SOET s MNIIN L AeeOEN —m

7699

BEHAVIOUR DIFFERENCES BETWEEN RACES OF BANK VOIES
(genus CLETHRIONOMYS TILESIUS)

by

John Godfrey B.Sc. (London)

A Thesis presented for the degree of
Doctor of Philosophy in. the
University of Edinburgh

- from
The Department of Zoology

1957 -




II
111

CONTENTS

GENERAL iﬁTRODUOTION_", |
ACKNOWLEDGEMENT S |
POPULATIONS STUDIED AYD GENERAL METHGDS
INDIVIDUAL BEHAVIOUR ’
1. Temeness
A ‘handling |
B upwarﬁ flight reaction -
C strange‘objeqt reaction
... . D openfiela |
. 24 Rhythmic behaviour o
- A in eaptivity |
(1) methods :
(11) results

B in the wild using a radioaotive
labelling ‘technique *

JG. rhythmic behdaviour. in the wild
©in relation to that found in .
'captivity . '

B PR Discussion

BT

Page

N3

13
13
17
18
20
23
26
27
31
33

34




1.
2.

3

1.

2.

4.
1vr INTER-RACE BEHAVIOUR

i SOCIAL BEHAVIOUR

Introduction - aggréssion and submiésion
Experimental communities
A method
B results
(i) single race communities
- (a) gregariousness
(b) sex differences
(e) térritoriaiit&
(ii). bi=racial comminities
(a) racial gegregation
(b)‘récial’exclusion.
Importance of olfactory cues
A method
B x‘e‘éults
c conclusion

“Discussion

Race diecrimination
A method
B reéults‘
discuésion -~ VTE

Differential insemination

A method

68

Page
44

44
48
48
50
50
50
50
50
52
52
53
54
54
56
58
59
61
61
61
64
67
68



3.

B results

Discussion

ViI NATURAL SELECTION

1.

2.

3

Geographical variation in britannicus
discussion
Ecology

A predators, competators and
< eoological specialization

B feoding and,dr;nking N
(1) . food preferences
.'(ii) quantity consumed

' (iii) food storage

c' nest building
,(1) ' bed shreddin°

| (ii) . discussion

The effect of raoe crossing on fitness

A 1nformation on breeding and
. length of life in captivity

(1), . method
(11) ' reproduction
(iii) ‘length of life

B ‘information on mortality 1n wild
populations ,

C diseusoion

(1) significanoe of
litter sige

Page
70

71
74
74
1
81
8l

83
83
85
85
86
87
89
91
92
92
93 |
95
97

100

100




GENERAL DISCUSSION

SUMMARY
REFERENCES ..

TABIES

APPENDICES

. PIGURES

PLATES |

(11)

(114)

inbreeding on islands
and in captivity
hybrid vigour and
hybrid breakdown -

101 -

102

11



I. GENERAL INTRODUCTION

Animals are characteristically more vigorous and feeund
when living in the range of environments in which they
are normally found than they would be if‘transferred to
another., It has been shown, by Fisher, Haldane and
Wright,_ueing mathematical models, that tnie could have
come about'in response to natural eeiection,'lThe eimnliv
city of their theory of how evolution; as visualised by
Darwin, occurs was dependent on assumptions about the
atruoture of populationa. The usefulness of these ideas
has been demonstrated in a nnmber of practical studies
(reviewed by pabznanskyhlgsl), but very little is yet
known about the evoiutionary effect ofvinteractiqne
between members of a species or group of species,

A pre-requiaite for continued'adaptive‘modification
in the face of a changing envirenment is that genetical
variability should be maintained within the pbpulatien
subject to it. Outbreeding tends to conserve heteno;
zygobity. On the other hand, once a group of animals
have made a genetioal advance beyond their fellows in.
ltheir own niche, 1t will be of advantage for the indivi-
|duals in,thislgnoup‘not to mate with others from outside




it. Introgressive hybridigzation between a variant
population and 1te ancestral stock resiets the estab-
lishment of beneficial gene combinations. Natural |
seléction between populations is a relatively_ineffi-'
c¢ient process. Thereforé_in this confliot between the
advantage which a population gets from-being géneticalx
plasﬁici and the'increasedlfitness confer:ed on 1ndivi-
dugls whése offspring resemble them in their relation-
‘ship with their common environment; the latter oan be
expected to prevail. ﬂ

' The movement of animals between localities, their
: aotivities in their home range, gnd, eSpeoially; the
relative readingss~Wit§ whiéh.ﬁhey.will mate.with g”
particular individual or oategony of individuélslfrom.’
among those available, determine the freedom with which
| genes flow within and between ﬁ0pulations, This is’
most obvious in the origin of new speciés:y As behaviou
pgtterne influence the adaptability of populationS'
through their control of the mating system, they are
‘ 1ﬁportanx chéracters for gtddents of Speciatiqﬁ deppite
tpg teéhpical difficulties which they preseqt;‘ Phe”
' qulution of the nervous system has greatl& extenﬂéd‘
fhe péssibilities of interaction between individuals,
It is_llkqu that the matinge among mammals or birds
are less. nearly random than those among most inverte-

brates'or'sexuélly reproducing micro-organisms.

it
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DOWdesweil and Ford (1953) working on butterflies,|
Cain and Shoppard (1950) and'Sheppard (1952) working on
snails; and Dice and Blossom (1937) and Voipio (1950)
working’ on mammals, have all found marked adaptation too
local oonditiono coinoiding with re;gtive }golapion,
Blair (1951, 1953) finds-thgt'?érogisous.move surprisingly
little during their lifetime, and Howard (1949) gives
evidence that full-sib and parent-offspring matingé are|
not raro'in_the w;id.p Weber (1950) and Corbet (personal
comminteation) have both found marked differences in the
freqﬁoncy of skeletal characters, whiéh aro.probabiy
inherited in a simple Mbndeiian way , between‘local'
populations of, reSpectlvely, Mus and lethrionogx
separated by no more than a few miles of country inhabited.
by the rodents on which they worked. This suggests
that.the popﬁlgtion otructure of small mammalo.is such.
as to allow a copsidepablé degree of iocai\adaptatiop,
In order %o.investigate the part which behaviour»plays
| in Speoiation, one requires a group of populations whlch
are characterized by variants that can be deeorlbed 1n
qognxipat;vo te:ms,_and yet are not,oo_@ietlnct,as to

exclude hybridization in the- laboratory.,
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The taxonomy of the group.of rodents which were
used in this study is confused. The genus Clethrionomys;,
described by Tilesius in 1850, has often been called

Evotomys, which;thgﬂgrgup was in@ependantiy namediby'
Goues, at & later date, It 1o found in the north
tempefate and sub-arctic regions, and, over moét“bf-this
. |range, is easily distinguishable from the moéf.ciQsely
'related genera (Hinton 1926), The less complex éﬁeek
teeth, become rooted in the adult, whi ch is.upuéﬁgl for
rodents, and the skull is less massive then that of |
Miorotus. The-main generic charaoters can be undérstood
|in relation to fhe'less'abraaive naturé'of‘the diét A
eaten by Clethrionomys than thatlof its éloge relatives
(Miller 1956, Richie‘lésl); Four of the species groups,
proposed by Hinton to incluﬂe}the_numerous forms that
haye.been'desOribed (Ellerman (1941) names sevsnty;two)
are present in Burope (fig. 1), On the mainland of
Great Britain there are small brightly'coloured'bank
voles with a reddish area onﬂth@ back; it is gene:ally
agreed to call these Clethrionomys glareolus britannicus
Miller 1900 (plate 1), and that they can be regarded as

sub—spgcifically distincf from-the type subspecies
found on the continent of Europe:. On islands off the




West Coast of Britain are three distinct forms (fig. 1),
each of which was first described as a new speoies. ;On
‘ Raasay is found a large dark Vole with a rather long
'stqut“tail,’Glethr;onqgga:e:ica Ba:rett—Hamilton gnd

Hin&o#:1913, (plate 2)jon Mall,’ another ihneerébr;dean
island, the'rélativgly'short tailediform,‘whioh.is giso'
" |larger and darker coloured, was termed Clethrionomys
éistbni 3arrett;§gm;1tqn.gpdgﬁiptog 1913, (pla&e“3?;‘,.
off Wales a large and sandy cdlduredlvple ialioupg §n
the émall island of Skomer, Clethrionomys gko@ergngis;
Barrettfﬁamiltog ;905,;(plate 4)+ ‘Hintgn.qqnsidered

" |thése taxa to be allied to the gégggl species group,

to be derived from 8 population of C. gggeri which hae
since been. replaced on the mainland by C. glareolus,
Clethrionomys nageri9 1arge dark bank vole, inhabite

high land on the continent of Europe, but was unfortuna«
tely not available for the present study, On the basj.s

of larger samples thén those availablefto‘Hinton;'Steval.'

(1953) came to the conclusion that the island forms are

eubspecifically dlstinct from C. g, britannicus. It is
hard to understand on‘what grounds MbrrlsonFScott (1952]
allied alstoni‘to ‘;areolus, but erica to clethrlonomyg

|zufocanus Sundervall, which is ‘a.sub-arctic form dis=
tinguishable at a glance from the other bank veles in

question by an observer unfamiliaf?with the gro@p.




Clethrionomys rutilus Pallas; typicsl of the other
N arctic epecies group, ‘is.a amall vole, in appearanoe

| rather similar to britannicua but of a pale sandy colour,

|The 1dentity of the voles called hero norvegics is far

| £rom clear. They have been considered a subspecies of

- Qf.glaxeoiusi(Milier;lQla), o§3Q3 ggge?i (g;ntthl926g

=

Ellerman 1941), or aa'indiétinguishable from C, glareolus
slareolus, (Collett 1911, Steven 1952). |

o

That rutilus and rufocanus alone, are speciflcally

distinct from the other bank voles mentioned here is

.| concluded by Stgvep’(IQSS)!”from the fgct.that mqst of

~

Sy

“;thg,poésible crosses between British forms and norvegic

‘betwgengislgnduigrmg;gnd_brifgpniqug} gnﬁ between: the
és;gﬁd‘qums,integPQQ, had been.ﬁade}by_ﬁim.‘ Thess
‘drOSses gave Viable and. fértilé hyvrids, It{may ve |
noted here that two of the crosses that had not ‘been
obtained by Steven have since been found’ by the writer

to produce viable‘yqung, pamely.britannicus male b ¢ ;

.',alstqni iemale andzbritannicus»male‘x.skomerénéis‘female.

It is clear that thgre‘is np.imbasgable barrier?fo.gene

_hinterchangem The question,remains.open whefher éfbarriar,

. |apart from gross - inviability or: sterility, or geographical

) separation, ould maintain these polytypie forms' distinot

Al




from one_anotperg The potential means by whichlieola&
tion can be. affected are nnmerous:(ﬁobzheﬁeky 1951);
an investigatlon of, .some of them w111 be reported 1ater,.u
The idea eommon to the numerous blologioal defini- :
Altions of a species ie that groups of-animele, in order
to be considered species, mnet have chareoteristice ’
which inhibit the free exchange of genes between them.
Spatial ieolation ie excluded ae a criterion of-speci— :
ficity, except in 80 far as 1% can be ehown to be the |
result. of either differential mortality or choice of
habitat. As the epecies concept hae become more. preciee
(cain 1953), especially as ueed by botanists (Gilmour
| and Heslop-Harrison 1954) and ornithological taxonomist

R s

(MEyr 1942) it hae become apparent that ‘the term is
ueed for different purpoeee, The treatment of allopatrlc‘
‘ populetione shows thie most clearly.' It is ueed in
,classifying epeeimene in a convenienx way, organisms
belng ineluded in a species 1f they fell within a
deflnite range of phenotypic varletlon. It is also
used in the natural claesification of well studied |
grouye, For thie purpoee an operetional definition is
used, The most familier and eucceeeful of these,
,particularly in claeeifying angiosperms, is whether
viable and fertile offepring result from the cross




¢

. pollination, 1n captivity, of members of a pair of

M i

improved as the techniques of experimental taxonomy

how provisional any diagnoeie of specific etatue, using
thie kind of 1nformation, must be, at any rete in
enimals, where differenoee in behaviour or ecology may
;function as ieoleting meohanieme between populatione
‘Which are not dietinguiehed by incompatible gene
:cemplexeeo. The readily moﬁ}fled behaviour that eeeme:
to be charaoteristic of mammals may 1end itself to thie
sort of process. It hae been euggeeted recently however
’.(Manning 1957) that the behavzour of bees in response
[to_the interspecific releasers of anglospern flovers
nay be important in the epeciation of the latter, In
considering species as ebagee.im_evolutionemy change

to gene interchange, If difﬁememcee im“beheviou:‘or o

18hips between them losee the attractlon it had of being
2, biologically meaningful criterion of epeeific rank

¥

"

putative Speciee. It seeme lik:ely9 on general grounde,*

that thie sort of definition can be expeeted to become ,

~ |progress. It is hoped that thle communication will ehow

it 1s important to know what factors function as barriers

‘ecology. are sufficient to ieolete two natural popmletiom
then the investigation of the absolute eterility relaﬁio o
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'III. . POPULATIONS STUDIED AND GENERAT METHDS

The taxonomic status of the animals used in this work
is discussed in Sections I and VII, but this is not
conclusive, The most appropriate nomenclature seemed,
therefors, to be the trivial names of the forms in
queatién;7'Theéé‘are:uséd‘withputipréjudiqe as tox}
Whéﬁhéf~tﬁéy‘éhduld'prdpéfiy‘be‘;égardbd'as'of specific
or subépédific rank, oty fbr‘that'matterb'aszto what
9peeieé“the'Bubépécies:beiéngi The only named form |
which has been collected from.widely separated localitias
is britannicusq Where'approp:igte,_the loca;;ty is -
used following thé‘t;iv;al namé;a:In‘thé'abéence'oﬂ an
indication of this sort, britanniéﬁs'can be. taken‘to ‘
refer %0 the bank voles from the Edinburgh district.-A

The term race is used here to designate the taxonomlo .'
‘sub—divisions of-the_genus .-eth;gonogxs, Its use does
lnot imply that none of these taxs, is sufficiently

distinct to be given a higher rankg'but merely thgt,iti
is not helpful to-do so in discussing the work presented
here. Similarly-quéiifiCa%ions of the teim. aie~not‘used.ir

A11 the forms, if races, are geographical ones on the

customary criteria (Mayr 1942); it is.hqped to demonstr
ate that they are distinect in other‘wayéaw




=

" [been ueed are given in Teble 1. These enimale‘Were Eept

|contrary 1s stated explicitely, both animdls that have
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betaile of the gollections of bank voles which have

in captivity using methods developed by D, M. Steven,
and described fully by him in the second edition of the
U}F.A@Wafhandbook-(l957) Details of partioular methods
will be given as they become neoessany. ‘

Throughout ‘this . investigation, except where tho

been caught in the wild and maintained in captivity for -
vaxying periods of time, and animals that have been

bred in captivity for one or more generations'have been

' ueed. The latter category has not been avoided, as the [

hybrids used in a mumber of‘sxudies,were of neeessity
labokatory bred, end an important aspect of the work

‘was the comparison of theeeiwith members of the seyeral_

races of‘Clethfionogxsl

t
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* IVy - INDIVIDUAL BEHAVIOUR

The first impression of variation in behaviour
dharacters between an island raoe and that from the -
mainland ie that they differ 1n temperament. As Pitt
(1925) puts it "moreover they (britannious and

skomerensis) differ in disposition° Skomer is placid

and docile. Any one of the six will 1et me piok them

.....

‘up and put them on my arm, when they do not seem

frightened or even~psrturbedz A britennious would ‘have
junped to Jericho", |

.-
l

' For convenience, the differences which are respon~'-
sible for this reaction in the observer are considered a
as defining the distinotion between tameness and wildness.f
Several examples of this category of behav1our will now

be examined.

i
The behaviour of an animal most caloulaxed to produoe a |
subjeotive impression of tameness to an experimenter is
that whioh makes ﬁhe animal easy to handle.“ The most
notlceable differenoes in behaviour oharacters berneen
an ieland race end that from the mainland are of this

sorts,




- 14 -

The Speed and the frequency of mcvements during
\routine maintenance are greater in voles from the

. megpland‘than in_tpe,ieland forms, ‘On these criteria
the most.active 5; the»is;and.voles epe Raaan;eﬁimals;
b‘,The expezimentpte,bé deeetibec'weelan attempt’to:put
theee‘impfeseions'on a quantitative‘baeie. The. general
jlevel of sponteneous activity, as measured by the {v
“amount of time epent out of ite nest by a~vcle, will be
f‘diecussed later. To aseess tameness it is more important ;

to see if the. vole will run‘when the experimenter is

»f'preeent, and if eo in what direction. The rating syetem
‘: ueed for classifying the ‘eage. with which a vole could be
handled on a particular occaelon,-in five steps of
t’deoreasing tractability,wae as follcwez _
(1) No rapid running, no freezing (see below),
- and no persistent mcvement awey from the ‘
o experimenter. | ,
- (2) " Preezing; a characteristic hunchea attitude
| s which a\bank vole may aesume cn disturbance
and maintamn deepite being puehea, picked up
or otherw1se stimulated, and deepite being l
left undieturbed, subeequent to thie, during
a»five.minute period cf observatton fppm a.

. distance of five féct.
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(3) Movement away from the handler, but rot
L K enough to make handling difficult.
(4) bevement, especially running in cireles and
jumping, 80 rapid as to make. capture difficult,
- put not apparently osisntated with relation
- %o thé handlsr.:r‘ o

)
14‘. ‘A

(5)  Rapid runninv or jumping away from the poten~
| A“tial handler._ Biting. ; s .
. Five adult makes from each ef eight sorts of '
f~ 1etgrionogx g8 were plaoed in separate cages, and seored
on these criteria for “ten conseoutive days° The results
"ir Figure 2 do not suggest that the rattng scale msasured
a. single factor whieh is continuously variable,but ‘
rather a number of partly 1nﬂepsndent tendenoies each
of whioh has an effect on traotability. In the absence
-|of a more detailed study, suggssting what statistical
‘l model could generate sueh results, a~statistical analysis
»of the data as a Whole was not considered appropriate.

However, the types of bank vole do seem to be eharacter-

.ised by e high frequenqy of a particular rating.' In
| only the Kintyre specimens of britannicus and the two
_hybrid groups do less than half ths observations fall

."in the most frequently oceurlng category.




- 16 =

The &iffexences between the observed records of a
particular grade that seems 4o ‘characterise a type of
bank vole,?and the expectatmon en “the basis of the. -
frequency with whieh this grede‘occurred in the results
| of the' other volee, were tested by the chi squared
method. ™ - L ; |

' This enelyeis is presented in Table 2. britannieus.'
from Edinburgh, and erica,ere both diffieult to handle,

but are cheraoterised by the ratlng numbers 5 and - 4

reepectively ekomereneis and alstoni are both eaey

to. handle. Apart from the differences between _the l
races 1t is noteworthy that the britamnicus from Kintyre'

are different from the Edinburgh eample, ana ;aphe:
similar to some of the island forme; that thetnew

collection of ekemereneie animals wae markedly easier

to handle (thie.wee.so»from”the t;me,oireaptp;e) thep“'"
the old‘steek, which had been in'captivity_feﬁ'a_number
of‘geﬁeratione (about four). The two types of ‘hybrid

‘ were not ‘markedly different from each other, but -
resembled neither of their parent races. They were thej.
only animals other than erica to be classified as 4 at
all frequently. They‘gave the impression of being wildv

in a disorganized way,.
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B. upward f£light reaction

If a resident vole is visible outsida its nest when the
cage 1s opened ;. his responee Yo the opening may be any
of three broad eategoxies of behaviour, providing that
there 15 no other disturbing factor, These are:

1. rapid upward movement by jumping, oiimbing'or
running te?@ed en upward flighﬁ reéétiOQ_if
the'VOIe 1eaVes ite cage within about five

| ‘seeonds (estimated)9 " |

2, ‘burrowing or running to ‘oovery termed a
downward »_fl‘ight _reaction if the vole has
disappeared from view within five seconds,

- but has remained within ite cage,
3@' the vole still visible within its cage'
classified as’ no‘fli_ t~reaction, but probably
' inc1uding weak éscape reactians, and some
poorly coordinated omes. Some individuals un
rapidly in circles when disturbed, and for
lack of an unambiguous oriterion this has been
incéluded in the 'no flight' category. o
The results are presented in Qables 3 and Figure 3.,
There was ma:ked individusl variation, especislly in i
erica, but it will be seen that in these samples alstoni
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gﬁd ekomeggneis had less tendericy to flee than did
gggiou and erica; and also that the flight of
bgitannioue was oharaoterietioeii&'in a downward, and
of erica in an upward, direction.; These oonclusione .
are -upported by experience of, lerger number of observam -
tions,; which were not designed to test escape reactions.

The stimulus. operative for theee reSponses may well
be the rapid increase in inten91ty of illumination ’ ‘1
within the.cage on opening its 1id of perforated zinc
mounted in & wooden frame... Thie interpretation 1e
supported by the fact that the reactions are found if
the 1id is Opened by the uee of a etring when the
observer ie eome feet away, but are not found if only
the frame. of the 1id ie opened in the normel way, _
leaving the perforated. gine resting on the Wells oé the
cages . In the previoueneeotion on ,handling, other factoxrs
are certainly involved, and, in .some oaees9 the vole .
makes movemente apparenxly orientated in reletion to
the obeervero.

,C‘..' gt

age  object resction

When a vole 1e confronted by an objeot with\which it is
mot- familiar, in ite home cage, it usually baoke eway
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| fromfit, and avoids that part of ite cage for & while
This is a familiar phenomenon to workers on smsll
mammls. Lotrens: (1952), for instanoe, desonhed how

rapid and stereotyped movement to wha.t is appa.rently

exploration, with rather slow progress towards its |

. 'beeause they are new objeets has 'oeen oonsidered the
eause of the increase in catching performence that is

usually found between the’ £irst to.ihe seeond night f

: 1949, dnd a oiseussion vy Idnn 1954)°.3‘w. | |
The 1ike11hood of a vole not being oaught 1n a
. Longworth trap was taken as a measure of the strength

"'of the strange objeet veactiony S

§ Male Clethrionom_, eaoh of, which had 'been living
V,,in the experimental cege, with a‘oundant peat moss e.nd

: ha.v so thst runs e.nd tunnels eould be established as

- oover, for a.t least a Week,< were, used. K Longworth

.....

. live trap ( plate 5, a.nd Ohitty and Kempson 1949),

. -s._eontalning food and bedding,p was placed in the oage at
_'“lthe far end from the nest used by ‘the vole, and eft
there overnight. In the morning it was recorded

‘ whether the vole had entered the trap. ‘ This vole 'was

not ueed f.or further trials. Only animale bred in By

the behaviour of Neoms fodiegs ehanges, when it comes

a.eross an unfamiliar ohject in its home grounds, from '

presumptive goal. ‘Ihe avoide.nce 5 by Lorotil Sy of traps -

‘that a group of traps ha.ve been set (chitty and Kempson ,

Ly
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fcaptivity'Weie used in theee'expeiimeﬁte;JinvouﬁérftO‘
exclude the effects of trap experience° The nuﬂﬁer of
racee invclved was limited to those available 1n

relatively laxge quantity. _
Applying ax chi equared teet tc the results shcwn

in Table 4 it becomes clear that brit iggs individualﬁ_

“,:@ enter the . etrange object less readily than do ekomereneie,

| . |or hybrids between either britannicue and ekomerensie,

‘ or britannicue and aletoni (in each caee P is lees than
‘ ﬂQQ}),? There is nc evidence that the two sorts of |
hybrid beheve differenxly from’ cne ancther, r that
.either ie dlfferent frcm the ekcmereneie animals for
this. character (in both - cases b4 ie greater than .10).
.'”Dkglofen fieldﬁ}w

VoL b S, i
T s SO

eh'The spcntaneoue behaviour cf the same five males cf ,
| each of eight categories cf vcle that were tested fcr
e,tractability (eee e -1 .A) wae asseleed during ‘ten N
»iminute pericde of observation in the fcllcwing circume
_stancess e e mﬂ . | |
e The enimal was placed at "0" in thc centre of the
'LjOpen field apparatus (Fig. 4) under a tin, which»wae

| jlifted rapidly from the anima} after ten m;nutes,

u Areund "0" was a. circular area divided into named .
:Jraecticns eurrcunded by a'wall, which had above it fcur

v electric lamp bulbe which were the only 111um1naticn in_
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thébrOOm. The 1ocomotory movements (this term, and
the ones following; are explained in footnotes to
Figures 5 to 11) were reeorﬂed. The total Bscore of
each 1ndividual for the ten minute period is plotted
|in Figure 5, and from the standard deviations of the
means also shawn it can be eonolu&ed that the A
britannicus frnm Edinhurgh move more than those from
Kintyre in this novel situation, and that they together
with the eriea group moved more than the alstoni or
elther of the tmo Skonerensis groups. The two hybrids
|were internedtate tn perfomence betwsen their respec-
.ti#e'paréntai raoés,'but:notvmaik@dxj"difféfént'frdﬁ»
the britannicus groupmlbul 4 |

. The nnmber of minutes in which several categories
;,of aotivity occurred at least once are shawn in Figures
6 to 11. The amount of running was, 1ike movement,
'highest 1n britannicus and lowest in alstoni and
skomerensis. _grica was the only group exhibiting back

.flips, and jumped rather more frequently than the rest.
Edinburgh britanniocus, and erica, showed a higher tooth




S I

grinﬂing fréquency bhan an the rest. The iSla.nd races
showed no. aifference from the Kintyre ,b“i'.t_ Andicus dn

the amount of washing done dur:i.ng exposure to the open
f:l.eld situation, but all. these did lees washing than
v'brita.nnicug. All the. types of vole except erica spent
some of most minutes in contaot with the Wall of the |
‘ apparatus.

The~ movement temed baokflip, a.nd found in’ alstoni,‘
is very. similar 1o one: frequently performed by Mus

musculus spicilegg Petenyi but not by a:w stock known
to. the writer of the laboratory. M.m. domest:.cgs Rutt;y.




ﬁobtained to seleotion for increased or decreased eotivi‘

"’Munn 1950 for a general review, ». who have often used
o relatively uniform matsria‘l from the genetical point oi’
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| 2. REYTHMIC BEHAVIOUR'.

R I
i l\\

l

winto more or less regularly spaced bouts is behaviour |

‘ ‘\\V ‘:‘L

ie one reason why these characters nave 'been ,fevoured
"v'by physiologists in a.nalysing the pmoximate causal |
o 'factors in muscular motor activity. The ceusa.tion of
‘rbythmic activity hes also been studied at the genetice.
level (a.nd is one oi’ the :few 'behavioural traits to have
-been so studied) by, for insta.nce, Rundquist (1933),
i who i’ound that muoh oi’ the individua.‘l variation in the
| .iispontaneous activity of rats oould be attributed to

,,}..Agenetical determinants, and Brody (1942) This workl
i .fhas olearly demonstrated, by the response Which has bee:

,, Peper i

',level, that, within a particular environmental setting,

f’variebility in genetioal constitution among the indivi-

- 'duals in the population which was studied. _ Psychologis

Y " -.

view, and ecologists (Galhoun, 1945-6). using members
of natural populations, have shown just as clearly that

|The - well known dispersion of ma.ny activities, o:?. snimals '

Yhe level of a.ctivity observed was not stable to the |
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. |the modification of a nimber of factors, especially
light (chalski, 1949, Aschcff end Mbyer_Lohmann, 1954,»
’ and Hoffmann, 1955) and hormonal balance, has, & profouxn
effect on the performance of rhythmic behaviour. %
eeems clear from thie that act1vity cycles have a
~ccmplex'em£cgeny._ Far less is known of what factcrs -
are impcrtant in the ecological adaptivenese of rhythmiﬁa
patterns in natural populations to their own. nichee, o
range of envircnmenxs. Two studies cn mammals have, .
however, been me.de cf eympatric, but eloeely allled,
epeciesg end both have lenm support to the idea that I

.in ome or more ecological situations., Crcwcroft (1954)

......

'..,

.....

made in the common hnnting grounds. Kalabukhov (1938)
has found comparable differences in the diurnal rhythm

........

between Agodemuc sxlvaticus and Apodemus flavicollie

which are eorrelated both with differencee in environmentel
eelection in the labcratory and, with hebitat preferences_'

in the Wild state.. Such modification 1n the perlodicity_.
of the things an animal does could have come about, |

',1n1tia1ly, as a result of several pcssible advantages .
an individual may get from being out cf its home at




| particular times. For instance, it may avoid exposure

| be: important.__‘“

| potential epeciee, a phenotypie charaoter muet be of
this Mnde = . ., o o

‘problem in the ontogeny of eueh polytypic charaotere ie

fparental pOpulation. In order to be available to W;
. natural eelection as an 1solating meehaniem, between
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to & class of predators, perhaps Specializing on the
related form, or foodstuffs not utilized by the other .

'fspeciee may beoame available to it without oompetition.

Once a difference hee become established it Will prob-
ably dbe etabilized-by eoodal faotore = an idioeyncratio
individual may have more difficulty than his fellows 1n

finding a mate. Since speciatian probably occure allo-l

patrioally (ee will be con51dered later), any divergence
in perlodioity between geographicel raoes is 1ike1y to

o
o

From the point of view of epeeiation, ﬁhe central

_whether the cruoial differenee in. the faotore affecting

,,..

development ie dependent on a. genetical, or on an envirc

menxalw dietinction between the oategoriee of indivmdual

conoerned. On this wilk, depend the etebility of a _;“m
dharaoter, acquired Yy.-a race in 1solation, 1f'the race

should eubeequently overlap geographieally with its

-




The bank voles frnm.the mainland heve been shown to
move ‘more vigorously when disturbed. This behaviour
makes britannicus seem more aotive than the other races‘
land Yed- to the starting of the investigation reported
here. ;t-should‘be;renembered.that‘a,nsgativenresult
would not ‘have meant that there were no important
differences in rhythmioity between the races studied,
but’ that ‘such differences, if they existed, were not
etable over the whole range of environments in‘which

"'natural selection, for evidence of the success with whio

AAAAAA

breeding and survival performance in the wild)

'ences in rhythmio behav1our in bank voles, in spite of
'zindividual variation w1thin raoes, i% Was neceseary to ‘

| make a quantitative estimate of behaviour in time.i This
;mas done meohanioally because preliminary watching |

suitable for direct observation.

these racel ‘can 1ive suocessfully (see section VII, on J'

In order to find if there are inter-raoiel differ-

suggested that any rhythms would be long term, end not 1|

b




(a-)

o Two main factors, apart from simplicity. were coneiderea;
in aesigning an. epparatue to etudy rhythmic behaviouds

A,‘:The term nonmelly applied to the data obtained
'r as 'aotlvity', whether thle ie measured Ty
: Ath9 number of" turne of a wheel (Dice and -
»*Heelett, 1950), or excureione of a tambour
;nmquntedvcage (Kowalek¢,3;949),zor movemenxs | |
6f e7door éﬁb&iﬁi&iﬁgfefcege'(GreﬁcroftJ“I§54);
“::or any of a group of other criteria (for ‘
| reviews eee Kalabukhov 1940 Mnnn 1950, and
B Southern 1953)- Similar results are not
;obtained by all theee methods, and it is
3"probab1e that a elmple factor is not ecored »
_as aetivity. It wae decided to use excursione
.out of ﬁhe neet ae the measured variable.xq
:Thie seemed more natural than ectivity Wheel
. ;.‘performance, for 1netanee.
()
"has been diecueeed by Grcwcroft (1954),

.often been the length of drum paper available )
.;for each time unit of ‘the reoord. Six

- 27 -

Whieh variable was' to be” reeorded as behaviou?a \

The - eeneitivity of various recording eystems

he p01nte out that the limiting factor hee
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_minntes has been the smallest unit ueed._ To
lavoid this difficulty it was, decided to use
p}a strip~of paper running over 8 roller, and |
in thie Way ten inches of record for an. hour,
allowing ansxysis to the nearest minute to be
"msde aocurately, was easily obtained (plate 6) X
-The design of a unit of the apparatus used is sh
in Figure 12, and plate 8. The nest box Was supplied
with ‘hay for bedding,' its sides were double, the outer\‘
metal Walle being removable in order to -Observe the oy
\animal in 1ts nest. This box and the food container,
which was supplied With mixed oorn, turnip, and'water

in a removable plastic container, were suspended from t.-;'

opposite walls.: Both had steeply sloping lids in order'
to prevent voles from sitting on them. .
When a, vole 1eft its nest the floor sank to.:
complete a circuit operating a signal lamp, and. (plates'gf
9 and‘lO) & uno pen filled With barograph ink'which Wrotf.
on’ paper coming from a’ reel such es is used on e - .
. Remington adding machine. Four such cages were ueed to.f‘

accommodate, eeparately, one male Clethrionomxs from

. _each of four different populations. Replicate observef,eﬁ,“'

tions on races Were dispersed between batches of

W..“,‘:.‘ EEET ety ,":':
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experiments in order to reduce any syétematic; effect
of seasonal variations in temperature, moise, or other
uncontrolled enﬁroMéh’c"ai factors. The cages were
placed 80 that the inside of each could be ‘seen from.
the samg observation point 'in a room (plate 7) in which |
the seliedule of 1ighting periods was as follows:
Darkmees for elght hours between 10 psins %0 6 8,m,
|(GuMT), From 6 to 10 a,m, indirect iliumination £rom|
four six-watt bulbs diffused through translucent white
glass simulated twilight. Day was the eight 'ﬁougs.:ﬁrom‘
10 aum. %o 6 pem. With indirect light from three sixtys
watt bulbs. A segond twilight p‘eriod proceeded -darknéss‘_g, ~
An experiment was normally run for two or three
weeks. ‘Ea_cl\l, dqy the',_ _oage‘.‘ wgs cleaned, and food J.and “
water replemishod, and the pens inspected. This pro-
ceedure lastéd approximately. two minut”e‘s,f.for' each unit,
About once a week the reel of paper was replaced.
| Visual observation was carried out during part of each
day poriod; ani often other experinents were in progress
in the seme Toom, The amount of time for wich observy-
tions were made, and other activities performed, was moy
-sténéfa?dilmdvhbetwgég experiments hm§Ven;5:' ‘The voles -
were apparently less disturbed by th sight of movements
[than by sounds, During the earlier experiments counts
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were made of the.frequenoygof sounds pro&uoéd.by the
voles in the night~pefiode;A In the‘leet two sets of
experiments obeervations were mede during the night by
means of en infra-rea image conventor apparatus (Figuro
13 and plaxes 11 to 13), mhe 1n£ra~red.eouroe-was-an
ordinary ‘tungsten filament lamp sereened by a. filter
glass passing infra<red, The principsl of the device
'i*sf‘tixa%' :Ehe' ‘mgé« of ‘t“.i'xe- o'fa‘,“ge”‘i;ﬁ infra—red is focused
by an optioel 1ens onto the eemitransparent photocethode.
oono;eting of silver caesium oxide whieh emits olee+*ozs
With thé eame distribution as the inoident image. z?he
Electrons are accelerated by-a 1arge potential differene
iapplied botween the anode amd cathode. Thie beem ie
' fooused electrostatioally on a 1uminesoen$ ecreen.where
the-energy of the eleotrons~is.conve:tedeinto_vieible_
' light, so that é‘reoroﬂuotion of the, scene oeea as the |
object ie'ob%eine&; During the obeervatione by visible
and infra~red illumination, a reoora was made, eaeh N
minute, of the occurrence of a group of aotivitiee whicm :
' 7oou1d be recognized in the converted infra—red image, '
Which ueually had poor definition. These werez - 1o¢os |
Eotien.'- feeding, urination and presence oute;.lde the nest)

boxs - ,
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the reeorde obtaine& from all the experiments were ‘
examined ..'te. detemine, fpr :ea_.ghx half hour ,p.eri_ed., how
: ma.n,y mimites the vole epeh%‘ some of th’e‘- fi’me ‘outside

his neet box. The mean score, for eaeh ¢lock half hour,
is plotted in Pigure 14 (i) = (vii) for all experiments.
It Will be seen that moet races exhibitea e short term
_periodioity in the dietribution of excureione within the
| ‘twenty four hours. B D e e
' Althongh there was- eoneiderable individual variatic
‘ .within groupe, ea.ch we.e characteriseu by a particular

| pattern; the bursts of aetivity in. britannicue\from "

" but more frequent than in skemerensis. . The- number of
"per 24-hour perled, a.nd britannicue from Kintyre, whieh
,;had eix._ Pro'bable figuree ‘£or the other racee are. six
‘for the Edin‘burgh britannieus, about eight for a:lstoni
‘and five for erica. norveglcus ‘seems o have had. more |
numeroue cyclee then rutilue. 'l‘he britannicue from the

, '.l'he hybrids did not reeemble either parental race;
their performance d:.d not ehow regularity, except that
they were more actlve during" the night. S

_Kintyre a.nd Edinburgh were less frequent than 1n aletomr

Kew Foreet apparently 1aeked~ this, short term rhythmicity"

For the purpose of comparieone between and within races;

no
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The total amount of. t1me spent out of ﬁhe nest

box, and it distribution between the lighxing periods,f

for the several reces, was subjected to an- analysis of |

variance. The grcups of animals were flrst anslysed
geparately.. It was. found that, (see Table 55 1) (a)
New Forest britannicus, skomerensis and: the grcup*of

hybrids showed differences in total performance Within
a group eignificanm at the five per: cént’ 1eve1. ‘(b)ﬁ,T .

New Foreet britannicue (one per cent 1eve1 of signifi~
cance) and the hybrdds (five per’ cent level) showed

difference between 1ight1ng periods 1n the distribution~

of excursions. (c) There wes ‘no. evidence of 1nteract101

between animals and periods, that 1e, no difference inr-
the pat'bern of distri‘buticn of activity be'bween indivi-- ‘

Aduale within ‘& group could be demonstrated.;. Y
An overall analysis (Table 5. II (i)) shcws (a)
There was: avdifference between grcups (Table S II (ii)
The significance of this difference was caused. meinxy l
‘by the New Forest britannicug, which had a lcwer per- ;
fcrmance than most others, and by erica, which.was also
| 16@} (1) There was & marked rise from dsy to dusk and
night, and a. fall from night to dawm,. (Table 5, II (1ii

p

)s

L));

(c) There was no evidence of difference 1n distribution~"'

of exéursions between periods £6r: the: deveral groups..




A difference of over: 40 would probably have beén
, revealed by the analysis.. No consigtent difference in

, the proportion of minutes during 1ight and darkness in |

whiéh a. vole performed some- recognizable activity was

found by visual observation. Durmg,.the_.pight‘,- however;

the perieds of feeling were moré protractéd. Except
| when the ei_r@uraiéﬁé-‘ out of the nest .‘v'vex.f-é' long, the
proportion of an exoursion spent performing &n activity
mmmmmmﬁmMmmmmmm
£loor more minutee were spent litting motionleas 9
usually in & corner of the cages -

) Be :m the wild

In order to detemine if there are short ternm. rhythms,

of the same sort as have 'been descrﬂ.bed in the previous
section,-‘ in wild ;e_thr_i'o_ng_xgx 8 the technique desorived’ |

| by 6. K: Godfrey (1953 and 1954 & ent b) for marking

| Mic-rbtu‘é. with a ré;&iOaétivé‘. :‘i-_'ing_..;.' and tracingit with
a Gelger counter, was uséd. 4 monel nietal leg ring
1.(onitty 1937), onto which was Soldered a: brass tubeé
oontaining about 100 po 6f Ooba1té0
“1of Paris; was used” to locate of ‘the marked voles A
portable ary battery operated Geiger—Muller countexr wag
used; the tube of which was attached to a ten foot

embeddea in plaster




bamboo poles I nad headphones o allow 'bhe label to
be located in darimess, ) AR
,In Figure 15 the obsemtions made With this
appar,atus a»re' r,eco_raed:. The term 'nest' is given to
the position 4t which the vole spent long periods with=

|out appreciablé movement, and where it was present at

|each of about six previous visits during deylight. Each

quarter Hour the nest was approached, and the counter
g;‘-,@be held over 1it, the observer being about eight feet
away. It will be seen that the visits during which the
vole was 'é.bsfé‘n% from the nest are 'assdéieiééd into four

obaervation. These were evenly sPaced during the warm,

damps, moonless night, but not . 80 during the moonlit nigh

: during which the ba.nk vole also was less :frequently

away from its nest.

¢ about

On' Skoner voles were £requently observed movin
in Lov vegetation, Sometines in small groups, during
the days. Trapping d1d not suggest thst the population

|were comparatively seldom seen active in.daylight in




'although they occur commonly both in individuals 11ving

in adjacent areas at Wythamxwhere there 1s ground ‘cover|

(Kikkawa,:. unpublished), and also in individuals trapped“

near Edinburgh and studied in the 1aboratomy. Thia
suggests that the absenoe of grounﬁ cover in the wild
has. a. similar effect on rhythmio behaviour to that

apparently pro&uced by a bright daylight reglme in the '

laboratory. ‘It is possible, therofore, that the lack
of, observations of activity by mainland animals in
>daylight is due to these animals being more readily
Ainhibited from foraging outside thiek oover by bright
‘ illumination than is skomeransis. This hypothesis

could be tested by greatly 1ncreasing the power of the

1ight sources used, in the recording room, and finding |
if britannicus is;. then, more nocturnal than gkomerensis.

4
S
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The main outcome of'the»iﬁveé%igations on individual |
behaviour descrlbed here is that the distinctions |

‘between the. raees of Clethrionomys are of the seme order

of magnitude for these eharacters as for those Which

have béen used by the taxonomists of the group. This
18 not remarkable. Mbre thorough demonstrations of ‘
.fthis point have been made . by Pilters (1954) 6on the
‘Tylopoda, Lorenz (1941)4gnAthe»Anatidae, Hinde.(1955)

;and Mayr, Andrew. and Hinde (1956) on the genus Fringilla,

.-and Spieth (1957) on the Willistoni group of Drosoghila.
' Several differences between the - -races’ of Clethrionoggg,
1n tendencies to ‘behave in partioular'ways, have been

found %o substantiate the impression which they give of

"differences in temperamsnt. britannicus animals, for
instance, are-apparently shy,(rgnning‘away frpm an 4
pbeerver; they also tend o become hidden rapidly when
disturbed,'end\run epout.sﬂlot,ip a strange situafiqn
from»whiehfthey cannot escspe, ‘and they avoid a strange
- objeot more. than do other ‘voles. erica glves the'< . |
impression of being wild, tendlng to jump upwards a good
deal.when escaping, end.npt»repsinipg in- eantaot_with
the wall when in a strange situation. alstoni and
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skoneronsis are stmilar to one’ another in appearing
tame, and having thelr normal ‘activities little changed
by . alterations in their environment which evoke reaetlone-~
in other: volee.»~ i . _ ,
Geographicel differencee in rhythmic behav1our have |
|béen described both in the distribution of ectlvity
between day and night, and in the number of short term
cyclee during the twenty four hour period.‘ A comparison
of the published reporte on Glethrionogxe confirms that
the genue is polytypic for aetiv1ty pattern, although ,
the differencee in technique employed in the studies ‘
' makes ‘thise: -conclusion less reliable. Milier (1955),
who made records of the tran51t of bank volee between
& cage and annexe to it, whlch contalned food, states
_that his sPecimens, from.wytham.Wood, near Qxford, fall
into two distinct eategories; one having a marked shortf
term- feeding rhythm rather evenly expressed over the
twenty four hours, and the other showing an Apode 18+
1ike nocturnal. preference. Poseible theee animals have
rhythms of the eort found in britannicue from Edinburgh,u
|lend, from the New Foreet, reepectively.} Brown (1956), .

aleo working on britannious 1n the South of England,




| ‘and that Miller (1955) found activity during darkness
S because hls regime indiuded’ only bright light and dari-

B 'reported here, 1n whlch the 11ght and dark. periods were
"‘separated by four hours of dim illnmination, and yet

S that the éateh rete. had peaks.at dawn and dusk, -
.“*)with a lower one in the afternoon, and cleims to have

" lgound a two-hourly rhythm, but, as: her'visits to the

'Hfaiiéd fo %rap ahiﬁals~during thé nightw‘;She Suggests

,,,,,

‘neas. Mlller's result is oonfirmed by ‘the. observations

1'5'act1V1ty was found during complete darkness., Brown

"Etraps were also at this interval, it is felt “that the

’ :modified by the method used to observe ite In France,
| Chappellier (1947) found that Clethrionomys glareolus
| 1in the wild visited food during the day and. the night.
‘ Schleidt (1950), observing bank voles in semi-natural

’act1V1ty evenly spaced over: the twenty-four hours.
‘405termann (1956), automatically recording the activity
‘of captive bank voles from Passau,; Germany, in natural
’ llghting oonditions, provides data which suggest a
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that activity is stlmulated by a decrease in illuminatio

......

short term rhythm, if real, ie likely to have. been

conditions in Austria, found six to eight cycles of’

short~term rhythm of about eight cycles in the spring,

n s
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. | but not'at other times of the year . He finds that most
' aetivity occurs at night during the summer, but by day

in'winter. Kowalski (1949) Working in Poland, found

'-very frequent cycles of activity, between ten and twenxy
in the twenty~four hours° uszng a cage mountsd on ) |
tambours which operated a reoording pen._ He also found

'that the. diurmal rhythm is sasily modlfied by changing
" the lighting system, although the rhythm of Apode ’
flavicollis fJaviocollls perslsts in the ‘same oonditions.
Kaaabukov (1938) reports a similar difference between |

\

A gxlvaticus end A flav1collls, and, in this case '

also, the difference in’ physiologlcal control is:

: associated with a differsnce in the amount of cover
availabls«inAthe;habitats qfhths species, - Differences
in the depehdeﬁcé“of'ﬁhysiq;QQicaigslocgsson envirbnf
mental facﬁofs are well lnown. in other. oigénisms (seey

for 1nstance, Pittendrigh 1954 on>Dr030phila)

The work summarissd by ‘Braden (1957) has shown
that the oocurrenos of ovulation and oestrus in the

mousé is gsarsd t0~theAllghtleq;e-by the mediation of

~

|the eyes, central nervous system, and anterior pituitars
_giand; 'Bradén:ihterprets fﬁe diffsrence he finds in
the rsSponsiveness of’ outbred stccks to a8 change in the
lighting regims as belng, at 1east partly, due to ths

~.gengtisa; control of a neural mechanism
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It i considered probable that the distinctions in|.

‘behaviour between the races of Olethrionomx__whlch have

been described,.although probabxy biased by conscious N

selectlon for characters which could be easily ecoredw
the relative.succeesnoﬁ‘thevvolesAliving anq breeding‘
in the same enVi?onment@ anooiin:particu;enf;that:they‘
WALl modify the reactions of vales with related indivi
dualss. | o | o .
A.general survey, nsing ethological methods, of
the behaviour of Clethrionogys glareolus has been. made

'by Schleldt (1950), but there hae been 11tt1e other
|work done on rcdents'with.whlch tc compare it.‘ Bibl—,
Elbeefeldt (1951) has described nnmerous behaviour |

patterns of Meriones pereicue pereicue, and Thorpe ,

(1956) considere that nany. of them must be inborn |
Zippelius and. Goethe (1951) have performed KaSpar b
Hauser . experlments on Muscardinus avellanariue and find.-

that toilet eucking, climbing, concealment and fright

postures, nest bul;ding and,voce;izetion.all deve}cp
in the way'that they Woyid;b?A?xPé¢ﬁe@gt9oReV?=d°ne':-'
had~ot@er*members of theirﬂspeciee been preeentoduring-

their growth..
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' There has: been little work reported on the behav1our'
of related species thax Will 1nterbreed. Hinde (1955.
,1956 a and D) deecribes a thorcuvh ethclogical study
of eeveral epeciee cf Finches, end ef the eterile
hybride between them. He concludee that the hybrids
exhibit in an unchanged form thoee behaviour patterne

which their parental eneciea have in common, and that
the’ behaviour patterns Which differ quantitatively

between‘the species are intermeaiate in the hybride. :
Glerk, Arcnson and Gordon (1954) report similar finﬁinge'

X helleri, together with the absence of behaviour

patterna which were found in only one of the parent ..}
species being more or 1ees dominant over preeence., A
tendency to reeemble the Species ueed in making a.
backeross, and to ehow eegregation in the F2 suggeste
that the génes influencing the behaviour are. numeroue..
The behaviour of bank vole»hybrids.is_only parfly in :
line with thiS'wcrk.. SeVerai of‘theucnaractere studiedi
were 1ntermediate between the parental races,, fcr o
inetance, the amount of movement, and the frequency of
tocth grinding, washing and wall contact in the open
field situation, and the frequency of bed ehredding
(Section VII, 2.C). ‘Hybrids are more variable, both
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betWeén individuals and a% different times in the'Same
animal, than are members of a particular raoe' but

they are more similar to one another than are 1ndividua“sf4

belonging to differcnt races, ‘The hybr;ds»di& not
-resembleveither'parecta; ?&09“13,9?93568_?6ﬁween “
britennicus and alstoni, or britamnious ani gkomerensis,
in their rating for ease of handling. They were similar

to erica animals in being wild, but were not so success
ful in escaping I (R P ., . v e . . . ‘~ . |
Inbred strains of mice have been compared fcr a

number of behavioural characters, chiefly connected

with activity and aggresslveness.. It has been demonstr
ated that . dlfferences in- expression of these traits are
\partly determlned by differences in hereditary factcrs
(Rnn@qulet 1931 1933, Dawson 1932, Scott 1942, Galhoun"
1956)51 It is not kncwp_hcw~1mpo§$snt.t?edit;ona; \
distinctions may be (King and Gurisy 1954, King 1956).
lisre illuminating work h‘as-been dozie with breeds of
dogs which differ in behav1our, and several ‘breed .
characters have been found to be simply 1nherited, some-
probably~be1ng due to a single Mendelian factoret,-" ‘
| (Whitney 1932, Stockard 1941, Thorne 1944) Some _
physiological, rather than behavioural characters have
given pimilar results (Fuller 1951y Scott 1954),
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V. SOCIAL BEHAVIOUR

| l. INTRGDUCTION AGGRESSION AND SUBMISSION

In groups of animals that have highly developed soclal
|behaviour, differences in the £orm‘that this takes could
result in reproduotive isolation even if the épecificélly'
sexual releasers were similar, | «

- In the previous section it Was shown that races of

Clethrionong;differ”in‘tpeir"behaviogr to man- Compar-
able variation between thefraceg in sqme{of their social
behaviour wiil be répprtgqvig;this'gedtippgu It should
be emphasised that‘the-oharaéters to be described are

probably not entirely'réngsentative of the activities
carried out by these vqles. They Were seieotgdlfpr‘ths
ease with which they could be reqagnisgq. Obviqgé N

factors involved in this selection wgrg;;ifpe ﬁype.of

movement -~ slow, repeated_or‘gross-mqveméﬁfa’beipg more
easily recognised, and whethgffthe_m0v§ﬁeqxlcQuid be
intérpreted.in the light of work‘dongﬂop_o§p§?;an%ma;s.
The aggressive behaviour of Olgthriongéga‘éégms to be
: similar.iﬁ genersl to ‘that reported by Clarke (1956) for
Migrotus. |

v
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- Dominance reiationShips (Alles 19425'1950) are
casily recognised in Clethriomomys. A bank vole which
has been resident ih.aacage’for-&,day orAmorelwili

almbst.élways retain the use of its nest,;dnd.freedom'.

| same race, thaf is strange té'ﬁhe cagesf This is taken
to mean that, where a clear doﬁin&nce relationship is
apparent, the resident vole is usually dominant over the
wettors |

~ This regularity in behaviour was ﬁséd,ih~st&nd&rdi—

ging the gdnditioné for'obﬁétving the so9ia1 behaviour
£ male voleé. Avﬁale'Wa§¢§g$ in a large (approx.
QC x SO'Om,) giasé'walié&‘éﬁge With;Sawdusﬁ (about 1 .cm.
alieep‘) on the floor, containing éé?ng. turnip and & small
nest box. The folldwing»day another male, of the samé
race, was added, and the cage obaerved for the . subsequenﬁ
hour. The results summarised in Table 6 show that some
behaviour patterns are eharacteristio of resident
1mals, ‘some of visitors, and .that the raoes dlffer 1n
the oocurrence or frequenoy .0f these oategories of
behaviour.- S . |
~‘Souf fligg (plate 21) ie & slow forward movement, B
with the body carried 1ow, in.which the front paws move
backwards much more in relation to the body than the

oflmpVemehx about the.éggq.‘qoppgrgdAwith a vole of the |

3 o
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body moves forward in relation to the ground Sawdust
is flung backwards by thie.. The movemenx ie a prelude

(Haldane and. Spurway 1954) to attack, and may be a dis—
‘|placement sctivity due o the, simultaneoue tendency to

attack and to £lee. . It is dharacterietic of resident
britannicus and erica, Boxina (pletes 17 and 20) is
frequent . in encounters. between males where neither is

clearly dominant, and is often followed by wl g

(plate 18). It is usually preceded by the resident malg

assuming the gre-lggg poeition (plates 16 and 17);
the “visitor then raising ite head and forelimbs.‘ The
alternative sequel is. a lunse (plate 23) by, usually,
the resident vole, and flight by the visitor._AAt the
|close of = bout of encountere the visiter often assumss
one of two quite distinet postures, which are submissive
in the sense that they inhibit‘further attscks by a .
dominant animal,. Hunched submission (plate 19) has been
observed only in erica~and alstonioA The vole oﬁten '
holds its tail curved well off the ground g;g;g

submission (plate 22), on the other hand, ie characteris-'

tic of britannicus. Neither pf these has ever been

observed in;skomerensie,.nor do theéeeanimals show sany .

behaviour which seems to be equivalent.
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.....

is concluded that al-toni and skgmerensi are less
aggressive than britannlcus and exica.' This is conflrmed
by interbraoe encounters between males. er1ea is
markedly: the moet succeesful anﬁ skomerensie least.
It 15 noticeable that ekomerensis animals are attacked
more . perelstently than the others. It is suggested
that this ie due to the laok of a. submieemon signal
aistoni seems to initiate more fighte early 1n a bout
than does britannicus, but is 1eee often euccessful
This may be because. britannious Weigh less than the

other races.
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2; EXPERIMENTAL COMMUNITIES

A Method |
‘In the wild, reproductive isolation can be concluded if
animals select mates belonging to the eame‘taxon when |
more than one type of potential mate ievpreeent in the
area. D. M. Steven (19535 1955) has shown tuatimembere
of different raeeevof'Clethrionogme'will mate in oapti— s
vity if no alternative partmer of the same race 1is
available: This does not exclude the possibility of a:
potentially effective barrier to hybridization.
vEcologioal veriablee, partioularly epecifie labitat
preferences (Laok 194@, Wiier 1942), which have been -
shown to be seneitive to gene substitution at a number
of loed in Drosophila (Wéddington, Weelf and Perny 1954‘,
lead to population interspers1on (Elton 1949) ‘and ‘are".
, reoognised as e meane of reproductive isoletion (Mayr
1940). Differencee between groups of animals in. their
teu@enoy to associate with one_anotherpoould, eimilaﬁlyij
limit the range of potential mates that is available to
axpe:tioulareeuimel. Théflétter-poseibilipy was?firet‘
'experi:ﬁentaily inveetiget‘ed vy Blair and Howara -(?1§44‘) |
and later by Blair (1953)» who ueed forme of mice of the genus
Pe romysous: The work now to e, mentioned employed a.. '
technique similar to that used by theee authore.

P




- 49 -

The frequeney with which particular animals were |
ffound together in the eeme neet box was used as & . '
meaeure of the tenﬁeney for these animellto aeeooiate.l
: Two animals of each eex, all of which were strangere
to one another, were placed in a large cage (plate 24)
which had four neet boxes. These were acoeeeible for
‘obeervation from outeide the cage. Abundant food anﬂ
| bedding was available to them 8t all timee.. Eech i
mémber of a community wee individually merked by ear
punohing, and its location recorded eaeh day at about
10 a"m,, at which time moet anzmale were in a. neet bqu
~In the firet seriee of expermmente ell the animalsi.ﬂ
in 8 group were of the same raoe. A hundre& obeervatiomaa
were made with the eage and nest bexee iemeining in the f"
same place for each trial; another'with the cage and 1: -
neet boxee randomly rotated 90, 180, 270 or. 360 degrees .1;
between oblervations. - | R . j'
o In ‘the eeeond seriee a male and a female britannicuej

.end a male and a female of one of the islenﬂ raees," :

oompoeed the community. Experiments Were run for betweeni"
ten and thirteen days, unleee one of the enimale died )
before this. ) o
It was poeeible for each animel to occupy a neet
box alone, or to be together with one or more othere.

There were fifteennpoeeible.categories of distribution
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of voles ih'relatich to cne ancthera The number of a
times. a particular\grouping was found ‘was eompared with
that expected by chance. . The significance of the '
differences was tested by the chi-squared method.

Bo Results

v;e race communities'(Table 7 (i))

(a) Gregariousneas._ The overall frequency with
which all the voles were togetherxmae greater than would
‘be expected by chanee (P less than .001) This is
considered to demonstrate gregariousness. o .

- (v) Sex. differences. There was no evidence that'

the gregariousness wae aue to a8 tendency for homosexual
| raxher than heterosexual associations (P greater than
,zhccmparing ABg ‘ab,. and AB, ab with Aa, Bb and Aa,
|Bb in Table 7 (1), The females were found together ore
often than were the males (P 1ess than .01), the malea
indeed being found together lees frequently than would
be expected by chance (P less than .01)

(e) Territorialitx. In the series where the.

{orsentation of the oage i relation to the Toom ws
un@ieturbed befWeen-égperimente%,thethumber_cf;ccqaeion?i ‘
|on which a vole was found_in;each’neet was recorded
'(Figure.ié)s The number of timee the favourite reaﬁ
was occupied is plotted as 100, and the second and

w0
hY .
ﬁ.w ) ,
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third most, andzthe least; favoured nest shown ag
percéntages of this. The steopness of the glope reflects
the dééisiveness‘of the choice; A vole af,vdr neér to,
the nest which 1t'moét‘frequently 00¢upied often behaved
aggressively to an animai normally resident'élsewheres
The nest o¢an; therefore, be considered a territo:y,
using the definition of Hinde (1956L) skomerensis
showed a less marked territoriality than the others
(2 less than .001), which shcwed no evidence of |
differing among themeelves.

Since it was clear that the animals chose particular
boxes, further experiments were made to find.out what
| cues were used in locating the preferred box. After
fotating the cage together with the nest boxes at
random between observations, the choices were scored by
position (1) in relation to the cage, and (ii) in
relation to the room, (iii) in the control geries the
cage'wae undisturbed between observations. The Tresults
plotted in Pigure 17 show that the voles orientate
mainly accbrding to the room. Faithfulness to room
position is greater than to cage position (P 1els than
.01), and the faithfulnela to room position is not
significantly affected by rotating the cige and nests
(P greater than .1). |
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Rats have been found by psychologigts (e.g.. Hebb ‘

. 11949, p. 91) to use distant ‘cues, Tather than: stzmuli

frem'the,object 1tself, gp:~or¢entetlon to a platform
onto Whiéh-they heVe-erevieﬁsly Jumped.,
(11) Bi-racisl comm unitgeg. (able 7 (11))

Although animals in communities with a male and &

female of each of .two races were gregarious (P less y
than .001\ they were 1ess 80 then in single race groups
(P less than ,091). As 1n the group of experiments
previously mentioned females assoclated With ~one
anothor more then males 41d: (2 loss than .02), but
there was mot & marked difference in incidence of
heterosexual and:homoeexual-asseeiations’(g;less than
|200. AU

: Radial Segfegation;: The most striking reeult was 3
the degree of isolatlon between sexes of the island and
» mainland.racesﬁ‘ The incidence of pairs of the same
race (Aa‘ Bb and Aa, Bb).waewgreater than-thex o£. 
imixed racial palrs (Ab, Ba and Ab, Ba) (P~1esé'than'
°0001) The effect Wae signiflcant at the 5% level for
the britannicus/skomerensis oommunltles and &t the 0 1%
’1eve1 for the brif icus/erica and britannicgs/elstonl
 |comminities. - | » ) EAER
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Racial exclusion. alstoni and erica males wers

to the exclusion of tha britannieus male, than viee
|verss: (P less than ,05 and °001 respeotively) ‘Similer]
|exica females exelude britannieus, but britannicus'
exclude skomerensis females Prom threesomes (P lesa thay

<01 in_eaéh'case)@  Thesé results may have;béen'due-to
differencés in aggressive-bahaviour'between thé races. .
|Voles. that Weréjusually,eﬁoludéd from nést'bOxcassociaé

tions did not often remain at the scene of an'encduﬁteﬁ

but, if the reaulting encounter>lasfs‘for more than a

Lew momenms,_generally retires rapidly.

at its termination.  britannicus often'initiateé;fights »

more often found w:th both the females of their communjty;

¥
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3, . IMPORPANCE OF OLFACTORY CUES

, Mg‘t:hod

Thie eerlee of experimente aimed et 1dentifying :

eignifioant etimuli 1nvolved in soclel conteete which
attracted or repelled voles. Thie knowledge wee |

_ neeeeeery in order to devise _some more eeneltive teet

of raczal diecriminetion then the experimental communitw
method described carller. For this purpose the behavim'

of membere of heteroeexual pairs of voles was 1nveati~

gated .,

The deecription of the experiments will be mede “
with reference to Figure 18 (the apparetue 1s illustra—l

ted in plates 25 and 26). In each experiment a male
and a female vole, whioh were previouely etrangers,h*

were ‘introduced to one another in a cege not famillar |

to edther animel, and their behev1our obeerved subse—< o

quenxly. The ‘two- noveltlee in the eltuation were ¥~"
important because- (a) Clarke (1953) has ehown that
Mierotue behave dlfferently towarde 1nd1viduels known

| from previous experlence,,(b) 1t is Well known from

| work done on dominance relationehips (for 1netance l
'Allee 1950) that the outcome of en enoounter tends to .
differ accorﬁing to Whether an anlmel 1s et home et the

time.. Type A:introductlone were controls, and also “
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accustomed the observer to the type of 1nteractions
between a male and a female thax could be expacted. '
Type B were made with ﬁhe female Clethrionogz enclosed
in a transparent plastic san&wich'box, in the walls of
whioh many holes had been drilléd. Type C ih&roduetiona
were mede using an intact box the 1id of which had been |’
sealed, using eellotape, after putting in the female.
In the last series, D, the male was introduced to What
was intended to be merely air that had lately been in
contact with the female in question. Auditory stimuli,
however, may not have been excluded despite the sépara;
tion of the participanﬁsg. One of the categories 9?
controls to the experiments, to be reported in‘ﬁhe; .
fblidwing gection, was more critical on this poin%}
Finally another series of oontrols were performed where
a male was introduced to a well washed, and empty,
sandwich box, either with holes or withouts .

It might bve thought, at firet sight, that thls
method itself would be suitable for the investigation
of racial discrimingtion as well as social behaviour
among similar animals. It has‘two disadvantages . |
however, first, that the method of scoring by the -
observation of behaviour, which is of a continuously
variable kind, lacks rigour; and, second, that the

racial choices to be compared are sequential, and only by




p.menxioned.
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exelude‘thenpossibility;thatyany diffepengas;are.due

‘|to a change ih behaviour associated with experience of
. |tnese experiments, That is, chauges in;iﬁtérnal state

ney elter the 1ikelihood of the perfommsnce of partiou-

lar motor aéts in response to the same environmental

isituatiqnav;Thié;wquldtinqxeasgqﬁhefvariabilitymof the
‘results; and thus effiéiehcy would be losts . |

B Results o
The sexual behaviour oftClethriono”:s‘}lareoluen'

has been deseribed by Schleidt (1950) . Here only the

L behaviour found when ‘the . female was. enclosed (type B)
m;that,seemed to correspond to that found when both

'vanimals'of<a;pairjwereﬂat'1ibeﬁty,(type‘A)‘will be

.

The male 'bypioally approached the 'box (plate 27)
and sniffed at it; squeaking (plate 28), and often
climbed over it (plate 29) I% has been suggested Wy

f’; 5sch1eidt (1951), on the bvasis of experzments done with»
| electrical recordings,. that this squeaking (much of
| which is too ‘high to be audible to man) inhibits the

f£light reaction of a femalé._ After a few minutee

..investlgating the box, a male often performs aetions

)

usually ‘geen 1n,aggrgssive‘gneounters.(see Section V.1,
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particularly ecuffling._ When he did so the female

' jusually moved aa far away from the male as possible

" [(Pigures 30 to 32). R | "

. In the seri¢s of pbléervations' where the' female -
- Was in<g'segled.bpx»(tyﬁe»cfﬂfhe ﬁéle‘less'foQﬁently
,approached the'béx, sﬁent ﬁﬁéh iesé'fime heéf‘it; ard .
. .did not sniff it, or squeak (Figures 33 and 54):

the female moved about inside the box the male would
then approach her, usually in an aggressive attitude.l
~‘:Where the scent qf the iemale ‘alone was presented
~ |(type D) the respbhse of thé male was very similar to
that found in type B experiments (Figuree 35 to 37)
during the first two minutes. The male did not: then
;perform aggressive mavements, but rather'washed or

reated in a cormer of the cage.2

1Mﬁ1e voles enclosed 1n this way evoked the same
behavi ours. ‘ |
ZTh638c6n£'0£ a‘malevglgﬁhriopoﬁxs;iiduoéd‘s¢ﬁff11ng,
" land . short: runs in the pre-lunge pogitiqh'(eée Section
"V,I);J Indistinguishable réagﬁiéns_were_hade fbsthe
scent of male or female Microtus and Apodemus.
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‘C;a Oonclu81on

Female Olethrionomys produoe olfaotory stimuli 4
whioh are sufficient for them to be recognised as euoh
,fby males. Eithor olfactory or visugl‘stlmull can
_ ‘induce agnress1ve responses, and probably (Schleidt
1950) audltony stlmull oan also.‘ Olarke (1953) found
. ev1denoe that Microtgs males oan recognlse a strange
.vole by soent alone.. There is no evidenoe that suoh
.»orecognition in speoles speciflo, as is the recognition
oof females.
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4 oDIsevsstow .
 Ome reason.why the progress towards understanding
the ‘social behaviour of mammals has been slower than
that of birds is the diffioulty of making modelo of the
olfactory sooial signall which aro so important in tho
majority of mammals (Schloeth 1956) This differenoo_
in mode of communication between man and moet other )
| mammals has probably resulted, also, in the olassifica-_
'tion of the. order being lees advanced than that of the
out, are often recognized taxonomically by charaoteristioSd
- which have" probably evolved as signals to other birds. ‘
| The ‘d1¢forentiation of the forms of Clethrignogx
in movements aesooiated with eocial behaviour io not
as clear out as the speoieo differenoeo reported by
Lorenz (1941) in the Anatidae or' by Antoniue (1937,‘

| 1939) in the genus “Q_Jg or by Pilters (1954) in the
’tylopoda. However the sooial dominanoe of one raoe, in
mixed groupe, is comparable %o that of one inbred etrain'
|of micé over another (Ginoburg and Allee 1942)9 or of
| he brook $rout over the rainbow trout (Nowman 1956)

| whese fish formu a. oommon hierarchical eystemo Hale "'
|(1956) has found thiat members of one ‘bresa of domestic |
fowl recognised birds of another breed not as individualo‘
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| but as members of a class. One défeat by a‘foreign
bird led to the subordination of the vanguished bind
to all othere of the vietor's breed. Neiﬁher"othheee
i:etudiee ehowed what effect the epeoies discrimination ot
‘which wae demonetrated had in reproductive eituations-“
' on the other hand etmkino differences between closcly
related sympatric species (Tinbergen et al. 1942), B
which inhibit mating between the epeeiee, ere 1mportant.
in nature (Mayr 1942) It is very probablei;het
natural eelection favours the development of such .'
differences (Dobzhaneky 1951)

| The behavnour patterns which give rise to ﬁhe
'deoreaae in gregariousnees of bank voles which are o
| members of mixed communities, and to the eegregation of
vthe racee, and to the aominance of the individuals of |

one race over “the individuals of the other, are factore o

that would decrease the 1ikelihood of introgreeeive
hybridization, if the races ehould meet in the wild.
'However, if ﬁhe races are derived from a common .
anceetral pepulationp it ie highly unlikely that these |
'differenoee have arieen due to the dieadvantage, to an
individual, of mating with a. member of another race
(see Section VII. %)y beeause natural enccuntere s
between membere of the races, AL they occur at alI

t

mustAbe»rare oceurrences. -




| "tnan enother, ae a meaeure of the relative adequaey

' mof the ante-ohamber to: one”of“the female 5 THOR Was -

- vx INTER-RAGE BEHAVIOUR B |
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gA.’ Method ' . Y
Although the absence of ooneummatoxy eots in i
appropriate circumstances provides unequivocal evidenoe
for sexual isolation, it is not the most economical
method for investigating mating barriers in mammals.}\;
One oopulation is 1ieb1e to result in a 1ong lasting;J'{
ohange in the behaviour of & female.} It was- dedided”

~to use the approach of a. msle to one female, rather

of the- stimuli provzded by the former. it may well be
that females are- mers discriminating than meles in
their choioe of " mate (see Seitz 1948 for the ciclide

Iilapie heuxdeloti and T. natalensie° ‘Bateman 1949
for Drosophilas Werrell 1954 for'D. persimilis and
Dt.pseu@oobseufe,' and- Knight Roberteon and Waddington
1956 for mutants exreins ofpD.ugelenoggster),‘buttmslee
move about more'When_reprodﬁetively‘motiﬁated; eﬁd theip
choice is theiefore:eesier‘to 8COTe.

| Figure 19 and plete 38 illustrate the design of
‘.an apparatus which allows the simultaneoue presentation
”Vto a male - of. the/odours of two female bank voles.» The
‘:[femsles were at no tlme visible to - the male making the
,lchoioe, and the animalsdld not come together; Entry

scored as a choice,,3 -“. R RO

iy Ca
R T




‘ femles were examined each day while these experiments

B eta.ge of the oestrous cyele, (iii) that they were.of
o appropriate races. '.Ehe male. was released from g, and

|was. confronted ‘with air being sucked by a fan, from &
|and B, down the left and Tight arms reSpectively, of 8
" , .Y#Wbe"‘ hed the male had - not entered one; of the ante- ',
. Qhambers witlrri.rl ninety”mir'lujbes ‘the ~e.ni’.mels \3w~e1‘§e,remeye<1 -
| and the ,e‘xpe‘rimen%‘ c'ontfimeavthe ._fc,s“l'lowingday; After
'|&.cholce had been~mede;-thégaeieechamber‘cenxaih;ng'the' )
| male was exchanged with the box at §. This method of

direot handling, which would probably have ip:f:l‘genceﬂ
the subsequent behavieur_ef‘ the_‘rmsle"s of some races

| (see section v, 1). Wnich arm of the Y-tube, together
| with 't'he 'a;nfe'-eham}ée'r associated with it, be‘cujeied the

‘ Table 33) -Similerly, ‘but independently, the position
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v A male was p;l.acea‘ in alLbox. at C. A female was
plaoed in box A and another in box B. The‘ee feinale’e‘
were ohosen from those available on the following ‘
grounds: (i) that they were not familiar with the male 3

(ii) thet they were both in oestrus., All eveilable

were in progress in order to select ones at 'the .Same

replacing the mele in the starting position avoided

right, and which the left, posltion forthe subsequent
trial wa.s decided at ra:adom (Fieher a.nd Yeates 1953




, ﬂavoidod the’ systematic, choice of a:female on the basis

;,‘the other, of abmernative passages. is- often found
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of boxes A and B were randomised between trials. The"
first randomisation wag: to avoid the possibility that
a malevmlght g0 habitually to.the left or right due to
a tradl of 4ts ovn scent (Paclt 1952). The second

“,either of hey conétant position, or of her' alternating
. pogit;ogq_-1n,Tfmaze:experimenxs spontaneous.glternaq.~

- tion bétwéen %?iais=ih'%hé%enizyioflohegfrather‘fhén-l

) (Mbntgomeny 1952), apparently due-to; an. QXploratory
..tmﬁﬂm%'@bfwh$ﬂﬁﬂmﬁﬂﬂxg}f”ﬁfﬁﬁf”f?ﬁﬂ;
o Between succe531ve eXperiments, .each of whlch
,eon81sted of. twenty flve trlals, the apparatus was |
(giithoroughly washed,‘ The eXperlmenxs Were of six kinds h
_“J(Details of the animals used are given in the tables
montioned)z |

.(i) In the main serles & male was given the ch01o

between a female of hlB own kind and one that"

.. wes dlfferent (series A, F and G) N
_(11) A single experiment was simllar o (i) except
githat the females.had-been removed from the ,
_;{;apparatus before the trlals Were commenced.
 This was done to. test the. p0881bility that
" the deciding factor was & difference in tne
A,‘éounQS~made by the females (oérios B)s
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(1ii) A series of controls foz’factoro got SpeCifiC~

to the females chosen. The femalgs were

removed,. and the bozes A and B wgr% washed B
eg ).

(iv) A control series to test whether digfercnces

before the trials were begun (seri

that were significant to a male ex1sted

between females “of his own race (serles D). .

" \

(v) A cantrol series to test wnether the differen

between two foreign races of females was
significant to a male (aeries BE).
(vi) A single expermmenx where a hybrid bank vole

- was given the choice-betweenda female qf the |

maternal, and a female of the paternai,lrace
(series H), . |
AB. Results

. Tables 8 to 15 show wkich of a palr of females
was approached by th‘e‘male:,‘. and the time he took to
decide, The{ma:ked ﬁositive assorting_whicb was found
is clear evidence that a male vole recognised which of
a. pair of strange females bglonged ﬁb the same race as
himself, and chose that one. This preference was
‘significant in most of the experiments taken individual
(see Table 16), Voles from Kintyre snd Idinburgh
differed sufficiently for discrimination of this kind

'to have been made,

ce

1y
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A male ehoee a female 0f hie own race rather than
e hybrid female between a member of his own race and
"eome other,f A male hybrid did not choose a female
--hybrid rether than a female of one of the parenxal
races, Nor did a nybrid disariminafe between e female

ijof the maternal, and one ‘of the ‘paternaly race. Evidenme

' for diecriminetion between the boxes reeently vaoated
by females was found, but not if the boxee had been

washed before the trials were begun. “'ifh:
o During experiments where a cholce of 8 similar "

"femele and a different female was presented there wae

¢

an inoreese in the mean frequency with Whlch the simila:
‘nfemale was ehosen (Figure 20) It wae not1oed ‘that
efter a male had made ten or twenxy runs he ueualky
eide, before proeeeding to one or other of the ante~
ehambere (plates 39 t6 42).¢ The time spent at ‘the choice
point wes recordedrduring‘eaeh.trial of the last five
experimente (Pigure 21). The:totea time'for the first
half of the experiments wae 10 25 mins, and for the .
eeoond half 80 25 mine°, Thie increase is significant
at the .0001 level, alﬁhough the total time taken before
the choice was made decreased (Figure 22) ' During these
experinenxe the inc:ease in.euoceee was eignifioant at

the .05 level.

D dh
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~In none of ‘thé experiments was there a tendency to
alternate from 1e\:t’t to right, or vice versa, between
trials, excepf in series D and E; where the male was
givén two femnles between which hé showed no evidence
of discriminatihg: here there was a marked alternation
(P less than .005).

~ -]
-
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- Disoussion = VIE
fhe in?réase in the de;ay'aﬁ thé‘choidé'péiht 1#
these Yatube expériment95 which is correlatéd Qith an
1ncrease in success of males in discriminating between'
feémales of two races, is very similar to a phenomenon
.familiar to rat psychologists (Tolman 1938, Tolman and
iRitchie 1943)., Meunzinger (1938) originated the torm
vicarious trial and error. (VTE) for tha looking. or
running, back and forth that ocours at a choice point -
in visual discrimlnation experiments. -It pasvbeen
found to be negatively.correlated with errors,, gnd‘
~positively correlated with. -speed of learning, at any |

_pad

~ate for some sorts of dlscrimination (Jackson 1943)q
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2, DIFFEREMIAIQ INSEMINATION
'A. Method
- After sucoessfully copulating, a female vole hééi
an unmistakable vaginal plug, which ?gméinsvﬁor'a”dayf
or two (Brambell and Rowlands 1936), In order to .i
determine if a barrier to racial cross-insemination
'exista, the ideal experiment would Ye to determine the
origin of the vaginal plugs 6f females in a mixzed ' 
oommunity, but, in the absenoe of a marking technique
for semen, it was deqided to 1nvastigate if the insemi-
nation rate by a,éingie male was higher'for'females‘qf
the same race. it‘is known, from breeding experiments
where no choice of mate 1is given? that 1f such a barrie;
exists it is not absolute; therefore, in order tc-.défgg‘
a preference (by whichever sex this might be exerted),
it was necessary to provide each male with more femalés
than he could covers
Living in a strange cage decreases the charce of

& vole being successful in an aggressive encounter.
Males die more frequently than females durihg the |
period following the establishmeﬁ@/ban new mating.
|Each male, because rather a légééﬂnumber of females

would join him, was placed in a large cage, supplied




with peat moss and hay, on the day prior to the commence-
ment of an experiment in ofder to allow him to beoome -
familiar with the surroundings. Five females of his
owWn race, and five of another Trace, having ‘been 1pdivi-‘
dually marked by ear clipping, were placed with him in
the morn;ng_anquleft'thgre.fqr gevgptyltvo’hours, when
they were examined.fopr;ggaé.ag@ iéo;atgd.ilThelexperi--.
ment wae intended towb9”9ohtinued in prdgrvﬁéwggt
infbrﬁation on“the'sﬁc§eés of the inseminations in
producing young, and the visbility of these offspring,
but unfortunately most oiithe_iema;és died, from a cause
’not associated With‘the experiment, } - ‘
Pemales for usé in the experiments were selected
on the basis of theie.being five or more availab}g} if
there were more than this number, five were Selecfed at
random from them, -(using Fisher & Yeate's tables, each

female having been given a random number)
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- B .Resulté

Male Clethrionomys inseminated females 6f théir.
own race more readily than those of other types (P
less than ,03), .The data are too few to discuss the
relative 1901étion of the races (see Table 17), It
-ghould bé noted that where more than one: of the'fémaleé
of £he-other-race weré plugged,; all the féemales of the
| same race had,K been. This is consistent with the;",
hypothesis that the reéults would ‘have beeﬂ'more clear
cut if a larger ratio of females to males had been

employed.
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% DISCUSSION . _ e -

3 Male bank voles recognise Whether strenge females
‘belong to the same race as they do themselves. They
approach the eoent of females who originated from the
game looality in preference to others. There is no,
evidenoe, however, that hybrid males discriminate
-'between potential matesg ,Althongh tree crosswbreeding"
ocours where n°,°h§?9°i9f_Part?e?.is-?Y?%laﬁlél male - |
voles inseminatesfemales of the same reoe moré‘freQuently |
than alternative matess It has been ﬂuggested that 2}
biologically important 11mitation to the fecundity of
males was & prerequisite for the demonstration of |
differential insemination by the methodlnsed? It may
also have been neoeSsary for the phylogenetic develop-
ment, by males, of the ability to discriminate between
classes of female voles. The existence of social
hierarchy together with territoriality, (part V 1 and
2) probably enables dominant male bank voles to mate “
with a disproportionate number of females in the w ild,
as seems to heppen with Wild house mice: in. semi- L
natural conditions (Croworoft 1955) . If the supply of
gemetes in these favoured males 48 a 1imiting factor in| .
their produotion of ‘of£spring,’ there w111 be a selectivel'

advantage conferred on such of them as’ use the availab1e¢,<-v

supply for inseminating those females most 1ike1y to
raise vigorous prog enys. In the next section the relative

fitness of'hybrids will be oonsidered,
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A8 hae been pointed out by Haldane (1953L), i:f
géxual relee.eers, a,nd preferenoee, are partly determioed‘
‘genetically, as seeme to be the ceee in benk volee, | N
differences may ariee 'between isoleted populations d‘ee |
to the disadvantage of having a rare genotype for theee |
charectere, Whieh would reduce the ohanoe of flnding a |
eympathetic mete. Suoh a process would allow more o |
rapid divergence of 1e1and forms than could be expected
by the aotion of the Sewall Wrieht effeot.: It 15 not
necessary to Wright'e theory of genetieal drift that
rare typee ehould be e.t a seleetive disadvantage, _'
.exoept in 80 far as they are 1ike1y t0 disappear fléom .
random caueee. L .'

Baetock (1956) hae shown that a eingle gene
'dif:ference oen reeult in a.n a‘bnorme.l courtehip pattern
by Droeophile mela.nogaeter meleeo Randel (1945) and
Knight; Roberton and Waddington (1956) have shown that |

females in Drosoghila populations are genetioally diveree :
“lin their Willingnees to mate with males of th:Ls a.’onorm
typev. (Some degree of eexue.l iso.t.ation withm a epeei
h;e;e‘ also 'been demonetrated in £ish (»Mine,mori 1952), i

,froge (Moore 1950) in newts (Spurway 1953) end in
|anothes epeo:les of Droeophile, (Pattereon and Dobzhaneki

1945) ).
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If the development of specific, or sub-specific, S
recognition in ‘bank voles were due to tradition, then
one would expect hybrids %o select females of the _ ,
maternal type in race dlscrimination eXperiments@ They'
do not;. but this oould be due to an inability to learn
to eelect a pa:%icular scent ae a result of their
peculiar genotleal constitution. This poinx could
only be settled by oross litterlng (or inovulation)

oxperiments&.
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VII. NATURAL SELECTION

In order to determine with certainty if the differenti-
ation of the races of Clethridndgx is of adaptive
value to the members of the gemus; it would be nacessarv
to make a field gtudy of reproduction and longevity on
sample populations, both in'their respective native
habitats, and when reoiprocally exohanged between them.|
Less direct information on the evolutionary significance
of the races can be ‘derived from the correlation of the
polytypic characters with environmental variables
(Blair 1947, and Dice 1947), and fhe effect of hybridis|
zation on fitness. | | |
1. GEOGRAPHICAL VARIATION IN BRITANNICUS

If the establishment of the differences which are
now found between the mainland and island forms of
Clethrionomys has been the regnlt of naturél aelection,
the voles from the mainland Would be expected to be
variable for the distinguishing features. The climate,
| vegetation and, in general, the fauna of the West Coast
of Scotland is similar to that of the Inner Hebridean
Islands, on which erica and alstoni are endemic. If
the voles in these 16caiitie$»are similar to specimens

£rom the islands, it would support the theory that .
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¢

tho latter have evolved from 'the aneestors of the :Eorme;' '
(Steven 1955), ra.ther 'bhan the theory 'bhat progemtore
of the na __mg___ stock‘were cu’b- off When Mull end Skomer
Wwere: isolated (Hinton 1926, Zimmermann 1950) and have
‘remained there as rela*b:wely unchanged re11cts. A o
pre-requisite for genetioal ada.p'bation to 1ooa1 conditions_
e the restriction of gene imterchangs with any largs -
population not subject to the seme selective forces. |
On the West cosst ave a muiber of perinsulas whers bank
voles 1ive, whicl, from ’che disti‘imtion of sea aﬁd |
unsuitable ‘mountainous country, seemed to be more or
‘ lless isolated from other bsmk vole pOpulations.
Trapping in Kintarl, :m the nelghbourhood of Raasay, -l
aid not procure any Olethm.onom (a.u‘bhor's observation, |
1954), mor did trapping in Storr, further North =
(Edinburgh University Biological Expedition 1955).
In 1955 Glethmonoms was found to be common in ’
Kintyre-. the longest and most constr:.cted of the West |
Coast Peninsulas (Figure 1) ‘l‘he oharacter Whlch the |-
4sland races certainly sha.re, and which dis‘binguiehes-'
them most cléarly :Erom 'bhe collections of britannicusf
'- about Which mformation ie pu’olished is. their relat:.vely |
.'large 'body size (S'l:even 1953) Weight was chosen %o
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i
determine body size because its measurement is 1ess
liable to variation due to the 1diosyncrasy of the

: observer than 1s body length, Whlch 1s subject to j
Jerrors in the degree of stretchlng, pertlcularly if
Some specimens are alive and some dcad._ Weight is
_-|probably more sensitive to seasonal fluctuatlons.ln \
;‘environmental conditions'than sre linear dimsnsions,a
and therefore the sample of the mainland pOpulation ]
- used for comparison Was one ccllecﬁed at the same time
- of year (September=00tober), although this was small |
(Table 18). The Kintyre collection had a greater mean
. Weight than that frggiﬂdinburgh district (P less than
- 2001, using a t-test). It was also ‘more variable (B
leszthan «05). . The significame of the difference in

ize should be regarded with caution as the t-test used

in estimating 14’ is not strzctly valid for pOpuletions
£ different varisbillty.}s

. In order to confirm thls flnding, the sample of
'i'brdtannicus from the published data (Table 18) which

. had the: largest mean weight (that from Reigate) was

. ¢hosen to compare with’ the Kintyre colleotion. The
~ published report did ‘not state whloh estimate of
‘8pread was used, but if we, assume that it was the ‘

standard deviation of the mean,. which would be least




i meane, the dlfference Was signlflcant at the 1% 1eve1.

‘ 7(both ‘are "in Argy11shire) as well as in body .sizey is
‘alstoni. The difference in their mean weights (Teble
3 18) 48 not eignifioant (P greater than ul)

dn colour as well as 81ze. They are darkexr ‘than those

" |£rom most of the mainland, anﬁ do not have the eharaeter‘*

- {That the samples differed in age dlstrnbutlon. Most .
,individuals alive in the autumn are under a, year “old
_V(Sectien VII, 3 B) If the benk voles start breeding
| earlier in the year 1n Kintyre, there is likely to be

rnot supported by a study of the breeding seasons of
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favoureble for eltablishing a difference between the

Kintyre britannlcue resembleihs Hebridean races

istlo patch of braghter red on the back. Geographicel

»variation in the colour of bank volee has been reported.
by Matheson (19§6) \ S

, ﬁiseussiqgn N

It 48 not clear'why the bmitannicus from Klntyre-

were found to- be more variable 1n s1ze than those from-

Edinburgh. The two moet 1ike1y explanatione are° (i)

L a greater variance in age 1n the autum there,< This is).

-

The island rece elosest to Kintyre, geographically'

o el g .
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2

 1eth-fono‘is(in captivity, which did not however
inolude animals £irom Kintyre (Staven 1957). (ii) That
the atfference in variability is the regult of s |
differenoe in genetical diversity for factors 1nf1uenc-;
ing size, or to a genetically determineﬁ differance 1n
.sensitivity to environmenxal variation.' This dietinc-
tion is comparable to that between the greater variabi-a
1ity of an F2 than of its parental inbred lines, anﬂ |
the greater variability of one 1nbr@d line rather than :
another, for eome eharaoter (Gruneberg 1954. Michie ‘and
MoOlareén 1954, 1956 Yoon 1955) Tant&wy (1956) hag
| found that inxensive seleetion of an outbred poPulation
for a metrical oharacter 15 accompanied by a fall 1n .
fertility, with recovery when the selection 19 relaxed.
“The difference between these swrts of genetical . .
-determination.would be difficult to establish experi- ‘
mentallya and ia not 1mportant for the present purpose,
AIf either were involved it‘would suggest that selectionl

for eize ia less: zigorous in Kinxyrew Falconer (1953) ' ,J"

found that 1arge siza anﬂ high repro&uotive rate are
corrélated in mice.‘ If thia ie applioable to volee,
then relaxation of selection for small size is likmly

.to be followed by én increase in eige. _amallygﬁzq is

-




»';renﬂer the animals carrying them‘more sensittve ta
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probably an advantage in escaping some predators.\

mammala. ' ‘ : _
‘A common featu:e of the euvironmantal pressurea
’ exerﬁed on the 1eland races, and dn the britannioue

'1iving in tha Kinxyre penineula, may therefore aocount

e

for the: large size of a11 of them. Sehmalhauaen (1949)

and othe;cs (Simpson 1949, Lernar 1954) have distingnished

‘between directive selection, and stabilizing selection.
“Direetive selection for aucharacter'will tend to .

‘ -facéumulate genes whioh favour tne developmenm of -  .= |

.,‘,

“ﬂireotion from the population mean.v It is possible
that it will also 1ncrease the frequenqy of genes which

those environmental factora which modify the expression.“
"'of the character under selectioﬁ (Haldane 1931;\Roberts

';1956). This effect has not begn found by Falconer and
Bsber%son (1956) in their stud& of variability in the
’body siae of mice;. although the'stabilizing aelection
Q‘exerted on their controls made “some progress. Karn and
| Penrose (1951) have dsmonstrated the elimination of

| Small voles, and small laboraﬁozy mice, are more success-

on
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wtfﬁe‘me i-‘ndivzldhais from & pqpulatioﬁ;.: Iiaﬁldaﬁe (41954);\
* in disoussing the measurement of natural _"ee;g'étion. says
rvfu all the cases 'gpnaﬁ.é.ered selection ;'i?_t‘adu,céaf the

: variance, that is to say it was of the type'.ége'cvribed
as 'stabiiiizving or si;wi'm_aliziiig;;.; Provably élmdé't all

' natural aeleét:t’bn for a quautitatit‘re chamctérlis of
this typé.‘—?:. It follows that the varianee of 'a_g'a'b.aractai‘
ie.11kely td_.';in.c‘am;ase. if the action pf».s:eléet'io:i, on 1t
16 rolaxsds, o I
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2% EGOLOGK

iy

. _I’redatora vcofn f e‘tﬁttora 'and ‘eoolo"'ical 's"“ sois: fizatioif
Gover i8 a majar fao’sor determining the population"
derinity ‘ot ’aa.nk Voles ‘( Sviri&enko 1945)9 possibly aoting
through px‘eéatora. Gwis ea'!z moat’ i g6 ea.rly "ih the -

AL

year when tha ground is 1aaa’b eovered (Southem 1954) N
Tha eeleétion preasures emerted by different categories
of" predator w111 favour different phenotypee in the C

prey species. . The tamenaas of the voles :Erom Skomer B

nsly be’ assooiated with Ho absence ot 7f77”1”:”“"”

predaters from the isla.nds it 13 possible tha‘t; an
attempt to escape by a vol‘a, When it beeomes aware of
a8 predator, e survival valua if 'che predator ie a
261, bt not :i.f it 1s & bird approaching at a much

greater speed. - ‘ L _

In the eourse of trapping G:Lethriono‘ ,?99 for studv
in the laboratory, some imormation ha,s been gaﬂ.ned on
the distﬁbu‘aion of’ ba.nk volea between hab:.tats, anﬁ
on'" the other emall mammals £ound in them. As mll be
seen fz'om Table 19 and 20 britannicus 5.s most eommonly
'found :l.n mixed country. Pla‘ces 43 ami 44 shaw the area :
where the highest catch rate of bri't : éu’é_‘ ';W&'%‘? R

'S“

| obtained* Micro'tus was moet frequently found in open

graesland. ‘_‘g 5 was the commonee‘t: animal in woodsl




;{cailyfsepéréﬁéd° the fonmer oocupies the higher ground
;1w1th0ut oover where Microtus would probably live if |

,the latter is the dominanﬁ speoiea in the lower lying
‘.gentral areas, where the vegetation 15 more luxuriant. |
' (Pigure 23, plates 45 and 46, and mable 21, and Phillipg

lsxlxaticua, ut not:A.‘w jgglo{lip, can'be founﬂ in
rhabitate without tree or bush: eever, and conéidere this
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On Skomey Miorotus is not found, nor are there any

treea.._A"dempe lvatieuaAand-;komerensis:are ecologiﬁ

1950) Kalabukhov (1938) repor%a that Agod df;'

N .“

to be aasooiated with the strictly nocturnal habits _
which the former alone haa. He finds, 1n the laboratozy,
that mice of these: speoies seleot habitats designed to |
mimic those in which they oceur naturally. A similg;w_
demonetration of a differenoe 1n choiee between haéitéts;'
has been demonstrated by Harria (1952) for prairia and
forest races ofﬁPero isﬁushmaniculatu-, although 1n

these mioe the stimuli which are most 1mportaﬁt,in the

discrimination -of habitate: ara tactile rather than

NP

visual. It haa been argued by, for instance, Millerfi_
(1942), and Waddington; Woolg ‘and Torry (1954“f§tpat.'

’1;/’ v v

such reaetlons to ths- enxiranmenx are important 1n

evolution.. e
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| | The geOgraphieal differences in the ameunt of
‘fidiurnal activity found in‘CIethr{ nei;: may be due to
. .gene eubatitutien (Baetook 1956, Waddingten, Woolf -and
Perry 1954),, or to traditional difi’erencee (Guehing 194

They cannot be a direct reepenee to an environmental
switch, because they peraiated during prolonged |

- captivity. Thie doea not mean that reeponee by an .“'
‘,individual te eeaeonal change may not be important in
a given locality. It would be necessary to rear bank
‘ volee, from different loealitiee, bred in captivity hy
vlitter exchange, in orﬂer te find eut what 15 the | _
.‘ developmental oauee of the difference. Miller (1955,

.-v

‘Wytham.Wood, near Oxford fall into two categoriee for
_activity rhythm, one Microtus—like, and one Agode s-
‘like. thia euggesta a genetical ewitoh. ;, ‘pf.
| B Feeding and Drinki_y o

,:(i) Foga Ereferengga o |
- In view of the different envirenmente in .which the

' racee of OIethrionogzs live, both in, terma of7'1ant '
oommnnities and of eompetitors, it aeemed qui

_ that differences betwean them in food preferenoe might
'be feund Ritchie (1951) wee able to define eeme ‘

'4

and
peraonal eemmunication) founﬁ that the britannicua from: -

).

.'peeeible'f"
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différe?nce 11i food "habi‘t‘a bvfetWee’n Gie‘thrionogz' s and
_glll_i. ;;g in the laboratory. Microtus co-exists with .'
' g;tannioge and alstoni but not with erica or skomere@; ¢
It seemed possible that the 1atter races might be less
‘_ distinet from Bﬁcrotus i in theae resyec’cs, 'bha.n the . |
former. M;erotug feeds mainly on grase, o

The mean oonsv.mption of severa.l foods by the '

1'

British forme oféelgfshrifonej ,;,*9‘9 when freeh grass Was
vava.ilable Mo, is ehown in Figure 24. No marked I
difference between the races was found. ) In a subaequent
experiment,, :Ln which the fresh grass was not given, the
-. result was similar. ' o

Miller (1954) found only slight differenc ni;, using

,more refined methode than the one employed her _j

' ,britannious and “A. ¢ ‘"”ems”e f: .vaticue: living in the same

although the Slovakian Clethrionogxs (Turce;; rimdh
similar food habits to the Bri'tsiah fOMo In birda

l x

-can be eoologically sigmficsnt (Lack 1944, .19 )‘.

is not concluded therefore, tha.t differenoes'-in feeding

habits ‘petween tho races "of" ‘Cief‘ ‘ ;;on’o.‘::f a Would not be o
found by another method, A :field study would be necessary

1 to settle 'bhis pointo




- 85 -

The data presented in Table 22 do not suggest that
there is a quantitativé difference in food intake betwec
the races. This is confirmed by reoords kept of fooa
éonsumption during other experiments. As britannieus
has about two thirds the body weight of the other races
(Table 18) this may mean that the island races have a

lower metabolic rate, .

| The hybride apparently have a greater food conr
sumptign than the parent races. This is dot certain, |
hcweﬁér; as they scatter uneaten, or part1y4eate§, food
abouttto a greater extont,which, makes 1t nore &ifficult
to isolate the remé;ﬁ;nfsj; in order to détermine how mach
has been eaten. In partioular the turnip i‘s‘"oft‘én
pitten into ohips which must lose weight more rapidly,
by evaporation, than would a lump.
j_g;)Food gtoraze

‘Voles carry food, particularly corn, to a habitual

partlofjthevcage, As has beén mentioned by Schleidt
(1950), there 18 a séxual dimorphism in this behaviouy s

females normally carrying,£00d to their‘hest, but males

making sseveral stores in other:parté‘af their cagé.
|Thers was considerable individual variation in this .
habit, but in britannicus it is rather more pronounced

n




- 86 -.

tha.n in the island races, and in imt:l.lus and. norvegicu
’ deoidedly more Bo. In other rodents environmental

| factors are lmown to elicit ‘the storing of food. (Miller |
and Viek 1944, Bindra 1947) n- is provable that .
, temporary deprivation, as would ~occur in ‘bhe wild, .
would 1ncreale the tendency of ba.nk volea to store 'food.'
APossi‘bly the differenoe between the races wh:wh ‘has been\
noted is due to a variation in the senaitivity to ‘trans-:
‘ient dgprivgt;on‘,. _althgugh_ i_n‘ 1;1}6 _Bame envi;zqz;_xpent. .l_arge '
lﬁif;féli"ences ‘between v.inbre’,d‘iinga' can be bbsez,-v'edi.;(f §‘aa;nnn'
1954)s

- Olet onom whioh it was hoped would breed were
kep‘b :i.n cages out of doors (plate 47) With only a. sheet |
of glass immediately over t'hem for shelter from the rain..
' Withi-n the -cages Were peat mnoss; about two inches deepy
and hay, whioh was ueed in the oonstmction of the nest.| .

Luso available for ’chis purpose was grase and the outer
layers of tumip, both of which were added regularly as | -
food. The cages were left undis‘burbed for about three
mon’chs, except for routine mspection for littere, and
oocaeional capture oi’ voles for examination.. Over a |
period of time cagee became riddled with runs and tunnela
on and within the litter. Nests were eonstruoted of
ghredded hay and grass in the form of & hollew balls ’
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Such‘ﬁeéte at"thefbottomfof %helcagea: If'the7péé%~mose

Th..e- :nes’os ,°£~,------¥?17?i%‘¥_'? .msi_ Zufooamue ;;f;°-9a.ms _hed 'thicker' walls
the outer layers of wiiich were of ooarse, unshrédded
hay, stalks.. As tho level rose, due to accumlstion
over & period ‘of weeks or months of chewed beddiig,. .

fagces, corn husks; uneatén tummip,. and corn, which

sprouted. if part of the ¢age were demp, thé néstwas . |
kept at the surface,..The nest was ususlly built'ena. - |

above the general level of the litter, and, covered, 1f
at ally by Yoose hay- only. .
(i) ABed shreddjf;

There 18 a sequenoe of actione =

'very regularly performed hy a vole in the manufacture
of its neet.- It will-be described ae it oecure in the |

cagee ueed for measuring rhythmic behaviour, a8, it 18 S

most readily observed When 1t -ooours. there. Thevanimali
leaves the neet box end. etande aeroee the entrance to -
it,.often‘with the fore paws. inside the box,,and then,
turning ite head.into theAneetrbox, seizee k-3 piece of

bedding material, ueually a etalk of hay, With ite teeth

.....

and, fore paws. . The @ea@-?ﬁlt“??ﬁﬁ;ﬁnﬁz}1fte@;?apid1¥w,'

aivay £rom the paws, so shrédding the stall longitudinall

-

Vo
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The piece of bedding is dropped in front of theé vole.
ThiS"-'Sf.efquenéé of ag:tione\ is repesated several times very
rapidly: The v_’o"]i'é; then enters the nést bO?f’ Wi:th‘:{ the
shredded material. deposits it on fhe- inside of the
néét’”und‘e}‘r construction; and, i;yp:;@fa;illyé-:_,1efj‘a.vé:s_,,f"'. to
repeat the seri¢s of actions. Such a performance makes
a ‘ehai‘acteziis‘ﬁic' pattern on thé record of exéui'éions |
from the nest (see Section IV, 2A). This action pattern
e probably tha.t termed “Abstreifen" by Sehleid‘b (1950).,
- The results are shown in Figure 25, which also .
| mentions ‘the criteria used for scoring ‘oed shredd:mg
performance. It should be noted that the method of '
scoring would tend to make a 1ow estimate for animals
perfoming the activity in short or irregula.r bursts.
It Was found that bed ehredding performanees wae ve:.',;_r.v o
irregular]y distributed between the Taces of Clethrionomfsg;
Unfor‘mnately the nmnber of individuals ofthe Norwegiar.
forms is small, but it séens clear that they p‘;r:t‘orm -
bed shredding more :Erequent]y than do. the British ’aank
voles, and much more frequently than any but the
brit ("_fig’ﬁcue from Edinburgh. Only one, individual of & |
eross between a Norwegian and a British vole was etudied‘_.c

" |a porvegicus x ¢ alstoni hybrid: This énimal showed &
shredding rate similar to that of tﬁfe,.no_zf\‘r'e"gic‘\:ﬁs\ parent.
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(11) Discussion |
1t is suggested that the differences betwsen the
British and the Norweglan, espesially the high stetic
rutilus and rufocamus; forms of Clethrionomys in mest

construction, ‘and in the frequency of the 'oed shredding
sequence of aotions, which have beén described, can be
understood. as adaptations to the conditions :i.n which
‘bheee am.male normally live. The colder climete;_‘is .
» probably the mejor de'herminant, but 1t cannot account

‘ for ‘bhe building of the nest above the general ground 1
level 'by rutilue and rufoca.nus. It is poesible that
the hebit ftmotlone, m the na‘bural tundra he.bitat, N
in avoiding the danger of the nest be ng flooded.L,When"
the tundra thawe, during 'bhe 'brief summer breeding

season. the la.nd, which is :f.’la‘c and pea‘t:y, becomes ,

S

waterlogged.’ The higher score for bed shredding | found
'in britannious from Edinburgh then in voles studied .
from- o*bher parts of the Br:ltish Isles may ‘oe aesooiated
with the colder winters fou.nd in their place of origin.

If 't;hcee fac‘bors are the ones ultima.tely respons:l.ble o
for. the differentiation, Within the genus, of nest con-“.
struc‘bion behaviour, it ie olear that they a.re not .
necessarlly involved also in the ontogenw of it. e

norveglcu individuals behave eimilarly whether or not
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they have themselves msa in Norway. I.itter e'xfeheng‘e
would be necessary to deternine whether: ornot the -
erucial factor is inherited genetically: ‘no:s"’s'g -
Denenbers; Sawin and’ leyer’ (1956) report 'bhat variation
in nést conetruotion between different breeds of re,bbit
lare greater than the cha.nges reeulting from experience
of building - L |

Although 1itter exchange experimente could die-'"; |
tinguieh between these possibilities if one,r or the
o’cher, were 'bhe oaee, it ie not neoeeeary tha’c a cleer
eut’ a.newer would 'be found. It ma.y be that there ie a |
genetically detef‘;?i_': ined difference in receptivity to )
| parental i-nﬂuence". ‘ Thet ie to ea.y ¥ the lack of

ppearance of a cheracter en foetering, in en anima.l "
}which Would normally develop :|.t, need not neceelanly

:::::

e expected to be accompanied by the appeara.nce of the |

character as & result of the reeiprocel fostering,
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.3 [THE EEFEOT OF RACE cfwssmow RITNESS

.' ) ,.',,-

’ation about the adaptetion of these racee to their '
. native environmente., In the firet plaoe, the reletive
,‘tfitneee of the races would almost certainly differ

RN

‘;ng them (Haldane 1946, Falconer 1952)., In the ‘Becond
B »lace, evidence will be preeented that the foree of

| ,}mortality differe greatxy between a parbiculer wila, and
' ‘ga particular captiven environment., The interbreeding

, jithat ean pe inaucea between membere of the races does N

| o“kelit poseible to obtain information on the difference

:‘ene Wg%l tend to. become common in e graup”of interb B

 brosding indivituale 1f 3% is of seléstive aivantege in
& high proportion of themm ‘eree;?@i@?ﬁf?ﬁéﬁeﬁﬁiyhmeetM
,”;n-zygotee can be expected te'mbdify“énE"éﬁoiﬁerQExaétid
.. BO. as Yo lead to the development of’ phenotypes aoceptabl«
. -Yo. natural seleetion._;3u‘t o fj o

_ Qne method of. keeping groups of gcnes together'whiol
- - make particularly happy combinétions, in & 6pecifi

range of envirormentsy is that of ‘chromosomal inversion.

| ;Zn range of genetieel constitution between‘bhe racee. A

» The breeding performance of the Paces of GAethrionooifﬁ
in ceptivity oan. not bé expeeted to yield ueeful inform~

W
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|This is not 1likely to be found in mammals (Haldane 1957),
although known to be important in Drosophila (Dobzhansky
1947,‘Dobzhansky_and_Levine 1951): Iinkage is probably
of wider importance§ Sheppard (1953) notes that genes

s

determining polymorphism are more frequently linked thanh
one would exﬁéotfby,chance.' He suggests that natural
selection will favour translboaﬁionSMBfinging genes
'With4benificienx"inf@ractiOne.6nﬁo the same chroméaome;
It is suggested that speciation can be considered as
. gnothgi method of facilitating the evolution of co~
adaptations one that doos not hawé_fhe.disadyanzage of
| reducing the potentiality fof‘fu?ther eVolutionpryf
change . that results from the'édégtion of ‘a mechanism
which 1nhibité'genetic-recombination'befwaen mémbqra of
a‘mbﬁdélian popﬁlation (Oarson 1955 & and b). - |
| A, Information on breeding and
1) Metnea -
Matings were made in an attempf to maintain a stock
of each race except britannicus, which could be obtained
locally, and to make hybrids of various kinds between
thems Fl,'Fa, first generation backeross, and ajféw F3 -
hybrids were obtained. The breeding colony was kept,
‘between June 1950 and July 1956, in twenty-four large
leages in the open air (plate 47), with abundant food,
bedding and peat moss litter (8teven, 1957 a and ﬁ)r
'The‘records, moet of which were those of D. M. Steven; |

were analysed as follows:i-
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éotgl length of matings of a pér‘t‘:iéixiar type - as
number of females x number»of years. . Mbst matings were
between oné male and two females, | T |

Birth rate < as young per female per year, The
number is a low estimate due to 1oss before the litter
was seen, and subject, therefore, to error due to
»digferenoes in survrval from birth to_recording age.
Similarly weaning success (number weaned/number born)
is overestimated. | I

Age = all animals born in 1955 6r2§ar11er,-even
1f still alive at the £inal census were included. If
no record of the date of death could be found; the last
date on which they'were nown to have been alive was
| used as an estimate of their day of death. This was
an underestimate? but these animalsvwgre'longerflived;
than the average, as‘animalS'that died:&oung could

4

almost always be traced to their death, Their exclusio:

from the results would have biased the mean age toward

zero; " |

(i1) Regroduction

| Matings between animals of different races produced
.7 litters per female per year (in 35 female years)

which is‘allittle more than matings within a race, which

produced 1.4 litters per female per year (in 116 female

years)., Matings between hybrids héd more frequent
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;nlitters' | .7 per female per year (in 33 female years)
The mean litter size produoed by hybrid matings
was larger: ,1 (60 litters) as opposed to 3.3 (159
'littere); but “$ne’ 1itters of the Fl yotng were smaller
% 2.7 (on 89 litters) This low productivity of - young
'may be due to 8 maternal effect on litter size, ‘as
'hybrid females baokorossed to pure race males produced
la m mean ‘of 2 9 young per litter (26 young), although the
| reciprocal backcross produced 3 6 young per litter
(4 young)s 0 L
The hybrid matlngs had ‘a greater weaning suocesss
.‘?84% of the 243 young born.were weéaned; whereas the pure

lllll

| race matings reared 69% of 523. Thie F matings reared
‘,g61% of 238 youngs. The effect =3 these differénoés,
measured as the number of 3uveniles produced per female
,»' at weaning age (3 weeke or & llttle over, depending on
| the size, and . apparent vigour, of the young) was 549 '
ofor the hybrid matings, 3.1 for the intra raoe matings,
: and 4. 5 for'the F2 matings.

The distribution of 1itter eizes for matings withi;
raoes is shown in Figure 26. Four was the oommonest
'number of young, but 1itters With a greater number were
less frequent than those with fewer young,-,?he 1itters

that were larger than normal were more productive of
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juveniles. at ,we,a.ix_ing agey - the, optimum ;litt"er size may |

be near to; or éven higher tham, the maximum litter.
|size that was found. The expectation of weaning

|improved with litter size (Figure 27); up to-about 6.
(from information on 523 you.ng) - The 'e‘xpedfatiéh of
weaning for young which were F hybrids (N 238) was

highexz-, ‘but was not a;ffeoiged sg Amch by the'size: of the| .

|11tter in which they were born, When aault»‘howéver;
the F1 hybrid animals were less successful at rearing
| 11tters of more than five- (Figure 28 based on: 761 off-
epring of pure race, parents and 81 offspring of B‘l
hybrids) O A -
ﬂ(iii) Length of life . .

The mean expectation of: life of an. Fl hybrid at
weaning is 6 months; and an F hybrid 5 months, ‘compared
|with a . mean of 8 months for. individual& 'belong:mg to -
the upq;osﬂezséd racess The. moz'bality of. animais after
weaning is illustrated. in Pigure 29, At birth 'tzhe mean.

 |expectations of 1ife are 5, and 2 months, respeetively,
for the Fl a.nd B‘ hybrids, ‘nrut 6 months for the pure ‘

raoe a.nimals ;
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" The signifieance oi’ the differences in mortality
curves has been tested by the maximv.m likelihood method
I (gde appendix 4). The probability of an Fy hybrid
animal dying between one age. “'inter‘Vai and fhe“ fnext is -
significan‘cly greater tha:n'l:he probability tha‘b -3

: "member of oné of the races of Olethrlonon_r,zs will do 80}

| the force of mortality acting on the F, is slightly -
grea,ter than that on .'the!_’j}i f;ybrids (P = 12054 |

Hybride ‘were more £rsquently noticed to be fightin
‘than were other bank.voles, . This probably. contributed
to their shorter éxpegfta.'tio;l"of life, . Fighting was
'rarelyfsufi’iéien’ciyl acute. to have been recorded as the .
Ao‘auste' of death of a vole. howéver. \ All cesés in which
,juvenile voles were Fecorded as having so died within.
e week of weaning involved the hybrid offspring.(o:f

vskogergnsi females (Table. 23) That such deaths

ooeurred more often when 'the skomereneis parent of the I

| nybrids was the female is signiﬁcant (P 'Less 'cha.n #01):
| The way that the cross had been: ma.de hs.d ‘no apparen'b
e:f.’fect on the expectation, at birth, of Weaning among
*tha skomerensis hybvrids which were produced. .

ug

A
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- ih wild “populations’

In order to estlma’ce the effeot of cap‘bivity on
the fitness of ba.nk volee it seemed Worbhwhile tryn.ng
‘to-ma.ke a rough comparison of the 1ife~ table in the
laboratory with that in 'bhe m.ld condltions to whioh
'voles have presumably become adap’cad. . |

In 8 small patoh of woodland, in agmoultural land
at Wytham, near’ Oxi’ord, 1ntens:u{e live trapping for o
small mammals wag carried out at two-month intervals :
between September 1948 and September 1952 (Southern,
'unpublishedxs. "i‘he interval vetween -the’ J".’iré'l'::-é.hd the
14st time that each bank vole, first caught-before |
~September 1951, was trapped has been obtained from these

data. The ba.nk voles f:t.rst caught during the last
_year's trapping were omitted, because of the possi‘oili*r'y- ‘
‘that they were still ln.vmg after '_b‘be work had been - ; -
diecontinued. Not more than the 1as'b yea.r's newoomers.
“Were left out beoause, from the data published ‘oy .
.Turoek (1953), it seems olear that few bank volel 1ive
mch ‘more than .a -yea_r;.(_ngure 30_);., ‘The dist,ribufbion

Hr, H, W. Southern has kindly given me’docess to his
data on Olethrionomys which were caught and reosptured|

during this survey. .He is maturally not respomsible | -

for any errors in my analysis, or wrong conclusions to

which I may have comé. -
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of weights is strikingly bimodal in the earlier parb |
of the breeding season; but the heavier weight class,
presumably representing the animals born in the previous
year; has disappeared by Septembers This 15 "c'oni’ime‘a
by a' study made in Scotland (Corbet unpu‘blished).
From the weight of anima.ls When firet trapped it
appears "privbable that most of the animals used were
' oa.ught when young The data are shown in Figure 31 in
oomparison w-l‘ch the frequency mth Which various ages
Were obtained by lethrionoms 1n captivi_ty.‘ I.f the
‘Olethr:.onox_rms in the. Wild died soon after they were
'last ¥nown to be alive, At is clear that the force of
_'vmortality is greater in the :Eield than that imposed
upon domestic bank voles. | -

‘The chance of & vole s‘u'r'v‘ix}il‘ng from ong ﬁvﬁr‘o;month
period to the nex‘t has been estimated as 0.54 by the :
' method given in appendix B; 'bhis is significan'bly |
Iless than the probability of 0.78 estima'l;ed from the
eaptive material. | | 1

Howard (1949) found that 1ess than one fii’th of a
population of Peroqyscus mhniculatus bairdii reaehed
eexual maturzty, and ‘he doubts if any attain old age.'
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' f:@dation, énﬂ«QGld weather aocompanieqéby a shortage
of food, appéared.to'bo the ptiho@ﬁél oéuses.of this
high morfality; Blair (1948) estimatééithat the mean
1life span of this ‘mouse is 4. 88 - .20 although in
captivity many survive for three years of more. Under
Optimal conditions, in the. 1aboratory, rodents oommonly
o oonxinue t0 live in age .classes not known to be repre~
| sented in the. wild (Leslie and Ranson 1940, Leslie,

| Pener; Vizoso and- Chitty: 1955) The death rate among

| small birds is well known to be 80 high that evidenoe
of senility (Medawar 1952) in the wild 1s laoking
(Haldane 1953 b). This is _probably true of emall

" | mammals also.

bue
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C._Disoussion

(i) Significance of litter size
As deaths of female letggionogx were rare during

pregnency; . or while Tearing yeung, it is surprising; at
| first sight; that the mean litter size is much less thar

)

that which was most productive. The proximate deter-
miniﬁg‘faqtors are'presuﬁably physiologiCalg What'the
ultimate significance may be is suggested by comparing
fhe environmental pressure exerted on the cap%ivéf
anlmale, to which the figures apply; with that likely
to have been exerted on their ancestors ihn the wzld.
The selective value of various litter sizeés p;obably .
variés from séSSdn to.season and year to yearf(ehitty

1952), The mechanisms determining the size of particu~

lar litters may not be geared to aspects of the environ:
| mental situation which are correlateéd with its seiective
effect on litter size, as fhey ére in short eared owls
(Elton 1942, Lockle, unpublished)s At any rate the
litter size éﬁ birtﬁg in captivit§, is closely similar
to the mean late'fOefus number of 4.1 (with a maiimnm
of 6, in 70 late prégnancies) found for animals in ﬁhé
wild by Brambell and Rowlands (1936). If the litter
size is stable to envirommentel fluctuations it would
be'expected, on grounds of évolutionary éxpediency, to
approximate to that which is optimal'in the wild (Lack
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1948 a and b, 1954, 1956). Food was available in
abundance in captivity. This may have‘increased’ﬁhe
| 'bhanééuef large litters being réared éuopessfully, and
would be éxpected to have done so from the éxtenSive
wofk bn'bifds (Lack; loce cit~)' The longer Breééing
| season of bank voles in captivity (Stéven 1957&) than
that Which hae been recorded as normal in the wild
'(Baker 1930, Brambell and Rowlan5519363 is in accordanoe
with this 1nterpretation, as is the evidence (presenxed ﬁ
in this section) that the expectation of life is better 4
in captivity, , E
(11) Inbreedin' on 1sl 1ds_and in ca.tivi“_‘

Mayr (1954) has argued that the colonization of

|4sland habitats inve;vgs adaptation to an increase in
the rate of inbreeding. This is likely to make 1sland
races preadapted to captivity, in which inbreeding also
oecurs (Spurway ;95%0‘ From the ‘work of Carson (1955 b)
it seems'possible that marginal populat;onguare a;ao
more adaptable than the more geneticallysspec;alized
central populations, One is lead to predict thaf:thgu
mainland animals would be the least fit 1p:thg environ-
ment of oaptivity, end that the animals from Skomer
would do best. Skomer has an area of about opé_squa?e,

mile. Raasay is about thirty‘times this size, and Mall
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three hundred times as large. The data on the races
taken separately, and partioulariy on britannicue, is‘
not felt to be adequate for a satisfactory teet of ﬁhis
hypothesis, but it is suggestive that britennieue females
give birth to fewer young pervyeer than the meanufor
all races (2 1ese‘than-,05); whereas gkomerensis had
more offspring (P less than .001). 4
(iii) xbrid vigour and gybrid breakdown .
The effects of hybridization on the components of
fitness that are expressed early in the 11fe of bank
voles is different from that whioh it has on animals .
1ater in lifee Hybrids are born in litters whioh are,

in general larger than those of ﬁhe parental racee,,
and the young survive better to*weaning age, but after
this they have a lower expeotation of living from _one
age group to the next, and are 1ess suooeseful at
rearing large litters. | L - .
Mayr (1942) eonsiders that although hybridization _
indioates relationship. the fertility of the offspring |
does not indioate the degree of relationehip._ Sterilitye_.

?

IW
4‘ -

of hybrids between geographioal raoes, of Cobitie taeniz»

and Strewn (1956) have found the hybrids between two
| sympetric species of fish to he.asvfertile as the.
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parenfal fypee; apd hybrids.amonghspecies_and-genéra

of the Ethiostominae, to show heterosis for viability
(1957 a)%. The differenceés in oriteria uééd“tO'ciéseify
groups of animals makes this result dlfficult to inter- |
pret.. Working with local populatlons of. Drosophila
aeuﬁoobscura, Vetukhiv finds that the viability (1953)
and fecundity (1956) of F hybrids is improved, but

that ‘hybrid breakdown follows in subsequent generations'
and that this tranaient heterosis is not found when
geographioally r@mote, or: isolated, populations are
crossedo TIiu! L] (1953) data’ on prenatal mortality in '

, gggxsous show a higher foetal death rate 1n species 4
hybrids than in their- parental races, but, although he -
does not himeelf conolude this, intrasuterine heterosis
in sub-Specific hybrids. SRR o ”;..3%3

| Maynara Smith, Glarke and Hollingsworth (1955)
argue that both ex03551ve inbreeding and dietanx out- .
crossing may lead +0’ a breakdown of aevelopmenxal
homeostaais.' it is well known that 1nbreeding usually
1eads to a deorease in fertility and vigour (Reeve

1957) The situation described in Glethrionogx suggest;t
that the optimum degree”of outbreeding mav vamy'during
|the process of indivldual\development‘ Thia may be due:
to a change, durlng ontogeny, in the sensitlvity of an
animal to the two conflicting rasults which fol;owrout-.
breeding. | B | B
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?irstly hetefOZygoSity is increaseéd. Thié'will
tend io'réeult in the masking of deleterious or iéthal'
genasg which are'usuaily recessive in ﬁhe'naturaifpbpu+
|1ations in“which-théy are known to be commonf(geéi
Zimmerman 1941 for Clethrionomys, Dobzhansky;'Hoié and
Spassky 1942 for Drosophila, and Penrose 1957 Zof man),|
by the relatively dominant alleles which are normally

more frequéht in a species (Haldane 1930, 1939i;‘"1n S0

far‘asiéach allels of;a‘heterozygouS‘pair produces its

Rl

| product independantly, it is'becoming genera}ly:é§cépteé
(Robertson and Reeve-lésa) that the biochemical d@véréiﬁy
resulting from this is likely to be associated with a
versatile phenotypé., Some heterozygotes can however,
synthésize substances not found in either homOZygéte
(Wurmser'et als 1953, Miller 1956). This is discussed
by Haldane .(-19555.. and has béen investigated by Maynard
Smith (1956) who f£inds that hybrids between inbred lines
have & greater capacity for regualtion_during-dévélop-
ment ‘than.do inbred animals, | |
Secondly, the crossing of populations ré9ulta in
the disbanding of different groups of genes; which
acoumilated in each population during evolution because
they often led to the deveiopment of f£it individuais;
The great variability of the P, hybride between
Ethiostoma spectabile andPercina'gagrodeé (Hubbs and .
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Sttawn"lQS?b) may be:due~to bireakidown of such‘boadaptedr.
gystems. Interadtions befween aIle}eé, leading‘fo the
| buppreésion of unfavourable traite. isiéne way'that~'
deieteriauS'mutants’may havé become recessive ihAtheV
’6ourse of repeated appearance in a poPulatidn.(Eisher
'11928): These may express themsei?es when thevgene
background is changed. B o

The distinotion which has been made’hqre3vis
similar to that of Dobzhansk# (1950), ﬁhq termed” the -
adaptively acquired aspeétg'of-hybrid‘vigour;;euhetgrop
sisy and pheﬂotypic 1n¢reaaes in size, Qf some other |
trait,\in heférogygoteay which can notibe.ascribed to
the'wogk of natufal,eelectipng luxuriances |

‘Some evidence has been presented here that hybrids
may résémble neither: parental race; nor dbe iﬁtefmedigtg
between them. The most strilking examples axé the lack |
of disorimination by hybrid males between potential
mateés; and the absence of a short term aetiﬁity Thythn
in hybrids. Tebb and Thoday (1§55) have shown that the|
femaies‘of two strains of Drosophila both prefer males
marked by one'qf a pair of alleles, but that their-
nybrids prefer males with the alternative allele. Few
| comparable results have been reported,” A possible
explanation of this is that most of the rather small
numbeﬁ of studies which have been made sought bghaviour
characters determined in a simple Mendelian way, There
is no evidence that the behavioural novelties which
have been reéported are of selective advaﬂtage to the
nybrids in which they were found. | |
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Lorens. (1941) describes how the Sexusl inoiting
behaviour of a female Marcea sib*jatrix,x Anas
platyrhynchos hybrid closely résembléd that of
c_ﬂulelasmns»stre“era, although the rest of its behav-
| foural repertoire did not. Poulsen (1950) stateS'that
a hybrid between a domestic duek and goose has morpho»
1ogical and ethological characteristics of both parentsﬁ

but is sterile. This may be due to a change in the o

response to hormones, as epecifically sexual behaviour
. |eould not be 1nduced, even.when 1njectmons were given
that were kncwn to be effectlve 1n produoing eexual
activity of immature. or castrated, normal birds.!‘ N
o Spurway (1953) repor!;s that 13'2 hy'brids between sub--r
| speeies of newts form a rigid peck order, that is not
found in either parent, if more than four individuals
“are kept in one tank, and that this impairs the normal
'development of. the subordinate individuals.. On the ©
other: hand Olarke. Arenson and Gordon (1954), studying
|the nybrids between Ximhoilorus_maculatusﬂand:x. helle
‘have found intermediate behaviour in the Py for
;characters distinguishing tﬁf species.l Similar iesults
,vﬁere obtained by Hinde (195§D working on Cardueline
,finch interuspecies Fl hybride, and are general in birds

* [(Hinde loc olt). He concludes f£rom the similarity of
,the hybrids for characters which do not differ between
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the parental épecies, that these features depend on
similar 'heredvitavx’jy ‘factorss - ‘He -says that 1f 'tﬁhe
similarity wereJeuperficial (ives that thé characters
were not 'homologws,i-'s‘ee below) tiieﬁ 'hybﬁd bz"éakﬁown
zin complex responses Wculd be expected. 'Ffoﬁﬂfhe inter-
‘imediate behaviour of speoific characteristlce in hybrids
|he concludes that the dszerencee are due’ to multiple
genes with similar eﬁfect -}thls he coneiders-ev1dence
for the adaptive origin of the cherecfere}"Wheh.the
species differ widely the hybr1de ehcw ev1dence of

,;J‘

dominance; or of breakdown.
It is suggested that the 1atcr deveIOpmental stagesy
partlculariy when eocial interactlons between inﬁividuals
‘become important, ave most seneltive to the disruption
of co-adapted systems whi ch is one result of crosszng
between relatively isolated-populations. If the adaptive
elgnificance of a ‘plece of behaviour llee in the specifio
response it induces in another 1ndividual then any 1arge
change in it is likely to, prove dieadven;ageous, even if
it would be of advantage were it{perfofﬁed in the presence
of ‘an audience'o$ enothex species« ?Simiiarlyy'it seems
" |[probable ﬁhat'the‘recenfly'evoived'cheréc%efso~distina
guiehing‘bopulatione which erefsufficieﬁfly‘ciosely
related foreﬁiablo'hybride”%o’be'produced‘between.them;
are the'oﬁes'moqt likely to vndergo hybrid breakiown,
This argument is a corollary of that used by q
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Hinde (1956b) in support of the use of motor patterns
as indicators ef the historieal affinity of groups of
animels.? He says "With complex behaviour which is -

1iksly to depend on basically similar hereditary faetors

N

‘showing them' :and this method has been generally
; ~accepted as valid.glhorenz argues that display movements

’ are conservative features in evolution. Independent

videnoe in support ‘of this ie lacking. Bleet (in press

howe that convergenoe has been important in the g
volution of protective displays in the Saturniidae [URR?
' aber (1953) has shewn that, although moet of a group
f the Orthoptera produce two types of song, by stridu-
rating a tympanic membrans with the hinde legs, one»fv
.Fpeeies produoes the same eong patterns by movements ef
. he mandibles, Although the hind legs do move at these

.............

......

,iasily observed differences in the development of,
;<ehaviour are likely to be miesed. This suggests that _

iIzcome changed (Harland 1933, Spurway 1949), that is,
o related animals may develop a eharaeter, which they
Thare with their common ancestor, in different ways. )

similar in the parent spseiee, the whole organization of
motor patterns and assoeiated motivational conditions is

| ’»‘.Lareﬁza (.1941*)"'haéa.~us"e'd'f simnarity-' of" the, 'f-.orm'of me%fe'a I,

'ments as evidenee for the ‘eommon.. ancestny ef :the animals -

g

"he genetical contrel of homslogous structures may jfy;, '




.ﬁ/in each case. If the similarity were only superfieial

’meohanieme leading from stzmulus to responee would be .
likely to break down in the hybrid" S ,‘{j;?fﬂjh"

' wbeheviour. The lack, in hybrid meles, of olfactory ‘
q’diserimination between potential mates, Would probably
reduce the fitness of hybrids in natural eonﬁitionev :
_It is unlikely that sueh highly speoific behaviour 'iw
. would have aeveIOped in all the populetions which were

' utendeney of hybrids to flght would probably be die~§ '
_:'advanxageous in most environments. Tinbergen (1951, N

. p.177) has argued cogently that ritualizetion of

_1ndividuals in'a group.
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(i.e. eheracters not homologous), then the complex

l.:/

'T‘i

: 1f this argument is velid, one can expect eome of

volee belonging to a pure raoe, to be related to the
,higher death rate of the former. This difference in :

has been shown to be lese eevere then thet to whieh

,the leek of regularity in the distribution of activity‘
in hybride may ‘e associated. with 111 coordlnated ,"'

‘tested unless it had seleotlve value. The increased

aggressive behaviour is of selective edventage to ‘f

the differenoee in behaviour;between hybride, end bank .

death rate is probably minlmized by the hybrids being o
' maintained in captlvity, where the force of mor%elity

they would be subject in ‘the wild state.‘ For instence,';
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| 'The7teﬁdéndy-£or genetic interaotionsi wﬁich

influenoe the ontogeny of ohsraoters, to breakﬂown in
hybrids: has been discussed. It is likely that hybrid
offepring will be influenced differently by traditional|
factors also. As well ae being less aggressive, o
ekomerensis 1ndividuals did not show either of the sube|
mission signall found 1n other voles. Hyhrdd offspring
of skomereneis mothers tended to die at weaning age as
- a result of fighting among themselves. The reoiprooal
:oross 1ed to less fighting and no deaths. It is o
euggested that the development of eubmiesive responses
“ depends on speoifio behaviour by the mother (Godfrey,

~in press).
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VIIT. GENERAL DISCUSSION

Recent European work on behaviour, which was
reviewed by Tinbergen ih 1951, has been concerned
chiefly with instinct, and it seems worthwhile to outline
briefly some of the problems associated with the use of
this term. No attempt will be made here to summarize
the literature as the views of workers in this field on
-la number of crucial issues are currently changiﬁga
tInstinet' is almost~alwaya used so as to imply at least
one of the_following'idgas, the first of which is des-
criptive, énd ‘the otheré to do with causation on three
different time scales. .

a»instinct. Instinots are, behaviour patterne

common to a group of animals. As animala in natural
populations grow up in different circumstances, and are
not genetioally uniform, this implies that instincte
are stable to the normal range of genetical and environ-
mental variation., Variations in behaviour in response

to age or sex are'not.however excluded. An a-instinotive

movement'is a fixed action ﬁattern or Erbkoordinafion
(Thorpe.1956). Spurway (1955&).quotes James (1890) as
;,sayiﬁg ﬂinetincfs are fhé funcfi¢nallcbrreiatives of

structure®., Lorenz((1955§'mékes What'is.GSSeht;ally .
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; _ , e :
: the same poinxsl It is this which renders instinctea
‘lsuitadle as taxohomie characters (Lorenz 1941), “

The apparent preeieleﬁ wlthﬁwhich behaviour patterns

may be adapted to the peculisr conditions of an animals? .
1ife 1s not easy to account for by the past accumlation
of mutents which mbdifiedjfayqerably the form which was
takep:by the eguifalehx behaVieufiln~the enimele‘ progen~ =
itors. This is the eifﬁieplvy,“peinted eﬁt so foreibly
by Lamarkiane, that a emall step,AWhidh'ean‘be seen in
retrospect to’ have been towards en obviouely favourable
end, may be of little or no eelective edvantage to the
animals exhibiting it. Environmentally controlled
differencee in behaviour-from o relatee_animale mey.ee
of advantage %o an individual. lThat 19; léarning eay‘
increase this individual'e fitness._ It ie easy to see
what advantage would be a gene increasing, if only
slightly, an 1ndividuale chance of carnying out this
_ learning process. As suggested by Waddington for com~
parable morphological situatione a genonpy of the
developmental process mey occur. a less stringent -et
of environmentel circumetancee may become necessary .
| If thie happene, a previously leerned behaviour pattern |
may become a-inetinqtive in theﬂeense that.the conditions
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e e a e e e

which are normailyveneountered during ontogeny by a
group of animals may allow the.deveiopnent of" tne }
behaviour 1n question. it will then be a'matter £or |
experimenx to inhibit the appearance of the behaviour.
It can be investigated experimentally juet how etable |
- a-instinote ares Lizarde normally have a twenty four |
: hourly rhythm of activity. Hoffmann (1955) hds ehown
fthat this behaviour appears in an. approximately normal
' form even if the newly hatched young are reared in
loonstanx light or in oonetant darkness. It ie probable
that, if they were reared under cyolical illumination
lwiﬁh a different periodicity to natural daylight, an
'abnormal rhythm correeponding'to‘theiexperimental one
would develop. o ‘ | |

o—instinct.’ A number of terme to do with the origi

of behaviour patterns during the life hietory of an

animal,_eucn ae”'innate', 'genetlcally determined*,

vgnlearned“; finborn“ano ‘inheritedf are anpliedzio
instinct. These are oftén difficult to understand,
and for the sake of clarity they are all taken to be
eoexteneive, An example mey help.




‘;'animals, Thorpe (1956) reviews ‘much of the work on the

" " |hiding food in excess of immediate needs - clearly haa
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In his recent book on 1earning and 1nstinct 1n

:‘Jdevelopment of behaviour in mammals. Hie own view is
P that the pragmatio test for instinet in this order is
|4he Kaspar Hauser experiment. He.says (p.397) -
"Experiments upon the white rat have also provided a
l‘good deal of evidenee about other instinctive behaviour
‘pattgrns; 'Hoarding' < that isy retreiving into the ‘
jéagé’or into a known territoxy -and there, if posaible,

lan innate basis in the rat, eince no tuition from
parents or elders-is_necegsary to bring about ita
appearance (Wolfe 3»._939‘)_’.,.".- The use of this ciite?ion is
unsatisfactory from two points of view, Pirstly, this
usage is not in.adébrdance;Witﬁ-the diséuseion and

E définition'of iﬁstinét given garlier in his work. Tﬁé
second consideration is far more serioue, one of the
'factors often taken into consideration in defining
1nstinct;veabehgviour is whethex" 1e§rning can be ¢emonstraa
ted to De importait in its omtogeny. Hebb (1953), ‘among
,éthéfs@.hasqpoigted out howpunﬁat%sfacton§ is théiuse-
|of this concept. Tt is not possible to design an experi-
ment to exclude the possibility that learning is
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necessary .for the deveiopment.of'a piece of'hehevichr.
The most subtle work elong-these.1inee.heeiueneliy“ :
found thet eSpeote oflthejenvironment, whichhnouiq;not
have'been thoughtf a;hrio;i,4toi;mpcrtant, we:ejso.f4
Even if it were to be accepted thet'a oonditiOn fcrv
designating behaviour as instinctive is thet it be N
: unlearned the Kaspar Heuser experiment Would be inconr
clusive, The rearing of individuale in isolation from
other members of the Speciee cen be expected to eliminate
the development of traditions, which form only one '
category of 1earned beheviour.'~ L
A Variability in moet ccmplex charactere,’such as
'temperament or'intelligence, is due, as p01nted out by
Penrose (1954) for humenl, to the interaction of the ‘
environment with e variety of genetical influences- “a\ |
complex in which the componente:are very difficult to l
'eepa:ate. It may be more profitable at the preeent
state of knaWiedge ‘o give an account of-whet‘behaViourml
changee follow genetioally understood evente, euch as
gene eubetitution (Baetock 1956), hybridization, or
inbreeding, than.to try to analyse the part inheritance
plays 1n the developmental causation of perticular R
““heheviour pe.tterne° “TYE Yalue of - Kaspar Heuser and
litter exchenge experimente is that they allow. the
inveetigation of the. part which tradition pleys in the

development of differences between animals,




It is possible to investigate what effegt diffaré-‘

ences in the environment produce on the devélopmént of
behaviour in otherwise similar animals-’ thaf is, what
partllearnlng_playgp Similarly, one can hope to invest
ggte.whét effectygéngt;qal4Qiff9repces beﬁween_pelated
indlviduals\hgs in_§ntpgegy, Uﬁléas there 1is consider-

vable'Varigtiop’fpr‘a behaviour pattern within a popula-

tion (thaﬁ is, it is ‘not an-aainstincﬁ) one cannot make,

an experiment to show Whether or not it is a B-instinct»

xflnstipct, Instincts are often said to beg

_pu:poseful or direetivei If they have resulted from

3thé action of naturhl selection on a lineage of animals

: in a relatively stable environment it ie not surprising |

that instincts are adaptive. (Dobzhansky 1956) in the |
senae of iqcreasing the fitness; from an higtorical- “
poinf of‘view, of individuals expreésipg the<cha#acfef,
It is not é’prOperty by which a gr@gp of écfionslcéﬁ
| be conveniently recognised as,so many properties of
animals ars adaﬁtive& | .. :'
o=instinct. Thé concept of 6@instinct.is concern
witﬁ motivatibnk and presents some of the most complex
problems of behaviour, It will be considered only
briefly here as voles‘dolnot seem to be particularly
favdurdble material,£or its analysis.- The factora\

3

ed
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which are conmidéred immed;afely re5poneib1ee£or'ﬁhe
ooourrence of.enritem.ofubebaviour are eomefiﬁes;useﬁ
as oriterie £or‘ieeﬁinqrrveneee§ Thorbe (1956)'dis-
tinguiehee inSﬁincfsofrom reflexee by'the'former'being
.;nternelly mbtivetedé ‘beihg due; that ie;fioiinternﬁl

the complex of‘internel states and stimli leading to a
is a phyeiological process, then the jast part of the

is clearly inxernal Internal drive ‘can not therefore
be»ueee‘to'dietinguieh one_cetegogy‘of behaviour from .
another%“ﬁithough the proximate caueetiOn of behaviour

is the ‘concern of neuro-phyeiologists9 it can aleo be
' giete have delcribed models which they consider‘would

that of the organiems which they have observed (Lorenz
1950)% -These analogues are useful 1n 50 far ag they

met underlie’ observable bebaviour,(Welle and Weils 195

The polytypic geeue Ciethfionnge is particularly suitab
. for the investigation of two sorts of problem. Firstly,

or instinctive drive;' By internal drive he means (p.14)

given beheviour;"lf‘it is remembered'thet'eii*behaviouJ‘

‘ oaueal chain 1eading to the behaviour which one obeervee

inveetigated by other methods, Ethologiets anﬂ peychol(

generate behaviour reeembling, in some eritical reepecte;

suggest. what properties of the eyetem (euch as' reactive | :
inhibition), which can be 1nvestigated by other methode,-

[).e
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the bank vole races‘whieh have been disoussod'hore show
a=instinets which they do hot.ehare with one anofher;f
Reed, Williams and Chadwick (1942) have described a
similar situation in Drosophils pseudoobscura; which
has races and local populations each characterized by a|
different wing beat frequency. The fate which these.: |
a—instinots Would have under changed conditions of natural
seleotion depends on their developmental physiology. The
appearanoé}of the instinoto of bank voles, but not of
Drosophila, could be due to tradition. It might be
| thought that the behaviour of hybrids could be used to
decide whether or not this is so. As it was found ‘that

there is a‘clear’Cut maternal effeot in the inhoritance
of supmiséion.posturos"it wos.suggeoted that}thoy‘aré
traditiondl. This_mefhod,is‘only useful howevér‘whére
character‘is simply inherited (whether the difference
| in question is genetical or due to learning is not
.important) - Where hybrids differ from either parent this
could:-be due to a direct effect of heterozygocity_on‘i
gene expression; or to an indirect éffeot of if on sus=
ceptibility,to'legrning,'Oryalfe:natively %0 oonfusiop
resulting from-the.abnOrmal,onvironmentvof'the»animals;
In order to find oﬁt how importont the behaviour of i@s
parents and siblings is to a‘maturihg bank vole, it
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would be necessary to reciprocally exchange whole and
part littere at birth between parenxs of one raoe and
those of another, endAte etudy the resulting animals.
Suiteble characters to obeenve'wQuid'nenneciél feeegni—
tion, rhythmic behaviour, and those individual and
social behaviour patterne which differ in oocurrence,
or frequency of ocourrence, between ‘the racee.“

The second proceee whidh might well be investigexec

o4

with the use of Clethrionogxs is the selective impreve~
menx of a reproductive barrier between~two sympat:ic
populations. S
ﬂ The sexudl 1solation between the loeal racee of
;thrionoyyg hae, with the possible exception of that
between the britannicue from Kintyre and thoee from R
Edinburgh; presumably arisen eince they were,isoleted
geographicelly from one another, This pfoviaee direct
support for the tneony due to Miller (1939;“i942) that
eexual ieoletion is initiated by gelection for the |

pleotrOpic effects 0f genes which modify eexual ‘behaviour,

Bastock (1956) has clearly shown that the mitation .
caneing yellow body colour in Drosophila melanogaeter
also leads, in males, to abnormally short and infrequent

bursts of wing vibration during courtship, aud to a
lack of success in fertilizing normal females, . As.she
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points out, this gene subetitution‘paralleié in its
effeote the differences in behaviour patterns which
_have been shown to distinguish closely related epeeies
of Drosophila (Spieth 1947, 1949), and provides a means|

whereby systematic changes in mating behaviour may
become established in isolated populationsa

 Similarly, Waddington; Woolf and Perry (1954) £ind
that hab;tat,prefefences very in rééponsé‘fé gens sub-
stitutions Whichewereselecﬁed for their morphological
effects. Variability‘for'feotore df'this'EGrt is
probably wideSpread in natural populations (Knight;
Roberteon and Waddington 1956). The isolation of popu~
lations by disxance; by eeologioal‘choibé; end by sexual
preference will tend to evo}ee together. - Brown and
Wilson (1956) suggest the term 'ecelogieai'éisblacement'
fer the selection of genetic variante.whieh‘reduoe
eeoiogical competition. Gause (1932) gave reasons to
suppose that only species which do not oompete, at
, 1eaet at some critical phase, can coexist 1ndefinitely.

. | Support for this has come from work on Drosophila

(Merrel 1951), on graminivoroue inSeots (Gremiie-1945);
and on birds (Lack 19443, 1944b 1945) It'ie'probably
because ecologieal sPecialization cannot normally be

maintained among conspecific individuals in the same




locality@~that'competiticn.and aggression are”ofteﬁ_
found between members of the same species. . |

Vaurte (1950) deseribes how .Sitta neumex_~,the rock

nuthatches of Southern Europe and Asia Minor, are
morphologically distinguished from the closely related
|Sitta tephronata. of Central Asia merely by a difference

{in siéeé but how, in the Middle bast, where the Speoies
|overlap, much more - etriking dlfferences are found. Herev
the epeciee are distinet in bill length (which suggests
ecological divergence ), and “the. facial stripe found in

each Species elsewhers is. lost in S neumayer but broad
and conepicuous in S, tephronata. Although no field |
study has yet . ‘been made of these birﬂs, it seems likely a
that this mark is important in the epecie: recognition
which underlies their reproductive isclation.‘ It was
presumably facts of ‘this sort which led Dobzhansky (1951)
to0 emphasise more. then did Muller (19399 1942) the
~impor't:ance of natural selection in the origin of sexual
isolation. He considered that 1solation did not normally
arise until insipient. Speclee, which had diverged when
geographically separated, cccupied the same locality
once more and’ produced hybrids. which were lese fit thaﬁ
either parental races. Rendel. (1945) and KOOpman (1950)

have demonstrated how susceptable is reproductive
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1eolation to the action of selection. ~The- deﬁelepment |
of thie 1eolation nay be etable to environmenxel change,'“
ae in that between.DroeoA'ilavfeeudoobeeura end
gereim;li (Mayr 1946), or it may be. readily modified
by experience, a8 in that between strains of Lebietg
: reticuletue (Haekins 1950) ' 4“ |
o The effeet of the racial diecrlmination Which has
been found among geographioal racee of Clethrionogx <
could be investigated in subetancially natural conditions,
: ueing experimental populatlone of two rades put to~; .
gether on an ieland not already occupied- by,membere of .
the genue. At preeent'fhe main unfuifiiied'feeuirement
in bank volee 18 a eetiefactory marker for dietinguiehing
certeinly between members of the zeceefend‘their hybrids.
Although there is disagreement about hOW‘epeeiatioh
occure, it is now generally held that it has e erucial _
phase of ehort duratien (Dobzhansky . 1951, Spurway 1953)
This nay be one of the few natural eituatione where )
directive selection (eee ViI, 1) rivals in etrength o
that exerted commonly in captivity (Haldane 1954) As
the inter-racial hybride of Clethrionogx would probably
.be et coneidereble ee}eetive disadvantage in the'wild _
';cempared“with eithe:‘ef‘their-parentalvraeee.GVII, 3),
it 1eApoeeib1e“%haffpregfeee towards reproducfive isola-

tion could be observed.,




IX. SUMMARY

1, Bank vole races from the mainland of- Great Britain
and those from the islands of Raasay, Mill and Skomer are
morphologically d;stinct, ut will 1nxe§breea if.given.
' ho cholce of mate, yielding fertile nybrids. |

2, Members of each race were found to have a character-
~ istic range of”behaviou:.patterns ﬁhidh differed from
that of the other récea;

3. Geographical differences in rhythmiefbéhaviour were
found; both in the distribution of activity between.day
and night, and in the number of short term cyclee during
the twenty-four hour period. s ’

4. The frequencies With which a vale ocoupied its -
favourite nest box, and defended it againet intruders,
were used as eriteria for territoriaiity, Skomsr voles
were found to be markedly less territorial than the
others. Cues from inside the cage; and from the nest
itself, were less important than those from cutside the
cage in the recognitioh by a vole of 1ts‘ﬁome site.

5. In small communities of voles from the same popula-

|tion there was a tendency for the members, especially if
female, to be found in groups more frequéntly than would
be expected by'changeq, This is considered_to demonstrate
gregariousness. Social groups consisting of & male and
e female from the mainland anid another pair from one of
the island populations were less gregarious. The consti-

tution of associations showed racial segregation. Males

Fé




_from Rassay and Mull, but not from Skomer, rere‘usually
{found in eesociations excluding the mainland male.
“ﬁ01faotory cues were sufficient for this raoial diserimi-
_fnation. | | o

“6s The scent of female le§ ggggx was found to be
R

T« Male 1ethricnogg -gpproach females whs originated
|#rom the same locality in preference to’ ‘others.

18 No evidence ‘was found that hybrid males discriminate
|between potential mates. ' o -

- 9; Male bank voles inseminate females of the seme race
| more frequently than alternative mates.ﬂ.' '
io A partially isolated group of bank voles were found
%0 be larger and more varieble than those from other
parts of the mainlando,u _ | 5
11 Matings made between races gave rise to more fre~
~.quenx and larger littersa_ The young produced had a

did
higher expectation of weaning thaanure race vabies,

l12- At all ages after weaning hybrids had a lower expec:
.tation of life than pure bred animals.~ )
13, Reasons aré given to suppose that“this“differéﬁdei*
would be more marked in wild conditions.‘

-114,‘ C.skomerensis individuals did not show either of
the - submission signals found in other voles, Hybrid
;offspring of skomerensis mothers tended to die at weanp_

ing age as a result of fighting amcng themselves, but

the reciprocal cross 'led to less fighting and no deaths.:

:suffioienx for, them to be recognised, bw males, as femalesq.

The hybrids Wwere less successful at rearing 1arge litters,

“
T A T )



It is suggested that the development of submission

| depends on specific behaviour by the mother. | o

15, The difference in ithe relative fitness of hybrids
in early and in later 11fe if considered in relation to.
heterosis and development. o

1,6.‘ Sonie pro'blems of 1nstinct and of speciation, which

might be investigated using Olethriono [Sy are outlined.-‘
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Table 1

Collections of eletp:ionoqgg uséd; or the

ancestors of laboratory dred enimals used

Ll

e -1 Number 1n
_ 5“9@?' el Looalitg .Y93’ oolleotion
britanni ous Bormwxok, Ratho 1949 |
~ Edinburgh |Bush Eatate, Midlothian | 1953 | 16
Blackford Hill, Edindurgh | 1954 | 7
Morton Hall, Edinburgh ,1955 12
britannicus | Carradele, Argylshire 1959 10
T Kintyre Carradele, Argylahire : 1956 13
britannicus Kampahire o o 1954 i)
”’ﬂSﬁTE?FSEt e B R
| briteniicus |Pasticks, Whythamwooa | agsy | -
S thean Oxfordshire BN A
erica Raaaay: 1949) 7
S | Reasay - 1952) .

- Ragsay 1954 19*
alstoni . [Mull - 1949 | 9
T IMalEe . - 0 e b1 1950 30

| Mull . 195¢ 16
. Mull 1936 | .
| ‘skomerensis | Skomex : ‘1949'..‘.31
S Skomer ' ' 1954. 18
nqrvegicnégt Bergen peninsula _ 1951. epprox.i2
rutilus ~ |Rosts, Nr. Tromed | '1933\,_', 17
rufocenus |Rosts, Hr. Tromef o ,1_953 2.

‘ ‘1noluding 9 conceived in the wild but born
and raised in the laboratory. : .




Table 2

|

|

Test of the signlflcance of some differences between groups of Clethrionomys in the

frequency of occurrence of a partlcular ratlng for handling ablIfty (see text ‘and flg.

Type of vole.

' COmpéred with

TR Probability sf“
For the rating number

the difference
being due to -

“”"Bkomerensis

e a e

Rybrids

, ehance
britannicus from the rest 5 'q“(:.OOI
~ Edinburgh - o
bn'tazihi‘éus from " britannicus from 1 - { .001
Kintyre ' : EﬂInburgE_. e
_britannious f;'_om o ',,_,"britannicus from 5 { 001
.KInfyre, ot .’E nour . N
erica the rest 4 <.OOl
alstoni the rest 1 ¢ 4001
alstoni skomerensis 1954 1 %900
‘ stock ' o
skomerensis _other then skomerensis 1 - .001
o0ld stock o T R
skomerehsis_1954. , :skomerensis old 5 | <5001,
.. stook & 8100 ' .
"A“britanniouafx, pure races 4 - {001
skomerensis : ‘ :
br ds_. ‘ _
britennicug x pure racés 4 <5001
" alstoni ¢ : : :
EyBrIEs-
britannicus x britennicus x 4 <.}OO




Table 3 ' To show the reaction of voles to the lids
~ of their respective ocages being opened

T Animal | FLIGHT REACTION |

|¢‘3A°3r Number | NONE _UP__DOWN
britannious| 1 71 o 12
, . 2 [0t 8
| 39| 3| 22
4 |- 4] 0 7
erioa 1 5| 14| 5
2 .o fe21] o
3 fx 4 |18 4
4 |10 11 3
5 13 | 1| =22
_alstoni 1 20 | 2| ‘2 -
- 2 5.1 4| 1.
3 16 [ o 3.
.skomerensis 1 10.1 3 4%’
2 21 0 6"
3 26 0 o .
4 23 1 2'



Table 4 : o T
The entry of Longworth traps by Clethrionomys in captivity

Not 15‘Cau§ht_ | Caught

bfitannionéf"

‘.ékomerenais - | ‘mé 1 1 12

britannicus x skomerensis ﬂé‘ 2 15

britennious x slstoni . | 0. N -




| | B | | o - o
Table 5 I, ABALYSIS OF VARIANCE FOR REYTHMIC BEHAVIQUR IN 28 CLETHRIONOMYS .

Ao

GROUPS SEPARATELY

|

'
|
i

«
l

" @roup . ¢ -

X Dawn

’Méan;ﬁo. mina. with en
ex“EIEiQEL

Z;JDgy

Eer geriod )
Dusk lﬁlgﬁf

"fl 848 where'
Tappropriate

—Stendard

error of mesn |

'_;rutilus LE

'hritanhieus Kintyre

.britahdions Néﬁ’ﬁbréét"i

?britannieus Edinburgh

) ;erica .
‘ aletoni |
A.skomerensis':f_;

jnorvegicns

‘firufoganus : R

. 59.2
faz 7]
| 7808
1 "57.5.
| 208.6
| 13,0
[133s0 |
u:l?dﬁ@’
o et
el

. 64.2f
23, 757
77.82
3240
944
117.0,

88,0

llxaié.i
4840 |

94~6
28.3
117.8

129.0
11256

450 |

64 8
3540 |

_;229éf

64,0
78.0,

U??'6
- 52.,0["
1346

58.5

113.8]
ieégb _f;
129.0(
77.0 3
%;°6§°{f
120.3)

- 11,3

-:40.3

11046
EEEY
41947
, 841
15.1
273
2.3
S22
24.6
1.6

AR

. ’Least significant difference

differeneee exist.,

(jﬁ);%@fﬁ?h’?@

-groups

An which significant




Teble 5 IL. AFALYSIS OF VARIANCE FOR REYTHMIC
BEHAVIOUR IN 28 CLETHRIONOMYS
B. ALL GROUPS (1)

Al

S Scentiton i te ..'a:_.f. oD, .‘m'.ﬂ". ‘? o
Between groups ‘ § ’ 75365 8168 12.77“”
Between azimals 18 59099 | 2947 -
~withia groups _

Betweon animals | 27 ;2654af -
Botween periods 3 | 15918 [ 5306 5.60**_
Groups x periods | 27 | 16973| 629| <
saimals within | 54 | sua5| 9a7| -

spesies x periodg

.« fotel 111 | 210384 - -

Key: d4.f. = degrees of freéedem
- B+8. = sum of squares

m.8. = MéeR square

* = z%,eigaif1¢aleerleve1
=

** % significanee level



Table 5 II. ANALYSIS OF VARIANCE FOR RKYTHMIG
BEHAVI OUR: IN 28 CI-E'PHRI ONOMYS

" - Be ALL GROUPS
(11) Difforense between group meens

~Group | Weas Steadard  Wamber of
. N errer gbservatiors

b;;tgnai;ns Kintyre 76. 4’ 124 - 20
;p:xtaanieué.wew Forest | 35.4 15;7 | 12
briteanieus Ediaburgh | 99.0 | 121 | 20
’eflga'v R ' 4258 '19,2" 8
slstont | 208.6 | 122 20
_é#émerenéia;' a 115;2 19,2 8
hqrvegiéug.'x 1119.8 274 - 4A
mtilus 108.0 | 27.1- 4
rufocanus 7.9 .:27.1‘ 4
Hybrids 81.8. 15.7 | 12

'Taﬁle of least;signifipant‘ﬂifférenoe.(sﬂ)

ﬁbb:of dbgervaiions7;ﬁfthe;fits$ mean’

.No. of 20 | 36.0 41,6 | 471 62.4
observations 12| 41.6 . 46.7 | 1 92.2 65.8
‘in the 81 47.7 7242 - 3140 69.8
second mean 4| 62.4 65 8 69.8 80.9




Pable 5. ~IE. ANALYSIS OF VARIANCE FOR RHYTHMIC
BEHAVIOUR in 28 CLETHRIONOMYS

o B.. ALL GROUPS T
- (411) Difference between period meams . -

mem M-.anar‘

e error

| Dey 691 | 5.8
| Dusk | 991 |Po 5.8

|msent | 20106 | 5.8

S TV They
: i

Cb

Least significant difference (5%) = 16.6 |
oo SO e e . R 3 .



Table 6

i
!
!
I
{
!

Number of minutes during which named behaviour
patterns were observed, in eight hour-periods, for several
' races of Clethrionomys

britannicus

skomerensis

Neme of behaviocur erical alstoni TOTAL

' : _ R v R v R v R v Rs | Vs

Chase away from nest 46 | 9 311 13] 18| 4 11| 1 106| 27

. { Scuffling 13 0 18 2 0 0 0 0] 21| 2
| Boxing : 18| 9 ‘16| 16| 10| 7 5|5 39| 37
Pre-lunge position 171 4 161 4| 11| 3 1] 1 451 12
Lunge o 12| 2 14| ol 5| 0 2| o 33| 2
Hunched submission of O o 22y O 3 o o 0] 24
Rigid submission 1 7 0 0o o} O o| o 11 7

Resident male

Visiting male




Teble 7 (1) Summed- data for single race éxperimental: commmities

1
A .
.':.‘\5' -

ajg_rou ‘s%o*? anms_founﬂo e'EherA%n ﬁgﬁg@% %

-lp lo‘ "8 :.

W CHEREC A R S O

o
8

L

o ¥ = o}

(¢))
Q

T
.

10
8|.7.8.

Q2 o]lo o oo

«8|1 5-‘9 T

T
711547 |1

o wlw o o ©

o om0 0 o |
o owlwe o o |

T [15.7 |

. Shcwing the total mxmber of times" partieular types of association weré found, and the .

~ expectation of these categories on. chance groundsi

designated as A (mle)

‘A male and female are arhitrarily

a (female), or as B (male) and b (i’ema.le).‘

key.;

tojm lmim:iaz

ll ﬂ “ ll“ﬂ ‘i‘ll

britannicusf '

erica
= alstoni

sEomerensis‘
= observed

observ
expected




el &=l B
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H 3
. Al N

e i

46

5 ]

13,9 | 1349 | 13.9 | 1349 .igégf

27,8 | ‘2748

127:8° 21.8| 27.8:('27.8/| 2748 |

L

E T T T T A T T TP
......

L i

the total number of 'bimes pa.rtieular types of association were founﬁ, and the -
expectation o0f these categories on chance grounds,’ -

‘A male and’ female pair of the same’

4 race are a.rbitraruy designated ) A(ma.le) a.nd a (female),

or as B (male')__and.b (female).




Table 8 (i) OLFACTORY CHOICE EXPERIMENTS, SERIES A+ -

fhe response of & male given the choice of a fe

,Male'mékipg

|-the choice

' AFemaTe,'

""ﬁ‘ L

'bxitannicus‘ﬁi"

STstoRI T07

l

: male of his own
race (Female "A") and a female of enother race (Female

!

g n-') :

aiotoni 2407317

alétqﬁi:éAOZfii —

~Temalec
"B " ‘

~britannicus 2567405

élstonil§§§7§5§g —

Terics 227/280e

',britanuicuéjbﬁ

skomerenéistiZZEiE

aiéiohffi;ﬁjjoéc_;;u

SEomorensis 252/315

Trial
Number

Choice .
AW 1 before
.~ | choice
] made
| -in mins

 Time

Aﬁholcé,

Time

1 before
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~1nwm1ns
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~ choice
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‘Pable 8 (4i1) OLFACTORY CHOICE EXPERIMENTS, SERIES A. (cont'd)

The response 0f a male given the choice of a female of his own . ..
rece (Femele "A") and a female of enother race (Female "B")

WeTo making | slstonl 2407317 - | Slstemi 102

‘ . T ekomerensis 239/303
thé: choice | .~~~ il , ‘ . - , S L L

. :I7 Pemale . | aistoni 240/3020 — | aistoni 104 = Skomerensis 292/314 | skomerensis 292/ 314

i . Female _ | skomerensis 252/ T rutilus 231 = = britannious 2567/40] | britennicus 236/407 |
—Frlal . |__Cholce | Time —Choloe | Time. “Cholee ~ | Tlme | _cholce | Time
Number —waW . WBT | before WAW B |‘'before | AV B | before | "A" _ "B" | before

4 choice. ~choiece ’ choice | - | choice
T o made made , ' " made - o made

- - : Anmins | inmins | . .| 4o mins e in mins

32
20

skomerensls 2’

+ . 90+2 ]+ ‘ 23 . ‘ + 91

. 0 | . + [ % 12
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+
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+
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Table 8

(i11) OLFACTORY CHOICE EXPERIMENTS,

QERIEsz. (cont'd)

The response of a male given the choice of a female of his own
raoe (FPemale "A") and a female of another race (Female "B")

L , : i N
- [Male meking | skomerenaie 25223:5,“ekomerensis”2A 5 | skomerensis 29 ! ’rutilus 551
-the choice: I i - L
Female . | skomerensis 5577378 "gkomerensis 22 | 8Eomerensis 222/ 2]8 | rutilus ?’4
A e - - P S
Fégaf““ ' alstoni 167 ‘éistoni,z§j' “alstoni 107 ‘ alstoni 2407317
2 = AU , :
Trial | Cholce Time | Choles | Time | _Cholce ] Tlme | _Cholce | Time
Number. Waw  VBW | before [ VA®  "B" | before [ VA" "Bv | before [ VAW VBY | before
"| ochodce -+ ’| 'choice choice . ' - | echoice
made - | made mede made
L in mins- in mins_ in mins in minsg|
1 T+ 28 78 + l o+
2 + 23 1+ 17 - + 6 |-
3 + - R 2 - ; 41 4 4 %
4 A + 3 + : 9 + : 1" |+
5 + . 2 + 2 | + 2 #
4 + 4 + 16 + 1 *
7 + 1 23 | + B +
9 ‘ + 3 T | ¢ 10 +.
10 +. ‘ 2 B | + 3 sy
11 + 2. 14 + | 3 e
15 | o+ T 2 e O e
14 + i R I 27 | + % +
15 + : 6+ 12 + 1 +
16 + 4 | 4 12 | o+ 2 +o
17 + ‘ 32 1l + 7 +
18 + 4 S + 1 +
19 + 31 =+ 95 + 25 +
20 + 1 + 1 .+ 3 - i %
21 + % + 1 4 1 + 4
22 + 3. ¥ 2 1 * 2ol T 8
23 * b ST R 13 e SR T 9
24 + 4 + 10 |+ I 20
29 o+ ] 11 + 1 + 4 0 3 f o+ )
TomALsxs 18- 1.1 2nh.27% |17 | 4he57 119 6 | 1h,22 ~f22 ™ [9h.39%



Table 9  OLFACTORY CHOICE EXPERIMENTS, SERIES B.

The response of a male given the choice of a female of his

own rece (Femsle "A") and & female of snother race (Female "B")
but both femeles removed from the apparatus one hour before

the experiment began,

Male meking | rutilus 231
the choice ] , o
Female rutilus 234 B
S BAR g L
_remale ;alstoni 240/317]c
npn . .
Trial | _Choloe .| Time
Number [TA™ _TB" | bvefore
- choice
- made
o _in mins
1 + 2
2 + 1l -
3 + b
4 + 1l
5 + 10
6 + 2
1 2 + S 21
8 . + 3
9 + 11
10 + U 1=
11 U g' /
12 + I
13 J-so."_, . %
14 + oo B
15 - + 2 -
16 + 1
17 + 1
18 + Sl
19 + 13
20 + 1l
21 + 1l
22 + .o
23 + 01
24 R B
29 L . + :
LTOTALS _ {18 . 7 1 1h.13




Table 10  OLFACTORY CHOICE Exrnnimms, SERIES C.
The response of a male given the choice of ‘a female of his own
race (Female "A") and & female of. another race (Femsle "B")
but both females removed and théir boxes washed in soap and :
_water before the experiment began.»

F:Male making

_Vbritahﬁicﬁs —

skomerensis 272/§T3,
the choice _ | Kintyre
Female skomerens{é 22 757 “britannicus
AN , | "KIntyre
Female aletoni 107 ,britannicus 2567357
|IB" : .
7l Cholce Time | _Cholce .V Time
Number - WA"  "BW | before: : [ "A".. "B" | before
3 ' : choice . ' | © . - choice
mede made
1 in ming in mins
1 + | 1 + 56
2 . + . 38 + T 92
"3 + 9 o+ .
4 + ¥ + | a4
95 . + E 4+ 5
7 + , + 8.
8 - * 1 + 1
9 + 2] + 1
10 + 33 + 3
11 ¢ + 48 + 1
12 - + 2 + -6
13 - + B + 27
14 + 5 + 1
15 + 17 : + 1
16 + 2 + "10
17 + £ + 1
18 + 1 + 4
19 + 3 |+ %
20 i i + 1
21 + '8 + 9
22 + 4 + 12
23 . + + + 10
24 + 1 4 1
.29 + 1 + 3
TOTALS 12 13 2h.3% 10 15 4h,1




Table 11  OLFACTORY CHOICE EXPERIMENTS,VSERIES D,

The response 0f a male given the choice of two
females of his own race.

Male making | skomerensis 292/3195 | skomerensis 292/315 |
the choice _ - N
~“Female. = | skomerensis 239/323 | Skomerensis 230/ 32

R ICHE e S et e L i
Pemale “Skomerensis 222/2]8 | okomerensis 222/ 2]8
2 upn = et =LA e
Triel Choice “Time  |__Choice. Time
TFumber \ B"'| before | "AY VB" | bvefore
g ~ cholice : - choice
made _ | made
_ in mins | _ " in mins
1l + 7 + b
2 . + 15 @ + 3
9. + 1 * : 6
. 4 + 20 * 2
9 ‘ + 10 + 2
6 + 11 ‘ + 5
7 + 3 + 11
8 + P + 3
9 + 11 + ‘ 3
10 + g + 13
11 + : o+ 1
12 + 13 - 2
13 + 9 - + 1.
14 + 7 + 1
15 + 1l ‘ + 4
16 + 1. | + 1
17 +. 9 + 4
18 + 3 + 2
'19 + 2 + 1
20 + i + 1
21 + : + %
22 + 8 % 4
23 + 1 + ' 1
24 * 5 + 1l
25 . + 1 o+ %__
TOTALS 14 11 2h,133 110 15 | .1h.10% |



Table *12 OL?AOTO&Y GHOICE BXPERINBNDS, SBRIES E.

The reaponae of a male given the ohoice of two females
of two different races not his own.

(Nole making britannicue“§357367'
the cholce . ‘
Femele eriea 2167280 .
e
Tomale ““‘alstoni 240/ 5028,
ﬁBﬂ B . .
Triel “Cholce | Time
‘Number VAT VRV | before
‘ ‘ ' choice
made.
e ~in mine
1 + , i
2 4+ 10
3 ¥ ot
5 ! N
. ¢ 2%
6 + e
7 Q‘ . P .-'
. + . B
13 K $
11 + 4
12 + 24 |
19 . S
14 + 1!
13 . + 1l
16 * 9
lz + Ai _
1l + e
19 + 1
20 * . 2
21 + &
22 + : 6
23 S 14
24 * &
27 A 2
TOTALS l1a_ 11 1"1n,28




Table 13 OLFACTORY CHOICE EXPERIMENT, SERIEb F.

AThe response of a male given the choice of a female of his own race<(Fema1e "AT") and
of another race (Female "B") but involving only britannicus animals (from Edinburgh,
and from Kintyre, britannicus kintyre) : o ,

a femsle
britannicus;

) Maie making britannicus 5T' | f' britannicus 25673 7 britannieus 3 673'7 “britannious.
: o0 | Entyre

brltannieus ngZZ Z britannicus 63 ; britannlcus 63

britannicus 19 . brltannious T ,J britannicus §:p

WSILII

W BT | before AW 37 | before- WAT "BY | before . [ AT . VBT

choice - choice o choice. _ -

maede ; | mede o made_f»‘.

inming -] . | in mins N in mins

kintyre | "kintyre ~_| "kin ‘ A S
Chogoe - TIme Choice Time , Cho ce"“ Timeﬂ,ﬁ' Choice.

A ming

Time .
before

choice .
made -

+ ' 1 + '~20

+
e
o
+ 4+

++
+
VD W
+ 4+ o+
L

+ 4
L T
PNOTHN
4+ + +

+
oohe
+ .+

+ 4+

T
O NN
+ +
e
+

‘ 11
+ | 90+12
. 3.

4+
T
NN A
++ 4+

7 R
11 ot

N T E X e
'Hv .

+4+4+4+4
+
B

+ 4

b
t

D N BAAND O D ONANN . WD

%&

Bl

abe
+ aidH

+ 4+ $ 4+
N
+ 44 44

+

++
+
'ApphwfanHPH @ﬂuu
r»»» R o R

N QR W

90+”

f 1&  ?

e
E
d
UJ
)
N
™
H
N
g
NO § 8>
e

o]+ + + #

7 [ 90:1n.33315 10 | 1n.28



Teble 14 (1)OLPACTORY CHOIOE EXPERIMENT, SERIES €.

The response of g msle éiVen the choice of ¢ female of his owh type (Pemele A7)
and a female of snother 1ype (Femsle "B") but involving hybrid esnimals

I'HeYe meElng Britennicus 9L A aistoni 241 . " aistoni 24]

'| the choice - » | ) N
o Female  |Dritennicus 296/40]/0 | alstoni 1095 T [-elstoni 109
S8 BRUX ' IO R S E | |
[T Femsle britannicus x elstoni 902/402/a | britannicus X sistoni 3007400 | britannicus x ailstonl 9007400 |
) Triel ~ . Choice " Time cholce Hime Tt Choice | 7ime ’
| . -Busber ‘ Wy B4 | before ngw ipn | vefore oo wgwwge | pefore
1 choice . : ' ' choioe . : ehoice
made mede . 1 made
: ig mins , ' ia mins S ' .| in mins
1 + 9 + | 90+19 . g
2 . 18 + i0 + 24
S + 2 ‘ % 18 ¥ 18
& * l + é ¥ 6
5 + 5 + 6 + ¥
6 + 12 + 95 . @ 3
7 + y) +- S + 1
1 . 1 . a : ¥
9 + 2 + Y . 1
10 « * 2 + | 90+16. + -6
11 = " 15 + 4 L .. 4
12 - + 3 + 1 . -
13 + g i + % + ’
14 + 7 + 2 . . 22
19 + 1 * 2 + -2
16 + % + 17 + é
17 + 5 + 13 ‘ 2
18 + 1 + . 2 . + 1l
19 + 2 + 11 | + 4
20 + 10 4 18 & )
21 * 3 + b + #
22 + 1 . + | e 4
29 * 6 + 1 R .
24 - . 4 + 1 . 8
L 29 + 1 + , 8 + 2
[ 209ALS 21 . 4 2h, 7. . , 17 8 1 3h,+2h, 4832 21 4 | 2h.10%.
. o S . |
|
1
-



The response of a male given “the choice of
and & female of another type (Female "B")

Table 14(i1) OLPACTORY CHOICE EXPERIMENT, szn&as 6. (Cont'd)

i

a female of his own type (Femele "A“)
but involving hybriﬁ animale 4

“¥ole meking ekomerensis 22-27 278/ - Britannicusx alstoni‘%gjﬁbL ‘britannieus X, éistoni 50 123317 :
'the choice _ _ ,
| Pemsle A britannious X alstoni 5007?00219 Dritennicus X 6ls1t0ni 902/402
Han . i ; s : R
T E‘emEf“ skomerensis x aistonl 90]/419/b alstoni 2407313 ) T aIstonl 240/302/c
"B A . i ‘ , , ‘ _ o ' '
—Trial Choice Time Tholice ~ Time . ~Cholice | Time
{ Humbser ng v “"B* | before wagw mgu | pefore way  wgn | before
- choice - | choice - ¢choice
| ‘made made ; made
in mins. in mins ~in mins
1 + 1 + 46 : + | 17
2 - + 27 S b 6 + e T
3 + 14 Sl 35 + 2
4 + 1l .o 3 + .22
5 : + .2 S 4 1 + 2
6 + 1 ' + 22 + 3
7 + 42 + 1l T+ 21
8 + 4 + 1l + 3
9 o 3 + % + 2
.10 + 11 + %+ + 3
11 + ¥ % 1 o +. 4
12 + 2 o+ 1 #* 2.
14 + 12 e D + 1l
19 + 4 + . 10 o + 3
16 + 22 * 2 \g 1
17 + 2 : + ¢ +
18 * . 6 <+ 5 + . .
19 + ] + 4 + % -
20 * R + 3 + %
21 + 45 - + ) ' o+ 2
22 + 4 . 4 5 + . 2
23 F 1 - + . 5. .0 + 1
24 - + J + -2 + ' 4
25 . _ 4 + 2 + S W
TOTALS _ 19 . 6 3h.34 A5 10 | 2h.485° 10 15 .4 1h.43

|



Table 14{iii) 6LFACTORY CHOICE EXPERIMENT SERIES G, (cont'd.)

The response of a male given the cholce 0f a female of
his own.type (Female -"A") and & female of another type
(Female "B") bnt 1nvolving hybrid animals

N

T Male making skomersnaia x aIatonI 507735
the choioe :
“Yemele - skomereneis x alatoni 367?3 I
. nAn ' ] )
Femsle ‘skomerenaia 5337 26
RBU ) i :
“Trial | Choioe Time
Numbdber. | _K“,‘“ﬁ,, before
: choioce
.made
in mins.
1 + 4
2 + 13
3 + - 4
4 4+ 29
5 \ e 1l .
g ot 19
ettt +"
g + g
9 . o+ 1
10 T w 2% -
12 + 3
13 4 R
14" + 1
1 + s
1 + ' 2.
17 + 2
18 . ¥ 65
19 + 3
20 + 2
21 + 4
22" + 3 -
23 v 2 -
24 + )}
25 B 23
Totals - 16 . 9. 3n.9%



‘Teble 15 . .OLFACTORY CHOICE EXFRELURNTS, SERIES H.

The, reeponseaof a hybrid male given the ‘chodce of
onefemale of eaoh parental race.{,

“Wole meking | brltannicus x aietonf 36 733? ’
the choice - , '
B Female‘”;' britannicus 63 3
nAn ) !
T Fomale alstoni 240 2313
"R n , .
Triel - fhl Gholce ~ T Time
Number ' "A" R ,before
. ", .|ochoice
o .| made
.y +. |in mine, .
1 0 2
2 + 25
J + 1
o, +, ' |
6 -. + &
; DU :
5 L+ 5
9 + 3
10 + £
S 1l2 N S 3
13 ' + 1
14 + 1l
15 + 6
16 + 1
17 o+ 3
18 + 2
19 - + ‘ 1
20 n + 3
o2l + : 1.
-7 29 + 1
23 + 1
24 + &
55 o a6
Totals 14 . 11 .1h.25%



N

Psble 16

;
A
i
Q

sxaaxyrcancm OF THE RESUL?S oF ozyacmcar CHOICE, EXEERIMEETS
(Tablea 8 tols)., .

o

cﬁooses
Female mpe

‘. | . KGN o
o . .

Rather than

oL
I t e
g

T Probabiiity ‘f‘ﬁi»‘
~Pemale "gﬂ_n'g;~ )
:,jfound being d“?

the ‘result
to chance

‘ britannicus w;#

alstoni.
.stoni .

sfomerensisz

sfomerensie
I us

5r!fann1cus45hjﬂ.

;..»:. e
' fo~?f_hnnicus r:ﬁz

ale

2
. 'VSEomerensis

orit. x aTstoni
‘skom. x~Ei§¥3€I

}britannicus_;f[

‘alstony .
sEomerensis

sEomerensIa AL

.ratiius. e
SEI%Eﬁﬁlcus K
.brit, Kintyre :
Iiannicus
Calstoni .,
sEomerensis

brit. X. aistoni

‘Bkom, . X aisznI

erica‘
5§I$Ehnicus
ékomerensis

Tutllus . |
;3?ﬁtann1cus S
“alstoni R K
aIsfonI N
| satyre |
Ifanniousum v

, ‘greater”"§9":;j
zﬁless thanum3,'t£

aTafoni
sEomerensis_

'l'.-a.»,,

-}

Lid
r"”
ﬂ

i) B

frutilus

“ratilus -

' aletoni

E“’(ii?Jgfi 

Tskomerensis ‘
|'BrI¥, Kintyre,

' ,skomerensis_.A';

alstoni -~
EFIfannicus

T

.skomerensis =

skomerenais ;ff

‘iskomerensis ;§' T

) B

‘britanniocus

“alatoni:

3 EEEEZ'E’EiE?EEZ‘

britannicus_} 

Aitless than<kbz;:, :

= s ' R

[ greatern. .9 . .|
. " 4-0 R



Table 17

inseminations (see text)

Sexual isoletion es measured by

- Five similer’ females 7 Five different females

Race of male

“Number o?';, Kaoce (or —_ Number oF |
veginal | hybvrid vaginal
. plugs type) __plugs
' skomerensis | skomerensis - 2 alatoni 0
| skomerensis | skomerensis : 5 | erica 3
| alstoni alstoni 5 . britanniocus 5’
' S {Edinburgh)
alstoni elstoni 1 britannicus x "o
‘ - : slstoni : .
K skomerensis skomerensis 4 britannicus x 1
' skomerensis
| britennicus | britannicus .3 alstoni 1
intyre (Kintyre B '
TOTAL 20 7




Teble 18 The weight of Clethriononys

Author

Population

“Wean wt. Yoo,

“°°*3d“1t8~’+'s,p, Of.mean*Yariance‘
D.M. Stéven erica 33 96,1 F 1.94 -
D.M. Steven alstoni 23 25.83 ¥ 1.62 -
W. Phillips S _ '
% L.H, Matthéws | skomerensis 42 30.59 * 0.773 -
| L.E. Adems britanniocus | o + -
. m) 40 19.20 - 09433
G. Dunnet britannicus 1
. Aberdeenshire 112 16.79 T 0.306 -
W. Phillips britannicus ' :
, Ramsey 12 17.67 * 0.859 -
- J. Godfrey bri tannious @ *
| Riatyre . 11 22,47 t 0.931 9.526
J. Godfrey britahnicus o | :
s Edinburgh 8 15000 t 00493 . 19944

'*both these collections were made in September.




Table 19

To show the distribution between habitats

- of britapnicusvandgqgna;,sgg};Lp&mmalp near Edinburgh.

~

! gy

.

u

n ;‘»f.m;ﬂ

Kab;ﬁgt

Shrews

Ungrazed.
grass

Bushes and
bank of
gtream

| Wood

Trap Fights.| Clethrionomys
350 | 0.0

240 2.1,

f
[}

275 . 1.5

Miorotue

el

0.0

0.0 |

Apodemué
."304
9.2

8.4

5.1 |

343

6.5

FNumbers of

‘enimals oaught e;p;és§ed'as

siimels per trep night,




Table 20 To show the distribution between habitats
‘of britannicus end other small memmals in Kintyre.

Habitet | Trep Nights | Clethrionomys| Mierotus | Apodemus | Shrews |

Grass benk

Mood edge 126 7.9 . | . o.8 9.5 | 4.0
‘Wood 45 | 00 - | 0.0 | 2.2 | 0.

 Riorssnans

' Fumbers of shimsls osught expressed as enimals per 100 trep nights,



Tabla 21 .- To show. the distribution between hadbitats
of skomerensis and other emall mammala.

t

o

-Haﬁitaﬁ.{j&'Vngb;ﬂ;gpja clethrionomys Ap@demﬁa‘ Shrews .

Rook owtorep |7 1120l 0.9 | a5 | 00
Heath | 252 ' [ 36 | 0.0 | 2.4
racken | | sae O N I R A Y
Ma?sn' . N '168 i“ ~V;;z . '.6.6I “ 6,Q:

01d buildings | I : | .
_wells & gardens | '168 S L B I Bt

Numbers bf‘aniﬁals‘éaught‘éxprassgd,gs{animals per 100 trap nights.



Table 22

varioua 1tems for thirteen days.!

A
Lok vt

Mean oon-umption and. S.B,, of meaniggff;jgéﬁ

}

[ TEem

Tadlvidusl

—Dritennicus ©

’f'gferieaf

‘ ékoherensia T

| Bay
TURNIP |
GORN | *

WATER |

| 0463
0438
0;47‘

"9 6

6 2

| 8l
iiluﬁ4;9 '
o s

1.4

2.2

NI rY

“ 14

gETs

65
096

480
1430

1.08

7?9j1

0.4

043
e50 |

0#7

;;159 T?
N 12.o¥
7.0 :
4.2,
4.8
1.9
14
0.8

.
2.3
H

‘o..+f* -

l+ '+

2,

T4 V4

4‘?*

1+

1

“

4+

<096
won |
911

{

11;94?}
.91,f
95;,

1:13 |-
96
'-Bij

1006

.88

.44

0;8615-‘
Ef, 0.41 DA

-

1839
940

11,0

4.3

4.8
4.5

0.8
0.6

047

e+

:,. + |+

LK R L

-

4096

75.;2f'
2.3 |
£ 2.06

89

.69

09|

o‘lO

034 -

|
YN

4.6 ‘
a0

-37
.43
.32

ll‘+ 04-

!'4

o-} g

.7'
12.3*'3”2@53

'+

@_64.»

-

'+

4,9 1,10

0.7 % .07

0ub.

1+ 1+
[ o
© O

11|




Table 23 .

) . All the oases reoorded of juvenilee having
ﬂ‘““ ‘diea of fPighting efter weaning, when the members

—_— of a litter are put 1nto & osgo by theméelvea.

:. Parente of crosa _ Number ef Number of | Number of

Male pemale | ‘young born'| juveniles | juveniles

" ~ weaned . died of

— — |fighting
ééléténi . skomer@neis 2 22 2
erios ekomereaais " 36 - 29 9
npgjégioﬁs 'squetegeis A3 13 3
skomereﬁgié britgaéiéué 35 18", )
gko@é?énéie ‘glstoni - 18 - 13 -0
akomé?ensié  erics 6 6 -0




APpendix A.

i

; The aiffemoe ‘between the mamu%y of.eletn on’

Y ranee. Fl hybrms end 92

: 1ﬂm likenhegd me%hod

oy : :
1 '-_iihere 4 is ea eau:nate ef the nkenheed of smvxving from one two menzh znt.erval to the aext

S (v=1) o

c{m{@'-\)fm}
Vel‘o Of ? a %_

m)

when P(r) = ﬁo. dying in tae nh period

3 = total

population

when Q 1 - P= pmbabznty af dytng

. ’,2"

?he 'ptobabiuty of aa good a fit to the theoretioal expeotaﬂon beiag found by ehanee (aee below )

: ﬁor Q_&ethrionamx_ races:

ohieguareﬂ fsr 12 aegreea of ﬁaedom = 319,00 P greater than Dy

F 3 . R . o ol F approx. ) ) 0_2_ ) "': N
;] .o "'f" 1 ) " a " a . f!' ﬂ o ”‘ g 2.62 P &ggroge ] '_.:‘6 .
gleth 4000 ye moea-' fe 686/889 = 0.7795 vévi .060195 | o e
R = 138 /236 = 0.6693 ver R = .92
| AL = 146/291 = 0.9817 var ¥ = 0.,000969 | L
o o °£ he. ‘”“e“““ for. W.—me% V.P, te0.1000/0.034.5 3.2¢ P less than .01
p ‘ , , TPy VP T %% 0.0878/0.044 = -2.00 P epproz. .09
0 Y e . . . : .
""’Aegjgt, 453_:1;1:,1:: mentna;i ‘ e L T
expected 43.73 34 zs,g9 26.26 15.79 12.1 9.60 7.48 5.83 8.09 . 6499 95,94
'elemrionc 8 Py | . B Y
oboerved .26 - 20 8 3 ; 4
'expeo%aa 2978 17.26 12,55 1.7 . 5418 10,49
oboerved 49 26 10 8 4 8
expected 43.92 25 55 14.86 8.65  95.03 6.99 .




, Aggqndii_a. The survival of‘Clethrionomgg from

recapture dete

Let Q l-P
Q=1-p _
£(r) be the observed fteguenoy in the table below
| for time r, | |
and N be the totel number of snimals marked.
where b‘is an estimate of the éhance_of capture. 4
end P is the chence of survivel from ome two month
period to the next, “
> =f§f(r)} 2o -1y}

ver § = pf1-Pq)(1-p2g)
¥ NPZQ

"~ and the expected values of £(r) are given by,

Ef(r) = NPTQp/(1-Pq) for r £ 0
B£(0) = NP/(1-Pq)
p = 0.119 * 0,010

The X2 for the fit of this with the
observed figures (given below®) 15.
12,4 (with 5.degrees of freedom,
P = .05) |

A TIme (in two month period97 to Test recapture.
0 1 2 3 4 j5., 6 ] or more

observed 3672 202 131 70 37 15 -5 3
expeoted | 3672 225 116 59 30 16 8 9




‘ ; The’expected‘ﬁotal'numbér of reoabfurés
is 521 compared with the observed 372
P=O 514 ¥ 0.016 Th;a.applies to a time scale
measured in two calendar month unite-
oorrecting it to apply to an eight week\
perip&,.for comparison with the value
0f P = 0.7795 (with & varience of
.000195) obtained from, the data on |
_ voles 4in’ oaptivity, o
we heve P = 0.34) + 0,016

Y




[

Correction to figure 1

For "norvegicus NORTH NORWAY"

read "norvegicus WEST NORWAY"
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Figure 2 Five-individuals of each of
eight oategoriea of Clethrionomys socored -
for the ease with. which T.'ﬁey can be
hendled (see text) for eaoh of ‘ten days
,1n November 1955. -
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" Flg. 3 .
"'Upward and downward flight reactions of voles, in

' response to the 0pening of the 1lids of their respeotive

oages, plotted as percentages of the total trials
(shown in table 3 ).






© Fdghs 4

Apparatus used in the open field experiment.,

sketch of the .d:esign .

plaen view of floor to show the central position

where the snimsl was released, and the seetionsf

mayked on the floor which Were'used;ingébcring‘

. movement,






Fig. 5 ~ OPEN FIELD EXPERIMENT .
1 MOVEMENT :

Number of movements™ made in a ten minute period by five

individuels of each of eight categories of clethrionom1~

(dots), and the means (eroasee), and the Standard Deviation

of the means of thesé groups.

britanni cus ‘Edinburgh

.ggx:"gﬁl =

“BK = britannicus Kintyre

e =eries,

a8 = alstoni

sl = skomerensis (Qid stoek)

82 = gkomerensis (1954 stock)

bXs = hybrid between britannicus
end skomerensis _

bXa = hybrid between britanniocus

and alstoni

‘ﬁgumber of times thet o line drawn on the experimental

area (see fig, ), was ‘orossed.
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Pigs 6  OPEN FIELD EXPERIMENT
2 RUNNING
Number of minutes, out of ten. in which running* ocourred

for’ five 1ndividuals of sach of e;ght categories of

CIathrionomg_ (dots),-and the ‘means ofthese groups (erosses).

]

key: britannious Edinﬁu;gh

brrtannfnus,xinfyre

eriea '+
etz

"

= giéfoni

n

e o jo o jo
iz, e o | 24 I
f

skomerensis (014 stoock)

N
fl

= gkomerensis (1954 stock)

= hybrid betweén britannicus
and skomerens 8

' Rl
lg !
4]

hybrid between britannious
e.nd als toni '

1o -
'N
o -
1]

'mlocomotioh too rapid for all the rositions oceupied to

have been recorded,
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Pig. ] OPEN FIELD EXPERIMENT
3 JUMPING |

FRumber of minutee, out of ten, in which jumping® ocourred
for five individuals of each of eight categories of
‘Clethrionomx_ (dots), and the meens of these groups

(oroasea).

" key: DB = britennicus Edindburgh
YK = britenniocus Kintyre

e = erioa

e = slstoni

sl = gkomerensis (014 st k) |

82 = skomerensis (1954 stoock)
bXs8 = hybrid betwean bri tannious

and skomerensis

bXs = hybrid between britannious
S and alstoni ~
.*when'theré;is cleafiy"no contact bétween the vole and
'thé floors, (bu?us‘;_ally'.tnere is eontaof with the wall)
aurx_i;g an gotivity_,sgofsd as jumping. Thise ,ea,teg'q.ry’
eiqludes badk flip (see next figure). B
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Fig, 8  OPBN FIELD FXPERIMENT
4 BACK FLIP
H . o, . . . : .
Numbdber of minutea, out of ten, in whioh a baok flip* occurred'

for five ind;viduals of eaoh of e1ght oategories:of

'CIethrionomx_ (dote). and the meens of these groups (oroases).

key: DE =_britannione Edinburgh

i}
"",\

o
1
it

britannicus Kintyre

= erioa

2 = skomerensia (1954 stook) .

A

Xs = hybrid between britannicus o
‘ ! end ekomerensis'r:.s“- o

bXa = hybrid between briféhnious
) : and alstoni ce

t {

._.\a,

o B Sl

*the exeoution of a Jump (see previoue figure) 1n whioh the
vole turns a baok somersault before 1anding. N ' .
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' 5 WASHING

, Number of minutee. out of t.en, 1n which washing ooourred

,,,,,,

CIethrionomL (dots). and the meaqa of theae groups

(orosses).

« P N H o I
v : g S
RN . b R

key. 5 bEh .= britanniocus "E'd‘iﬂs‘xirgn

. BK. ‘= ‘:britannious Kintyre

1o 1

eri oa

"."'e.lstor_xi‘,,, RN

% o, @
& Ip- e
I

- skomerengis (01d’ st0 0k )
-gKomé 'r’é‘n's‘ie X (19'5‘4 stook)

'.""hybria between britannicus
and skomersnaie

8 = *hybrid ‘between - bri tanni ous
o and alatoni

'raptd mQtPﬁeeﬁ;Py:ﬁbéftgiégéawsppvér;tne‘facé;=thev;ole
| sittingonits ﬁi!l;d;!ciuartaf-g'.,' T ' Dh S

T A , o \
by ‘ R . ! P T
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Fig. 10 - OPEN FIELD EXPERIMENT
B 6 TOOTH GRINDING

Number of minutea, out of ten, in whieh tooth grinding
oacurred for five individnala of each of eight categories

of clethrinnomgg (dots), end the meens of these groups

(crosses).

key: DE = britannicus Edinburgh'

bK - britennicus Kintyre

8 = 8!‘1"6&
a = alatoni
8l z-skomereneis (OId atoek)

2 = ekomerenais (1954 stoek)

; ®
‘lg ]
o
f

= hybrid between. britanniaus'
&nd gkomerensis

hybria between bri tennicus
‘end glstoni

2
ie
B

"this is accompanied by very rapid jaw movements but is
recognised by the sound. The mechaniesm implied by the .

name has not been demonstrated.
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Fig, 11 OPEN FIELD EXPERIMENT
| 7 WALL CONTACT

B Number of minutes, out of ten, in which wall contaot*

occurred for five indivlduals of eaeh of eight categories

of Clethrionomys ~(dots).,and-the means of,thesa groups

(crosses’),

‘britannious Edinburgh

key: DE =
bX = britanniocus Kintyre
a:' = glstoni
sl =‘sk6mereggis,(pld stock)
82 . = gkomerensis (1954 stock) |
.BXE = hybrid between britannicus
B and skomerensis
- bXa = hybrid between britannicus :

and alstoni

*continuously for more then about five seconds (estimated).
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Pig. 12 Diagram of the apparatus ‘used to 1nveet1gate
;,rhythmic behaviour.‘~;? ;;f N RETE

s anh tims ‘the vole gteps onto .or off the

floor of the oage (on left) the pen moves to

the - on, or off, pesltien.
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F;g;,l3 c;rpuitxﬁiagramme of the voltage supply unit

for the infra red image qonveotor.devio§§

{
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Fig.14 o N ., | L f ‘... :,.}.

Showing the dietribution of exourslons out of the nest
box - duting the 24 hours. The lightiag soheaule 18 indiocated;
at the bottom of ‘éach figare, by o thin liné for din. 111um1-u].‘
nation (eimulatlng dawn and dusk), by a thiek line for R
darknase; end bw the absenee of a line for the bright
111um1nataon period (artificial day). The columns represent
the ‘meen nnmher of minutes. per ‘olock half honr,‘far the o
duration of ‘the experiment. during whioh the 1ndiv1dna1 being
recorded: apent gome - time. ‘outside 1ts nest\box. '

The. oategories af animala are as followsz-‘

"britannicue from Kintyre o (1)

' br1tannieus from the New Forést‘ o (11)
-vbrxzannxous from the Edinburgh dietrict (411)

'alstoni SRS o (iv)
eries - o - ' "Miv)'
gkomeremnsis . | | o Aw)
heivegious '1 : | ';a. o - U(vi)
;gtilusﬁ’j 5 ' “i”v o '_ (vi)
rufocamus . ) )

CEpetes



britannicus KINTYRE

k14

ki2




britannicus NEW FOREST

50




10

britannicus EDINBURGH

10 Noow




alstoni
100 I |

240/202

| 203/284 b
99/137 a l

118 /140 b
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HYBRIDS

io  britannicus x skomerensis 3

britannicus x alstoni 2

britannicus x alstoni |

norvegicus x alstont 2




. Figiely Th'e'-rhythmie‘béhévioﬁr. of’" 8 speoimen'of britannions
which hsd’ been marked with a leg ring bearing |

radi oae tive eobal t.

ot
, LI



ACTIVITY

RHYTHM OF A WI/LD VOLE IN PASTICKS,
WHYTHRM W00D, OXFORDSHIRE.

JANVARY 30-3/ brittanicus 0ur 27 % OF OCCASIONS

AWRY
FROM
NEST m m
AT NEST,| - . ,
SunRISE SUNSET Warrm , Damp, No Moow
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Fig,16  NEST BOX CONSTANCY

The number of times the favourite nest box was
ooonp(ed.ig>arb1trarily scored as 100, and the number
. t »4 N

of timea each of the other nest boxes was ongbiéd is

given as a percentage of this.

Number of observations: britannicus 220
| - erice . 92
alstoni 92

skomereneis 129
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Fig,1] .THE RELATIVE IMPORTANCE OF CUES FROM WITHIN THE
' CAGE AND FROM OUTSIDE IT IN THE RECOGNITION BY A
VOLE OF ITS HOME,

i
4

The number of times the favoqrité nest box'bf position
1n'the rbom was occupied is axbitrarily scored as 100@ and
the numﬁqr.of.times each of the otheﬁa was ocoupled is given
ée & percentage of thiég |
Nest + Cage + Room - the results‘ﬁhen tﬁe nests and cage U

remained in the same ‘position in the room
_ for each trial (533 obserVations)
'Nest + Cage - results when the nest and cage were rotated
| between observations (192 observations).
Room:- numbers of times the favourite position in the room

‘was occupled regerdless of which nest box was

in that position (123 .observations)s
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Fig, 18 * fPest for the importance

of olfectory cues in gooial behaviour.
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Diagram to ulustrate the design of tzxe Y-tube

'-_apparatue whieh allowa the eimultaneoue preeenta- '

tion of the odoure of *two female bank volee to

o

| male'. ; The ohoice of the male 1s recognieed by* {-

hia entry of the box in front of either A or B: ‘: '

. \
i 2
vie
.
5
4, .
& i
R
!
o
v.,"\_“ \






.Fig. 20

- The ohange in the mean suoccess. aohieved by malea.

p _given an olfaotory ohoioe between & female of. the same’

”. raee. and a female of another raoe, during the firet
"twanty-five trials. : ' - |
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Fig. Lo y A . .
_ The .chenge in . the. moga, time spent at the Y~Junotion .
for each male which was offered'an olfactory choioe o

between 8 female of hia own race. and a female of another.
raoe. during the firat twenty-five triale. = \
} P
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Ple 22 P ’
C The change in the mean time taken by eacb. male tol

!‘1”’:

;"ma.ke an olfaetory th;ce between 8 female of hia own

raoe, and a female of another raoe, dnring the first

‘I)l-

twenty-ﬁve trials .
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Fig 24

To show the mean consumption {with its standard

‘ deviation) of water, ‘turnip, hey and corn by

'three 1ndiv1duals of four races of Clethrion zs,

hfor a 13 day period.

Note

of the mathod{uaed:

The animala weré’ieoiateh"in metal cages, and

'weighed quantities of food and water, muoh in exoeaa;f;

of that uaed, were added to the cleaned cage aach

morning. The following morning what remeined of eaoh.

_wes weighed. The welghts of water end turnip plottedﬁ;
uhave been corraoted by deduoting the. loss. of weight,

due t0 eveporation, of control samples placed in

| uninhabited cagee. In each cage there wes present

8 turf approximately 19 x 10 x 4 em., plaoed 1n e

‘ tin 6 cm. deep. This was replaced each day by e

freshly dug specimen.,
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KEY. O=WATER e=TURNIP x=HAY x=CORN



Plg.25 .
The oococurrence 0f bdbed shredding in geveral oategories

of Clethri Onom;l_.

The mean number of perfomnoee"‘ per day during all ‘
reeordinga made with the apparatue for meaauring rhythmic
behevicur is shown in the following groups of bank voles.

OBK = britennicus Kintyre

- DNP i britannicus’ New B‘o.rést'.'
:-'.bE = britannicus Edinbnrgh
\ ﬁ"'erioa a ,’f.

= slstont

s 'skom,e‘zfe'ns'is
= norvegious
,g"rﬁums‘*: x
,Nrufooggua | S
=3 britannicus (Edinburgh) X alstoni

Bk B o o jo- 4
L]

o]
n

.ll

o
N
®

o '
7]

= brita.nniona (Fdinburgh) X skomerenaie

- P‘_ = norvagiou 8 X aleteni
*The critarion fer 8 performance is the reoor&ing of a rap:ld

E
ie

eeries of excursions {at least eight) from the' nest box for
three or xggr‘e;ch;aeéutive minutes, A bout .of:ten or more

puch coneecutivé minutes 16 'oounted ‘as two performances,
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Fig. 26 A compsrison of the frequenocy of
ocourrence of verious litter sizes in {intra-
ré,oe metings in éayt‘ivity with their prbduo-
tiv'ity' of Jﬁveniles at wesning ege. .
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. Plg.27 A comparison of ‘the 1ikelihood of
weaning, for verious litter sizes, in P hybrid

babies in relation to the expeotation for young

- which have boen bred within & race of Clethrionomys.
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_fig. 28 A comparison of the likelihood of

weaning. for various litter sizes, 1n the
i.progeny of pure race parents (pure rece end
 hybr1d offepring) 1n relation to - the expeocta-
tion for the progeny of nybrid parenta (Fa :

and beckoross offepring)_
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B‘-ig'.“fzt)‘. o ehow ‘the effeet of hybridization on the
longevity of 01ethrionogza after weaning,
in oaptivity. |
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Fig, 30 The, change in. weight diatribntion ot 8 popnlation
a of clethrionomge glareolns in Slovakia during the

Saow Htlbreeding seaeon (from the data publiahed by
?urcek 1953). o
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Fig,31 . To show the 1ongev1tg of britannions in

aaptivity end 1n the wild. g A

|,ﬂﬁwhe captive animals life 48 reoordea”‘
.‘f'from weaning. The 1ife of the wild -

"zf;iaianimals as plotted~1ghthe interval |
| ”'f?between the firat and the last time
3 the' indivi&uals were trapped.~.(see

.”'text).g

NSRS i
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BRITISH FORMS OF OLETHRIONGMYS (1) .

i .
ERTEE

Plate 1  britennious’ from the Edinbureh distriot.

(I

Piét_e la britaxmicuefrom Kintyre. -

Sy
. ‘
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{

BRITISE PORMS OF CLETHRIONOMYS (44) !

Flete 2  erics

13

Plate 2a erice - an individual carrying the recessive
’gena fbé gqeynqss‘ "Rote also the rough coat .
texture end shorter tells.
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'BRITISH FORMS OF CLETHRIONGMYS (111)

Plate 3 - alstens’

1

Plate 4 skome regeié
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Plate 5 To show the design of the Longworth live trap
whioh waa used to. test the reaotion of benk voles
. toa etranga object., ‘ o
| When t.he neet box is entered £rom the '
_tunnel e treddle releaaasa self 1oeking
doéx‘; whigh_,ta;;e to. “p;ose, the mouth of |
‘the tunsel. o

R






Plate 6 "A"ﬁéir[bf reels of paper with the récpfdé

of rhythiide behsvicur of four voles.

It can be determined whether a vole spent any part of

_éach minute on the floor of its cage






Apparatus used for studying riythmic behaviour.

Cages with moveable floors; on the left; place

£rom which visual and infra-red observations

<-were made, on the right.

A screen shielding the eagee frem direct Vo
111umination, and partly hiding the observer

'from‘theevoles, have been removeds

Cages used te 1nveetigete rhythmio heheviour.;
The nest box, and fbod ana water ocontainer,
Wof the nearest oage have been removed and’ opened. :

‘e floor is hung from eprings. The_suspension

' operates s meroury switoh, .







“Plate 9 and 10 Apparatus for recording each time four
voles step onto, and off the floor of their ‘respective

cages, "

The upper roller, on which the uno pens write,
rotates once each hour, and & tims mark is mades -

The relaye operate signal lamps as well as the pens,






Infra-red imege oconverter for the observetion of bank

voles in darkness.

Plate 11  The viewing end of the apperatus showing

.the eyepiece and earthing device,

Plate 12, The,apparéﬁus openeé to show thelimage\

converter tube, from the objective end,

Plate 13 ;The;éhpplyhion,zb{xwland.4-8 Kv;.

!






AGRESSIVE BEHAVIOUR l+ erica male resident;
| alstoni male visitor (1)

i

Plate 14 N " erica approsches alstoni

Plate 15 ., .. end eniffs him

Plate ‘16 I eri'oqi’ix"t:ieA'.‘bi'e'liunga position.,

als toni defensive

.
g
oot

i






AGRESSIVE BEHAVIOUR 1. eries mele resident; .
' aiston$ héléviiéitorftir)f

i

Plate 17 erica in thg pre-lunge poaition.

| aletoni boxing '
Plate 18 . erica end glstoni braul

Plete 19 . alstoni in the hunched. submiasion

) posture. o






AGRESSIVE BEHAVICUR Z, britannious male "A" resident;

 britannious mele "B" visitor (1)

Plate 20 = - A" and "B boxing

Plete 20 WA geurfling






 AGGRESSIVE BEHAVIGUR 2 (14}

AGGRESSIVE BEHAVIOUR )

Plate 23 & resident slatont mele lunges et s Visiting

 erios mele,






'Platr;.. 24 One of the cages 'gé_eq" to house experimentsl

communities of four benk voles. Bach of the

A«;,rioi;i' nest n‘p_gxge can be shut off from the cege, .

C and opé'zzed for tnspéo.ﬁ.on., from o’g’tbiﬁéf t.hé _






APPARATUS FOR INVESTIGATING THE IMPORTANCE OF OLFACTORY GiJES
IF THE RECOGNITION BY A MALE OF THE RACE OF A FEMALE,

’

"Plate 25 The boxes used (see text) I

B b

Plate 26 The appagatuaifqr an-experiment of'typé D
~ (see Pig. 18). . ‘






@EST FOR THE. IMPORTANGE OF OBFAQTORY CUES (TYPE B)

; i

. aletom male and. fema*le (i)

Plate 27 ' The. male epproaches,: squeaking,

Plate 28 _ Sniffs at & Nole in' the box,  tho female

not trying to escspe,

Plete 29 end climbs on the box..

> s Frrtre o memamm wew &






mnsw ?on THE IMPORTANCh aF onracmoar cuss (TYPE-B)-
’ o alstonl male ana female (11) |

' l"'.~

Plete 30 - The male léaps.

T

Plate 31 and ?1&&9; 32 f The male eenffles and the female

attempts to asoape.






-'TEST FOR THE IMPGRTANOE OF OLFAO‘I‘GRY CUES (TYPE C)
*”“Uéi “““ ‘Vri.f%ertca male and fem&la ; ﬁ B

'Plate 33 and Plate 34 The male end’ fbmale make no apparentt“

response to onie another._ '?






‘I‘ES‘I‘ FOR THE IMPORTANCE OF OLFAGTORY GUES (TYPE D)

‘‘‘‘‘‘

alstoni male ana female

Platej‘j ?hemalesiggin [ eomer of the eage . R

Platé._ 36 !l‘he male. approaohes the box. sniffa e.t 1t,
squeaking o

o
.....

Plate 37 snd climbs onto it. .






'iPlaté 38

lodoure of a female of hie own. and a female of
' "v.xh L.’ P .

"lanother. raee. :f‘;‘f'gf«'~j;,v ‘W'

The Y-mbe apparatus used in smdying the ability

 of male clethrionoggg to diatinguish between the

''''






~ Plates 39

‘6042~

.(1) the msale leaves his :box , .
(11) and (111) pa.usaa at the Y-Junotion‘
_moving his head from side to side

and (1v) moves towards the temele on -

hig left.‘






Plate 43 The habitat in which Clethrionomys were caught

most reedily. Morton Hell, Edinburgh

[ 'Plate 44 A vole run among grass. Traps were set Dear

such runs if they were presemt., .






SKQMER

Plete 45 . An areéa with little ground cover where Apodemus,
but not sk omerensis, ._w;g -GOMMOR .

/

/

Plate 46 View lGOkiqus,E,,dlbng the Eastern trap line,
show;ng' heath; braoken; a!ld mersh hébitats 3,.( '






Plate 47 Part of the battery of 24 eeges 1n whioh the
W clethrionoqx_ breeding oolony was kept out of}‘

3{ doore at the Zoology Department. Edinburgh
University.

N .






