour commonly observed when two voles of equal
status met, but also in unecual encounters. Turner and Iversen

(1973) scored all vocalization together, but distincuished between
squealing and teeth chattering. They claimed that squealing was

heard during the breeding saaéon, and teeth chattering when encounters
between animals not in breeding condition were staged; in the present
study this was not the case, and although squealing and teeth chattering

were observed under very different circumstances, the same animal
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frequently exhibited both in the same interaction.

Although the numbers of encounters in the three proups
(C vs Ad, Cvs C, C vs I) conteining an approach vwas not
simmificantly different (see Table 2.3.2(b){i)), castrates tended to
appreoach and indulge in amicable behaviours more with immatures
than with adults or with other castrates. The former was, at least
in part, as expected from the studies on the aggression facilitating
olfactory cues of aduli males previously discussed (Lee and Brake,
1971; Mugford end Nowell, 18792, 1971b;Brain and Lvansg, 1974 a ,
b ), although all these studies monitored actual attacks Ly trained
fighter mice on test animals and have not congidered, at least
directly, the action of clfactory cues on the social and investigative
behaviours of non-aggressive animals. Whether the fact that
castrateg approached and investigated adults significantly less than
Immatures was the result of an aggression facilitating or an ‘
aversive pheromone of the adults (Jones and Nowell, 1873a),1is open
to question. Similarly, the reasons for castrates huddling with and
grooming acdults less than they did with other castrates may also be
due to either an aversive cue from the adults, or {0 an aggression
facilitating cue, also from the adults, acting at a lower threshold
than has previously been suggested. Castrates approached adults
sigmificantly eooner than they did other castrates, which suggests
that an averclve pheromone vas not acting.

The fact that castrates epproached and investizated immatures
significantly more than they did cther castrates cannct be cxplained
in terms of the current lmowledge of aversive and aggression -

facilitating and Inhibiting olfactory cues.
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Section 2.4.2{c). Discussion of gection 2.3.2(c) - Comparisons of

the behavicur of immatures confronted with adults, castrates or

cthier immatures.

As expected, Irnmatures very rarely exhibited high levels of
~overt agoressive behavicur, whatever the opponent.

Lie behiaviocur of cne animal in an enccunter is obvicusly
affected by the behaviour of the olher, and this is demonstirated in
this section; cactrates, as has already been discussed, tended to
lunge at approaching and investigating adults and imumatures, and
this behaviour appeared to prevent the level of aggression rising,
gince it usually resulted in an Immediate retreat. Immatures however,
appeared less aiffected than adults by this retaliatory lunge, and after
retreating, cocmamonly approached again only to be hunged at again,
and so on. Asa result, Immatures confronted with castrates tended
to show high levels of locomotion and investizztory behavioux:s. In
Immaturc-immature encounters, approaches were few because the
two anlmals scttled down falrly quickly after an initial bout of mutual

[

investization. The possible existence of both an aggression eliciting
pheromone, present in adult males but not in castrates or juveniles,
and an aversive pheromene, which has been shown to be more
effective In dominant adult males than in subordinates, has been
dizcussed above in the context of both adults and castrates reaction
to different opponents. These two olfactory cues algo appear to
have been acting in mediating the behaviour of immatures in the
rresent study, demonstrated by the reactions of castrates and
adults to immatures, and the fact tliat iramatures were so amicable
with each other. Turner and Iverscn, (1973 ) scored 'Time together!

in their study of Micretus pennsylvanicus, regardless of whether

animals were aggressive or amicable, and a similar measure in the
present study could have demonstrated how much different classes
cf animal aveided each other. The only real measure in the present
study of hizhly amicable behaviour was IIUDDLE, but immatures
were coﬁnmonly, very active, and did not exhibit this behaviour very

frequently.
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Sections 2.4.3, and 2.4.4, Discussion of sectlon 2.%.3.,

(Supplementary behaviour study of animals removed from enclosures

at the end of experiment DNCL 4) and gection 2,3.4, (Comparison of

results from main and supplementary behaviour studies).

The aim of these two sections of the results was to deraonstrate +-

2.4.34 that the adults, castrates and immatures used in experiment

ENCL 4 (sec Chapter <) behaved differently from each cther (Results
gcetion 2.2.2) and

2.4 .4 thot any differences demonstreted iIn scctien 2.3.3. were
broadly comparoble to the differences demonstrated in tiie main
behavicur study (Hesults scetions 2.3.1 and 2.5,2).

‘Both these alms were achioved with oneg or two exceptions. As
expected, adults removed from the enclosures at the end of experiment
LEINCL 4 fought with each other, whereas castrates and immatures did
not, and adulls removed from the left enclosure at the end of
experiment IINCL 4 did not behave very differently from adults from
the main behaviour study. Although there was no difference in the
arcressive behaviour of immatures from ENCL £ and immatures
from the main study, and similarly no differcnce in the agcressive
behaviour of castrates from ENCL 4 and castrates from the main
study, (there was virtually no aggoression in any of the four groups),
beth castrates and Immatures removed from the enclesures were
more active and exhibited more social and investizative behaviour

han animals from the main study. Like animals frem the main study,
21l animals from LNCL 4 vere isclated for a minimum of two veeks
before behaviour testing, and were ctherwise treated in exactly the
same way. llowever, animals used in the main study vere wild-
caucht animals, which had grown up under normal bank vele social
conditions. Animals frera the enclozures, on the cther hand, had
been subjected to a very atypical envircnment and high population
densitics (see Chapter 4 for details). The marked effects of social
experience on subsequent behaviour has already been mentioned
(:Ziny and Curney, 1937; Devan et al., 1263), and it i3 1likely that
this would have most effect on the immatures, all born in the
enclosures. The castrates in the main study had all been isolated

at castration, several weeks before behaviour testing; the castrates
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from ENCL 4 had spent 10 months living in the enclosures with
other castrates, adult and immature males and females, and were
only isolated after removal from the enclosure. It is not really
possible, therefore, to be more specific about the reasons for the
Cifferences between the behavicur of animals removed from the
enclosures and that of animals used in the main behaviour study
except that their previous social experience had been clearly very
different. This does not alter the fact most pertinent to the present
study, that both castrates and Immatures removed from the enclosures
at the end of experiment ENCL 4 were significantly less aggressive
than the Intact adult males removed from the enclosures at the same
time. In cther words, overall levels of aggressive beliaviour in the
richt, experimental enclosure were significantly less than the levels

of aooressive behaviour in the left, control enclosure.

&l
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Fiald chzervation of bank vole bebavionr
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2.1, INTRODUCTION

Detween June and Ccteber 1973, dbservations were made of
behavioural interactions under field conditions. It was felt that the
technivques of laboratory observaticn of behaviour, described in
Chapter 2, might be poorly reflecting beoth the gualitative and
quantitative nature of field agonistic interacticns. Field observation
of behaviour is very coxamcen in studies of larger marmmals; largely
because of the secretive nature however, behavioural ocbservations
of rodents under field ccnditions have been few (Finley, 15392;
Andrzejewsid and Clszewski, 1903; Kikkawa, 1834; Ashby, 1867;
Lrown, 19C9; Creenwood, 1974; Garson, 1375). In none of these
studies have behavicural componcents been accurately ¢efined or
guantified, and only in two (Grown, Garson) were individuals
identified. Andrzejewski and Clszewski (1983) observed €18

appearances of bank voles (C]ethrionomyé slarelous) at a bait point

(2s well as 521 appearances of yellow-necked mice, Apodemus
flaviccllis), of which 83 were Interactions between two bank voles.
They divided these interactions into three types, tolerant and
aggressive meetings, and meetings with mutual flight, and they

stated that, in bank voles, agcressive interactions were more frequent
than tolerant or mutual flight interactions. Fercentages of each type
are given in their paper, but contradict each cother, and therefore no
comparison with the present study can be made. Iikkawa (19€4) and
Ashby (1967) both mention brief field observaticns of bank voles,

Lrown (1858) and Garson (1972) observed Apodemus sylvaticus in the

ficld, and Greenwood (1974) observed both species, Jewell (pers.comms.)
watched A .sylvaticus in drystene chambers on Hirta, St.Xilda; in none
of these studies were behavicural components described in detail or
cuantified.

Similarly, although some observations have been made of the
behaviour of small mammals in large enclosures, the incidence of
individual behavioural components has not been quantified (e.g.Clarke,
1955; Southwick, 1525(b); van V. ijngaarden, 1250; Crowcroft, 18€6;
Crowcroft and Rowe, 1953; Lidicker, 1973 and others). Southwick
(193Zb)scored the number of aggressive interactions per hour, and

Crowcroft (1966) and Crowcroft and Rowe (1963) interpreted their
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detailed descrintions and chservations of the behaviour of

individuals in Ifus musculus populations in large indoor pens in

terms of social gtructare within the pens, but did notquantify
individual components. IMore detailed observations have been made
cn laboratory pepulations in large cages, but usually only in terms
of the rates at which aggressive acts occurred (e.g.Lloyd and
Chriztian, 1857; Terman, 1974; ‘Lloyd, 1972). Thus it can be
seen that studies containing systematic obgervaticn of the
behavioural components of small mammals outside the confines of
smz1l laboratory arenas have been almost non-existent. The object
cf the present study was not primarily to quantify in detail
Cifferences between behaviour observed in the two enclosures used
in the ccological part of this study (see Chapter 4 for full details),
and the differences between behiaviour olgerved in them znd in the
ficld, but to determine the relationship between the behaviour
patterns cbserved in the laboratory arena tests and those chserved

under more natural conditions.
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3.2. METHODS

‘Observations were made at three locations.
1. Left enclosure ° Zoology Department, Reyal Holloway
2. Right enclosure Couegé. _
3. Oakfield, Burghfield, nr.Reading, Berks.
The tWo enclosures (each 550mz in area) are described fully in
Chapter 4. Observations at Oakfield were made in the middle of a
grid in an area of mixed woodland being regularly live-trapped as

part of another study. Because all three areas were being trapped

regularly, it was possible to mark captured animals by clipping the -

fur. Clipping the guard hairs exposes the black under-fur, and if

distinct patches are clipped, animals can be identified at a distance.

Animals were fur clipped as shown in Fig. 3.2(i).

Fig. 3.2(i). Fur clipping.

Key ' Dorsal view

1% @

Ad 99@
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Ad = Adult
I = Immature
C = Castrate

During the period of observation, the left enclosure contained
approximately 25 adult males, 20 adult females and 45 each of

immature males and females. The right enclosure contained



"128

approximately 20 castrated males, five adult males 23 adult females
and 65 each of immature males and females. Estimated density of
animals at Cakfield was approximately 80 voles/ha. (T.D.liealing,
personal communication).

In order to facilitate observaticns, a bait point was set up on
each of the three sites. This consisted of a large tin filled with oats
with a small opening at the bettom from which voles could feed.
Voles at this point were observed through binoculars from a range of
about 13 metres. All observations were in daylight between 07.15
and 19,10, and, although it is obviously not possible to assess the
effcct ¢f an cbserver on the levels of activity of animals in the field,
it is assumed that the guality of interactions was not changed by an
chserver's presence; commonly, voles started moving arcund and
feceding within a very short time of my arrival and cn no occasion was
cne seen to pay any attention to me. Incounters observed were simply
recorded in full, with particular attention being payed to recording the
20 behaviocurs already described in Chapter 2. The additional category
of MUTUAL AVOIDANCIE was also scored. On many occasions, two
animals saw each other from a range of a half to one metre and
immediately rushed off in opposite directions. Clearly this could not
occur in the laboratory arena tests previously described, but in the
field constituted a definite interaction, without an APFROACH or any
aggressicn occurring. MUTUAL AVOIDANCLE was, of necessity, a
blanket term, and in effect covered all interactions conducted at a
distance, before an APPROACII occurred. SQUEAL was scored
whenever it was heard, even if it was not part of an interaction under

cbzervation at the bait point.



v.3. RIESULTS

Although trapping within the enclosures was Intense (see Chapter 4),

many animals were caught relatively infrequently, and because fur
clips are lost at moulting, a fairly hish proportion of the populations
were not marked at any one time. Also, voles move very cuickly,
and an interaction was frequently over before the marks could be
definitely distinpuished. Consequently, In the majority of the
interactions observed, neither the sex or age of either one or other
of the participants Is known. Trapping at Oakfield was considerably
legs Intense (five days trapping every six weeks) and as a result,
chserved Interactions containing marked animals were very few,
During the course of the field cbgervation of behaviour, the following
components of agonistic behaviocur described in Chapter 2 were
ohgerved:- LUNGE-ATTACK, LUNGE-RETALIATE, SQUIAL,
LCCOMCTICN, GRCONM-SELF, APPROACH, STRETCH-ATTEND,
NCEE, SNIFF, CHASE, FLED. The following behaviours were not
ohserved:- MUTUAL UPRIGHT, WRESTLE, DOMINATE, SUBMIT,
CRCUCH, GROCM-OTIER, FUDDLE, TEETH-CHATTIR could not
have been heard at the range from which cbservations were made,
and so it is not known whether or not it cccurred. The results of
this field study of behaviour are summarised in Tables 3.3(1), (ii)
and (iii).
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Table 3.3(ii). Field observation of behaviour. Detaiis of interaciions
observed between animals of different age and sex
classes (combined data for two enclosures and Oakficld).

Ad &g |I éd Ad 99 [I99 Age and sex

not known

Age and
sex not
lknown

4

17

3

5.

44

0.50(2)
0.50(2)
0.75(3)
0.75(3)

0.59(10)
0.41( 17)
0.12( 2)

0 (0)

0.67(2)
0.33(1)

0 (0)
(0)

0.20(1)
0.80(4)
0.20(1)

0 (0)

0.38(17)
0.61(27)
0.25(11)
0.05( 2)

I99

8

(0)

(0)
(0)

0.50(4)
0.50(4)
0.13(1)
(0)

0
0

Ad 99

1
0
1.00(1)
0
0
0

(0)
.00 (1)
(0)
(0)

DO O = OO

0.29(2)
0.71(5)
0.43(3)
0.29(2)

0.33(2)
0.67(4)
0 (0)
0 (0)

2
0 (0) : :
1.00(2)
1.00(2)
1.00(2)

Each line in this block °
corresponds to a line

in each of the cells

in Table 3.3(ii) above

2

NN
’\F\?A

N e Nt

Y
Z

V = Number of interactions observed.

W(w) = Proportion (and number) of interactions with MUTUAL AVOIDANCE

X(x) = Proportion (and number) of interactions with APPROACH

Y(y) = Proportion (and number) of interactions with agonistic behaviour.

Z(z) = Proportion (and number) of interactions with agonistic behaviour,
excluding CHASE. '

Adult.

Immature.

Ad
I

n un
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Table.3.3(iii). Field observaticn of behaviour. Details of
interactions of different age and sex classes,
irrespective of opponent.

Interactions Age and sex
involving:- Adgd 1384 Ad9? 192 not known

Number observed)| 14 39 4 14 73

Proportion (and )
mumber) with ' )
MUTUAL 0.29(4) | 0.46(18)| 0.50(2) | 0.36(5) 0.44(32))
AVOIDANCE

Proportion (and :
number) with 0.71(10)] 0.54(21)] 0.50(2) | 0.64(9)| 0.56(41) .
APPROACH

Proportion (and
number) with 0.57(8) | 0.15(6) |0  (0)] 0.14(2)] 0.23(17)
agonistic
behaviour

Proportion (and
number) with

e, e | 20 | 005 0 @) 0 ) 0.07)
J
with CHASE
excluded
B 2 - .
Comparison: of ')('< O~ 02051'2’ df = : l
all encounters pz L | '
with/without A =3.5,df=1 |
observed p<0.10 I
‘agonistic 2 =
behaviour Y= 9.2, df 1
p<0.01
Other comparlsons between groups all non- s1gn1f1cant.
2
. N o= 12 1, df = 1 l
Comparison of 5<0 1001 |

only those 9
encounters with [l = 3.5, df='1
an APPROACH |[p<0J

'-
1 )
|

. . L
w11:h/. without 7{’2 =98, a=1
agonistic <0.01
behaviour pe e

Other comparisons between groups all non-significant.
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Tables 3.3(i), (1i) and (iii) chow the following:-
(1) Overt aggressive behaviour was rarely observed at any of the bait
peints, the majority of interactions being completely peaceful, These
peaceful interactions were of two sorts:- (a) those where an APPROACH
was made, and the animals came within approximeately 15cms of each
othier, and (b) those where the animals were aware of cach cther, but
there was MUTUAL AVOIDANCLE ., MUTUAL AVOIDANCI occurred
In 40 out of the 9§ interactions observed.
(2) The difference between the frequencies at which interactions were
observed in the two enclosures was not marked (approximately one
every 11 minutes in the left enclosure, one in every 13 minutes in the
right enclosure)., Interactions were observed on average approximately
once every 20 mimutes at Cakfield.
(3) Dy far the commonest component ¢of aggressive bchaviour )
observed in the field was CHASE (and hence also FLILZ)., Those
components most commonly observed in high level ageressive
interactions in the laboratory arena (that is MUTUAL ULLRIGIIT,
VWRESTLL, DOMINATE Jwere na observed at all in the ficld.
(4) It has already been said (Chapter 2) that SKUEAL when observed
in the Inboratory arena, occurred, in malez, during the periods of
hizh levels of agenistic behaviour; it can be seen from Table 3.3(1)
that S .ULAL was very  frequently heard in the left enclesure (on
average approvimately once every 54 mimutes), much less frequently
in the rizlt enclosure (approximeotely once every 23 minutes) and not
at all at Calfield.
(3) Table 3.2(ii) shows that only two encounters between two adult
males were observed; in both, and APPRCACII was made, and in both,
aggressive behaviour (not CIIASE) was observed.,
(5) Table 3.2(iii) shows that when the Interactions ¢f each age or sex
class are considered irrespective cf opponent, it is amongst the adult
males that aggressive behaviour is most evident. The differences in
the proporticns of interactions with MUTUAL AVOIDANCE and APPROACH

between the different age and gex classes are not significant.
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S.4. DISCUSSTON

The results have shown that no encounters invelving castrates
were observed in the right enclosure; it is obviously not therefore
possible to draw any conclucsions abeout the behaviour of the
castrated males in the enclosures from the present study. It will be
chown however, (in Choypter 4), that at the same time as this field
behaviour study was being conducted, adult intact males in the
enclosures were gignificantly more wounded than castrated or
Immature males, and all females; it therefore seems roasonakble to
assume that the low levels of agoression observed in laboratory arena
testy In the castrated males fror the right enclosure, compared with
the levels chaerved in intact adults from the left, (sce Section 2.3.2(2))
were operating during the period of field chbservaticns dezceribed here.,
The relatively small mumbers of interactions observed, and the
cifficulty in identifying sex and age of participants, mcan that detailed
cenclusions about the differences in the incidence of behavicural
componéents between the different agze and sex classes cannot be drawn.
The rezults suggest however, that, in agreement with the Liboratery
study of male behaviour, it is the adult males who indulge in more

goregsive Lehaviour than fmmature males or adult and amasture

[v}

feraales. These differences are exhibited when, as in tiie Inboratory
study, either all encounters were conzidered or eonly those in which
an APITICACH was made (Table 3.3(ili). In spite of the fuct that the
results of the ficld study appeared to parallel those of the laboratory
gtudy with respect to the goneral levels of aggressive behaviour of
different age and sex clagses, and with respect to the form of the
behavioural compenents cbserved, it was very scon noticed that as a
result of the lack of confinement of field interactions compared with
laboratory interacticons, individual encounters observed in the field
wvere not the game as those observed in the laberatory. This is
exemplified by the necd to create a new bebavicural category for the
field study, MUTUAL AVCIDANCE; 297 of the interactions observed
in the ficld contained this beliavicur. The eszential differcnce was,
of course, the fact that aniimals in a Iaboratory arena could not get
rore than about 25cms away from each other. There was absolutely

no possibility of escape in the arena, whereas, in the field'MUTUAL



AVCIDAINCL, following long range audial or visual detection of
another animal, was eagy. It would appear that, in the field
situation under observation, MTUTUAL AVCIDANCE functioned as a
method of avoiding highly agrressive encounters, so that as a result
of the physical differences between the laboratory arena and the bait
point, much less aggreszive behavicur was obgerved at the latier.

The fact that, of the behavioural components conszidered to be
most highly aggressive in the laboratory (MUTUAL UPRIGIIT,
WhnSTLi, CHASE, DOMINATE), CHASE was chserved frequently
(in 147, of all interactions chserved, in 24Y: of encounters in which an
APFPROACI occurred, and in €1% of encounters containing any
aronistic elements), and the other three not at all, algo peinted to the
marked cifference observed between laboratory and field interactions.
It would appear thet CHASE, when obzerved in the ficld, represented
a lower level of aggressive interaction than when chserved in the
laboratory arena where it was very rarely cbserved, where a flight
rcaction leading to effective escape was not possible, and vwhere it
rerresented an extremely hizh level of aggression.

It will be shown (Charter 4) that, in field porulations during the
breeding season of 1076, adult males showed significantly higher
levels of fresh vweunds than did immature males, adult females or
immature females; in the enclosures, adult males were more wounded
than cacstrated and immature maleg and adult and fmmature females.
Commonly, more than 507 of adult males had fresh wounds at any one
time. In all these cases, it is not Imown who inflicted the wounds;
the results of many behavioural studies on mice and voles on both
agaressive and sexusl behaviour (see Elefthericu and Sprott, 1975
for a review) suggest however, that the wounds found on adult males
are inflicted chiefly by other adult males. Since no fighting was
observed at the bait point, because aveidance or escape were possible,
it would seera likely that the wounds were Inflicted either during the
many CIHASE-FLEE interacticna observed, or where an escape from
an attacker was not easy, for Instance down the burrows. Several
authors have noted that chasing mice commonly bite at the rump of
a fleeing mouse, and that a cornered animal will often turn and bite

at an ottacker; these retaliations and flizhts are often accompanied
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by squealing by the subordinate snimal {e.g.Clarke, 1935;
Crowcrcit, 19606; Lloyd and Christian, 196%7); this last parallels
the association between SYULAL and high levels f aggression
observed in the laboratory arena (Chapter Z). The results have
shown that SLUUDAL was most frequently heard in the left

enclosure containing the adult males, whose wounding record has
shovm to have been fighting the most. Clearly, since the animals
doing the squealing were rarely cbserved, it is not pessible to draw
any firm conclusions about the interactions that gave rise to them;
If however, meany Jf the interactions inveolved animals other than
adult males, higher levels of wounding might have been expected

In the other ciasses than were cbserved. It would seem

reasonable therefore, to assume that a majority of them involved
at leact one adult male. The second explanation for the exlstence
of wounding is that they were sustained in encounters where
avoidance or {light were thwarted, for instance down burrcws.

This also'seems a reasonable proposition and, if it is the case,

it euggests a situation which the laboratery arena-testing experiments
are able to mimic far betier than they do the interactions at the
bait point.

The fact that female behaviour, and its role in vole
population dynamics, has received almost no attention, and the
reagons for this neglect, have been discussed in Chapter 2. That
female redents are much less aggressive tha . males is well lmown
(sce Deach, 1948), and the results of the present study corrchorate
this. It can be secn from Table 3.2{if) that female voles, both
adult and immature, were observed to indulge in very little
agsressive behaviour; the fact that even a little was observed
however, mezns that fernale behaviour in the field vwarrants further

study.

Inconclusicn, the present study demonstrated marked differences

between the content of agcressive interactions chserved at a field

s



bait point and those observed in a Iabecratory arena; individual
components of behaviour were not different, but, whereas close-
quarter behavioural components inevitably predominated in the
laboratory arena, many long-distance interactions were cbgerved
at the bailt point. IZowever, the high incidence of wounding of
adult male voles in the field confirms the incidence of close-
quarter interactions, which are prcbably eruivalent in content

to the iuteractions cbzerved in the laboratory arena.
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4.1, INTRCDUCTICH

This ehapter deseribes a study of the role of male agrressive
Lehaviour in medizting demographic variables in communities of
bank voles enclosed La two large (35{31'112) cutdoor enclosures. Full
details of the ctudy are given in the Ilethods section of this chapter
(4.2, below); briefly, the broad aim of a zcries of cxperiments
conducted in the enclosures was to manipulate overall levels of
aggressive behavicur in a population ectablizhed in one enclosure
("the experimental enclosure') with respect to 2 population of the game
sex- and weighi-structure establizhied in the other enclosure (‘the
control enclosure') and to investizate the demographic consequences.

It has been shown (Chapter 2) thot, in labcrﬁtory arena tests,
castrated rmale bank voles were significantly less aggressive than
acult males. The artificial difference in levels of agoressive
behaviocur between the two enclosures was therefore achieved by
castrating a large proportion of the adult males prior to introduction
into the experimental cnclosure; none of the males in the control
enclosure were castrated. The subscouent fate of each population
wasg determined by live trapping .

The rolz of intrincic factors, mediated by social behavicur, in
the control of the demography of rodent pepulations has been reviewed
in Chapter 1; thicse foctors must ultimately cause changes in one or
more of the four processea of birth, death, Immigration and.
emigration. In particular, the importance of the role of dispersal
(emigration) from unenclosed populations has been discussed. It has,
however, beca a common ploy to eliminate the processes of
immaigration and emigration by using either naturally or artificially
enclosed groups of aniraals, and to concentrate on the birth and
death processes. The results of thwarting emigration can be
demographically spectacular, as has been described in Chapter 1,

In particular, as a result of frustrated disperszal, the densitles
observed In enclosed populations of both voles and mice have been

consistently rauch hicher than those observed in the field. (e.g.
Clarke, 1935; Louch, 125¢; Crowcroft and Rowe, 1957; Van

V/ijngaarden, 1950; Krebs et al, 1869; Lidicker, 1976). The



guection then arises as to whether results obtained from studies cf
encloscd populations et artificially hich densities have any relevance
to the proceszes of population regulation operating in natural
populations. This question is discussed in Chapter 5.

Licgt of the studies en rodents described in Chapter 1 consisted
sclely of introducing foundsr animalg into one or more enclosures,
end following the fate of the resultant population(s) (e.g.Crown,

1952; Southwick, 1955(a); Lidicler, 1805, 1975 amongst others).
In some, an attempt was made to manipulate the populations or their
surroundings (e.g.Crowcroft ond Rowe, 198C3; Tetrusewicz, 19537,

233). In very few studies however, has an atternpt been made to
manipulate the behaviour of individual enimals with a view to
determining the effect en population variables.

There are two maj-dr exceptions. Vessey (15537) administered
he drug Chlorpromazine {(a trenquilizer), mixed with food, to
laboratory populotions of mice which had reached an asymaptote in
total numbers,as a result of reproductive inhibition of adult femalesg
and infont mortality, There was a marked decrease In aggressive
behaviour, and population growth was renewed as a result of increased
infant survival. Removal of the drug caused a rise in apggression and
a declie in numabers due to renewed Infant mortality. Llortality of
adults did not vary significantly with population size, nor was it
affected by the adminiztration or removal of the drug. Reproduction
in the original populations, before the administration of the drug,
had almeoest ceased; the effect of the drug was to allow the few young
being born to survive better, but it had no aprarcat effect on renewing
breeding in the reproductively inhibited adult females; Vessey
suggested that this might have been because the drug was
administered for a relatively short time, and that, had it been
continued for several months, reproducticn might have been resumed.
IZe also suggested thet the two mechanisms (of infant mertality and
reproductive inhibition) might operate sequentially, with the Incrcase
in infant mortality being the cne more scnsitive to aggressive
behaviour,

The secend major example of an Indirect atterypt at



experimentzl manipulation of behaviour is the study by G‘ﬁines et al

n

(1971) in which populations of Microtns ochroraster were

eztablished in three, two-acre ficld enclosures; each of the founding
populations was composed of 20 voles, all ¢f one genotype
(determined from gel electrophoresis of marker genes in plasma),
and each introduction wag replicated three times, once into each
enclosure. Irevious work (Tamai‘m and Irebs, 1268; Gaines and
Krebs, 1971) had shown that frequencies of these three genotypes
were related to the phase of the population cycle of this vele, and
that levels of aggressive behaviour were also linked to population
phase (Krebs, 1970). Attempts to discover the link, if any, betwéen
genotype and aggressive behaviour in voles have not, however, been
succeszsful, (ilrebs, 1970), although Lagserspetz (1264) has shown
that it is possikle to sclect rggressive and non-aggressive strains

of male laboratory mice within two generations, indicating that, In
rmice, aggressive behaviour is et least in part under genetic control.
The central tenet of Chitty's behaviocural-genectic hypothesis for
control of population cycles in Microtine rodents (summarised in
Chapter 1, fig. 1.1.) is that animals from different phases of the
cycle are different, genetically and behaviourally. Gaines and his
colleagues hoped, therefore, that populations of different genotypes
introcduced into the enclosures would exhibit differeat rates of
‘population growth, as a result of their different genetic and
behavioural make-up. Thizs, unfortunately, proved not to be the case;
there were no statistical differenceas between the populations in the
rate of population increase, the percentage of lactating females, an
index of recruitment, or survival rates. Darticular genotypes did,
Lowever, appear to be sclected againct. This experiment failed
either because an animal 's genctype and those behavioural components
which are concerned with the control of population variables are not
linked, or, if they are linked, because those behavioural components
are unimportant during the phase of population growth in enclosures.
Decause of this uncertainty, the experiment failed to confirm either
the theory that social biehaviour is invelved in vole population

processes, or the more specific behavioural-genetic hypothesis of

Chitty.
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In additicn to these two major efforts to modify behaviour and
to determine its ccological consequences, attempts rather akin to
behavioural manipulation have been made with vole populations en
several cecasions; these have invelved the selective removal of
Individuals from populations. (Houlinan, 19063; IZrebs, 1968; Smyth,
19C3; Iirebs et al, 16393; Vatts, 1970) . Some of these studies have
involved the selective removal of adult males, and so bear a direct
comparison with the present study, where the aggressive behaviour
of raost of the adult males in the experimental cnclosure was
depressed by castrating them, but the animals themselves were still
paysically present. Unfortunstely, the experiments of Krebs (1966)
and Smyth (1963) were cafried cut on unenclosed ctudy areas In more
or less continuous habitat, and extensive induced immigration from
the surrounding uncropped pepulation compensated for the removal.
lowever, In 120ft2 outdoor enclosures, Iculihan (15823) maintained

a control population of Iiicrotus californicug at around 28 individuals

by monthly cropping, whilst allowing an experimental population to
grow freely. The proportion of females either lactating, pregnant cor
in breeding condition was consistently higher in the control pen than
in the experimental. However, there was a temporary severe food
and cover shortage half way through the experiment, following
decimation of the natural vegetation by the voles, and even though
food was then provided in excess, there was a subsequent population
'crash' in the experimental control enclosure, which was associated
with marked behavioural and physiological changes. Unfortunately,
these problems mean that compariscns of Iloculihan's results with
those of the present study are not really possible.

Krecbs et al (1352) cropped one third to one half of all adults

from populations of Microtus ochrosaster and Microtus pennsylvanicus

in 0.8ha enclosures, in an attempt to test the suggestion of Chitty
(19¢0) that a cropped population should remain in the increase phase
of the normal regular 3 - 4 cycles exhibited by these voles. The
result of cropping was an increased rate of population growth for
both species, significantly higher than the growth rate exhibited in
an unenclosed, uncropped control area, and high enough to

compensate for the removals. At the same time, an uncropped



enclosed population, not given supplementary food, rose to very
Ligh levels, resulting in overgrazing and a resuliant sharp decline
in numbers; thiz decline meant that detailed compariscn between
this uncropped, enclosed populaticn and the cropped enclosed
population was not really pessible; both hewever showed the very
high initial rates of population increasc commonly assceiated with
newly enclosed populations, and beth reached the very high densities,
relative to unenclosed populaticnsz, associated with frustrated
dispersal. Crepping one enclosed population appeared to prelong the
increase phase and aveid the mortality, acsocizted with overgrazing,
that was observed in the cther uncropped populotion. Thus, these
xperiments demonstrated that, in large field enclosures, the presence
of adult animals was alone zufficient to depress the pepulation growth
rate, and the data preseated suggest that this was due to enhanced
survival of juvenile animals ia the crepped pepulztion. Ilcwever,
since both male and female adults were eropped, it is not possible
to gay whethier cither or both sexes were having the significant effect.
A final example of cropping a vole population i3 that of Watts
(1270} and is of particular intercut because the species used was the

.  Americon red-backed vole ethricnomys ranhe winic
MNorth Ameril red-backed veole Clethricnemys capperi, which is

beth ecoleogically and structurally very similar to Clethirionomys

glareclus (Corbet, 185C) and Lecause the cropplng programme
Involved the removal of cdult males only. V.atts! study arca was a
strip of forest 2400m long and £0-80m wide bounded on its two long
sides by unguitable red-backed vole habitat. Ile removed adult males
from half of each of the four 600m x £0-52m quarters of his whole
study area, thereby replicating the experiment four times. The
object was to test the hypothesis that deminant adult male voles
killed or drove out juveniles during the breeding scason (Chitty and
Thipps, 1805; Viatts, 1200). Although the minimum numbers known
to be present was greater, when compared with the control areas, in
three cut of the four arcas from which adult males had been removed,
Vatts attributed this not to the increased reproduction or decreased
mortality, as a result of the absence cf the dominant males on the
exzperimental areas, but to the fact that young animals entered the

traps sooner in life on the experimental areas, because the presence



of the uncropped dominant males on the control areas was inhibiting
the initial capture of the young animals. This interprétation, based
on analysig of the populations weight-structures, showed that,
although juveniles appeared to be absent on the control areas, the
numbers of sub-adults subsequently caught was not different between
the two areas; since there was very little detected movement between
the areas, the young animals must have been there on the centrol
arcas all the time, but were just nct being caught. A simple model,
in which 807, of the juveniles evaded capture on the first occasion
that they were large enough to have entered the traps, was sufficient
to mimic the results obtained in the field. This result is clearly
important for all studies of the role of socisl behavicur in the
population dynamlics of rodents which use live trapping techniques,

and will be discussed, in light of the res of the present study, in

sections 4.3.4.(f) and 4.4. below.

In cenclusion, although previou attempts have been made to
affect rodent populaticn dynamics by experimental manipulztion, these
have mostly been unsuccessful, for a variety ¢f reasons. Vessey's
(19 7) study was the only ene in which experimental manipulation of

2 behaviour of individuals resulted in measurable changes in

demographic variczbles.
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4.2. METHGCDS

4,2,1., Construction of Inclosures,

During the course of this study, the enclosures used had to be
extensively medified as a result of loss of voles from, and transfers
between the two enclosures, and as a result of immigration of Brown

Iiats, Dattus norvericus. Ylates 4.2.1(i) and (ii) show the enclosures

-

at the end of the study in INovember 1975, by which time the
medifications necessary to remedy all these defects hiad been corried
out. These modifications will not be desceribediin detall, bu
presented in a series of figures with foctnotes.

Ficure 4.2.1(i) gives a plan showing original dimenzicns and
areas, and a section through the enclosure wall showing the original
censtruction is given in Fig.4.2,1(ii)

Fiz. 4.2.1(ili) cshows a section through the wall fcllowing the
first medifications, necessitated by mass escape of experimental
animals through newly dug mole runs extending under the walls and
by mmigration. «of non-experimeantal animals in February, 1974, and
Fig. 4.2.1(iv) shows a plan of the enclesures following these
modiffcations, which were carried e in Slay-June,1974.

Following immigration of rats into the enclesures in January,

1375, the further modifications shown in Fig. 4.2.1(v) were made.
A side elevation of the same modifications is given in Tig.4.2.,1(vi)
(5ce also Plate €.2.1(i)). The aim of this modification was to prevent
immigration of rats over the overhang and through the coriginal 13"
mesh; following the modification, the rat now had to climb the fine
' raesh after jumping up the criginal galvenised wall, and then
found a foot of vertical galvanised gheet to negetiate.,

In July, 13875, a pair of rats burrowed down through the gravel
between the plastic sheeting and the original galvanized wall, and so
into thz rizht enclesure. In November 1972, therefore, this gravel
round the perimeter was covered to a depth of two inches with
conerete. (See Fig.4.2.1(vii) and plate 4.2.1(i)). Tollowing some
transzfers of experimental animals between the enclogures in June,
1373, the gravel between the galvanised cnd plastic shecting of the

central partition between the two enclosures was also concreted over,



14-5

Plates 4.2.1. (i) - (ii)
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Fig. 4.2.1.(ii) Enclosure wall ('section)

original construction, October, 1973,

Supporting wire
1i"(3.81cm)nylon net

11" (3.81cm)galtanised
wire net

APPRQOX, '1ft.(0.30m 2%___________;——————’*"_— 13" (3.81cm) supporting
post :

Overhang of
galvanised sheet

N

Galvanised sheet

1"(2.54cm) gravel

OUTSIDE INSIDE
| .

Notags:

1. Supporting posts set every 8feet(2.44m) round perimeter
(See fig. 4.2.1.(1i)).

2. Galvanised sheets 8 feet long(2.44m), 4feet wide(1l.22m);
1 foot(0.30m) overhang, 2 feet(0.60m) above ground, 1 foot
(0.30m) below ground.

3. Nylon net to exclude avian predators (owls etc.).

Galvanised net to exclude terrestrial predators (cats etc.).
Galvanised sheet to prevent escape of experimental animals
and to exclude immigrants.

Gravel to discourage tunnelling around enclosure edges.

See text for details.

e
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Fig. 4.2.1.(iii) Enclosure wall (section), including
modificaticns, May-June, 1974.

.

] i . .
original
APPROX 1 foot (0.30m) ;;::::;””’,,—————»— construction

New 1" (2.54cm)
gravel,

New corrugated . *
plastic sheet

A4

New trench L%’ ' *

(approx 4 ftr|
(1.22m) deep)

OUTSIDE INSIDE
Notes: , e
1. 4 foot(l.22m) trench dug using Davis TF700 trench digger.
2. Corrugated plastic sheet 4 feet(1.22m) below ground,
1 foot above,
3. Same modification carried out on central partition dividing
the two enclosures.
4., See text for details.
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Fig. 4.2.1.(iv) Enclosure (plan), including modifications
May - June, 1974. : :

Original
galvanised
sheets

r

‘ <{——New plastic
. . sheets

Notes:

1. Dimensions as for Fig. 4.2.1,(i).
2. See also Fig. 4.2.1.(ii :
3. See text for details.
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Fig. 4.2.1.(v) Enclosure wall {section), including
modifications, February, 1975.

> e em e e wm s an e e e =

Original 13"(3.81lcm)
galvanised wire net.

New 8'x1'(2.44x0.30m)
1 galvanised sheet.

' S — I 1

)|

APPROX 1 foot(0.30m)'

- " ' New 2"(1.27cm)
. e galvanised wire net.

[

R} Overhang
1. el

- ' Original galvaniséd

<%"_,_._———" sheet walls.

OUTSIDE - .INSIDE

Corrugated plastic

Notes: .
1. See also Fig. 4.2.1.(v) and

plates 4.2.1.(i) and (ii).
2., See text for details.,




Fig. 4.2.1.{vi)

149.

Enclosure wall (side elevation), including

modifications, February, 1975, viewed from outside,

R S— |

APPRCX 1ft.(0.30m)

u
Notes: .
1. A=

B =
C =
2. See
3. See

Original
galvanised
sheet walls

Original 13"(3.81cm) galvanised wire net
New 1"(1.27cm) galvanised wire net

New 8'x1'(2.44x0.30m) galvanised sheet
text for details

also Fig. 4.2.1.(v) and Plates 4.2.1,.(i)

Level of gravel
between galvanised
wall and plastic
sheet.

and (ii)
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Fig. 4.2.1.(vii) Enclosure wall (section) including
modifications, November, 1975

| L. '
APPROX 1ft.(0.30m)

<¢ Original
construction

-

New 2"(5.08cm) ¢ © Aq

concrete *‘_————_ﬂ\¥

OUTS IDE < INSIDE

Notes:

1. New concrete to prevent burrowing by rats into-
the enclosures along arrowed path. .

2. See text for details. ’
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4.2,2, Introducticon of anirrals into the enclosures.

B T S o )

Animals for introduction Into the experimaontal enclosures
were captured from varicus sites in the Crovwn Istates near Vv indsor,
Berkshire, frem tiie grounds of the Forectry Commission Research
ttation at Alice liolt, near Farnhara, Surrey or from the grounds of
Reyal liolloway College, Ligham, Jurrcy. If animals from more than
one source were used in any introduction into the enclosures, care
was taken to partition animals from exach scurce equally Iato each
half, to ensure that the genetic comaposition of the two sterting
populations was not artificially made different. Cilmilarly, the sex
ratio and weight distribution of the two starting populations was made
ag similar as possible. Table 4.%2.9(1) gives a sumrary of the
experimental introductions of the animals into the enclosurea. After
capture from the field, animals were housed individually before
release. Castration and sham cperations were carried cut as

described in Chapter &, Section 2.2.1.
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4.2.3. Cumplementary food and water.

Figs. 4.2.8(i) and (ii) show plans of both left and right
enclogures, giving the positions of nect boxes and feeding sites,
Food (Dixons Diet §8) was provided at the points "showa in empty
wine bottles with the top 1-2 inches of the neck removed, lying on
their gides. During dry periods, water was provided daily either
in shallow aluminium {treys or by ‘t‘norc»ughly spray-wetting the

vegetation In beth enclesures.
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Fig. 4.2.3.(i) Left enclosure (pian)

[0 = Nest box/Feeding site

a E
B 0 O
4 a
O O
a a ¥ |
O O 0
0 8] O O 3]
2] a & E a 4]
a O o . a O O
B B %]
O O O 0 O
B B a 3! o
a a O a 0 O
¢ B [
O O A a a
& B B
Key: -
B = Trapping point _ APPROX. 1m.
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Fig. 4.2.3.(1_11 Right enclosure (plan)

% 4] L
a O a
#] %]
8] a a
3 £ 3
O 0O 0
& %]
a O a O a 0
a g a a a a
K g %1 B n
O O a a a a
B | £] | £ I
a 0 a a a a
& ] ] i ¥ B  #]
a a Qg a a a
B # o 3 n
Key:~ | ‘ . \ |
Bl = Trapping poinf ' " APPROX. 1m,. -

O
"

Nest box/Feeding site
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4.2.4. Tranping.

4.2.4(2). Tran lavout,

The layout of trapping points is shown for each enclosure in
figz. 4.2.2(i) and (iI). Traps were placed within approximately cne
metre of each trapping point, with enough traps at a peint to ensure
that only about half the traps set were full. This reached a ‘maximum
during experiment LNCL 4, when three traps were set per point.

Each enclozure was trapped using Longworth traps, without
pre-baiting, for two nights in alternste weeks., Traps were left in
the enclosures permanently, locked open when not in use.

Traps were sct in the afternoon, checked and reset the following
morning and afterncen, and checked and locked open the third
morning. During hot weather, traps were set to catch overnight

only, to prevent trap deaths due to overheating.
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4.2.4{b). Information collected on the tra» round,

All animals released into the enclosures were given individual
numbers by toe-clipping before release, and all animals caught for
the first time within the enclosures (i.e.born there) were also toe-
clipped. If a female had a litter inside a trap, the size of her litter
was neted. The young then had their tail tips clipped, (see also
Section 4.2,.5(c) below), both mother and litter were returned to the
trap, and the door was propped open; the female usually removed
her litter within a few minutes.

The following data were collected from each animal caught:-
1. Position of capture (see Figs.4.2.2(Yand (ii)).

2. Weight in grams.

3. Sex(d, ¢, or castrated 3).

4. The prescnce if any, of new wounds. The face, tail and lower
abdomen were particularly carefully scrutinized for fresh wounding;
cnly new wounds were scored, old scars were disregarded.

&, Ereeding ccndition.

Males: The positicn of the testes was neted, and scored os scrotal,
pushable into the scrotal sac by gentle pressure con the ventral
abdomen,or abdominal. A subjective assessment was also made of
the testis size, and the testes classed as small ( approx. Sem in
lensth), medium ( approx. Z-lem), or large (lecm). All males with
medium or large testes were classed as being in brecding condition.
Females: Vagina; perforate or imperforate. Fregnancy was
diagnosed in the field by enlargement of the abdomen, cr the presence
of blood or mucus In the vagina. Increase in weight corrcborated
these two other dlagnostic features. The presence cf vaginal plugs
was also noted. Lactation was diagnecsed by study of the mammary
glands (whether or not they were engorged with milk) and the nipples
(whetker or not they were halrless or enlarged through suckling).
Females were defined as being in breeding condition if they were

either pregnant or lactating, or the vagina was perfcrate.
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4.2.4(c). Analysis cf tranpine data,

The trapping data were analysed using the Calendar of Captures

method (Petrusewicz and Andrzejewsld, 1362).

For each enclosure and each age and sex class, minimum
numbers present, the proportion of animals in breeding condition,
the number of pregnanties observed, and recruitment into, and
losses from, the trappable population, were estimated directly
from the calendar ¢f captures and the results for the two enclosures
compared.

All these comparisons were made to test the hypothesis that
different social conditions in each encleosure would lead to
differences in the population dynamics between the communities of

voles in each enclosure,

Despite the enormous efforts put into increasing the reliability
and accuracy of methods for estimating the numbers of small
mamrnal populetions (see Smith et 21, 1275 for a reviaw), Krebs
(1966) has demonstrated and discussed ot length the inaprlicability

7 small mammal

@&

of mark-~recapture techniques for estimatin
populations, and he subseiuently used direct enumersation methods,
Inumeration of encloged populations is clearly much easier and
more efficient than enumeration of unenclosed populations, since in
the former, immigration and emigration are eliminated, and the only

processes affecting the population size are births and deaths.

{130 caleuloted direct from the calendar of cartures wag the
proportion of cooh age and sex class exhibiting fresh weunds at each
trapping session; this calculation was done to determine directly
whether there was any diffcrence in the levels of fighting occurring
in the two enclosures, and to determine which age and sex classes

were indulsing in close-quarters aggressive cncounters.
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From the raw trapping data, two further variables, linked to
the social organisation within the enclosures, were calculated.

These were the distances between captures for each age and sex
clags, and the trap rcvealed home range.

The inadequacy of live-trapping technisues for obtaining
information on movements and home ranges of small mammals has
long Leen recognised (Jewell, 1963 ; Kandolph, 197Z). Firstly, cnce
caught, the aniraal i5 immokilised and it can only reveal cne point
within itz home range on each trapping occasion. Secondly,
different age and sex classes bave been shovwn to react differently
to trapa (Killawa, 1864; Tanton, 19C3; Erown, 1968). Cther factors
such as trap spacing, size of trapping area, and the number of times
an individual is captured bave also been shown to affect movement and
home range calculations (see Kikkawa, 1954; and Sanderson, 1968
for reviews). As an alternative, several tracking technicues have
becn developed {(e.g.Justice, 19€1; Adameczyk and Ryczkowski, 1968;

‘Tiandolph, 1973). In the present ctudy, however, live-trapping was
the only rmethod available for following the populations in the enclosures,
and collection of data on movement snd home ranges was of secondary

importance to the collection of demographic data.

The distances between all the captures of all the individuals of
cach age and sex class were compered with cther age and sex classes
using the Lann-\ihitney test (Siegel, 1958); a non~parametric test was
used because it has been shown (Flowerdew, 1271) that the freguency
distribution of distances between captures is markedly skewed. This
calculaticn was made to test the hypothesis that the different social
conditions in each enclosure would affect the frecdom of movement
of different groups of snimal differently, within and between enclosures.
Cbvicusly, the distance between captures is an extrencly crude
measure of this, and in the present study, because the traps were so
close together, the distance between captures could have in no way
represented the actual movement between the two captures; also the

enclosures were small enough for a vele to crogs In a very few
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mimutes and were no longer than previously reported bank vole
home range lengths (e.g.Zejda and Pelikan, 1959: approximately
20-40in}. Dccausc of these limitations, it was felt that any
sophisticated analysis of distances between captures would have
been inappropriate, snd so only gross comparisons were made
between all the distonces between captures for each class and each
cother class, with complete disregard for the time Interval between

captures,

In the present study, the home range area was defined as the

tctal area enclosed by the smallest convex polygon containing all
he capture points to date, plus the area of a beundary strip

around this polyzon whose width was equal to half the distance
between traps.

A great deal of effort has been devoted to finding a methed of
estimating horae range areas accurstely and consistently from
ascarce data (IIayne, 1948; Stickel, 1854; Calhoun and Casby, 1828;
Niazurkiewicz, 1833; Jemarich éand Turner, 19C39; Viierzbowska,
19%2; Andrzejewshi and Jiazurkiewicz, 1975; Liandelph, 1877),

In the prescat study, however, a rclatively siraple system of
analysing the trapping results was used because of the very small
trap-spacing and because of the confinement of the enclosures; it
was thoudft that, as outlined above in comection with the analysis
of distance between captures, a complex analysis would have been
inapprogriate.

The accunmlation of home range area with succezsive captures
wag caleulated for cach animal (for a discussion of this method see
Andrrzeiewsld and Liazurkiewicz, 1878) and each age and sex class
in the eiperimental enclosure compared, using the Ilann-V hitney

est (Clezel, 1038), with the equivalent age and sex class in the
control enclosure. This calculation was made to test the same
hypothesis tested by the calculation of distances between captures,
namely that the cifferent soclal conditions In the two enclosures
would affect the freedom of movement of equivalent groups in each

cnclosure Glfferently.
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Finally from the trapping data, the mean weight at first
capture of each sex In each enclosure was calculated to test the
suggestion by Vatts (1970) concerning the influence of adults on
the trappability of juveniles, discussed in the Introduction to this

Chapter (4.1, above).

2.8. Nest boxes,

-
P

2) Nest boxes were provided at the peints marked on Figs. \
4.,2.,2(1) axdd (i1).

b) The general design of the nect boxes is shiown in Fig.4.2.5(i).
The boxes were made of wood, with a perspex lid. Iach bex was
gsurrounded by bkriclks cn three sides, with a tile at an angle ovei* the
fourth to cover the entrance. A concrete slab rested on the three
bricks and the box top. It was hoped that the animals would use
these boxes and that frequent fnspection would reveal information
about litter sizes. Ilowever, they were used relatively liitle,
probably because they tended to get rather damp during wet periods.
¢) Periodic tours of the nest boxes were made, Litters found had
thelir tail-tips clipped (toe-clipping 13 not possible at this early age).
Thus, any anlmal trapped for the first time with its tail tip missing
-was known to hove been seen as a nestling. Tail-tip clipping was

also done to litters born In Longworth traps.
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4.3, RINULTS

4.2.1. Txrerimont DIICLL 1,

22 raales and CI fermales were introduced into each enclosure
in IFebruary, 1974, It very scon became clear that rany cnimals
vere escaping, thot unmarked veles and mice were entiring the
enclogures, and that veles were transferring between the enclosures,
The cxperiment vas terminated in NMarch, 1874, any remaining
voles were removed, and the modificotions desceribed in 4.2, above

were carried cut. No results were obtained from this experiment.
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4,3.2., Esxpveriment TNCL 2,
—a ]

In July, 1574, &3 adult males were introduced into the left
enclosure and &3 castrates were intreduced into the right enclosure,
with the intention of determining if there were any differences in
survival between the two types. In January, 1975 rats got into the

left enclosure, and thie experiment was terminated.

4.3.4(3), DNCI 2 - furvival

The last trapping occasion before the rats got in was on the
Tih December, 1674. Table 4.2.2(1) shows the survival between
July and December 1974; the difference between adults and

castrates is not gicnificant.

Table 4.3.2(1).

Known survivors

No. iatroduced to 5.12.74

~ 3 : 2
L ??zl?gil)re 23 18 1= 2.31
A1 PR af= 1
It enclosure e N.S.
“ao <o

(castrates)

Note: Five losses in L. enclosure include one trap deatlh, not
included in analysis of difference in survival between the

two eanclosures.
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4.3.3, DIxveriment INCL 3,

Dxperiment ENCL 3 was started in April, 1972 with five
intact malee, 19 castrated males and 19 females in the lcft
enclosure and 04 intact males and 18 females in the right enclosure;
trapping had been geing on for twelve weeks when a pzir of rats got
into the riglit cnclosure., Following this immigration and failure to
catch the rats, numbers of veles in the rizht enclosure sharply
declined, presumably killed by the rats, and the experiment vas
terminated in fusust, 1975, No useful rezults were obtained from

this experiment.

4.3.4., Ixperiment ENCI. 4,

Ixperiment INCL 4 was started in February 1976 with five
adultZ;:acIes, 1% castrated males and 2¢ adult females introduced
into the riglit, experimental enclosure, and 24 adult intact males
and 20 adult females introduced into the left, contrcl enclosure.
The experiment lasted 42 weeks, until the beginaing of December,
197G,

Fresentation of the results of experiment LNCL 4 will be
divided into the following parts:

(a) Lstimated numbers of animals in each enclosure.
(v) FProcesses affecting the numbers of animals in each enclosure.

( i) Dreeding condition.

( ii) Dirths.

(iii) Kecruitment into the trappable population.

(iv) Losses.

(c) Vounding.
(d) Listances between captures.
(¢} Trap revealed home-range arcas.

(f) Veights at first capture.
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4.,3.,4(1)., The ectimated numbers of anirmals in each enclosure.

Bt - 0 W e W 03 o e M P M A e W 0 G - B 4 s S . PO o, e A - S B M B~ AT O B ! B TR M 3o S TS

The Initial numnbers in the two enclosures in February, 1976,
introduced at the start of experiment ENCL 4, are shown in the
methods section above, in Table 4.2.5(1)., Figure 4.3.4(1) shows
the total numbers of enimals in cach enclosure between February
and December, 1376,

It can be seen that the maxirmum number reacheat in the right
enclosure (172) (initially containing five intact and (¥ castrated males
and 2o females) is greater than the maximum number reached in the
left control enclosure (142) (initially containing 2« intact males, no
castrates and 20 females). The édifference approaches, but is not
significant ("= 2.87, df = 1, 0.105p>0.05). If however, cach line
on the graph of numbers against trapping week (Fig.4.3.4(1)) is
divided into two sections, the first corresponding to the peribd of
increase in each enclosure, the sccond corresponding to the period
of relative stability of numbers, it can ke gecn that the rates of
increaze in the two cnclosures, (represented by the slopes of the
lineg) are different, whereas the periods of increase were the same
(approximately j¢ weeks). The formulae for the regression lines of
N (Total numbers) against T (Trapping weel) for the two graphs of
tctal numbers against trapping week between trapping weelis # an
23 inclusive are given on Fig.4.3.4(i) as are values of r, the
instantanecus rate of pecpulation growth per week for the same pericd.
The slopes of the regression lines are significantly diffcrent,
(F=68.35, d£1, 13, p 0.0C1). In cther werds, the everall rate of
Increage in total numbers in the right (experimental) enclocure was
significantly hizher than the overall rate of Increase in the left
(contrel) enélosure during the period of increase in both populations.

Figure 4.3.4(ii) shows the total numbers of adults and
iommatures of both sexes combined in each enclosure between
February and December, 1973, It can be seen that the major part
of the difference between the numbers in each enclosure was the
result of more immature animals entering the trappable populaticen
in the right, experimental cnclosure, thon the left, control enclosure.

Loss of adult introduced animals was hewever, rather higher in the
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leit enclosure than the right, and this also contributed to the
cbserved difference in absolute numbers,

Figure 4.3.4(ili) shows the numbers of adults and immatures
of each sex In each enclosure between February and December,
1976, and 2gain it can be scen that the rate of increase of mumbers
of both fmmature males and females in the right, experimental
enclosure, was higher than the rate of increase of either immature
males or femaleg In the left, control enclosure. The differences in
final numbers between fmmature animals of esch sex have no
obvious explanation.

Lesults concerning recruitment to and losses from the

populations are presented in section 4.3.4(b) below,
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4.3.4(b)i). DIreeding conditlon of animals in the enclosures.,

Figure 4,3.4(iv) shows the proporticn of fermales cauzht at
each trapping occasicn in different age classes in breeding condition
as dcfined In gection 4,2.4(b). It can be secn that in both enclozures,
the proportion of adult introduced females in breeding condition started
to markedly decline well before the end of the normal bank vole
breeding scason. At Cakfield (where part of the field study of
behaviour was being carried cut), all femmales over 15g, and many
less than 15g, were still in breeding condition at the time of the
marked decline within the enclosures, and the usual seasonal
decline in the proporticn cf females found in breeding condition did
not start until around September/October. (T.D.Healing, personal
comrmmunicatiocn). _

Figure 4.3.4(iv) also shows the proportions of females born
in the two enclosures with perforate vaginas (none of the females
born in either enclosure became pregnant). It can be seen that in
beoth enclosures the numbers were extremely low.

Figure 4.3.4(v) shows the breeding condition of the males in
each enclosure., It can be seen that the proportion of adult males in
breeding condition in the left enclosure declined steadily after the
&nd of July; this was roughly two months later than the start cf the
decline in breeding in the females, and, as in the case of the females,
earlier than the decline in the Cakfield population (T.D.Healitig,
personal communication). This difference between raales and females
in the enclogures may, however, be artificial; assessment of
breeding conditions in the males was of necessity arbitrary and
gsubjective (see methods section, 4.2.4(b) above). Although this
assessmeht, along with body weight and general gize, enabled
animals to be classed in pre- or post-pubertal, it was almost
certainly not sensitive enough to accurately detect cessation of
breeding in animals with regressing gonads, since the exact point at
which such an snimzl becomes reproductively incapable is not known.
Fig. 4.3.4(v) does show however, that a marled decline occurred
in the proportion of adult males with medium or large testes; in
many of the animals in the latter part of experiment ENCL 4

(eptember 1870 onwards) the testes were abdominal, and too small
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to be detected at all by palpation of the lower ventral abdomen.

Figure 4.3.4(v) also shows the proportion of adult males in the
right enclosure, (containing initially five adult intact males, =€
castrated males and 20 females) which were in breeding conditicn;
this 1s really cnly included for completeness, since the numbers
caught were always very small. No males born during experiment
LINCL 4 in either enclosure was assessed as having medium sized
testes, and so it is concluded that none came into breeding conditicn.

Gross examination of the gonads of animals removed {from the
enclosures at the end of experiment 4 corrcborated the field evidence
presented in figs. 4.3.4(iv)and (v) ; all fcmales born in either
enclosure had thread-like uteri, all males born in either enclosure
had very small testes (none greater than approximately 3-4mm in
length). All the adult females which had been introduced into the
enclosures In February 1978, and which were removed in November-
December 197G, also had thread-like uteri. Adult males removed
from the left enclosure all had very small, regressed testes, and
none of the castrated males removed from the right enclosure showed
any evidence cf testis-regeneration. It must however be remembered
that these examinaticns were dene in December 1978 and January 1977
(after some of the anirnals had been used for behaviour testing, see
Chapter 2), and also after the end of the normal breeding season of
the bani vole; it was therefore to be expected that the gonads of all
the animals would have terided to regress into the non-breeding

conditicon.
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4.3.4(b)ii). Tirths.

From the calencar of captures of animals, using the criteria
for detecting pregnancy described in Section 4.2.4(b) ebove, it was
possible to estimate the total number of pregnancies in each enclosure.
A total of 57 pregnancies were detected amoengst the 20 females
originally introduced into the left enclosure (in which =11 the males
were intact), and 48 pregnancieé amongst the 20 females originally
introduced into the right enclosure (in which 1% of the 23 males were
castrated). The mean number of pregnancies/female was 2.85 .’.
1.35 for the females introduced into the left enclosure, and 2.30 t
1.63 for the females introduced into the right enclosure. This
difference is not significant (t, = 1.11, p>0.10). No pregnancies
were detected 1n any of the fem;les born in either of the enclosures.

Thirteen freshly born litters were found in nest boxes or in
traps in the two enclosures during experiment ENCL 4, eight in the
left enclosure, five in the right. A further eleven females, caught
in the wild at around the same time, subsequeontly gave birth in the
labcratory. The mean litter sizes of these females are summarised
in Table 4.3.4(i).

Table 4 03 o’g'(i)-

Litter gize mean SD Cample size

-

(a) Dxperiment INCL 4

(1) Left enclosure 3.23 1.28 8
(control)
(ii) Right enclosure 3 80 5.1 .
(experimental) 3.8 17
(b) Field caucht females 3.45 0.93 11
(2)(1), (2)(ii) and (b) 3.40 1.32 24
combined

-t . o 20 . e o " W . v S pn W

The differences | in mean litter size between the two enclosures,

and between them and the field caught animals, are not significant.
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Figure 4.3.4(vi) shows,

(a) The numbers of animals caught for the first time at each
trapping session in each enclosure.

(b) The accumulated numbers of animals caught for the first time
at each trapping sessfon in each enclosure.

The nurmbers do not necessarilj represent the numbers of animals
born into the populations, since the Longworth traps used cannot
catch animals weighing less than around 7-8g (the mean weight of
animals at first capture in both enclosures combined was 13.78g t
2.50, see 4.3.4(f) below); results concerning mortality of the pre-)
trappable population is prescnted in section 4.3.4(b)(iv) and
discussed in 4.4. below.

The figure shows that the accurulated total number of
recruits into the trappable population in the right enclosure was
greater than the accumulated total in the left; these accumulated
totals represent the numabers of enclosure-born animals that would
be present in each enclosure at any one time if no mortality of this
group had occurred (see 4.3.4(b)(iv) below for details of mortality
of the trappakle populaticn). Thus the slopes of the initial parts of
each curve represent the overall petential rates of increase in
numbers of enclosure-born, trappable animals in each enclosure.
The forrnmlae for the regression lines of AN (accumulated numbers)
on T (Trapping week) for the two graphs of accumulated numbers
caught for the first time agairist trapping week between trapping
weeks 9 and £3 inclusive are given in Fig.4.3.4(vi). The slopes
are significantly different, (F = 24,73, df = 1,13, p<0.001). In
other words, sigmificantly more young enclosure-born animals
entered the trappable population in the experimentai enclosure
than entered the trappable population in the contrel enclosure.

Fifure 4.3.4(vii) shows the accurmulated number of new
animals entering the trappable population at each trapping session,
with each sex in each enclosure considered separately. H can be
seen thot the slopes of the lines for beth sexes in the experimental
enclosure are steeper than both the lines for both sexes in the

control enclosure; the differences betwecn the sexes has no obvious
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cxplanation.

4.3.4(bMv). Losses.

Loszes of toe-clinned aninals.

Table 4.3.4(ii) suramarises all losses of toe-clipped animals
from the populations in the enclosures during experiment ENCL 4.
It can be seen that there were more trap deaths than should have
been acceptable; the study was carried out during the summer of
1976, when very hot weather and drought lasted several months.
Although the trap round was always done early in the morning at
this time, before the ambient temperature rose, snd although the
traps were always protected from direct sunlight, most of the trap
deaths were presumably due to the animals becoming overheated in
the traps.

Disappearance of toe-clipped animals, excluding trap deaths,
is shown in Fig.4.3.4(viii). Animals were scored as having
disappeared at the trapping session following tae one at which they
were caught for the last time, and it was assumed that this was as
o result of the death of the anlmal. It can be seen that the mortality
of marked animals in both enclosures was slight, and the differcnce
between the total numbers that disappeared from each enclosure,
compared In a £ x 2 contingency table of the total numbers lost or
nct lost in cach enclosure, is not significant (’Lz =1,02, df=1,
p>0.10). There are also no significant differences In the nurabers
of different sex and age classes that disappeared either within cor

between enclosures,

Losses of tall-clipped infants.,

Neonatal animals, found in nest boxes or traps, had their tail
tips clipped, since toe clipping was nct possible in newly-born
animals. (see 4.2.5(c) above). In Secticn 4.3.4(b)(11) above, it was
noted that eight newly born litters,consisting of 26 infants were

found either in traps or nest boxes in the left (control) enclosure,



180,

2Z ! ot 2 lel (8] | [ 2l |7 ~ 4SO TB10} pauIquoD
1! I 4 AR IEY [ 2| |} U99S aWI} }S®[
<l ol i 2l |S 1 sylesp dea} v
+ 14 k4 ! U99S 9UIl} }SEBL
0 . : .
: 9 o+ { . syjeap dea} 68 1
c 12 | f U99S aWIl} 1Se[
b [ 1 syjeap deaa % v 3
g S [ 12 | U99S 9UII} 1S®[ 9JInsorous
[ 1 [ i ) syleop des) £P 1 3
: 0 U99S 9WII} 1S¥e[ ey
0 o stjeeap deal £P 0
0 U99s awil} }SEL
. O o) 1 syjeap deail ooV
2 2 el el (<t 18l {1 |2 4] |2 111 1SOT TE10} PAUIqUIO)D
st 4 el {2l 12 {2 (Y [} [H |t u99s auIl} 1S¥[
0% <l [ |11t 19 ojel (1 { syleap deay v
(& [ 2 1 [ U39S 9w} 3Se[ | -
6 4 1 4 1. I sylesp dea} 86 1
e |t ! US9S 9L} IS | 44 -] 9Insoroue
8 & 1] |¢ 2 syjeop deay v
9 + I 2l |1 Uo9s oW1} }Se[ LAl
e 1 1 syjeap deal LA 1
¢ 1 1 1 U99S QWI} }Se[
L - z 1 1 syjeap dea} PV
——— o | s | v | r P W v | W |3  (wuow)
o+{sslec|iclocionlbel ecloe] fe|os| 672 |17| Tl s2| valsz| 72| v2jo2| o1l a1 Li| o1l 4| <iles| m|ot] 6| 8| L] o] 5| + | ¢ | 2| #eam Furddeay,

‘uorssos Jurddea; yoee je uollerndod siqeddex; eyl wroay 1ol S[eWIIUR JO JaqunN *(II)%° €° % oI9eL



8l

www a- | N | o | S
yd2am butddeay oV og
r

NN

ainsoroua (Toxjuod) 313ya7 Vg
a2insoldoua (Tejuaumriadxa) 33ybTy T

o e sk S 1

. . -~ 91
. . 2qump
aInsorcud (T10x13U0D) 31327 O----0O
_@insoyduad ([ejuaurxadxa) Iybry H—O

TXoxn (4

: (sTTelap TInNF X0F 31Xd31 235)
_*syjeap dexi Hurpnioxe ‘uorssas
butrddexy yoea je anmm&mup 243l woxy 3SOT STEWTUEe JO Siaqumu pajernunddy (q)
*syzeap dexl Hurpnroxa ‘uorssas .
burddexl yoea e uorjerndod arqeddex; syl woxy 3sSOf sTewrue jyo sixaquny (e) (TTTA)°P°e’v DIy




182.

and five litters, conzisting of 19 Infants, were found in the right
(experirental) enclosure. Of the litters found in the left enclogure,
one litter of four was found dead, and ancther litter of two did not
bave thelr tail tips clipped. Thus, in the left enclosure, 20 necnatal
vclea had thelr t2il tips clipped andl¥:§gased alive; cf these, 10 were
subsequently recaptured as Immatures in traps. In the right
enclosure,19 infants were tail clipped, and all were released alive;
of thege, 21119 were subsequently recaptured in traps. This

result §s summarised in Table 4.3.4(1ii). The survival of tail clipped
juvenile veolez In the right, experimental, enclosure was significantly
greater than the survival of tall-clipped juveniles in the left, control,
enclozure ('\(,3 = 12,9, df =1, pd0.0601).

Table 4.3.4(iil). Losses of infant voles, experiment ENCL 4.

o -~ e i g e e s W ] e it e G s WY

i

Left enclosure Right enclosure
{contrcl) (experimental)
No. of neonates which
had had their tail tips <0 13
clipped.
No.of juveniles caught
in traps with tail tips 10 19
missing
NNo. of necnates which
had had their tail tips
clipped which were not 10 0
subsequently caught In
traps
o
v =12.9
=1
p€0.001
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Table 4.3.4(iv) summarises the demographic results

obtained from experiment ENCL 4.

Table 4.3.4(iv).

cummary of demographic results obtained from

experiment ENCL 4.

Left enclosure Ilight enclosure

{control) (experimental)
Animals introduced Addd A4 5
into the enclosures cdd . 0 1%
Adgg % a0
Mumber of pregnancies 5n 45
detected v i
Total number of
recrults into the g g Zg gg
b 1ation 7 — —2
trappable populatio 5 Tra
‘Lecruits/preg,nancy 2.26 3.35
Losses (including Addd 7 0
trap deaths) from Cdd - 0
trappable pepulation 1dad ] 8
AQe 8 4
Iop 3 10
Number cf infants <0 19
tail clipped
Number subsecGuently
live-trapped 10 19
Therefore, number
lost as infonts/ 10 0

juveniles




4.3.4(z)., Viamdine,

TFigure 4.2.4(ix) shows the proporticn of males of different
age classes caught at each trapping session showing fresh wounds.
Fig. 4.3.4(x) shows the same for females. It can be seen that a
much larger proportion of adult males from both enclosures showed
fresh wounds than did castrated or immature males, and adult and
Immatare females. Dmmatures of both sexes showed very low levels
of fresh wounding, as did adult females. Most importantly, castrated
males In the experimental enclosure also showed very low levels of
wounding, when compared with adults in their own enclosure or with

the adults in the control enclosure.

4.3.4(d). Distances between captures.

Table 4.3.4(v) showas the results of Mann-‘ hitney test (Slegel,

1556) comparisons between measured distances between successive

captures for each sex and age class in each enclosure. The distances
between 21l captures for each individual have been combined with the
distances between all captures for all other members of the same
clags. Viithin each enclosure, compariscns have been made between
each age and sex clags and each cther class. Detween enclosures,
ike hasz been compared with like, excerpt that, In addition, the
castrates from the richt enclosure have becn compared with adults
from the left. Comparisons within the right enclosure are in the
top left-hand quadrant of Table 4.2.4(v), those withiin the left
enclosure are ia the bottom rizht-hand quadrant of the table.
Comparisons between enclosures are in the top right~ and bottom
left-hand quadrants. The results given in Table 4.2.4(v) are
sumrcarised in fig. 4.3.4(x1).

1. ithin the riglt enclosure, it can be egeen from Fig.4.3.4(xi)(a)
that adult females tended to be caught significantly closer to their
previous capture than all cther classes, and successive captures of
castrated males were significantly closer than those of beth adult

and immature males, but not significantly different to femaleg. ALl
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Flg. 4.3.4.(xi) Summary of table 4.3.4.(v)
- (a) Comparisons within right {(experimental) enclosure

Ad malés

I females

C males [

\\\2A ‘§§EE-\:=== Ad females
I males ﬁ?

(b) Comparisons within left (control) enclosure

Ad males

\

I females

I males \g
: §§Ss$$3:

=~ Ad females

(c) Comparisons between enclosures

Left enclosure. Right enclosure.

Adult males ‘::::::::§> Adult males

Castrated males n.s. Adult males '
Immature males ?5 Immature males
Adult females . N.s. Adult females

Immature females g ImmatureZmales

1. Ad = Adult, C = Castrate, I = Immature
2. Significance levels shown as follows:-

p{ 0,001 -f p€ 0.01 -/, p<£0.005 /'

3. The arrow points towards the group with higher values
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othier comparlscns were non-sionificant. V ithin the Joft enclosure,
successive cartures of fomales were cloger then those of males,
and, a8 la the rizht enclosure, adult fernales tendod to be causht
rauch elecer to thelr previcus captore then all clher classes.,

Comparisens betweon the enclosures show that the distonces
between captures of the castroted males fa the rictt enclosure were
not slgnificantly different 1o the distances between cartures of the
cdults In the left enclosure. llowever, adult males, {omature males
and Irunature femmales all were caugld gimmificently further apari
between eaptures ia the rigtt, esperlmontal enclosure than they

vers in the 1cft, control enclosure.

P % ‘

Z.5.4(e),  liome ranre ereas,

Fioures 4.3.4(xdl) « 4,2.4(xv) show means and standard
deviations of acournulated trap-revealed home range areas for each
age and sox clags, Ia cach enclomure, for captures cne to twelve.
Cnly those anlmals caught twelve or more tines are included.

It can be seen frem all four figures that the meeans «f home
renges of enfmals from the right, exporimental cnclosure,
increased ceaslotently faster with mumber of times cauglt than did

he means of keme ranges of anfmals feorm the 1edt, contrel
cnelezurea,

In the case «f the coxoparisom between adult males from the
contrel enclosure ond castrated males from the experimental
enclosure, ({7.4.%5.40:11)) the dfference i3 simificant at the &V
level (Mlaan-¥. hitney test) at  twelve captures; the Cillerences
between the means of the home rangee of immature males from cach
enclosure (fg.4.2.2(=11))is simificent after eloven end tielve
cantures. Alhough the means of the home ranges of adult females
from the right enclesure are higher than the meons of the home
rongos of adalt fornales from the loft eaclosure from four to tuelve
captures, (fiz.4.3.4(xiv))none are eignificantly ciffercnt .

Finally, compariam of the moans of the heme range f
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Fig. 4.3.4.(xii) Means and standard deviations cf
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accumulated home range areas against number

Number of times captured"‘
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(N=23)

of captures (adult and castrated males). (see
text for full details).
Key:
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difference,
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Flg. 4,3.4. (x111) Means and standard ' -
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areas against number of captures
(immature males). (See text for full
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Key: . ) P
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(experimental) T
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left (control) y
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difference, | ,)0‘
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Fig. 4.3.4. (xiv) Means and standard deviations of

accumulated home range areas against number of
captures (adult females). (See text for full details).

¥Y—F Adult females, right (experimental)
enclosure. : -
P---8 Adult females
left (control)
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Fig. 4.3.4.{xv) Means and standard deviations of

accumulated home range areas against
number of captures (immature females).
(See text for full details).
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immature females in each enclosure (fig. 4.3 .4(xv)) shows that
the differences are significant at the 5% level from captures five

to twelve.

4.3.4(f). Eody weichts ot first carture.

In crder to test Veatts' (197C) sugpestion (discussed in the
introduction to this chapter, section 4 1) that the behaviocur of
dominant adult males had inhibited tizf.?]}E;;t capture of young on his
control areas, and thereby had presented a false picture of total
numbers present, the rmean body weizghts ot first capture of
immature males and females from both caclosures were calculated.
The results are shown in table 4.3.4(vi). The assumption that has
had to be made is that weight is positively correlated with age;
this is true for the first four months of life cf bank voles (Zejda,

Tabled.3.4(vi). Body weicht at first capture of immature males
and females.,

IMean weight

() s.D. N
Lib T LNCLOCURD
MALES 13.61 2.45 48
FLAMALLS 13.77 2.47 41
RIGUT LNCLCSURD
NIALLS 13.78 Z.77 B2
FLIIALLS 15.93 2.51 64

- - mr—— o —— —— - i G s g S ot B4 - o B

All the differences shown in Tee .4 .3 .2(vi) both within and
between enclosures, are non-significant; therefore, the suggestion
that the aduits might in some way be aifecting the age, and hence

weight, at first capture is rejected in the present study.
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4

e

. DIZCUSCION

Lxperiment ENCL 2 showed that castration had no significant
cffect on the survival of individuals under ficld conditions in the

enclosures, when other age and sex classes were absent.

Lyperiment LNCL 4 wasg the only experimental introdution
into the enclosures that produced any useful results upen which the
original hypotheslis, that male aggressive behaviour was an
important factor in the demography of banl veles in field enclosures,
could be tested. The results from this experiinent have been
presented in siz zecticns, (4.3.4(a) - (£)) and cach will be discussed
in turn.

4.4.(a). Iistimated absolute numbers of voles in each enclosure,

G e o s G TR WY S s onee oo D

The effect of thwarting emigration by enclosing vole populations,
described in Chapter 1 and in the introcduction to this chapter, was
clezrly observed in the present study. The maximum numbers
reached in the enclosures were 172 In the experimental enclosure,
and 142 in the contrel enclosure. These represented, respectively,
densities of 3127 and 2582 voles/ha. As far as I know, the highest
estimated density in the lterature of a ficld perulztion is that of
Newson (1942) whose maximum was 247/ha; commonly, ficld dengities
of bank voles range up to arocund 136/ha (French et al, 1873, give
several estimates in their Table 4.2). Chgerved densities in the
prescnt study were of the order of £5-2C x normal density estimates,
and 10 times the maximura estimate; other studies of enclosed vele

(nct Clethrionornys) populations have shown similar enclosed

uncnclosed density ratios of between 16: and 100:1 (Clarke, 1935;
Van \i anfaaru»n, 15950; Foulihan, 19C3; Ilrebs et al, 1089 amonst
others). Thus, the first factor that this study has clearly shown to

be important in regulating the numbers of Clethrionomys plareclus

iz, as expected from previous studies, digper sal. Al subsequent

discussion concerning the mechanizms by which bank vole numbers
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are controlled is therefore necessarily based upon the fact that the
populations under study were not natural populations under natural
conditions.

Comiparisons of densities reached in the enclosures with each
cther hag shown that they were different, and that the reascn for this
difference was that the rate cf increase of mumbers in the experimental
enclosure was girnificantly higher than it was in tiie centrol
ecnclosure. The weekly rates cf increage, in tecrms of new animals
per week, was approximately 9.3 in the experimental enclosure and
5.4 In the centrel enclosure. Thesze were equivalont to instantaneous
rates of weekly increase, assuming geometric population growth, of
0.0%99 and 0.068 respectively. These values are similar to the rates
cbiserved in unenclosed pepulations of both bank voles and various
Liicrotus species during the increase phase of the population cycle
(iirebs and Liyers, 1974, p.281 swmmarise values from many previous
studies of unenclosed populations). They are also similar to values of
r extracted from several studies of the initial phase of increase
following the founding of enclosed vole populations. I'or instance, the
values cktained from Clarke's (1953) Fig.4 are 0.11 and 0.08
resgpectively for his low and high starting-density populations of

Microtus agrestis, those from Van V.ijngaarden's (19£0) Fig.l are

approximately 0.05 for the three populations that grew, those from
Gentry's (1968) Fig. 1 approximately 0.03 for his enclozed population

of Microtus pinetorum, and a value of approximately 0.09 is obtained

from Fig.4 of Iirebs et al (1868) for Microtus penmsvlvanicus. Thus
it would appear that the rates of increase in numbers commonly
observed following the founding of pepulations in enclosures are
similar to the rates cbserved during the increase phase of the normal
Diierctine p.opulation cycle. Notwithstanding this, the differente
between the two enclosures was significant; the question cf whether
this difference was the result of differences in natality or mortality

will be discussed in the next section.
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4.4(b). TProcesses affoctins numbers in the enclosures.

T s g S S B W T B G . D I St s S O i A e - e G @ W D

The factors that have been shown to be important in regulating
the numbers of beth mice and voles at high denszities in enclosures
have been discussed in Chapter 1; the two most fresuently chserved
wave been reproductive inhibition, both of adult and immature
animals, and ncenatal mortality.

Reproductive inkibition,wad very marked in both enclosures in
the present study, so much so that no female born in either enclosure
became pregnant, and very few came into breeding condition at all;

hia inhibition was cbserved in the animeals born in the enclosures
throughout the course of the experiment, even those born within the
first few wecks, The relative mportance of the initial density of
the introduced population has not generally been evaluated in studies
cf enclosed vole populations. The initial pepulation dengities in the
present study (approzimately 722/ha) were already around 3 x denser
thon the previously reported maxzimum in field populations of bank
veles, and reproductive inhibition of anlimals born into the enclosures
was aliaost complete., Some authors have found that the first few
young voles born into field enclosures have bred, and cnly later have
animals been completely reproductively inhibited (e.g.Clarke (1955)
who started with original densities of around 1 x and € x the previously

recorded moximur for Microtus acrestiz). Cn the cther hand, some

authors, starting with low initial densities, have found gporadic
breeding by all colicrts, even though the overall reproductive rate
was very low as a result of general inhibition {e.g.Krcbs et al, 1809,

who sgtarted with initial densities of Microtus ochrosaster much lower

than are normally found). This sporadic breeding by all cohorts has
also been observed in high density mouse populations in large
enclosures (e.g.Lidicker, 1878). It would appear therefore, that
the initial population density is important in determining the subsequent
course of reprocuctive inhibition in field enclosures; n ot
surprisingly, very high initial densites appear to cause the inhibition
tc be manifested sconest.

The majority of the adult females introduced into the

enclosures also became non-fecund well before the end of the breeding
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scason. Almost all the adult females bred initially, leading to the
initial sharp rise in numbers ian bcth enclosures, end in neither
enclesure did breeding amongst adult fernales cease completely,
In previous studies of enclosed vole populations, breeding by
different cchorts has not been distinguished, so that comparison
with the presast study is not possible.

Caly in scme studies of pepulations of mice cr veles in field
enclosures has reproductive inhibition of males been raentioned
(e.g.Krebs ¢t al, 1809; Lidicker, 1975); daspite the fact that it vwas
felt that objective asscasment of the breeding condition of males was
not achieved in the present study (cee IMethods section 4.2.4(b)
above), no male born in either enclosure was ever judged to have
come into breeding condition, and there was a steady decline in the
proportion of the introduced acdult males judged to be in breeding
conaiticn from the beglmning of August onwards. These two i‘acts
suggest that the reproduction inkibiting factors cperating upen the
raales closely paralleled those operating on the females, in both
enclosures.

A1l this reproductive inhibition was almost certainly the result
of the high levels of aggreseive behaviocur, as it has been shown to
be in previcus studies; the faoct that there were no apparent
differences between the enclosures means that simply rendering
relatively non-ageressive the majority cf the males in the experimental
enclosure was alone nct sufficient to prevent it. vhether, in the
experimental enclosure, the aggressive behaviour of the five remaining
intact males, or the residual aggression of the castrates, or the
eimple presence of so many animals (aggressive or not), was
responsible for the reproductive inhibition chbserved could net be
de:termined.‘ temoval of four out of the five adult males at the end
of 22 weeks was followed,nt the following trapping occasion in weex
34, by an increase in the proportion of adult femaleg caught with
perforate vaginas. Ilowever, (see fig.4.3 .4(iv))the sample size
was very small (four perferate out of seven caught) so no reliance
can really be placed on this result.

Apart from reproductive inhibition, cther factors thot have
been implicated In reducing the birth rate in rodent populaticns have
been discussed in Chapter 1. One of these i3 reduced litter size;
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there was no diffcrence in litter size between the two enclosures
in the present study, or between them and litters born to field-
caught females trapped at the same time. All three estimates
were obtalned from counts of embryos, and they are, if anything,
slightly lower than the previous estimates for litter size in field
populations of banic voles also obtained from counting embryos
(Crambell and Rowlands (19235); 4.11; CSmyth {1253): 5.88;
Zejda (1965): 4.90; Iiysfows!d and Trushkowski (1970): 4.6, and
Flowerdew (1371): u..;u) Ilowever, saraple sizes in the present
study were very small, with hizh standard deviations, se that they
cannct really be relied upon.

Asgin previous studies,mortality of acult and immature, male
and femnale toe clipped (f.e.trappable) animals was low. The
mortality (including trap deaths) of adult females in the control
enclosure was however rather hizher, though not srmﬁ\,antly 30,
than the mortality of adult females in the experimcental enclosure
(Table 4.3.4(ii)), Iirebs and Mlyers (1974, p.209) have demonstrated
thot, in small mamrmal populaticns, the rate of populaticn growth
1s very dependant upon survival rate of repreoducing femalesy it
mightbe thought, thercfore, that the ebserved differences in
pepulation growth rate and final numbers c¢bserved between the
enclosures in the present study were a result of this cilference in
acult female mortality botween the two enclosures. It must be
remembered, however, that in spite of this difference in adult
female mortality, there were 57 detected pregnancies In the controcl
enclosure, which had the greater numbker of adult female losses,

and 43 pregnanciss in the experimental enclosure, where fewer
adult females were lost., Thercfore, adult female mortality
appears not .to have been the factor that produced the chserved
differences between the numbers of aniraanls entering the trappable
populaticns in each enclosure.

The major factor, reviewed in Charpter 1, that has been
observed to affect the total numbers of enclosed pepulations of
small mammals has been mortality ¢f neonates, and this clearly

occurred In the present study, at least In the control enclosure.



Firstly, the fact that only 10 cut of the 20 tail clipped infants in
the control enclosure were subsequently trapped, whercas all 19
tail-clipped infonts in the experimental enclosure were seen again
in traps, slicwed that the presence of the adult males in the control
cnclosure had a ciznificant effect en depressing infant survival.

his is corrcborated by the fact that 57 detected pregnancies in the
control enclozure produced 129 recruits to the trappable population
(an average of 2.25 recruits/pregnancy) whercas only 45 precnancies
dcteeted in the experimental enclosure rroduced a total of 154
recruits (2n average of 2.35 recruits/presnancy). IHowever, this
cdifference might have been the result of cither foctal rescrption or
necnatal mortality; the latter certainly cccurred in the control
enclosure, as hags been demonstrated by the loss of tail-clipped
infants, but the former cannot be ruled cut. However, a mean
litter size, calculated froem counts of embryos, as low as £.28 (the
average number of recruits/prermancy in the control enclosure) has
nct previously be recorded, whereas 3.3% (the average number of
recruits/pregnancy in the experimentsal enclosure) fs very close to
the mean litter size calculated in the present study, (although rather
icwer than the previous estimate summarized above). This,
therefore, also suggests that it was primarily neonatal mortality,
rother than foetal resorption, that caused the lower numbers of
recruits to the troppable porulation in the control enclosure.

The mechanism by which neonatal mortzality occurs have been
discussed in Charpter 1, and include cannibalism, abandonment,
tramplin?, and nest disturbance. Clearly, in a live trapping study
in large field enclosures, it 13 nct possible to determine which
mechanizms are operating. A questicn that is seldem asked, however,
i3 the depree to which the observational technijues (trapring, litter-
handling, ete.) contribute to infant mortality. Clearly, trap deaths
are cuantifiable, tut the effect cf depriving infants of their mother
for varying lengths of time by incarcerating her In a trap (in cther
word, causing her to 'zbandon’ her litter) have not been determined.
Certalnly, ohserver interference has been ghiown to have marked

effects on infant mortality in enclosed meuse popvlations (Croweroft
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and Rowe, 1637). In the preswnt study, traps were set at dusk or
at around 6-7p.m. whichever wag earlier, and inspected at arcund
€-10%a.m, the following morning; thus a vaole could spend a maximum
of about 1€ hours in a trap during which time, if it was a lactating
female, her litter would be deprived of warmth and nourishment.
This problem must have affected all previous studics of small
mamnals in which overnight live-trapping hos been dene. However,
of the 12 animals tall-clipped as neconates in the control enclosure,
some of which must presumolly have suffered this maternal
deprivation caused by trapping, 211 19 survived to be trapped,
which suggects that the problem may not be o gevere as was
initially feared; it doesz, kowever, warrant further ctudy.

This live trapping study in the enclogsures has ghown that
there were significant demographic differences between the
experimental and contrel enclosures, summarized in Takle 4.3 A(iv).
Since the experimental decgign encured as far as possible that the only
difference betwecen the enclogsures was the overall level of
aggressive behavicur, it must be asgumed that it was this factor
that caused the chserved effects. Nesults concerning social
relationships within the pepulations, alzo obtained from the live
trapping study, have been preszented; these were wounding, distances
between guccessive captures, trap revealad home range areas, and
weights at first capture, and they have shown thet the experimental
magipulaticn did indeed have social congeuences within the
enclosures. These results will be discussed in the sections that

follow.

4.4.(c). Y oundiner,

In populutions of rodents, wounding levels have been shown to
be associated with denzity (e.g.Rowe et al 1004; Fouthwick, 1955(b),
1958; Christian, 1971(2)), the population cycle in Microtine
populations (2lso, iIn cffect, density) (rebs, 10345 Christian,
1971(2), sex (Nowe et al, 1004; Eatzli and Titelta, 19715

Christizn, 1971(2); Liose and Gaincs, 197¢), age cr reproductive
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condition (Chriztizn, 1971(a), Lidicker, 1972; Hose and Gaineg,

197¢) and season (Lidicker, 1972). The introduction’to Chapter 2
has also reviewed many factors, particularly endocrine, that have
becn shovn to affect the aggressive behavicur of mmale rodents. In

¢neral, becouse of hormonal influences, adult raales fight,

ip

castrated and lramature males do net. This was demoncstrated to

be true for bank veles in Chapter 2, and the experimental design for

the work in the enclosures depended upen it. The field study of

behaviour (Clarter 2) also confirmed that imvmcture males tend to fight

less then adult males, but, because no interactions invelving

castrated males were chaerved in the fizld, no conclusions could be

dravn from that study about the aggressive behaviour of castrates.

The results presented in 4.3.4(c) above confirmed that, in the

enclesures, adult males fought considerable more than either

castrates or immatures, using the degree of wounding as a measure.
Mention vas also made in Chapters 1 and 2 of the fact that

female redents generally exhibit less aggressive behavicur than males,

but that their behaviour had been studied very little, and the results

of the field study of behavicur, presented in Chagpter 2, cshowed that

females fought less than males in the enclosures and at the field

gtudy site; the wounding results from the enclesures confirm this.

In ot least one Microtine species, however (Microtus townsendil),

females can be highly aggressive (C.J.Frebs, personal
-communication) even though they do not ghow many wounds in the
field. Thus the rcle of female behaviour in Iiicrotine population

biolory remains unclear.

4.4 .(d). liatances between cattures.

The rather crude methed of comporing the cistances between
captures of one sge and sex class with another has been described
in the Methods section, 4.2.4(c) above. Ia spite of this the results
cbtained were of interest, although diificult to interpret. Dearing
in mind the problems asgsoclated with different trap response by

different age and sex classes, mentioned in the Methods section
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4.2.4(c) above, the results concerning sex differences were in
agreement with previcus gtudies of bank vele movements (e.g.

<ejda and Pelikan, 1089; Crawley, 1519) in that fernales moved

less for between captures than males. As far ag I lnow, previous
studies have nct cifferentiated cuantitatively between the distances
moved by adult and immature animals. Inthe present study, adult
females appeared extremely sedentary, more so than immature
females, whereas there vas no cifference between adult and immature
males in either enclosure. Castroted males in the erperimental
enclosure tended to be caught slichtly cleser to their previous capture
than either immature or adulf males in the ceme enclosure.

The results of comparizons of like vith lize between the
cnclosures hiave shown that adult males, and Immature males and
females, all moved more between cajtures in the rizht, esperimental
enclosure than they did in the left, contrcl enclesure. Ther:e was no

.

significant diffcrence between the distances between cajtures of the
acdult fermales in the two enclosures, nor between the castrated
animals ia the experimental enclogure and the adult males in the
centrel enclesure. It is therefore hypethegizsed thint the lewer levels
of aggression in theexperimental enclosure (tiic result of the castration of
the majerity of tiic inales) enabled individuals to range more freely
than In the control enclosure; in other words, the aggressive behaviour
cf the intact malcs in the contrcl enclosure was i zorme way
restricting the rmovement ¢f the cther cligses (czcept adult females).
The reasons that no differences in distances between capture were
exhibited by adult females from the two enclosures is nct clear, but
may be asscelatod with adult females restricting their raovements to
the bmmediate vicinity of a nest site, even after breeding had

ef octively.ceased.

An intercsting result is that there was no significent difference
in the distances moved between captures by castrated males in the
experimental enclozure and the distances moved by intact males in
ihe centrol enclosure. The marked behavioural differences between
these two groups demonstrated in the Iaboratery (Chopter £) had
encourcged the speculation that thelr movements between captures

inight Le different also; the reasons for the absence of any observed
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difference is not clear.

4.4{e). ¥ome ronoe areas,

It has been shown above (Liezults €.23.4(2)) that, in the present
gtudy, the trap revealed home range area for a given nuraker of
captures, even wilhin & particular age and sex class, was very
variable, and this i3 in egreement with previcous live-trapping
studies of small mammalys (for instance, see Fig.6 of Kiklawa, 1954);
even using traczing techniques, where more infermation concerning
cach animal's movements can be collected cver a much shorter time-
period than is possible in live-trapping studies, and where it is
pessible to Investizate teraperal changes in range use, the same:

varicbility in home range area within age and sox clagses has been

g
shown (e.g.zee Table O of Tlandelph, 1077). This great variability
Inevitably teads to maslh any c¢ifferences preduced by experimental
manigulation, and thds appesrs to have been the case in the present
study. Ilowever, even though the definition of Licime ronge area used
in the presunt study was very crude, taking no account of time-
interval between captures or possible home-~range shilts with time,
the results obtained in general confirmed the orizinal hypothesis,
that the different zocial conditicns in each enclosure would affect

the freedom of raovement of different age and gex classes diffcrently.
In particular, the prescnce of adult males appears to have restricted
the movement of cother age and sex classes in the contrel enclosure,
comparced with the movements of animals in the right, experimental
encleosure, containing the non-aggressive castrated males; this
result elearly, and not surprisingly, corrcborates the results of the
analysis of distances between captures, discussed above,

The foct that, In previcus studics of cthier species, adult
dominont raales have been chserved to restrict the movement of
gubordinate animals, lends weisht to this Interpretation (Crowceroft,
18¢6; Brown, 1359). Cn the cthier hand, scveral studics ¢f bank
voles have shown that home range size is laversely rclated to
population density (e.g.x¢ejda and I'elikan, 1823; MMazurkiewice,

1971; Andrzejewski and hMazuridewlez, 197¢); apparently in direct
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contradiction of these results, home range areas in the present
study were greater in the experimental enclosure, which contained
a Ligher total number cf cnizaals, than the contrcl enclosure; the
experimental enclosure did however, centain less adult, agoressive
raales than the control enclosure, because the majority of acult
maleg were castrated; perhaps, in the previocus studics, the
obhservation that home ronge areas were Inversely proportional to
the density really rmeant thot home range areas were inversely
propertional to the density of aggressive adult males., Ilecuuse of
the artificially high denszities that occurred in the present study, this
hypatbesis is temicus when apelied to natural populations, but
deserved further investization. A in the aaalysis of diztonces
between captures, thic recason for the lacl of more maried cifference
between home range areas of adults end castretes 1s nct clear,
Lecause of the atypical conditions Inevitably present in enclosed

populctions at hizh densities, values of the racen hiorme range areas
are not comparable with grevious estimates of home runge areas
obtained from studies of unenclosed posulations of bank veles {e.z.
those of Leids and Pelilan, 1959 or Crawley, 19C9); however, in
agreement with previows studies, the ranges of adult famalcs were
markedly lower than those of adult males (figs.4.2.4(:11) and 4.3..4(xiv))
(Zejda and l’eliég.:n, 1209; Crawley, 1530; dlazurkiewicz, 1571;

cf

ifferent from each

ﬂ\»

Andrzejewsihd and Mazurkiewicz, 1878), whereas the rangce

[+

immature males and females were generally less d

othzr than these of adults (figs. 4.5.4(xii) and 4.3 AV (Plazurkiewicz,

rper
() e

1971; Andrzejewsiki and Mazurkiewicz, 10
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Ia cenclusion, this study has shown that, in communities of
bank veles in field enclo"‘ores, the aggressive behavicur of adult
males had a significant offeet en population dynamics. In agrecment
wvith previcus ctvdies of enclozed mouse and vele pepulations,
reproductive Inliiliition occcurred at high densities, but there was no
chservable Cifferonce beotween the degree of inhibition i the
experimental and contrel enclosares, Neconotal mortality, the cther
procesa also previcusly suggestad as Lopertant in reguleting the
numzbers in encloged gimall marmraal poepulations, vas wbserved to be

siznificantly hizlier in the enclozure with all males intact than in the

m

nclogure with castrated raales, ond was the cause of the differcnce
In numbcers betweon the enclocures,. Cther demographic processes
that mizht have affected the numbers were not significantly different
between enclosures, Certain mensures of the sozizl erganisation
(wounding, distances between cartures, home range areas) were
alzo shown to be different between enclosures. &3 expected, the

incidence of wounding wag high

<

est amongcat adult maales. In general
animals were legs restricted in their movements in the presence of
non-agoressive, castrated meales in the experimental enclosure than
in the presence cf agrres:ive intaet males in the contrel enclesure.
The implications of these findings for the study of ponulation
rerulation in redents in general, and Micrctine rodents in particular,

vill be discusszed in Charpter o,
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The present study has shown that, during the course of a single
seascn, adult male agqx ssive behaviour appeared to have a significant
effect on population variables in cermmunities of bank voles in large
ficld enclosures. Four major questions however, reraain.

Firstly, could experiment ENCL 4 have been repeated with the
sarme result? Decause of the time- and energy-consuming noture of
live-trap studies of small mamimal populations, replicationsin either
tiznc or space have been rare. In the present study, only two
enclosures were available, and the problems encountered with them,

53

described in Chapter 4, meant that only one long experiment,

gpanning a breeding season) was pozsible. Az a result, it cannot be
said with certainty that the cbserved differences between the populations
in the enclosures were not simaply due to undetected habitat differences
between the two enclosures, or between the populations initially
introduced into them, rather than to the differences in social
conditions produced cxperimentally by the castration of most of the
acdult malez in the experimental enclogure. TFrevious studices of
enclosed populations cf rodents have ghovm that the numbers reached
at asyrnptcte can be very varialile, cven in apparently identizal
enclosures (e.g.Southwick, 1222(0b); Tetruzewicz, 1827, 1533, 195¢;
Lidicler, 18C5; Vessey, 1257). In general, however, this variability
hias occurred in laberatery populations, in small enclosures or cages,
with very few founding animals (sometimes a single bizewual pair);
in cther words, with extremely restricted stock. It is easy to imagine
thet behavioural or genctic differences between one founding pair and
the nexst could cause marlked differences in subsesuent population
growth and asymrtote. In the present study, the founding populations
were large (19 anlmals were introduced into each enclosure at the
stort of e:q:eriment ENCL 4) and animals caught from diffcrent areas
were divided ejually between the two enclosures, with the intention

of starting the experiment with genetically mixed peopulations.
Thercfore, it is unlikely that the differences cbscrved were due to
initial differences between the populations. Similarly, it is felt
unlikely that there were sufficient habitat differences between the two
enclocures to account for the demographic differences, altiicugh this

possibllity cannct be completely ruled out.,
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Secondly, castration was demonstrated, using rather imprecise
methods, to affcct the behaviour of male veles., Vhich cther aspects
of adult male social behaviour were also affected by castration, and
which cthier corapenents of the behavioural repertoire of male voles
are important in population processes? In this, and other studies,
the terms 'aggressive behaviour! and 'social behaviour' have been used
as blanket terms to cover, for the sake of simplicity, a multitude of
Individual behavicural compenents. The role and interplay of
beliavicural components in the ficld must, however, be extremely
complor; Chapter 3 has shiown that it is possible te observe and to
quantify bohavicural latersctions of voles in the field. It would seem
to be woerth pursuing this approach with a view to determiining, in finer
detail, which aspects of behaviour are most fmportant in mediating
population processes. In particulsr, the detailed effects of
experimental manipuletion (such as the castration used ia the present
study) on ficld Lehaviour deserves further study. \

Thirdly, what i3 the role «f zocial behaviour of other age and
scx classes in affecting populstion variables? Traditionally, it has
been aszumed that it is the behaviour of adult males that is the most
iniportant in sccially~-centrolled population processes. This assumption
has ariscn for the two reasons mentioned in Charter 2; firstly, that the
behaviour of foemales is difficult to study because of the complicating
cffcets of hicrmone fluctuations during the oestrus cycle, and secondly,
that males sre rore aggressive than females in most emall mammal
spocies. llowever, there arve indications that female social behaviour
may also be Lizportant (iechs, personal communication; Dujalska,
1872,1371, 1873), znd investigation of this aspect is overdue.

The final question, and probably the most important of the four,
is: Vehat is the relevance of the results of the present study, carried
out cn enclosed vole populations, to the pepulation ecolegy cf bank
veles in natural populations? Artificially enclosed populations have
usually been studied only during the relatively short initial period of
hizh population growth, as was the case in the rresent study. Decause
of this, adult mortality has largely been discounted in previous studies
of enclosed populations; in the wild however, very fow voles live for

two breeding seasons. Clearly, the short time-scale of most studies
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of enclosed ponulations of rodents means that the relevance of their
results to pepulation processes in natural porulations may be limited.
It 1s also always possible to criticize studies cof laboratcry and encloged
populations of rcdents on the grounds that the densities reached render
them so artificial that they bear little or no relationship to the real
world, and that the mechanisms of population regulation reveualed by
them are therefore of minimal Importance in natural populations.
Lidicker (1973), however, argues that reproductive inhibition at least,
clearly cbzerved in the present study, is probably 'micre than a
pathological manifestation of artificially high densities' since only
those species of rodents known to reach high natural densities ( if only
occasionally) have 'such efficient physiological machinery for turning

off reproduction’.

I feel that these problems can really only be resoclved by long-term
experimeoental studies of natural populations, &t natural densities. In
particular, I think that further attempts should be made to monipulate,
in a quantifiable manner, the behaviour of individuals or groups within
natural populations (for instance, by hormone implants); demographic
consequences of the behavicural modification of diffcrent age~- and sex-
classes should then be determined by comparison with stinilar, but
unmanipulated, control populations. Replication, by repeating the
experiment in the same arens, but with experimental and control
populations reversed to eliminate possible intrinsic differences between
the two areas, should finally enable the role cf gocial behavicur in the

dynamics of natural populations of rodents to be clarified.
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