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SECTION A. INTRODUCTION AND GENERAL 

I . GENERAL INTRODUCTION 

Since 1930 many investigations into the ecology of small 

rodents have been c a r r i e d out i n Great B r i t a i n . The majority 

of the e a r l i e r studies were concerned with various aspects of 

the ecology of the Sho r t - t a i l e d Vole, Microtus a g r e s t i s ( L . ) , 

p a r t l y because of i t s importance as an a g r i c u l t u r a l pest, and 

pa r t l y because of the i n t e r e s t shown i n c y c l i c f l u c t u a t i o n s i n 

numbers of many animals, of which Microtus i s one. The more 

important studies made were on the reproduction (Baker and 

Ranson, 1932, 1933; Rowlands 1936; Brambell and H a l l 1939)» 

the rhythmic a o t i v i t y (Davis 1933)» the epidemiology (Pindlay 

and Middleton 1934; Elton, Davis, and Pindlay 1935)» and the 

population dynamics of the vole (Elton, Ford, Baker, and 

Gardner 1931? Chitty 1937f 1938, 1952). Some of the 

in v e s t i g a t i o n s , however, were concerned also with the Bank 

Vole, Clethrionomys glareolus Schr., and the Long-tailed Wood-

mouse, Apodemus s y l v a t i c u s ( L . ) (Baker 1930; E l t o n et a l 1931; 

Brambell and Rowlands 1936; Chitty and Kempson 1949). After 

the o r i g i n a l emphasis on inv e s t i g a t i o n s concerning Microtus 

had lessened, Clethrionomys and Apodemus became in c r e a s i n g l y 

important as the subjects of eco l o g i c a l s t u d i e s . 

Evans (1942) ca r r i e d out studies on the population 

dynamics, movements, and s p a t i a l d i s t r i b u t i o n of Clethrionomys 
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and Apodemus i n mixed woodland i n Berkshire, and as a r e s u l t 
of these studies he contributed a great deal to the knowledge 
of the ecology of the two species. Since the work of Evans 
(1942) a l o t of work has been performed on f i e l d populations 
of Clethrionomys and Apodemus, with studies being made on the 
movements (Brown 1956a; M i l l e r 1958$ Hacker and Pearson 
1951* 1952; Newson I96O; Kikkawa 1964; Tanton 1965), the 
home range (Brown 1956a; M i l l e r 1958; Kikkawa 1964), the 
a c t i v i t y rhythm (Brown 1956b; M i l l e r 1955)» and the s p a t i a l 
d i s t r i b u t i o n (Delany 196l; Newson I96O; Kikkawa 1964) of the 
two species. I n addition to these studies others have been 
performed on more general aspects of the population dynamics 
(Brown 1954* M i l l e r 1956; Ashby 1962; Newson 1963; Kikkawa 
19645 Tanton 1965)1 and the e f f e c t s on the regeneration of 
woodland (Ashby 1959» 1962) of the two species. 

The present study was designed to obtain"information on 

the population dynamics, the movements and home range, and the 

s p a t i a l d i s t r i b u t i o n of Clethrionomys and Apodemus i n areas of 

mixed woodland where they existed together. The study had four 

main aims which were, f i r s t l y , to examine the ecology of 

Clethrionomys and Apodemus i n northern England (an area 

previously neglected except by Ashby 19591 1962); secondly, to 

attempt to c l a r i f y c e r t a i n i s s u e s concerned with the measure­

ment of home range area; t h i r d l y , to examine the mortality of 

Clethrionomys i n natura l populations to see whether i t i s high 



as described by Evans (1942) or lower as was found by Ashby 

(pers. comm.); and f o u r t h l y , to carry out exploratory work on 

the biochemical analysis of stomach contents of ind i v i d u a l s of 

Clethrionomys and Apodemus to see i f any information could be 

obtained on the nature of the food ingested. Information has 

been obtained on a l l the topics mentioned above, and t h i s thesis 

contributes to the general fund of knowledge of the ecology of 

the two species and also opens up p o s s i b i l i t i e s f o r f u r t h e r 

work on the food taken. 

I n t h i s thesis the present r e s u l t s have been compared w i t h 

the r e s u l t s of other workers who have worked on populations of 

Apodemus and Clethrionomys i n Great B r i t a i n . (Evans 1942; 

Newson 1960, 1963; Kikkawa I964) . Also, where relevant, 

reference has been made to the vast amount of work done i n 

America on the ecology of Feromyscus spp. (the ecological 

counterpart i n America of Apodemus) and of Clethrionomys spp. 

(red-backed vo l e s ) . P a r t i c u l a r l y important work has been done 

there on the home range ( B l a i r 1940a, 1941, 1951; Burt 1940, 

1943; Hayne, 1949b, 1950? Davis 1953; Davis et a l 1948). the 

sp a t i a l d i s t r i b u t i o n ( K l e i n I96O; Getz 1960, 196la 196lb), and 

the population dynamics (Hayne 1949a; Brant 1962) of 

Peromyscus, Clethrionomys, Microtus, and many other genera of 

small mammals. I n addition, consideration has been given to 

work on the Continental Vole, Microtus a r v a l i s Pallas (Frank 

1957; van Wijngaarden 1957» 1960), the Yellow-necked Mouse, 
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Apodemus f l a v i c o l l i s (Gorecki and Gebczyriska 1962; Curry-
Lindahl 1956, 1959;) and Clethrionomys glareolus and Apodemus 
sylvaticus (Andrzejewski et a l 196j) i n various European 
countries. Details of t h i s and other work are to be found i n 
the discussions of the r e s u l t s of the present study. 

The information i n t h i s thesis i s presented i n four main 

sections, these dealing with the population dynamics, the 

d i s t r i b u t i o n and abundance, the movements and home range, and 

the biochemical composition of the stomach contents of Apodemus 

and Clethrionomys. A discussion on each section i s given i n 

the appropriate place, and the information given i n the thesis 

as a whole i s discussed i n general terms i n the f i n a l section. 

I n t h i s thesis botanical nomenclature follows that of 

Clapham, Tutin, and Warburg (1952. 2nd. E d i t i o n ) . 



I I . THE STUDY AREA 

A. GENERAL 

1. Location and General physiography 

A l l the f i e l d work was carried out i n Castle Eden Dene, a 

l o c a l Nature Reserve, sit u a t e d ten miles east of Durham City 

and midway between the v i l l a g e s of Castle Eden and Shotton 

(Nat. Grid Ref. NZ4138 and NZ4159). The A19 trunk road, which 

runs i n a north-south d i r e c t i o n , passes through Shotton and 

forms the western boundary of the Dene. (See Fig. 1.) Castle 

Eden Sene (hereafter r e f e r r e d to as 1 the Dene 1) i s a long, 

narrow, l o c a l l y precipitous v a l l e y running i n an east-west 

d i r e c t i o n , opening to the North Sea i n the east. A shallow 

stream p o l l u t e d by c o l l i e r y e f f l u e n t , Castle Eden Burn, flows 

along the v a l l e y bottom. The t o t a l area of the reserve i s 

some 550 acres, of which 100 acres at the narrow western 

extremity were u t i l i s e d f o r the present study. 

2. History 

The Dene has long been known to n a t u r a l i s t s because of 

the wealth of calicolous f l o r a which abounds, associated w i t h 

the c l i f f s of magnesian limestone. Entomologists have also 

been interested i n the area, as there i s an overlap there i n 

the ranges of two species of b u t t e r f l y , the southern Brown 
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Argus ( A r i o i a medon). and the Scotch Argus ( A r i c i a medon 

artaxerzes), which has resulted i n the formation of a v a r i e t y 

loosely termed the Castle Eden Argus. 

I n 1954 the Dene was designated a Local Nature Reserve 

f o l l o w i n g the recommendations of Professor Hesiop-Harrison 

(Private Report). However, despite the sporadic i n t e r e s t i n 

the Dene shown by n a t u r a l i s t s , no systematic work on the fauna 

of the region had been performed p r i o r to t h i s study. 

3. Geology 

The Dene i s covered by boulder clay, l e f t as a r e s u l t of 

g l a c i a l action, and i t has not been re-sorted by water as i n 

the centre of the county. The bed rock i s magnesian limestone. 

At the western end of the v a l l e y the stream flows on top of 

the limestone, but as i t flows eastward i t gradually cuts 

through the rock, forming a gorge i n the middle section cf the 

Reserve. The drainage i s rather poor i n the study region where 

the stream has not penetrated the limestone to any great degree 

and there i s a high l e v e l of ground water. 

4. Vegetation 

The woodland i s semi-natural, and i s one of the few 

remaining pieces of such woodland i n the eastern h a l f of 

County Durham. Tree f e l l i n g i n the 1914-18 war, without 

subsequent replanting, may have been responsible f o r the 
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presence of some open heath-like areas. Except f o r the 
presence of a few conifer and sycamore plantations, and the 
f e l l i n g already mentioned, the area appears to have been 
in t e r f e r e d with very l i t t l e . One would expect to f i n d as 
dominants oak, (Querous robur) on the heavy boulder clay of 
the top and flanks of the Dene, and ash, (Fraxinus excelsior) 
on the limestone below. Oak i s almost absent however and where 
present i s not regenerating, while ash i s r e s t r i c t e d i n 
d i s t r i b u t i o n on the boulder clay. Beech (Fagus s y l v a t i c a L.) 
i s replacing i t s e l f l o c a l l y , but t h i s species may have been 
introduced i n the f i r s t place. The most frequently occurring 
dominants i n the boulder clay areas ares-

a) Birch (Betula pubescens. Ehrh.). 

b) Sycamore (Acer pseudoplatanus.L.) which i s 

regenerating f r e e l y and spreading. 

c) Elm (TJlmus glabra), rather r e s t r i c t e d as a dominant* 

d) Rough grass and bracken (Fteridium aquilinum). 

I n addition to the dominants mentioned above Wild bramble 

(Rubus f r u t i c o s u s ) i s common and there are large areas where 

the herb layer i s dominated by dogs mercury (Mercurialis 

perennis), bracken, or Rosebay Willowherb (Chamaenerium 

angustifolium (L.) Scop.). 
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B. THE TRAPPING GRIDS 

1. Introduction 

The 100 acre region mentioned above was marked out i n a 

50 metre g r i d pattern ( f o l l o w i n g the National Ordnance Survey 

Grid), i n August, 1962 and a trapping programme was car r i e d 

out f o r two weeks to determine the composition and d i s t r i b u t i o n 

of the small mammal fauna (see Appendix 1, page 337 f o r f u l l 

d e t a i l s of t h i s and subsequent surveys). From the r e s u l t s of 

the survey, d i s t r i b u t i o n maps of the small rodents were drawn, 

and by reference to these two areas were chosen f o r the present 

study, and a g r i d was marked out on each. One g r i d was s i t e d 

on the northern slope of the v a l l e y i n an area occupied by 

both Clethrionomys glareolus and Apodemus sylvaticns (Grid A); 

the other was on the southern slope and was occupied almost 

exclusively by Clethrionomys (Grid B). Each g r i d was l a i d out 

over an area of one hectare (2.5 acres), and i n the shape of a 

rectangle, being 156 metres long and 62.4 metres wide, w i t h 

g r i d intersections every 15»6 metres. The shape, dimensions, 

and exact spacing of the grids were determined by the nature of 

the study to be undertaken, and also, i n large p a r t , by the 

nature of the t e r r a i n , precipitous slopes r e s t r i c t i n g the 

choice of suitable areas. The grids were marked out i n November 

1962, and were o r i g i n a l l y of the dimensions quoted above, wi t h 

eleven trapping points along the longer axis and f i v e along 
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the short. I n July 1963, the arrangement was modified s l i g h t l y , 
f o r the reasons given below, to consist of ten points by f i v e 
points (50 trapping positions instead of 55)* Each g r i d 
extended over two c l e a r l y demarcated vegetation types, described 
i n the appropriate paragraphs below. 

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

a) General description 

This g r i d was s i t e d p a r t l y i n a mature larch wood 

(Larix decidua. M i l l . ) and p a r t l y i n a sycamore wood, the two 

being separated by a narrow b e l t of spruce (Picea abies. ( L ) . 

K a r s t . ) . Approximately h a l f of the traps were placed i n each 

vegetation type. After July, 1965* one l i n e of traps at the 

western end of the g r i d was abandoned because i t was s i t e d i n 

a completely d i f f e r e n t vegetation type from the other trap 

l i n e s and was hence unrepresentative. The g r i d thus consisted 

of ten trap lines,each w i t h f i v e trapping points, f o r most of 

the study. The g r i d i s bounded to the north and east by f i e l d s , 

a nd,partially, to the south and west by steep slopes. 

b) The vegetation 

The vegetation i n the lar c h wood d i f f e r s quite consider­

able from that i n the sycamore wood both i n composition and i n 

quantity, thus making the area suitable f o r the study of 

possible differences i n population density of mice and voles i n 
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GRID A 
Vegetation No. of trap positions 

Dogs mercury 18 

Bracken 9 

Bramble 9 

Larch l i t t e r 9 

Willowherb 2 

Grass 3 

GRID B 

Vegetation No. of trap positions 

Dogs mercury 6 
•n — 1 - »v* 
j}iauA.cii 19 

Bramble 4 

Larch L i t t e r 4 

Willowherb 9 

Other vegetation 8 

Table 1. The number of trapping s i t e s occurring i n 
areas of d i f f e r e n t vegetation type on 
Gride A and B. 
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areas of d i f f e r e n t vegetation type. Figure 3 shows the 
composition of the herb layer i n September, and Table 1 shows 
the number of trap positions occurring i n each of the main 
vegetation types. The l a r c h trees are mature, and, except i n 
the height of summer, there i s l i t t l e ground cover i n much of 
the larch area. A bed of larch-needle l i t t e r covers the ground 
a l l the year, and i n many parts of the l a r c h wood there i s no 
other cover to the s o i l . There are small areas of grass, 
bracken, dogs mercury, and bramble present but most of these 
are l i m i t e d i n extent and are less dense than the corresponding 
p l o t s i n the sycamore wood. The spruce b e l t i s narrow, wet, 
and v i r t u a l l y devoid of vegetation, except f o r the presence of 
small areas of h o r s e t a i l s (Equisetum arvense L.), i n i t s upper 
(northern) region. Towards the bottom of the g r i d (south) the 
spruce thins allowing the growth of h o r s e t a i l s , dogs mercury, 
willowherb, and various ether small herbs= 

The sycamore wood has moderately dense vegetation i n most 

parts, p a r t i c u l a r l y i n the summer. There are large expanses 

of dogs mercury, bramble, grasses, bracken, and willowherb. 

The dogs mercury and willowherb tend to die back i n the l a t e 

summer but the bramble and bracken a f f o r d some cover a l l the 

year round. 

The sequence of vegetational changes occurring on Grid A 

during the year i s as f o l l o w s . I n February-March there i s 

l i t t l e cover i n the larch wood, there being only some bramble, 



9. 
o z 
< 
o 

z 
o 

o 
LU 
> 

t o 

E o 

u 
£ 7 
C C a 
0 
O 

< 
I — J 

«• 
~ — ^ ~ o-o-

15 J i 



PLATE I 

The sycamore wood on the no r t h g r i d ( grid! A ) showing 

the dense carpet, of dogs mercury present i n the spring 

and summers 



41 ' 

• 

M 

• L I 

>f 
• 

an 

I 

1 
• J 

i .-

t, 

!4 



PLATE I I 

The sycamore wood on the north g r i d ( g r i d A ) showing 

areas of bramble, tussocky grass and bracken* 
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dead bracken, grass, and needle l i t t e r . I n the spring the dogs 
mercury grows up quickly, and several species of small herb 
appear, also some h o r s e t a i l s grow i n the wetter areas. I n the 
summer the dogs mercury i s s t i l l present, and willowherb, 
n e t t l e , bramble and bracken afford good cover i n some parts* 
Autumn brings a rapid decline of the dogs mercury, willowherb, 
and n e t t l e , leaving only the bracken and the bramble. By mid­
winter the bramble has l o s t many of i t s leaves and the bracken 
has died down; t h i s i s the season of l e a s t cover. Exactly the 
same sequence of events occurs i n the sycamore, but the l a r g e r 
areas of bracken, bramble, and tussocky grass ensure that there 
i s more cover at a l l times of the year than there i s i n the 
l a r c h wood. 

3. Grid B. (South). ( F i g . 2.) 

a) General de s c r i p t i o n 

Grid B was marked out i n an area considered to be 

sui t a b l e mainly f o r Clethrionomys glareolus. Of the o r i g i n a l 

eleven trap l i n e s , four were i n an immature l a r c h wood, f i v e i n 

an ash plantation, and two i n a t r e e l e s s bracken zone. I n July 

I963, the two l i n e s i n the bracken were abandoned, and an 

additional l i n e put i n the l a r c h wood; thus making a t o t a l of 

f i v e l i n e s i n the l a r c h and f i v e l i n e s i n the ash ( i d e n t i c a l 

with the arrangement of t r a p - l i n e s on Grid A - f i v e i n each of 

two vegetation t y p e s ) . This g r i d i s bounded to the south by a 



PLATE I I I 

The mature l a r c h wood on the north g r i d ( gr i d A ) 

showing areas of l a r c h needle l i t t e r and some 

scattered clumps of brackens 
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PLATE IV 

The mature laroh wood on the north g r i d ( g r i d A ) showing 

an area with a moderately dense covering of bracken. 
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golf-course, and to the north by steep slopes. To the west 
the ash plantation i s separated from open ground by a deep 
gully; to the east the l a r c h extends beyond the g r i d f o r a 
further 100 metres. 

b) The vegetation 

The vegetation i n the young l a r c h plantation d i f f e r s 

s u b s t a n t i a l l y from that i n the l a r c h wood on Grid A. The ground 

cover i s moderately dense, and few areas are covered by l i t t e r 

alone. As reference to F i g . 4 shows, large areas of dense 

bracken, willowherb, and grass occur, with some regions of dogs 

mercury. The t r a n s i t i o n to the type of vegetation found i n the 

ash i s gradual. The dominant bracken and willowherb of the l a r c h 

wood are replaced by bramble, raspberry (Rubus idaeus). hogweed 

(Heracleum sphondylium. L.) and tussocky grass. Table 1 shows 

the number of trapping points associated with the various 

vegetation types. 

The sequence of seasonal changes i n vegetation type and 

density are much as described for Grid A, with the exception 

that at no time i s the laroh so devoid of ground cover as the 

l a r c h on Grid A. I n the winter there i s more cover i n the l a r c h 

than i n the ash, primarily because of the preponderance of dead 

bracken fronds i n the former. 
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PLATE V 

The ash plantation on the south g r i d ( grid B ) showing 

the mixed summer vegetation including hogweed, bracken 

and raspberrye 
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PLATE VI 

The Immature l a r c h plantation on the south g r i d ( grid 1 B ) 

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

I n addition to the grids described above some traps were 

placed elsewhere for s p e c i f i c short-term purposes (See F i g . 2). 

I n A p r i l , 1964, a cordon of traps was placed round Grid A to 

investigate 'edge e f f e c t s ' . I n August 1964> t r a p - l i n e s 1 and 

2 were run for seven days; and i n October 1964 'Grid C was 

trapped for four days. Also, i n areas w e l l away from the 

grids, break-back traps were Bet to catch animals for a study 

being made on the biochemical composition of stomach contents, 

( t r a n s e c t s 3*4, and 5 i n F i g . 2.) 
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I I I . METHODS OP STUDY 
A. TRAPPING AND MARKING PROCEDURE 
1. Trapping procedure 

The two small grids, A and B, were designed f o r the study, 

by l i v e - t r a p p i n g procedures, of the movements, population 

dynamics and other aspects of the general ecology of Apodemus 

s y l v a t i c u s and Clethrionomys glareolus .populations. 

Both grids were trapped from March 1963 u n t i l January 1965 

at approximately monthly i n t e r v a l s , for three nights each. The 

trapping of g r i d B u s u a l l y immediately followed that of grid A, 

but a few days difference occurred when other work i n t e r f e r e d 

with trapping. Occasionally, trapping periods of longer 

duration were used, when some p a r t i c u l a r experiment was i n 

progress, but such deviations from the normal pattern were 

r a r e , and they are noted i n the appropriate sections. Because 

of the p e r s i s t e n t snow of the bad 1962=63 winter no trapping 

was attempted u n t i l January 1963* This attempt to trap on grid 

A was abandoned as further heavy snow f a l l s occurred, and 

regular trapping was not commenced u n t i l March 1963* The 

normal four-day (three-nights) trapping procedure followed 

throughout the study i s given i n Table 2. 

The trapping was c a r r i e d out using Longworth Live traps 

( C h i t t y and Kempson 1949) of which three were placed at each 

trapping point u n t i l September 1963* From September 1963 to 
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March I964 f i v e traps were placed at each point. Prom March 
1964 u n t i l January 1965 four traps per point were found to be 
adequate. No pre-baiting period was used as i t was considered 
that a three day trapping period was long enough to avoid the 
biased sampling of marked animals which pre-baiting procedures 
were designed to o f f s e t ( C h i t t y and Kempson 1949)* The 15 metre 
trap spacing was used following the recommendations of Tanton 
(pers. comm.), and the four-day trapping period was u t i l i s e d 
following the advice of Ashby (pers. comm.). Preliminary f i e l d 
t r i a l s indicated that the trap-spacing and the trapping period 
were s a t i s f a c t o r y and they were maintained throughout the study. 

Day Procedure 

1 Place traps i n po s i t i o n and SET 

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

Mark and relea s e animals. 

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

Mark and re l e a s e animals. 

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

Mark and re l e a s e animals. 

Table 2 . The four day trapping procedure 
used i n the study. 
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2. Marking procedure 

A l l animals captured were marked by the removal of toes 

by the use of sharp s c i s s o r s . The animals appeared to suf f e r 

no discomfort as a r e s u l t of the procedure, and no evidence 

was found to show that subsequent discomfort or lack of 

mobility was experienced. The marks given were i n d i v i d u a l l y 

s p e c i f i c although duplicated for sexes and for species. Clear 

and unambiguous marking i s e s s e n t i a l for studies concerned with 

movements and population dynamics, and toe-clipping was found to 

be most s a t i s f a c t o r y . 

B. DATA RECORDED 

In addition to the noting of the i d e n t i f i c a t i o n mark and 

the s i t e of capture information of the following type was 

recorded for every animal. 

1. The sex and sexual condition 

Each animal was i d e n t i f i e d and sexed and the sexual 

condition noted. During the breeding season the sexing of 

adults of both species i s simple, using the c r i t e r i a given below, 

and no mistakes were discovered. I n the non-breeding season 

Clethrionomys adults are sometimes rather d i f f i c u l t to sex, but 

usu a l l y the penis i n the male l i e s f a r t h e r from the anus than 

does the c l i t o r i s i n the female, and, a f t e r some p r a c t i c e , 

l i t t l e d i f f i c u l t y i s encountered i n making an accurate 
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diagnosis of the sexual condition. Ju v e n i l e s of both species 
at a l l seasons are more d i f f i c u l t to sex, but the note about 
penis-anus and c l i t o r i s - a n u s applies here also and, with 
p r a c t i c e , l i t t l e d i f f i c u l t y i s encountered. Below are l i s t e d 
the possible categories of sexual condition into which the 
animals may be placed, together with the diagnostic r u l i n g 
followed throughout the study. 

a) Males 

Males of both species are considered to be fecund i . e . 

i n breeding condition,when the te s t e s are s c r o t a l i n position. 

They are generally regarded as adults i f they weigh more than 

14 grams (Clethrionomys) or 15 grams (Apodemus). I f the te s t e s 

are abdominal i n po s i t i o n then the animal i s non-fecund. Males 

weighing l e s s than 10 grams, with the te s t e s abdominal i n 

position, and with a f l u f f y , greyish pelage are considered to 

be j u v e n i l e . 

b) Females 

( i ) Perforate 

Females with the vaginal o r i f i c e without a covering 

membrane are cla s s e d as perforate. They are considered to be 

adult i f they weigh over 14 grams i n the case of Clethrionomys 

and over 15 grams i n the base of Apodemus (Baker, 1930). 
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( i i ) Imperforate 

Females are considered as imperforate when the 

vaginal o r i f i c e i s not v i s i b l e . An imperforate female may be 

an adult i n non-breeding oo n d i t i o n , a sub-adult i n non-breeding 

condition, a pregnant adult, a pregnant sub-adult, or a 

ju v e n i l e . The c r i t e r i a l i s t e d below may be used to di s t i n g u i s h 

between some of these p o s s i b i l i t i e s - leaving only non-breeding 

adults and possibly immatures i n the 'imperforate' category. 

( i i i ) Pregnant 

Females are considered to be pregnant when they are 

adult and i n an imperforate condition during the breeding 

season. The l a t e r stages of pregnancy may be detected by the 

discovery of embryos i n the uterus, determined by palpation of 

the female's abdomen. A valuable aid i n the diagnosis of 

pregnancies i n l i v i n g animals i n the f i e l d i s the change i n 

body weight of marked females which are r e g u l a r l y trapped. 

( i v ) Lactating 

Females are considered to be l a c t a t i n g when the mammary 

glands are swollen and eas i l y v i s i b l e . Lactating animals may 

also be imperforate, pregnant, or perforate. 

(v) Juvenile 

Any females which are imperforate, with a f l u f f y 

grey pelage, and a weight of under 10 grams are classed as 

juv e n i l e s . 
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2 . Weight 

A l l animals were weighed each time they were captured. 

The weighing was carried out by placing the animal i n a 

polythene bag of known weight which was then suspended from a 

reg u l a r l y - c a l i b r a t e d spring-balance. The weighings were 

accurate to 0.5 grams. The weight was recorded to assist i n 

the diagnosis of sexual condition and approximate age of the 

animals (see pp. 97-136) . 

5 . Other information 

The presence of ectoparasites on the animals was recorded, 

and so was the general condition e.g. healthy, comatose etc. 

I n addition, the density of the vegetation cover at each 

trapping point was noted p r i o r to each trapping period (pp. 155-6) 

and notes were made of the more obvious changes i n the- vegetation 

which had occurred since the previous trapping. Any captures 

made of Microtus ag r s s t i s , Sorex araneus, Sorex minutus, and 

Mustela n i v a l i s were also recorded. 



SECTION B 

THE POPULATION DYNAMICS OP 

APODEMUS AND CLETHRIONOMYS 
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SECTION B. THE POPULATION DYNAMICS OP APODEMUS AND CLETHRIONOMYS 

I . THE TRAPPING RESULTS 

1. The numbers caught 

The t o t a l number of animals handled on grids A and B 

from March 1963 to January 1965 i s shown i n Tables 3 and 4 f o r 

Clethrionomys and Apodemus respectively. More Clethrionomys 

were handled on g r i d A than on g r i d B i n the course of the study, 

but as g r i d B was trapped only sixteen times while g r i d A was 

trapped twenty times the actual difference i n numbers present 

on the two grids i s not s i g n i f i c a n t . Substantially more 

Apodemus were trapped on Grid A than on g r i d B, and with due 

allowance being made f o r the d i s p a r i t y i n the number of 

trappings, there i s a genuine difference i n Apodemus numbers 

between the two gr i d s . 

On g r i d A Apodemus were less p l e n t i f u l than Clethrionomys 

over the period of study as a whole although at times they were 

temporarily more abundant. The o v e r a l l r a t i o throughout the 

en t i r e study was j u s t over 1.5 Clethrionomys i n d i v i d u a l s to one 

Apodemus i n d i v i d u a l on g r i d A. On g r i d B there was an o v e r a l l 

r a t i o of 4»5 Clethrionomys i n d i v i d u a l s t o one Apodemus 

i n d i v i d u a l . 

The monthly captures of Clethrionomys on g r i d A and g r i d B 

are given i n Tables 5 and 7 respectively. The same information 

f o r Apodemus on g r i d A and g r i d B i s given i n Tables 6 and 8 
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respectively. On both grids the highest catches of Clethrionomys 

were made i n the period from August to December i n both 1963 and 

1964. The lowest catches were made i n the period from January 

to May i n both years. The catches of Apodemus on g r i d A were 

large from October I963 to March I964 , and from November I964 

to January 1965> but i n most of the remaining months the 

catches were very low. On g r i d B appreciable numbers of 

Apodemus were caught only i n December 1963, and May and 

November 1964. 

2 . Trap m o r t a l i t y 

Tables 5 to 8 give the number of animals found dead i n the 

traps at each trapping period. The t o t a l numbers of trap dead 

f o r Clethrionomys and Apodemus are given i n Tables 3 and 4« 

I n t o t a l , trap m o r t a l i t y f o r Clethrionomys was of the order of 

15$ of the t o t a l capture of in d i v i d u a l s on g r i d A, and 31$ on 

g r i d B. Trap m o r t a l i t y was n e g l i g i b l e f o r Apodemus on both 

g r i d s . On g r i d A the bulk of the deaths i n traps occurred i n 

December 1963, and September and October I9640 On g r i d B 

the months wi t h a high trap m o r t a l i t y were December 1963* and 

November and December 1964* I n most cases deaths i n the traps 

could be a t t r i b u t e d to inclement weather conditions e.g. heavy 

r a i n causing the animals to become wet and thus s o i l t h e i r f u r 

and the bedding, or the occurrence of sudden very cold spells 

of f r o s t and ice as i n November 1964 on g r i d B. On g r i d A 
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trap m o r t a l i t y affected males and females equally but on g r i d 
B more than two males died to every female which died. Similar 
reports of trap m o r t a l i t y , and i t s d i f f e r e n t i a l action on 
Clethrionomys and Apodemus, were made by Chitty (1957)» and 
Evans (1942) . Both workers found that Clethrionomys reacted 
much less favourably to confinement than d i d Apodemus. Evans 
(1942) , i n agreement w i t h the r e s u l t s of the present study, 
found a high m o r t a l i t y i n the traps i n October and, p a r t i c u l a r l y , 
November. On g r i d A about 65%; and on g r i d B about 43$, of the 
trap dead were un-marked. I t seems, therefore, that there was 
no p o s s i b i l i t y of marked animals being rendered less l i k e l y to 
survive subsequent capture, so the sampling of the population 
was not biased by the death of marked animals i n disproportion­
ate numbers. 

Evans (1942) noted that 90/0 of the few Apodemus dead, and 

80fo of the Clethrionomys dead, were unmarked and the present 

r e s u l t s thus confirm h i s view that marked animals are not more 

l i a b l e to death on subsequent capture. Morris (1955) found that 

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

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

gapperi) to be f a r more sensitive to capture. 

The high percentage of deaths of Clethrionomys i n the traps 

i s d i s t u r b i n g as the m o r t a l i t y thus induced could severely 

upset the normal population processes. I t i s probable that 

trapping at i n t e r v a l s of less than four weeks could severely 



disturb the Clethrionomys population and thus render the 

information obtained on population dynamics un r e l i a b l e . I n 

the present study,the o v e r a l l proportion of deaths i n the traps 

was greatly increased by the deaths i n November, December, and 

January, so frequent trapping i n months other than these would 

probably be safe to undertake. I t i s suggested that the 

population processes i n the present study were unaffected by 

the high m o r t a l i t y i n the traps, as the time i n which such 

m o r t a l i t y occurred was the time when many of the animals would 

be expected to die i n any case. 

3. Trap-revealed Bex r a t i o 

The o v e r a l l sex-ratio of Clethrionomys caught on g r i d A was 

1.4 : 1 i n favour of the males when the number of i n d i v i d u a l s 

captured was considered. On g r i d B the male to female r a t i o 

f o r Clethrionomys was 1,3 i 1 over the period of study as a who! 

The s e x - r a t i o of Apodemus in d i v i d u a l s captured over the whole 

period of study was 1.5 1 1 f o r males to females on g r i d A, and 

2.5 s 1 on g r i d E (with small samples). Details of the sex-

r a t i o of animals caught each month are given i n Table 9i and the 

f l u c t u a t i o n s i n sex-ratio are shown gr a p h i c a l l y i n Figure 5» 

A suggestion of seasonal trends i n the sex-ratio of the 

animals captured was evident i n the Clethrionomys populations 

on both g r i d s . On g r i d A more females than males were captured 

i n only two months, July and August I963. Equal numbers of the 
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MONTH 
No. of Captures No. of I n dividuals No. found dead 

MONTH 
66 99 Total 66 99 Total 66 99 Total 

1963 

March 26 10 39 18 9 30 1 0 1 
A p r i l 29 10 40 17 7 25 1 3 4 
May 17 9 27 12 7 20 0 0 0 
June 28 27 56 19 15 35 1 0 1 
July 38 50 94 23 34 63 0 3 3 
August 45 56 101 31 35 66 1 2 3 
September 50 61 112 37 38 76 2 3 5 
October * 35 34 71 30 29 61 1 0 1 
November a 40 38 78 30 29 59 0 0 0 
December 42 30 72 33 25 58 4 6 10 

1964 

January 22 18 42 18 14 34 2 1 3 
February - - - - - - - - -
March 42 27 69 29 17 47 3 1 4 
A p r i l 17 11 28 12 7 19 0 0 0 
May i 58 31 98 30 13 45 1 0 1 
June - - - - - _ _ — -
July 57 39 96 32 23 55 1 0 1 
August 77 50 127 39 31 70 2 3 5 
September 84 50 50 34 80 7 6 13 
October 68 53 132 50 34 85 4 6 10 
November 65 32 99 44 21 67 2 1 3 
December - - - - - - - - -

January 38 7 45 27 7 34 4 0 4 

Table 5. Monthly"captures of- Clethribhomys on Grid A. Trapping period 
of 3 days except" where noted. I n column 3 the t o t a l catch 
of animals each month, including recaptures, i s shown. I n 
column 6 the t o t a l number of i n d i v i d u a l s comprising the 
catch i s given. The t o t a l number of animals found dead 
i n traps i s given i n column 9- Escapees (not sexed) are 
included i n the t o t a l s . 

x = Two days trapping 
- = No trapping 

1 = Four days trapping 
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MONTH No. of Captures No. of I n dividuals No. found dead MONTH 
66 99 Total <J«3 99 Total 66 99 Total 

1963 

March 20 15 36 12 8 21 0 0 0 
A p r i l 5 9 14 4 5 9 0 0 0 
May 3 7 11 1 3 5 0 0 0 
June 1 4 5 1 2 3 0 0 0 
July 5 5 11 5 3 9 0 0 0 
August 6 3 9 5 3 8 0 0 0 
September 6 7 13 4 5 9 0 0 0 

October * 21 12 35 17 9 28 0 0 0 
November * 28 13 42 22 12 35 0 0 0 
December 44 24 70 31 19 52 0 0 0 

1964 

January 64 41 108 38 28 69 1 0 1 
February - - - - - - - - -
March 79 70 151 37 38 77 0 0 0 
A p r i l 34 36 70 24 22 46 0 0 0 
May * 13 19 32 18 14 22 0 0 0 
June - - - - - _ - -
July 3 6 9 2 5 7 0 0 0 
August 3 6 9 2 5 7 0 0 0 
September 18 14 14 a 

? 
9 A •—r 0 0 0 

October 56 31 89 29 20 51 0 1 1 
November 77 53 130 40 24 64 0 0 0 
December - - - - - - -

1965 

January 28 21 50 18 12 51 0 •1 1 

Table 6. Monthly captures of Apodemus on Grid A. Trapping period 
of 3 days except where noted. I n column 3 the t o t a l catch 
of animals each month, including recaptures, i s shown. I n 
column 6 the t o t a l number of i n d i v i d u a l s comprising the 
catch i s given. The t o t a l number of animals found dead 
i n traps i s given i n column 9* Escapees (not sexed) are 
included i n the t o t a l s . 

x = Two days trapping 
- «= No trapping 

& = Four days trapping 
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MONTH 
No. of Captures No. of Individuals No. found dead 

MONTH 
66 99 Total 66 99 Total 66 99 Total 

1963 

March 34 20 58 17 16 37 0 0 0 
A p r i l 34 18 55 17 9 29 1 0 1 
May 39 28 69 26 13 41 1 0 1 
June 33 25 49 20 15 35 0 1 1 
July 54 44 99 35 23 60 2 1 3 
August 72 62 134 42 36 78 3 2 5 
September 87 78 165 44 35 79 0 0 0 
October - - - - - - - - -
November - - - - - - - - -
December 88 53 144 53 28 84 13 4 17 

1964 

January - _ _ — _ _ — 

February * 19 24 43 15 16 31 2 0 2 
March 31 33 65 17 15 33 4 1 5 
A p r i l - - - - - mm - - -
May 31 29 60 20 14 34 1 0 1 
June / 24 13 38 15 7 23 0 0 0 
July - - - - - - - -
August 79 46 126 44 29 74 1 1 2 
September ax 68 152 49 35 83 4 1 5 
October - - - - - - - - -
November 64 57 121 44 36 80 16 11 27 
December 32 27 59 24 18 42 14 4 18 

1965 

January - - - - - - - - -

Table 7. Monthly captures of Clethrionomys oh Grid B. Trapping 
period of" 3 days except where rioted. I n column 3 the 
t o t a l catch of animals each month, including recaptures, 
i s shown. I n column 6 the t o t a l number of in d i v i d u a l s 
comprising the catch i s given. The t o t a l number of 
animals found dead i n traps i s given i n column 9* 
Escapees (not sexed) are included i n the t o t a l s . 

* - Two day8 trapping 
- = No trapping 

/ = Ha l f - g r i d only 
trapped 
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MONTH 
No. of Captures No. of I n d i v i d u a l s No. found dead 

MONTH 
66 99 Total 66 99 Total 66 99 Total 

1963 

March 4 3 8 2 2 5 0 0 0 
A p r i l 3 0 3 2 0 2 0 0 0 
May 3 0 3 1 0 1 0 0 0 
June 0 0 0 0 0 0 0 0 0 
July 7 1 8 5 1 0 0 0 0 
August 1 0 1 1 0 1 0 0 0 
September 3 0 3 2 0 2 0 0 0 
October - - - - - - _ -
November _ _ — _ _ 
December 27 20 47 14 11 25 0 0 0 

1964 

January _ _ _ _ _ _ _ _ 
February * 16 7 24 13 5 19 0 0 0 
March 19 11 30 8 5 13 1 0 1 
A p r i l - - - - - - - -
May 15 19 35 7 9 17 0 0 0 
June / 4 3 7 3 2 5 0 0 0 
July - - - - - - - ~ -
August 6 3 9 6 2 8 0 0 0 
September 10 2 12 8 2 10 0 0 0 
October = - - - - - _ - -
November 26 6 33 16 • 20 0 1 1 
December 16 2 18 9 1 10 0 0 0 

1965 

January - - - - - - - - -

Table 8. Monthly captures of Apodemus on Grid B. Trapping 
period of 5 days except where noted I n column 5 
the t o t a l catch of animals each month, including 
recaptures, i s shown. I n column 6 the t o t a l number 
of i n d i v i d u a l s comprising the catch i s given. The 
t o t a l number of animals found dead i n traps i s given 
i n column 9* 

x = Two days trapping 
- = No trapping 

/ =» H a l f - g r i d only 
trapped 



two sexes were caught on three occasions, i n September, October 

and November 19b3» On a l l other occasions more males than 

females were captured. Although more males than females were 

captured i n the majority of trapping periods, s i g n i f i c a n t 

differences from a 1 : 1 r a t i o occurred only i n the months of 

A p r i l 1963 (P<0.05), May I964 (P<O.Ol), November I964 (P<O.Ol), 

and January 1965 (P<0.00l). On g r i d B there were never more 

females than males captured, but a 1 t 1 r a t i o was found i n 

March I963 and February 1964. S t a t i s t i c a l l y s i g n i f i c a n t 

v a r i a t i o n s from a sex r a t i o of unit y were found f o r May 1963 

(P<0.05) and December 1963 (P<0.0l) only. From the d e t a i l s of 

the f l u c t u a t i o n s i n sex-ratio throughout the two years shown i n 

Fig. 5a i t can be seen that the males were most numerous i n 

the catches i n winter and spring, and the females were best 

represented i n the summer and autumn. This seasonal v a r i a t i o n 

was more marked on g r i d A than on g r i d B. 

I n the Apodemus populations there was a considerable 

degree of v a r i a t i o n i n the sex-ratio throughout the two years, 

t h i s being p a r t i c u l a r l y evident i n the g r i d A population which 

was more f u l l y documented than that of g r i d B. Reference t o 

Fig. 5b shows th a t more females than males were captured 

throughout the spring, summer, and early autumn (except i n 

July and August) i n 1963, but the sex-ratio favoured the males 

from October 1963 to May 1964 when the Apodemus catches were 

larger (see P. 50 ) . A s i m i l a r pattern of seasonal change i n 
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MONTH 
Clethrionomys Apodemus 

MONTH GRID A GRID B GRID A GRID B 
1963 6 ? 9 6 9 6 i 9 6 i 9 
March 2 .0 t 1 1.0 , 1 1.5 : 1 1.0 1 1 

A p r i l 2.4 1 1 2.0 t 1 0.8 : 1 NC May- 1.7 t 1 2.0 t 1 0.33 t 1 NC June 1.25 1 1 1.33 t 1 0.5 1 1 NC July 0.7 s 1 1.5 t 1 1.66 t 1 5.0 : 1 
August 0.9 t 1 1.2 t 1 1.66 : 1 NC September 1.0 1 1 1.3 t 1 0.8 1 1 NC October 1.0 : 1 _ 2.0 t 1 

NC 
November 1.0 : 1 _ 1.8 t 1 
December 1.3 t 1 1.9 t 1 1.6 : 1 1.3 ' 1 

1964 

January 1.3 : 1 1.4 t 1 
February - 1.0 * • 1 2.6 t 1 March 1.7 t 1 1.1 t 1 1.0 : 1 1.6 : 1 
A p r i l 1.7 : 1 - 1.1 : 1 
May 2.3 1 1 1.4 • m 1 1.3 : 1 0.78 1 1 
June - 2.0 1 1 _ 1.5 t 1 
July 1.4 : 1 - 0.4 : 1 
AugUBt 1.25 > J . 1.5 5 1 0.4 t 1 3.0 * 1 September 1.5 : 1 1.4 1 1 1.5 t 1 4.0 1 1 October 1.5 : 1 - 1.4 : 1 
November 2.1 » 1 1.2 m • 1 1.66 i 1 5.0 • I December - 1.33 * • 1 - 9*0 : 1 

1965 

January 3.9 1 1 - 1.5 : 1 -

Table 9 . Sex r a t i o of in d i v i d u a l s i n the monthly samples. 

NC = Not calculable. - - No trapping. 
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sex-ratio was evident f o r 1964-5 also. On g r i d B too few 

animals were captured f o r much reliance to he placed on 

varia t i o n s i n sex-ratio, but i n general the males predominated 

i n the catches at a l l times except f o r May 1964* For Apodemus, 

as f o r Clethrionomys, the males p a r t i c u l a r l y dominated the 

catches i n the winter months. 

Evans (1942) found v a r i a t i o n s i n the r a t i o of males to 

females but found no apparent r e g u l a r i t y i n the v a r i a t i o n s . He 

found a l t 1 r a t i o of males to females when he considered h i s 

t o t a l numbers, He did note, however, a preponderance of males 

i n the spring and autumn which agrees w i t h the trend on g r i d B 

i n 1963» and w i t h the trend on g r i d A i n 1964# Elton et a l 

(1931) found the proportion of males i n Apodemus to be greatest 

i n l a t e summer and early autumn, dropping to equality with females 

i n winter and spring, s i m i l a r trends, i n f a c t , to those found i n 

the present study. Ashby (pers. comm.) found with Apodemua 

that the r a t i o of males to females was commonly 2 ? 1 except i n 

May, or a f t e r a good breeding season, when i t was more nearly 

1 : 1 . With Clethrionomys Ashby found a 1 s 1 r a t i o to be most 

common, wit h perhaps a s l i g h t tendency f o r males to be i n 

excess a f t e r a poor breeding season. Evans (1942) noted a 

concentration of Apodemus females i n l a t e winter i n 1938-39» 

and M i l l e r (1958) found s i m i l a r v a r i a t i o n s to those reported 

f o r Elton et a l (1931) above. Tanton ( 1 9 6 5 ) » however, found 

no evidence of a seasonal trend i n sex-ratio i n 1962 i n a 



population study of Apodemus i n Monks Wood i n Huntingdonshire, 

but i n 1963 he found spring and summer proportions to be not 

s i g n i f i c a n t l y d i f f e r e n t from 1 : 1, but to become s i g n i f i c a n t 

i n October-November. He also noted t h a t even when no s t a t i s t i c ­

a l l y s i g n i f i c a n t differences were detectable yet the proportion 

of males was consistently greater than that o'f females. Newson 

(1963) also reported a majority of males i n Clethrionomys and 

Apodemus catches but found the va r i a t i o n s i n sex-ratio to be 

ir r e g u l a r i n occurrence. This was found to be so i n the 

present study when samples were larger than 20 animals. 

Kikkawa (1964) found the sex-ratio of Apodemus i n The Fasticks, 

a copse i n Wytham Woods, Berkshire, to show a s l i g h t preponder­

ance of females. He considered that a l l the resident mice were 

trapped, and suggested that the balance would be made up by 

transient males. I n other areas Kikkawa (1964) noted that 

approximately 1.5 1 1 r a t i o s of males to females were obtained 

w i t h widely spaced traps and less trapping e f f o r t , and he thus 

concluded that males were drawn from a larg e r area than females 

confirming M i l l e r ' s view (1958) that males move more than 

females i n spring and summer. This was found also i n the 

present study (p. 188). I t i s v/ell not to read too much i n t o 

the trap-revealed sex-ratio however, as i t may bear l i t t l e 

r e l a t i o n to the actual sex-ratio i n the f i e l d . Crowcroft and 

Jef f e r s (1961) demonstrated i n the house-mouse (Mus musculus) 

that social organisation and inherent differences i n response 



may r e s u l t i n differences i n response to traps. They showed 

that female-only colonies were without d i v i s i o n i n t o trap-shy 

and trap-addicted animals, but when males were present c e r t a i n 

of the females became trap-shy, and more males were captured 

than females. Thus social organisation may allow more males 

than females to be caught i n natural populations of mice and 

voles, or greater a c t i v i t y of the males may render them more 

l i a b l e to capture. 

4» Average recapture index 

I n 'fables 5 to 8 the number of i n d i v i d u a l s and the number 

of captures made of those i n d i v i d u a l s at each trapping period 

are recorded. I f the number of captures i s divided by the number 

of i n d i v i d u a l animals concerned i n those captures then an 

average recapture index per i n d i v i d u a l may be calculated. 

This procedure was followed f o r both sexes of both species on 

grids A and B, and the average recapture indices so calculated 

at each trapping period are given i n Table 10, and are shown 

graphically i n Pig. 6. 

Reference to Fig. 6 indicates that there was no s i g n i f i c a n t 

difference between the recapture indices of male and female 

Clethrionomys on g r i d A. There was some suggestion of a 

seasonal v a r i a t i o n i n recapture r a t e , there being more l i k e l i ­

hood of recapture i n the summer months. On g r i d B the average 

recapture rate of the females was consistently higher than that 



of the males throughout the whole study, contrasting with the 

s i t u a t i o n on g r i d A. There was less evidence from the 

Clethrionomys on g r i d B of a seasonal difference i n the l i k e l i ­

hood of recapture, but there seemed to be a lowering of the 

recapture rate of both sexes with the onset of the winter. 

With Apodemus on g r i d A there was no evidence of sexual 

differences i n the recapture indices, and, i n contrast to the 

s i t u a t i o n i n Clethrionomys.the l i k e l i h o o d of recapture appeared 

to increase i n the winter and spring i n both 1963 and 1964. 

However, l i t t l e reliance may be placed on t h i s l a t t e r f a c t 

because the number of Apodemus caught i n the summer months was 

very low. On g r i d B also there appeared to be a higher recapture 

rate i n the winter, but as few i n d i v i d u a l s were caught at a l l on 

t h i s g r i d no conclusions may be drawn from t h i s . 

Kikkawa (1964) suggested that male Apodemus are more 

l i k e l y to escape recapture than are the females, but t h i s was 

not found to be so i n the present study. There i s , however, 

some evidence t h a t male Clethrionomys (on g r i d B) are more 

l i k e l y to escape recapture than are the females. Aehby 

(pers. comm.) found no difference between the recapture rates 

of the sexes i n e i t h e r Apodemus or Clethrionomys t nor did he 

f i n d any evidence of any regular pattern of seasonal v a r i a t i o n 

i n recapture r a t e . The greater l i k e l i h o o d of recapture i n the 

spring and summer months f o r Clethrionomys suggested by the 

r e s u l t s of the present study may be p a r t l y due to the increased 

a c t i v i t y which has been demonstrated to occur at t h i s time. 
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MONTH 

Clethrionomys Apodemus 

MONTH Grid A Grid B Grid A Grid B MONTH 
Males Females Males Females Males Females Males Females 

1965 
March 1.44 1.11 2.00 1.25 1.66 1.87 2.00 1.50 
A p r i l 1.70 1.42 2.00 2.00 1.25 1.80 1.50 0 
May 1.42 1.28 1.50 2.15 5.00 2.55 5.00 0 
June 1.47 1.80 I .65 1.66 1.00 2.00 0 0 
July 1.65 1.47 1.54 1.91 1.00 1.66 1.40 1.00 
Aug. 1.45 1.60 1.71 1.72 1.20 1.00 1.00 0 
Sept. 1.55 1.60 1.98 2.25 1.50 1.40 1.50 0 
Oct. 1.17 1.17 - - 1.25 1.53 - _ 
Nov. 1.55 1.31 - 1.27 1.Q8 _ — 

Sec. 1.27 1.20 1.66 1.89 1.42 1.26 1.93 1.82 
1964 
Jan. 1.22 1.28 — _ 1.68 1.46 _ 
Feb. M - 1.26 1.50 - - 1.25 1.40 
Mar. 1.45 1.59 1.82 2,20 2.15 1.84 2.57 2.20 
Apr. 1.42 1.57 - - 1.42 1.64 - -
May 1.93 2.)8 1.55 2.07 1.62 1.56 2.14 2.11 
June - 1.60 1.85 - - 1.55 1.50 
July 1.76 1.69 mtm - 1.50 1.20 - -
Aug. 2.26 1.61 1.79 1.59 1.50 1.20 1.00 1.50 
Sept. 1.68 1.47 1.69 1.94 1.28 1.55 1.25 1.00 
Oct. 1.36 1.56 - 1.95 1.55 -
Nov. 1.48 1.52 1.45 1.58 1.67 2.21 1.62 2.00 
Dec. - mm 1.55 1.50 - - 1.78 2.00 
1965 
Jan. 1.41 1.00 - - 1.55 1.75 mm 

Table 10. The average recapture rate per i n d i v i d u a l f o r 
Clethriohomys and Apodemus at each trapping period on 
grids A and B. 

- = No trapping. 
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I I . THE ESTIMATION OF POPULATION PARAMETERS 

1. I n t r o d u c t i o n 

I n the present study estimates of the population size 

each month were made using the modification of the 'Lincoln 

Index' method of estimation devised by Hayne (1949a). Also 

population size and several other population parameters were 

calculated by the u t i l i s a t i o n of maximum-likelihood equations 

as described by Leslie, Chitty, and Chi t t y (1955)• I t i s f e l t 

to be necessary to give a b r i e f o u t l i n e of the procedures 

involved i n c a l c u l a t i n g population parameters of mobile 

populations, and thus a description of Hayne's (1949a) method, 

and of Leslie et al's (1953) technique i s given here. Also 

some explanation i s given as to why these two methods were 

chosen from several that have been used i n the past by 

various workers. 

Most capture-recapture techniques f o r estimating populat­

ion parameters are based upon the 'Lincoln Index'. This index 

was used by Lincoln (1930) t o calculate the t o t a l number of 

c e r t a i n w i l d f o w l i n North America. The method consists of 

taking a random sample from a population of animals, marking 

and releasing the sample, and allowing s u f f i c i e n t time f o r the 

sample to d i s t r i b u t e i t s e l f randomly i n the population again. 

A second sample i s then taken and the proportion of marked 

animals i n the sample noted. With t h i s information the size 



of the t o t a l population may be obtained using the general 

formula given below:-

Total _ Number marked at Number caught i n sample two 
population ~ trapping one Number of marked animals i n 

sample two 

A s i m i l a r technique was used by Jackson (1935) to analyse 

capture-recapture data from a tsetse f l y (Glossina) population. 

He l a t e r r e f i n e d the method to allow f o r b i r t h rates, death 

rates, and migration, and he described the refinements i n a 

series of papers (Jackson, 1937» 1939» 1940). Many workers, 

p a r t i c u l a r l y -those employed i n the study of natural populations 

of mammals, have since used the 'Lincoln Index' type of 

cal c u l a t i o n . 

The v a l i d i t y of the capture-recapture methods of estimat­

ing population parameters i s dependent upon the v a l i d i t y of 

ce r t a i n assumptions, these being t h a t : -

1) marked animals become randomly d i s t r i b u t e d throughout 

the population, 

2) marked animals are neither more nor less l i a b l e to 

capture than unmarked animals, 

3) no s i g n i f i c a n t replacement of the population by unmarked 

animals from 'outside* populations w i l l occur between 

marking and sampling periods. 

M o r t a l i t y i s considered not to introduce a systematic error 

so long as i t s e f f e c t i s f e l t equally by marked and unmarked 



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

marked animals from outside. 

2. Hayne's (1949a) Method of estimation 

The f i r s t of the methods f o r estimating population size 

used i n the present study was that devised by Hayne (1949a). 

This method was designed i n an attempt to c l a r i f y c e r t a i n 

issues raised by the Lincoln Index type of c a l c u l a t i o n . 

These issues werei-

1) the question of the proper time i n t e r v a l s to be compared, 

2) the ways of averaging a series of estimates where they 

are not based upon independent sets of data. 

Hayne's method consists of measuring the increase i n the 

proportion of marked animals which i s observed i n succeeding 

catches as more animals become marked i n the course of the 

experiment. When 'x 1 animals have been marked and released 

i n t o the population 'P' from which they were drawn, the 

proportion of the catch now marked (y) may be w r i t t e n ass-

y = x ; or, y = 1 x ( l ) 
P P 

This i s the quantity which a sample drawn from the population 

w i l l estimate. Each sample w i l l estimate the proportion 

marked at the d i f f e r e n t stages i n the process. Equation ( l ) 

i s that of a s t r a i g h t l i n e passing through the o r i g i n 

(y => 0; x = 0 ) , and the slope of the l i n e i s the reciprocal 
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of the population size. As the experiment proceeds the 

proportion of the population which i s marked w i l l increase. 

Marking one ad d i t i o n a l animal w i l l cause the proportion marked 

to increase by a ce r t a i n amount; the increase i s inversely 

proportional to the population number. Af t e r f i n d i n g the 

average amount by which the marking of one f u r t h e r animal 

changes the proportion of the population marked i t i s then 

possible to estimate the t o t a l population size= The formula 

used to compute the estimate i s t -

•2 w £ (2) 
wxy 

where P o population size 

w = the t o t a l number i n the catch 

x = the number of marked animals i n the (eofcejO pof U\<XV\M\ 

y e the proportion of *x' i n 'w' 

This formula, (2), i s the inverted form of the usual expression 

f o r the slope of a regression l i n e passing through the o r i g i n 

(Snedeoor, 1946). Using formula (2), data from short periods 

i n one trapping experiment may be handled separately as though 

each period was an en t i r e trapping experiment. The data f o r 

the month of March I964 f o r Clethrionomys on g r i d B are set out 

below (p. 41) i n the form necessary f o r an estimation of 

population size using Hayne's method (Table 11). 



No. captures (w) 

Day New (R) 
Propn. 
(R) 

Total 
(R) wxy 2 

wx 
1 22 1 0 0.00 0 0 0 

2 3 13 0.81 21 272 7056 

3 % 11 0.70 24 454 15552 

Total 726 22608 

•2 wx 
wxy 

31 voles 

Table 11. The arrangement of data f o r the estimation of 
population size by Hayne's method. 

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

3. The Maximum Likelihood Method of Estimation 

The method due to Hayne (1949a) j u s t described was used 

throughout the study, mainly because of i t s s i m p l i c i t y and ease 

of a p p l i c a t i o n . I t was decided, however, that a method f o r 

estimating several population parameters from data arranged i n 

one way would be desirable. There are several methods of 

estimating more than one population parameter, taking i n t o 

account the e f f e c t s of b i r t h rate, death r a t e , immigration and 

emigration (Delury, 1947? Bailey, 1951; Young et a l , 1952j 

Zippin, 1956) but the method developed by Leslie and co­

workers was eventually used (Leslie and Chitty, 1951; 



L e s l i e , 1952; Leslie, C h i t t y , and Chi t t y , 1953) because of i t s 

a p p l i c a b i l i t y to the s p e c i f i c problem under study v i z . the 

population dynamics of small rodents. This method, i n common 

with a l l capture-recapture methods of estimation, depends f o r 

i t s v a l i d i t y upon the t r u t h of the assumptions that the sampling 

of i n d i v i d u a l s i s e n t i r e l y at random, and that a l l classes of 

marked and unmarked animals are caught w i t h equal f a c i l i t y . 

This method d i f f e r s b a s i c a l l y from that of Hayno (1949a) i n 

that information from a chain of samples i s u t i l i s e d , whereas 

only one sampling period i s used i n Hayne's method. Because 

the estimates of population parameters f o r one sample are 

dependent upon information from subsequent samples then the l a s t 

l i n k i n the chain of samples cannot be dealt w i t h i . e . the f i n a l 

trapping remains unanalysed. A b r i e f d e s c r i p t i o n of the method 

i s given here, but reference to the o r i g i n a l work i s necessary 

f o r complete understanding. 

The population parameters are calculated using the Maximum-

Likelihood equations. The procedure followed i n the present 

study i s now described. 

The d i s t r i b u t i o n of recaptures each month was tabulated 

according to the i n t e r v a l since l a s t capture, and the estimates 

were made from the tables thus constructed. The samples were 

taken at unequal i n t e r v a l s of time, and as some regular time 

scale was required f o r the c a l c u l a t i o n of various rates e.g. 

sur v i v a l rate, an a r b i t r a r y i n t e r v a l of 28 days was selected. 
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Trap m o r t a l i t y was taken i n t o account i n the equations f o r 
estimating population size. Each trapping was considered as a 
l i n k i n a sampling chain with time ' t • being the o r i g i n of the 
chain, and time ' t ' the end. The symbols used i n the 
equations, with t h e i r meanings are as follows:-

= the number of i n d i v i d u a l s captured at time ' t ' 

d^ = the number of i n d i v i d u a l s found dead i n the traps 

at time 1 1 1 

Rj. = the number of i n d i v i d u a l s released a l i v e at time ' t 1 . 

From the above, - d^ = ( l ) 

u. = the number of animals i n 'C • which had not been t t 
previously captured. 

s t - the number of animals i n 'Ĉ ' which had been caught 

at least once previously. 

Hence, Ct = u^ + (2) 

The 's^' part of 'Ĉ ' i s composed of two f u r t h e r components, 

n̂ . = recaptured i n d i v i d u a l s not captured at time ' t - 1 * . 

m̂ _̂  = recaptured i n d i v i d u a l s captured at time ' t - l 1 . 

Hence, s^ = n^ + (3) 

"\jf^ = the t o t a l number of animals captured at least once which 

are a l i v e i n the population as a whole at time ' t ' then i f 

*t " u t " d t M 



then, immediately a f t e r the release of the 'R̂ 1 l i v i n g animals 

at time ' t 1 , the t o t a l number of t h i s class i n the population 

w i l l be "\jf^ + y t > Then, i f : -

P̂. = the s u r v i v a l f a c t o r over the i n t e r v a l of time ! t ' to 

* t + 1 1 then the number a l i v e at the time of the next 

trapping w i l l be 

P t <Vft + j r j (5) 

= the t o t a l number of i n d i v i d u a l s a l i v e at the trapping 

at time 1 t ' . 

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

B^ •» the rate of d i l u t i o n of the population over the i n t e r v a l 

of time ' t ' to ' t + l 1 , and 

B t - * t - P t <6> 

Having explained the symbols used i n the equations, the 

l a t t e r may now be presented. I n the calculations the value of 

' Y ^ ' i s f i r s t determined, together w i t h i t s variance (V), then 

'N̂ * i s estimated, the formula f o r which incorporates the value 

of • The variance of 'N̂ .' i s also calculated. Once 

'•y^' and 'Nj.' are known, the value of 'A^*, and 'B^' 

may be calculated. 
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Equations used to calculate the population parameters 

i . Population size 

Vt " n t + l R t + 8 t (t - 0, 1, 2 , T-l) (1) 
m t , t + l 

V0/V - ^ t + u t ) 2 n t + i ( 2 ) 

s t + l m t , t + l 

N t • V t ( ° t + ^ ^ • ° ' i f 2 ' T - 1 ^ ^ 

V(N t) - N t
2 u + T ( y i ) (4) 

( 8 t + 2) (C t + 1) 

i i . Rate of increase 

V « I I . . ( t = 0, 1. 2 T=2) (5) 
t t+1 

( V d t ) 

i i i . Survival 

P t = ^ t + 1 ( t = 0, 1, 2, T-2) (6) 

i v . D i l u t i o n 



The variances of and 'N^1 above are corrected by a 

correction f a c t o r . This f a c t o r i s obtained by summating the 

' V * t ' v a^- u e s ^ n e ' s t ' "values of the chain of samples, f i n d i n g 

the r a t i o between them and subtracting i t from one. The 

variances are then m u l t i p l i e d by the correction f a c t o r . The 

standard errors of the estimates i n the present study were 

obtained from variances corrected i n t h i s way. 

The analysis above i s preliminary, but i f the d i l u t i o n 

f a c t o r 'B ' i s found to be low i n the non-breeding season 

( i d e a l l y zero or negative) then more exact analysis of death 

rate (and hence s u r v i v a l r a t e ) , and rate of increase, may be 

entered upon. The equations given below were used i n the 

present study to estimate death r a t e , rate of increase, and 

d i l u t i o n r a t e , over a standard i n t e r v a l of 28 days. 

wx = u n i t y , i f the i n t e r v a l between trappings equals 28 days, 

p. «= rate of increase from time ' t 1 to ' t + w1. 
X 

Ajj. = death r a t e . 
/ * 

= d i l u t i o n r a t e . 

P t - l o g e \ (8) 
w t 

A D - l 0 g e ft ( 9 ) 

w t 

fit * ft + P t ....(10) 

The r e s u l t s of the c a l c u l a t i o n of the various population 

parameters are given i n the sub-sections dealing w i t h population 

size (pp. 47-77 ) , and s u r v i v a l (pp. 78-97). 
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I I I . CHANGES IN POPULATION SIZE, MARCH, I963 TO JANUARY, I965 

1. Introduction 

The estimated population sizes of the two Clethrionomys 

and Apodemus populations are given i n Tables 12-15- The 

population size was estimated f o r the sexes separately by the 

method of Leslie et a l (1953)» and f o r the sexes combined by 

t h i s method and that of Hayne (1949a). The estimates obtained 

by both methods are presented i n Tables 16-18. The f u l l 

d e t a i l s of a l l the population parameters calculated by the 

maximum-likelihood equations are given i n Tables 12-29. The 

figures showing population trends (Figs, f & Q) are compiled 

from the 'N̂ * values estimated by the method of Leslie et a l 

(1953)» Where 'N̂ ' values could not be calculated, e i t h e r 'Ĉ 1 

values or the estimates made using Hayne's (1949a) method were 

used, d e t a i l s are given where appropriate. 

2. Population trends i n the Apodemus and Clethrionomyq 
populations 

a) The Clethrionomys population on g r i d A 

The population trends of Clethrionomys and Apodemus on 

g r i d A are shown i n Fig. 7, and the population estimates are 

given i n Tables 12 and 13 respectively. 

The numbers of Clethrionomys were low at the time of the 

f i r s t comprehensive trapping of the g r i d i n March, I963, and 



they declined s t i l l further to reach what was found to be a 
minimal value i n Ap r i l . Breeding began to 3well the numbers 
between May and June, and i n June the population was twice as 
large as i t had been i n A p r i l . The population continued to 
increase i n size u n t i l August, there being a rapid rate of 
increase between June and July. Prom August onwards the 
population increased greatly i n size to eventually reach a 
peak value i n October. The population i n October was four 
times larger than i t had been i n A p r i l . The numbers f e l l 
s l i g h t l y between October and November, and then declined sharply 
between November and December. The numbers continued to 
decrease from December 1963 u n t i l April I964. The April 1964 
population was some 50$ larger than that estimated for April 
I963. From May to October 1964 the numbers rose steadily and 
reached a maximum value i n the l a t t e r month of similar dimen­
sions to that recorded for October 1963. From October to 
November, however, there was a considerable decrease i n 
numbers and this decrease continued u n t i l January 1965» which 
was the f i n a l trapping on this grid. In January I965 the 
population was only one-third of the October population i n 
size. This rapid decline i n numbers was due partly to an 
increased mortality i n the traps (see P. 22 ). The population 
trends were similar i n 1963 and 1964» but there i s a suggest­
ion that the population i n I965 w i l l be low, based upon the low 
number of animals caught i n January 1965. This suggestion i s 
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Month 

1965 

Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1964 

Jan. 
Mar. 
Apr. 
May 
July 
Aug. 
.Sept.. 
Oct. 
Nov. 

1965 

Jan. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
i f 
18 

19 

15.4 
13.1 
23.9 
25.9 
36.O 
29.3 
38.7 
72.0 
64.2 

46.0 
H 69.1 

27.4 
34.3 
20.2 
24.5 
46.0 
55-B 
53.1 

N. 

22.0 
25.0 
51.5 
64.1 
66.3 
78.8 

103.3 
97.9 
66.8 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

4.8 
6.0 
7.3 

14.3 
11.1 
11.4 
13.1 
6.9 
4.4 

50.6 2 4.2 
90.5 J 5-9 
34.3 I 5.4 
63.8 i 7.7 
70.2 t 15.9 
78.0 £ 16.2 
83.7 J 19.8 
ok*-* -i-ivO-
61.6 i 19.7 

X 

1.136 
2.060 
1.245 
1.034 
1.188 
1.131 
0.948 
0.682 
0.757 

"1.788 
0.379 
1.860 
1.100 
1.111 
1.073 
1.196 
-G.61-5-

B. 

O.56O 
1.000 
0.721 
0.591 
0.444 
0.514 
1.000 
0.721 
0.620 

'1.000 
*0.334 
1.000 
0.341 
0.388 
0.420 
0.538 

0.576 
1.060 
0.524 
0.443 
0.744: 
0.617 

-0.052 
-0.039 

0.137 

0.788 
S0.045 
0.860 
0.759; 
0.723 
0.714 
O.658 
0.083 

Table 12 . Estimated population parameters from a preliminary 
analysis of data from Clethriohomys on Grid A, 
using the Maximum-Likelihood Method of Leslie 
et al (1953); Data for the two sexes are combined. 
For explanation of symbols see Page 43. 

x Doubtful estimate. 



supported by information from the degree of breeding success 
attained (p. 101), and the survival rate (p. 7 8 ) i n 1964-

b) The Anodemus population on grid A 

In March 1963 the numbers of Apodemus on grid A were at 
a similar level to those of Clethrionomys. From March to June, 
however, the numbers trapped on the grid declined greatly, and, 
i n fact, from April to September I963 inclusive the catches did 
not reach double figures. Prom September to October 1963, 

however, there was a high rate of increase and the population 
quadrupled i n size. The population continued to increase i n 
size u n t i l December 1963, by which time the numbers were i n 
excess of those of Clethrionomys for the f i r s t time. The 
numbers remained at a high level u n t i l March 1964 > but between 
March and April the population decreased greatly i n size to 
reach a level of population only 50$ of the March value. The 
numbers continued to decrease, and, as i n 1963» only a few 
individuals were captured i n the summer months. From August 
to September the population increased rapidly i n size, and by 
October was almost as large as i t had been i n December the 
previous year. The numbers did not remain high for long, 
however, and by January I965 the population had been reduced to 
one-third of i t s size i n October 1964. This sharp f a l l i n 
numbers closely paralleled the situation i n Clethrionomys, 
although without the trap-mortality associated with the f a l l i n 
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Month t N t 
+ e P t B t 

1963 

Mar. 0 
Apr. 1 8.7 13.9 + 2.3 0.539 0.664 -0.125 
May 2 7.5 . 7.5 T 1.2 0.600 0.600 0.000 
June 5 K 4.5 + mm 1.2 *5.489 "l.OOO !?4.489 
July 4 *11.0 24.7 X 

i 
4.2 0.271 0.125 0.146 

Aug. 5 2.0 6.7 T - 1.642 0.300 1.342 
Sep. 6 2.7 11.0 T 

x 
3-9 3.545 0.965 2.580 

Oct. 7 8.4 39.0 X 
t 

7.8 1.272 0.911 O.36I 
Nov. 8 27.7 49.6 T 

_ j _ 
6.2 1.693 0.923 O.77O 

Dec. 9 39-4 84.0 T 8.3 0.856 0.549 0.307 

1964 

Jan. 10 35-9 71.9 + 12.6 1.160 0.808 0.352 
Mar. n 54-9 83.4 T 1 6.5 0.475 O.276 0.884 
Apr, 12 21.8 39.6 7.6 0.805 0.866 -0.391 
May 13 31.0 31.9 + 

1 
- 0.226 0.114 0.112 

July 14 4.0 7.2 + 
1 

- 1.000 0.090 0.910 
- Aug; J.? a. r\-

<t. V 7.2 T i — C ATO Q flii-1 . 
V I W"f J. 

- 4.631 
Sep. 16 7.6 39.4 T 

Ma 

i 
10.1 2.053 0.678 1.375 

Oct. 17 19.4 80.9 + 14.6 0.842 0.725 0.117 
Nov. 18 53.2 68.1 + 9.3 - - -
1965 

Jan. 19 - - mm -

Table 13 . Estimated population parameters from a preliminary 
analysis of data from Apodemus on Grid A, using 
the Maximum-Likelihood Method of Leslie et al (1953). 
Data for the two~sexes are combined. For 
explanation of symbols see Page 43 • 

x Doubtful estimate. 
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the l a t t e r species. The rapid build up i n numbers i n the 
autumn of each year studied was caused by the large inf l u x of 
sub-adult animals of both sexes into the traps. Thus, with 
Apodemus as with Clethrionomys, the population changes were of 
similar pattern i n 1963 and 1964» there being a summer low 
followed by a great increase i n numbers i n autumn. Some 
differences between the two years existed, however, for i n 
1964 the peak numbers occurred i n October, two months earlier 
than i n 1963, and also the high population level was not kept 
up i n 1964-65. From December 1963 to April 1964 inclusive the 
numbers of Apodemus were greater than those of Clethrionomys. 
the population of the former remaining large after the autumn 
increase while the Clethrionomys population declined. This 
situation did not occur i n 1964-65 as both populations were i n 
decline at the same time. 

c) The Clethrionomys population on grid B 

The population trends of Clethrionomys and Apodemus on 
grid B are shown i n Fig. 8 and the population estimates are 
given i n Tables 14 and 15* 

When systematic trapping of grid B commenced i n March 1963 

the Clethrionomys population was i n decline. The decline 
continued u n t i l A p r i l , and the population remained small i n size 
u n t i l after May. The population then increased i n size at a 
high rate from May to July, but then increased less rapidly 



u n t i l September, by which time the numbers were twice what 
they had been i n May. No trapping was carried out i n October 
and November so i t is not known whether the population increased 
further i n size after September. By December 1963, however, 
the population had declined a great deal from i t s September 
level, and the trend continued downward, with minor fluctuat­
ions, u n t i l May 1964* From May to August 1964 the numbers were 
trebled, but after September the population decreased rapidly 
i n size u n t i l December 1964» the f i n a l trapping period. The 
decrease i n the numbers was partly due to high trap mortality 
i n November and December (p. 22 ) . 

d) The Apodemus population on grid B 

The numbers of Apodemus captured on grid B did not reach 
double figures i n any one month u n t i l December 1963. The 
population remained at the moderate December level (about 20 

animals) u n t i l March 1964? and then decreased i n size through­
out the summer. A few more animals were captured i n September 
and November 1964. The estimates showed a downward trend after 
September 1964> a feature held i n common with the Clethrionomys 
population. 

e) A comparison of the performance of the Clethrionomys 
populations on grid A and grid B 

The general pattern of the population fluctuations on 
the two grids i s similar, although the record i s less well 
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Month t 

1963 

Mar. 0 
Apr. 1 21.4 40.6 
May 2 32.0 41.0 
June 5 38.0 57.0 
July 4 39.7 79.5 
Aug. 5 47.6 79.4 
Sept. 6 51.2. 83.9 
Sec. 7 47.0 55.6 

1964 

Feb. 8 36.4 39.7 
Mar. 9 40.1 41.7 
May _ 10 25.6 ,,52.0 
June • 11 B 29.0 *40.0 
Aug. 12 17.3 99.0 
Sept. r r 68.1 92;6 
Nov. 14 56.3 51.8 
Dec. 15 

+ 
mm 

+ 

s B t 

5.5 1.010 1.000 
w 

0.010 
6.6 1.590 0.950 0.440 
5.6 1.395 0.794 0.601 
9.2 0.999 0.664 0.335 

11.6 1.057 0.651 0.406 
16.0 0.639 0.572 0.067 

0.740 0.535 0.205 

3.4 1.050 1.000 0.050 
11.4 „0 .767 0.568 0.199 
5-9 *1.250 "0.889 20.361 
5.5 2.475 "0.509 B 1.966 

22.8 0.935 0.754 0.181 
"8.4 ~ 0v559 •-07618--~ f\ ACA 
5.7 - -

Table 14. Estimated population parameters from a preliminary 
analysis of data from Clethrionomys on Grid B, 
using the Maximum-Likelihood Method of Leslie 
et a l (1955). Data for the two sexes are combined. 
For explanation of symbols see Page 43. 

x Doubtful estimate. I Half-grid only trapped. 

A 
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Month t 8 P t B t 
1963 

Mar. 0 NC NC NC NC NC 
Apr. 1 NC NC NC NC NC 
May 2 NC NC NC NC NC 
June 3 NC NC NC NC NC 
July 4 NC NC NC NC NC 
Aug. 5 NC NC NC NC NC 
Sept. 6 NC NC NC NC NC 
Dec. 7 NC NC NC NC NC 

1964 

Feb. 8 16.7 19.2 \ 3.7 0.937 0.962 0.025 
Mar. 9 18.0 18.0 ± 2.4 0.700 0.474 0.226 
May 10 9.0 12.6 i - 0.619 0.500 0.119 
June 1 11 6.5 7-8 J 0^961 0.400 O.56I 
Aug. 12 3.0 7.5 % — ' *8.067 s 1.000 -
Septv — 11..Q. 60.5 ± s 0,198 30.200 KQ.002 
Nov. 14 4.0 12.0 - - - -
Dec. 15 - — — — — 

Table 15 . Estimated population parameters from a preliminary 
analysis of data from Apod emus on Grid 2, using 
the Maximum-Likelihood Method of Leslie et al (1953)• 
Data for the two sexes are combined. For 
explanation of symbols see Page 43. 

1 Half-grid only trapped. n Doubtful estimate. 
NC * Not calculable. 
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documented for grid B. In 1963 the most s t r i k i n g difference 
between the two grids was the greater number- of animals present 
i n March on grid B, there being 80$ more than on grid A. 
Despite the extra breeding potential of the grid B population, 
however, there was no notable difference between the sizes of 
the late summer populations on the two grids. I t i s possible 
that the October peak on grid A would have been repeated on 
grid B i f records had been taken. Later evidence (p. 105 ) 

suggests that breeding was less successful on grid B, although 
survival was better than on grid A (p. 79 )• In March I964 the 
populations were of very similar dimensions and the resulting 
late summer populations were also of comparable size. The grid 
A population was apparently declining rapidly. The early winter 
decline i n numbers was common to both populations. 

f ) A comparison of the, perf ormance^-ofL -the-Apodemuŝ  .=.-=.-- =- -
populations on grid A and grid B. 

There i s l i t t l e material for v a l i d comparison of the two 
Apodemus populations, there being- few Apodemua captured on grid 
B. One fact which emerged, however, was that the autumn-influx 
of sub-adults was common to both grids, although on a much 
smaller scale on grid B. The early decline i n numbers i n 
autumn 1964> after the early autumn ris e , was common to both 
populations of Apodemus, and also to both Clethrionomys populations. 
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3. The population estimates of the sexes treated separately 

The population estimates of the sexes treated separately 
are given i n Tables 16 and 18 for Clethrionomys and Table 17 

for Apodemus. Also given are the population estimates for the 
sexes combined, and the summated values of the two sexes. For 
comparison the population estimates of the sexes combined 
according to Hayne's (1949a) method are given also. Close 
agreement may be seen between the estimated populations of the 
sexes combined, and the sum of the male and female estimates, 
thus indicating that the smaller numbers involved when the 
sexes are treated separately do not render the calculations 
unreliable. In Fig. 9 the population estimates from the method 
of Leslie et al (1953) are compared with the actual 'Ĉ ' values. 
For Clethrionomys on grid A i t may be seen that the population 
trends are similar for both 'Nj.1 and ' Ĉ ' values _with the -
exception of the estimates for October 1963 when the "Ĉ 1 

value i s low. There i s some suggestion of a seasonal variation 
i n the closeness of 'N̂ ' and 'C^1, there being closer agreement 
i n the summer than i n the winter. With Clethrionomys on grid B 
no regular variation i n the closeness of the estimate and the 
actual catch could be detected. With Apodemus on grid A the 
estimated 'Nj.' values were of doubtful significance during 
the summer because of the low numbers of animals, so seasonal 
variation i n the relationship between the numbers caught and 
those estimated could not be detected. Tanton (1965) found 



seasonal variation i n the agreement between estimates of the 
population size and the number of animals caught i n Apodemus. 
He found the greatest disparity between the two values i n the 
late winter and early spring. The closer agreement between 
the estimated and actual values i n the summer i s evident i n 
the Clethrionomys population on grid A (above) and i s i n agree­
ment with Tanton's results for Apodemus. 

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

The calculated density per acre of the Clethrionomys and 
Apodemus populations on grid A and grid B at each trapping 
period are given i n Table 19. In this table, an 'actual' and 
an 'adjusted' density per acre are given for both species. The 
•actual' density per acre is that density which is~"calculated 
i f the 'Nj.' values are considered to refer to a population of 
animals occupying the area of the grid (approximately 2.5 acres). 
The 'adjusted' density per acre i s that density which i s calcul­
ated to exist i f the animals estimated to be present (N^) are 
considered to have been drawn from an area equal to that of the 
grid plus that of a border s t r i p around the grid, the width of 
the border s t r i p being equal to half the Observed Range Length 
value calculated for Clethrionomys and for Apodemus. The 
'adjusted' density per acre for Clethrionomys i s calculated on 
the basis that the animals could be occupying 6.3 acres; that for 
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Date. 
Maximum Likelihood Method. 

Hayne' s 
Method 

Date. 1.Males 2. Females 3 . Males & 
Females 

1+2 Hayne' s 
Method 1963 

1.Males 2. Females 3 . Males & 
Females 

1+2 Hayne' s 
Method 

Mar. 18.0 8.0 26 .0 26.0 52 
Apr. 13.6 13.5 22 .0 27.1 30 
May- 14.1 9 .3 25 .0 23.4 31 June 20.2 18.0 51.5 38.2 42 
July 25.1 37.8 64.I 62.9 83 Aug. 25.4 41.9 66.3 67.5 84 Sept. 36.0 42.5 78.8 78.5 102 
Oct. 54.6 46.5 103.3 101.1 109 
Nov. 51.5 46.2 97.9 97.7 100 
Dec. 34.3 36.0 66.8 70.3 105 

1964 

Jan. 26.4 28.9 K 5 0 . 6 » 55.3 74 Mar. 40.8 68.9 90.5 *109.7 60 
Apr. 21.0 12.4 .,34.3 32.4 25 May 36.9 25.8 *63.8 62.7 43 July 36.6 32.6 70.2 69.2 59 
Aug. 44.* 5 XA..9 

S~T » — 
•70—r\ -/ u • XJ - -7 6 . 7 78 

Sept. 56.2 33.4 83.7 83.6 99 Oct. 55-1 36.5 100.1 91.6 107 
Nov. 40.0 23.0 61.6 63.O 89 

1965 

Jan. 27.O 6.0 33.0 33-0 54 

Table 16. Population estimates of Clethrionomys on Grid A. 
Estimates calculated for the sexes separately and for 
the sexes combined. Estimates calculated using Hayne's 
Method for the sexes combined are also given. 
at = Doubtful estimate. 
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Date. 
Maximum Likelihood Method. 

Hayne's 
Method 

Date. 1. Males 2. Females 3* Males & 
Eemales 

1+2 Hayne's 
Method 1963 

1. Males 2. Females 3* Males & 
Eemales 

1+2 Hayne's 
Method 

Mar. 16.0 8.0 24.0 24.0 21 
Apr. 3.0 3.9 13.9 6.6 10 
May 1.0 6.0 7.5 7.0 5 June 1.0 3 .0 * 4 * 5 4 .0 3 July 5.0 3.0 24.7 8.0 15 Aug. 6.0 3 .0 6.7 9 .0 23 Sept. 5.8 3 .0 11.0 8.8 11 
Oct. 21.4 14.0 39.0 35.4 42 
Nov. 25.2 25.O 49.6 50.2 61 
Dec. 52.2 28.9 84.O 81.1 88 

1964 

Jan. 48.0 27.4 71.9 75.4 85 
Mar. 40.7 35-4 83-4 76.1 83 Apr. 23.9 33.1 39.6 57-0 56 
May 14.0 17.8 31.9 31.8 40 
July 3-0 4 .0 7-2 7.0 11 
Aug. 3.0 4 .0 7.2 7.0 11 
Sept. 47.5 6.0 39.4 53.5 35 .Oct* -65,7 22.5 88.2 " " 57" ^ Nov. 49.9 21.8 68.1 71.7 66 

1965 

Jan. 18.0 8.0 26.0 26.0 36 

Table 17 . Population estimates of Apodemus on Grid A. 
Estimates calculated for the sexes separately and for 
the sexes combined. Estimates calculated using Hayne's 
Method for the sexes combined are also given. 
K = Doubtful estimate. 
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Maximum Likelihood Method 
Date. 1 . Males 2. Females 3* Males & 

Females 
1+2 Hayne * s 

Method 

1963 

Mar. 
Apr. 
May-
June 
July 
Aug. 
Sept. 
Dec. 

15.0 
25.0 
26 .1 
35.4 
45-7 
44.0 
46.2 
30.8 

17.0 
14.0 
14.8 
19.2 
32.8 
33-6 
36.6 
22.8 

32.0 
40.6 
41.0 
57-0 
79.5 
79.4 
83-9 
53.6 

32.0 
39.0 
40.9 
54.6 
78.5 
77.6 
82.8 
53.6 

45 
31 
48 
41 
71 
87 
85 
94 

1964 

Feb. 
Mar. 
May 
June 
A,,~ 
Sept. 
Nov. 
Dec. 

23.I 
14.1 
19-4 
19.2 
c c 0 
J-J-mC 

50.2 
30.2 
21.0 

18.4 
17.7 
12.8 
12.5 
1 r. r 

po.O" -
42.6 
21.7 
17.0 

39.7 
41.7 
32.0 

*40.0 
99vG 
92.6 
51.8 
38.0 

41.5 
31.8 
32.2 
31.7 

- -9'J".'8— 
92.8 
51.9 

59 
31 
38 
25 

- - 01 
87 

104 
60 

Table 18 . Population estimates of Clethrionomys on Grid B. 
Estimates calculated for the sexes separately and for 
the sexes combined. Estimates calculated using Hayne's 
Method for the sexes combined are also given. 
as = Doubtful estimate. 
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and Apodemus caught on grids A and B, and the number 
estimated to be present. The columns represent the 
tot a l estimated population. 



Apodemus on the b a s i s that the animals could be occupying 7.2 

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

reached for Clethrionomys was 46.9 per acre on gri d A and 45 »0 

per acre on gri d B. For Apodemus the greatest 'actual' d e n s i t i e s 

were 38.2 per acre on gri d A and 8.7 per acre on gri d B ( d i s ­

counting an obviously aberrant value of 27.5 per acre c a l c u l a t e d 

for September 1964). The 'adjusted' d e n s i t i e s per acre were 

obviously considerably l e s s , never i n f a c t reaching more than 

16.4 per acre for Clethrionomys and 11.7 per acre f o r Apodemus. 

These d e n s i t i e s per acre for Clethrionomys and Apodemus, 

even talcing the 'actual' d e n s i t i e s , are very low compared with 

those recorded for Microtus a g r e s t i s ( C h i t t y 1952) 

5. Summary and discussion 

The changes i n population s i z e of Clethrionomys on grids A 

and B have been described i n d e t a i l (pp. 47-56). The basic 

pattern of change was found to be the same i n both years and on 

both gr i d s . A low population i n spring increased s t e a d i l y i n 

s i z e throughout the breeding season to reach a peak l e v e l i n 

l a t e summer or e a r l y autumn. The high l e v e l of population was 

maintained during the autumn but decreased over winter to leave 

only a few animals as the breeding nucleus of the coming year. 

The modifications to t h i s b a s i c pattern i n autumn 1964 have 

been described and w i l l be discussed i n d e t a i l i n that part of 

the discussion dealing with s u r v i v a l and breeding (pp. 78-119). 

S i m i l a r population trends to those outlined above have been 



MONTH 

Clethrionomys Apodemus 

MONTH Grid A Grid B Grid A Grid B MONTH 
Act. Adj. Act. Adj. Act. Adj. Act. Adj. 

1963 

March 11.8 4.1 14.5 5.1 10.9 3.4 NC NC 
A p r i l 10.0 3.5 18 .4 6.4 6.3 1.9 NC NC 
May 11.4 3.9 18 .6 6.5 3.4 1.0 NC NC 
June 23.4 8.2 25.9 9.0 2.0 0.6 NC NC 
J u l y 29.1 10.2 36.1 12.6 *11.2 *3.5 NC NC 
Aug. 30.1 10.5 36.1 12.6 3.0 0.9 NC NC 
Sept. 35.8 12.5 38.1 13.3 5.0 1.5 NC NC 
Oct. 46.9 16.4 - - 17.7 5.5 - -
Nov. 44.5 15.5 - - 22.5 7.0 - -
Sec. 30.4 10.6 24.4 8.5 38.2 11.8 NC NC 

1964 

Jan. 23.0 8.0 • _ 32.7 10.0 «_ 

Feb. - - 18 .0 6.3 - - 8.7 2.7 
Mar. "41.1 s 14.4 18.9 6.6 37.9 11.7 8.2 2.5 
Apr. 15.6 5.4 - 18 .0 5.6 CD -
May 29.0 10.1 14.. 5 J5...1 14-! 5 4*5 - 5.7- 1.8 
June - mm *36.T » 6 . 3 mm - 7.1 1.1 
J u l y 31.9 11.1 - 3.3 1.0 - -
Aug. 35.4 12.4 45.0 15.7 3.3 1.0 6i8 
Sept. 38.0 15.3 42.1 14.7 17.9 ,5.5 "27.5 8.5 
Oct. 45.5 15.9 - - 36.8 11.4 - -
Nov. 28 .0 9.8 23.5 8.2 30.9 9.6 5.4 1.7 
Dec. - - 17.3 6.0 - mm NC NC 

1965 

Jan. 15.0 5.2 - - 11.8 3.7 - - • 

Table 19. The calc u l a t e d density per acre at each trapping 
period of Clethrionomys & Apodemus. 
Act. = Actual density over area of g r i d . 
Adj. = Adjusted density over area of gr i d 

plus ranging area (see t e x t ) . 
- = No trapping 
x = Doubtful estimate. 
NC = Not ca l c u l a b l e 
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Month I n t e r v a l n t + l m t , t+1 C t R t N t t1 t Pt fi t 
1963 

Mar. 
Apr. 
May 
June 
J u l y 
Aug. 
Sept. 
Oct. 
Nov. 
Sec. 

1.46 
0.75 
1.25 
1.00 
1.00 
1.25 
1.00 
1.00 
1.00 
2.00 

1 
3 
5 
2 
2 
1 

121 
17 1 

13 2 

8 
13 
17 
29 
23 
16 
26 
263 

26 
21 
18 
28 
57 
61 
71 
49 
55 
53 

24 
19 
18 
27 
56 
58 
69 
47 
52 
45 

mm 

22.0 
25.0 
51.5 
64.1 
66.3 
78.8 

103.3 
97.9 
66.8 

0.773 
0.062 
0.327 
0.526 
0.649 
O.665 
0.355 
0.327 
0.23? 

-0.169 
O.058 
O.219 
0.033 
0.139 
0.123 
-O.053 
^0.383 
=0.139 

0.604 
0.120 
0.546 
0.559 
0.788 
0.788 

^0.053 
-O.O56 

0.100; 

1964 

Jan. 
Mar. 
Apr. 
May 
J u l y 
Aug. 
Sept. 
Oct.^ 
Nov. 

1,43 
1.86 
1.53 
2.00 
1.00 
1.25 
2.00 
1.00 
2.00 

8 
12 
10 

7 
2 

3 1 

• i 
6 2 

17* 
16Z 

9 
20 

14 

415 
AO 
36 

31 
41 
24 
52 
59 
70 
98 
-87-
58 

28 
37 
24 
51 
58 
70 
81 
7 T • i 
49 

K 50.6 
90.5 
34.3 
63.8 
70.2 
78.0 
83-7 

100.1 
61.6 

Ô.OOO 
H0.589 

0.000 
0.538 
0.947 
0.694 
O.309 
€\ CSV 

mm 

^0.407 
=0.522 
O.4O6 
0.048 
0.105 

-0.056 
0.089 

.-.rs *.aC-. 

*0.082 
K0.067 
O.4O6 
0.586 
1.052 
0.638 
0.398 
r\ 1 A.c-

1965 

Jan. - 55 22l 33 29 - - - am 

Table 20. Population parameters of Clethrionomys on Grid A 
estimated using the Maximum-Likelihood Method of 
L e s l i e et a l t l953)« Data for the two sexes are 
combined. Estimate's of death-rate ( yu t), rate of 
increase (p-t), and d i l u t i o n rate (/O are with 
reference to a standard i n t e r v a l of 28 days. For 
explanation of other symbols see Page 43 . 

Superscripts denote dead animals, 
x Doubtful estimate. 
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Month I n t e r v a l n t + l m t , t + l °t R t N t P t / S t 
1963 

Mar. 1.46 _ 24 24 _ " _ _ _ 

Apr. 0.75 - 4 7 7 13.9 0.546 -0.824 . 0.278 
May 1.25 2 3 5 5 . 7.5 0.409 -O.409 0.000 
June 1.00 1 2 3 3 0.894 NC *0.894 
J u l y 1.00 1 2 8 8 24.7 2.079 NC 2.079 
Aug. 1.25 1 1 9 9 6.7 O.963 0.397 1.360 
Sept. 1.00 0 1 7 7 11.0 O.036 O.265 0.301 
Oct. 1.00 1 4 27 27 39.0 0.093 0.241 0.334 
Nov. 1.00 2 16 33 33 49.6 0.080 *0.078 0.002 
Sec* 2.00 5 17 48 48 84.0 0.299 0.104 0.405 

1964 

Jan. 1.43 8 22 1 62 61 71-9 0.149 -0.400 -0.251 
Mar. 1.86 4 41 69 69 83.4 0.692 -0.142 0.550 
Apr. 1.53 2 14 30 30 39.6 0.094 0.094 
May 2.00 5 26 32 32 31i9 "1.085 -0.744 ,0.341 
J u l . 1.00 0 4 8 8 7.2 2,408 0.000 2.408 
Aug. 1.25 0 4 8 8 7.2 0.194 1.560 1.360 
Sept. 2.00 0 4 25 25 39.4 0.322 0.359 0.553 
ww-v . . 1 — I M I . o 1 A \ \J T A | V o n n n 1 T O 

— v/« JL'f C • 

r\ An A . — v / « ' ^ 7 * + — 

Nov. 2.00 4 44 63 62 68.1 -
1965 

Jan. - 2 24 26 26 - - - -

Table 21 • Population parameters of Apodemus on Grid A estimated 
using the Maximum-Likelihood Method of L e s l i e et a l 
(1953)* Data f o r both sexes are combined. For other 
d e t a i l s see footnote to Table %o , and Page 43 • 

x Doubtful estimate. 
NC = Not c a l c u l a b l e . 
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Month I n t e r v a l t+1 m t , t + l C t R t N t * t /3 t 
1963 

Mar. 1.43 32 31 — ' _ - _ 
Apr. 0.75 - 9 1 19 18 40.6 0.384 0.013 0.397 
May- 1.25 11 16 35 35 41.0 0.041 0.263 0.304 
June 1.00 3 21 36 35 57.0 0.231 0.333 0.564 
J u l y 1.00 8 20 2 60 57 79.5 0.409 -0.001 0.408 
Aug. 1.25 7 34 72 69 79.4 0.343 0.047 0.390 
Sept. 2.00 4 77 76 83.9 0.279 -0.224 0.055 
Dec. 2.43 3 44' 68 54 53.6 O.257 -0.124 0.133 

1964 

Feb. 1.14 0 2 2 1 25 24 39.7 .0.000 0.043 .0.043 
Mar. 2.00 9 i 15 2 29 25 41.7 0.283 -0.112 ,0.171 
May 0.36 9 1 14 30 29 32.O *0.137 *0.308 *0.445 
June * 2.57 1 11 17 17 a 40 .0 0.263 '0.353 *0.6l6 
Aug. l e l l 7 7. 87 85 99.0 O.254 -0.060 0.194 
Sep. 2;bo 2- 5 2 i - "77 74 1 92i"6 0i24r6" -0.291 r 

Novi 1.25 82 4 2 1 1 69 46 51^8 mm - mm 

Dec. 4 2914 38 21 mm mm 

Table 22 . Population parameters of Cletfifibriom.ys on Grid B 
estimated using the Maximum-Likelihood Method of 
L e s l i e e t a l " (1953). Data for the two sexes are 
combined. For other d e t a i l s see footnote to 
Table 20 , and Page 43 • 

i Half of g r i d only trapped, 
x Doubtful estimate. 
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Month I n t e r v a l n. . t+1 m t , t + l c t R t H t f * p t 
1963 

Mar. 1.43 mm _ 2 2 NC NC NC NC 
Apr. 0.75 0 1 1 1 NC NC NC NC 
May 1.25 0 0 1 1 NC NC NC NC 
June 1.00 0 0 0 0 NC NC NC NC 
July 1.00 0 0 6 6 NC NC NC NC 
Aug. 1.25 0 0 0 0 NC NC NC NC 
Sept. 2.00 0 0 2 2 NC NC 1.26 NC 
Dec. 2.43 0 0 19 19 NC NC 0.004 NC 

1964 

Feb. 1.14 0 12 14 14 19.2 O.O34 ^0.057 -0.023 
Mar. 2.00 3 9 13 13 18.0 0.37-3 -0.179 0.194 
May 0.86 3 6 13 13 12 .6 0.806 -0.558 0.248 
June * 2.57 0 4 5 5 7.8 NC -0.015 NC 
Aug. 1.11 1 2 9 9 7-5 NC s1.881 NC 
Sept. " 2 i 00 0 r 10 10" 1 s6"0;5 *0.8O5 *OT169" *0.974 
Nov. 1.25 2 2 14 14 12.0 - - — 
Dec. 0 6 17 7 

Table 23 . Population parameters of Apodemus on Grid B estimated 
using the Maximum-Likelihood Methods of L e s l i e et a l 
(1953). Data for the two sexes are combined. For 
other d e t a i l s see footnote to Table 20, and Page 43. 

1 Half-grid only trapped, 
x Doubtful estimate. 
NC * Not c a l c u l a b l e . 
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described a l s o for Clethrionomys by Evans (1942), Brown (l954)f 
Newson (I965), and Kikkawa (1964). That such patterns of 
population f l u c t u a t i o n within one year are widespread among 
small rodents l i v i n g i n a v a r i e t y of habitats may be i l l u s t r a t e d 
by reference to the work of Chitty (1952) and Godfrey (1955) on 
wild populations of Microtus a g r e s t i s (the s h o r t - t a i l e d f i e l d 
v o l e ) ; Clarke (1955» 1958) on experimental populations of 
M. a g r e s t i s i n large enclosures; and Frank (1957) and Van 
Wijngaarden (I96O) on communities of Microtug a r v a l i s (the 
Continental vole) kept i n outdoor cages. I n America also, 
s i m i l a r trends i n population change have been recorded for 
various species of Peromyscus ( a mouse s i m i l a r to Apodemus) by, 
among many others, B l a i r , ( l 9 5 l ) » Snyder (1956), and Bendell 
(1959; 1961); for Clethrionomys ( B l a i r , 1941); and Microtus 
(Getz, 1960; Jameson, 1955)' The trends described for 
GlethrionomyrS i n the-.pre.sent study may therefore be regarded as. 
representative of those displayed by many small rodents. 

The population changes described for Apodemus i n the 

present study, however, are unusual i n many ways (pp. 50-51)' 

The unnaturally low number of captures made throughout the 

summer months of each year studied presents a problem of 

int e r p r e t a t i o n . I t would be expected that the numbers i n the 

population would increase during the breeding season, and that 

t h i s increase would be indicated i n the trapping record. Instead 

of t h i s occurrence however, there was an autumn i n f l u x of 

http://the-.pre.sent


animals which caused the population s i z e to increase enormously 

i n a short period of time. Population studies on Apodemus have 

been described by Elton et a l (1931), Evans (1942), Hacker and 

Pearson (1944, 1946, 1951. and 1952), Brown (1954), M i l l e r (1958), 

Ashby (1962), Newson (1963X Kikkawa (1964), and Tanton (1965). 

Many of these workers observed that low catches were made i n 

the summer and very high ones made i n the autumn. The 

population trend recorded by Newson (I96O) for Apodemus was not 

t y p i c a l as winter breeding had occurred i n h i s populations, a 

phenomenon previously described by Baker (1930) and Steven 

(1957)« No winter breeding took place during the present study. 

Kikkawa (1964) captured considerable numbers of Apodemus during 

the summer i n Wytham Woods, Berkshire, but he s t i l l observed 

an increased capture rate i n the autumn. 

I n the present study only a few of the animals involved i n 

the autumn i n f l u x into the traps had been captured previously. 

This was found also by M i l l e r (1958) and Tanton (1965). 

M i l l e r (1958) a t t r i b u t e d the autumn i n f l u x to the immigration 

of animals into the trapping area from adjoining c o r n - f i e l d s 

a f t e r harvest, i n f e r r i n g that breeding had occurred there. 

Ashby (pers. comm.) considered that a high degree of breeding 

success i n l a t e summer was the main cause of the autumn increase, 

and he reported having captured many j u v e n i l e s . I n the present 

study, and i n that of Tanton (1965), the explanation, advanced 

by M i l l e r (1958) and Ashby (1962) i s inadequate. Very few 



j u v e n i l e s were involved i n the i n f l u x i n the autumn, most of 

the animals weighed more than 15 grams and many were i n breed­

ing condition, although meriting d e s c r i p t i o n as sub-adults 

from t h e i r weight and general appearance. Also, i n the present 

study and that of Tanton (1965), the number of animals caught 

and the estimated population s i z e continued to increase u n t i l 

the l a t e winter, although breeding had ceased by October-

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

explanations of the autumn i n f l u x of animalst-

1) they were migrating across the area i n a c e r t a i n d i r e c t i o n , 

2) immigration was occurring from a l l sides, 

3) animals were present on the area but were not being 

caught f o r behavioural reasons. 

Tanton (1965) examined h i s data s t a t i s t i c a l l y to see which of 

the three stated explanations was the most l i k e l y to be the 

true one. He found no evidence of migration across the area, 

nor of immigration into i t , he thus concluded that the animals 

were present throughout the summer, and were breeding i n the 

study area, but few were being captured because the majority 

evaded capture through behavioural reasons. A possible cause 

of the changed response to traps may be a change i n feeding 

behaviour with a change i n the a v a i l a b l e food. Holisova (196O) 

and M i l l e r (1954)i recorded that animal food was predominant 

i n the stomachs of Apodemus i n the summer, while green food 

and seeds became more dominant i n the autumn and winter. 



This could cause a lack of i n t e r e s t i n grain-baited traps when 

animal (mainly i n s e c t ) food i s a v a i l a b l e . Such a change i n 

response to traps was recorded by Kikkawa (1964) who observed 

decreased i n t e r e s t i n traps by mice i n summer and by voles i n 

winter. The increased i n t e r e s t i n traps as the cold weather 

begins could w e l l be, as Tanton (1965) suggests, due to the 

supply of in s e c t food decreasing at a time when the metabolic 

requirements of the animals are increasing. Tanton (1965) 

further maintains that l i v e - t r a p p i n g of Apodemus i n the summer 

i s i n e f f e c t i v e f or purposes of population estimation as the 

ba s i c requirements for random sampling are not met. I n the 

present study t r a p - l i n e s set i n adjoining c o r n - f i e l d s during 

the summer did not catch any Apodemus thus rendering M i l l e r ' s 

explanation u n l i k e l y . Ashby (pers. comm.) reports that during 

the years of the d e t a i l e d part of h i s study from 1954-1959 

i n c l u s i v e , there was some i n d i c a t i o n of Apodemus being l e s s 

e a s i l y trapped than usual i n mid-summer i n some years. However, 

i n view of the generally good representation of j u v e n i l e s i n 

the catch he believes t h i s to be exceptional. He suggests 

that the differences i n trapping technique between himself and 

Tanton and the w r i t e r may be important fac t o r s i n producing 

t h i s marked difference of behaviour. 
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Month I n t e r v a l t+1 m t , t + l C t R t N t 
1965 

Mar. 1.46 _ 18 16 — 

Apr. 0.75 - 10 1 15 14 13.6 0.726 
May- 1.25 0 7, 12 12 14.1 0.025 
June 1.00 1 7 1 16 15 20.2 0.434 
J u l y 1.00 2 9 23 23 25.1 0.426 
Aug. 1.25 1 15 27 26 25.4 0.719 
Sept. 1.00 0 11 36 35 36.0 O.564 
Oct. 1.00 0 8 25 23 54.6 0.355 
Nov. 1.00 6.1 11 28 26 51.5 0.357 
Sec. 2.00 10 1 15 2 32 27 34.3 0.249 

1964 

Jan. 1.43 3 12 19 17 26.4 *0.142 
Mar. 1.86 6 122 25 22 H40.8 *0.502 
Apr. 1.53 5 7 16 16 21.0 0.054 
May 2.00 3 12 32 '31 36.-9 0.526 
J u l y 1.00 10 1 35 34 36.6 0.959 
Aug. 1.25 1 8 40 40 44.5 0.820 
Sept. 2.00 1 235 57 47 50.2 0.391 
Oct. 1.00 1 22 1 53 48. •55.1 . 0,55-7 -
Nov. 2.00 2 24 37 32 46.O 

1965 

Jan. - 45 19 1 27 23 - -

Table 24. Population parameters of Clethrionomys males 
on Grid A estimated using the Maximum-Likelihood 
Method of L e s l i e et a l (1953). No estimates of 
rate of increase or d i l u t i o n rate are given for 
one sex treated alone. For other d e t a i l s see 
footnote to Table 20 , and Page 43 . 

x Doubtful estimate. 
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Month I n t e r v a l n. , t+1 m t , t + l C t R t N t 
1963 

Mar. 1.46 8 8 
Apr. 0.75 - 3 6 5 13.5 0.000 
May- 1.25 1 1 6 6 9.3 0.000 
June 1.00 2 6 12 12 18.0 0.208 
Ju l y 1.00 3 8 34 33 37.8 0.583 
Aug. 1.25 1 14 34 32 41.9 0.616 
Sept. 1.00 2 12 35 34 42.5 0.746 
Oct. 1.00 1 8 24 24 46.5 0.000 
Nov. 1.00 6 1 5 1 27 26 46.2 0.190 
Dec. 2.00 7 l l 1 21 18 36.0 0.193 

1964 

Jan. 1.43 5 5 1 12 11 28 .9 0.356 
Mar. 1.86 6 4 16 15 *68.9 "0.849 
Apr. 1.53 5 2 8 8 12.4 0.000 
May 2.00 4 8 20 20 25.8 0.518 
Jul y 1.00 1 5 25 25 32.6 0.926 
August 1.25 2 7 30 30 34.2 0.772 
Sept. 2.00 2 l 18 4-1 34 33.4 0.241 
Oct. l.OO 0 1.7-5 35 2* 36,5. Q-,644 
Nov. 2.00 A2' 12 2 l 17 23.6 -
1965 

Jan. 1 3 6 6 - -

Table 25. Population parameters of Clethrionomys females, Grid A, 
estimated using the Maximum-Likelihood Method of 
L e s l i e et a l {1953). No estimates of ra t e of 
increase or d i l u t i o n rate are given f or one sex 
treated alone. For other d e t a i l s see footnote to 
Table 20 and Page 43 . 

x Doubtful estimate. 
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Month I n t e r v a l t+1 m t , t + l C t R t N t 
1963 

Max. 1.43 _ _ 15 14 mm _ 
Apr. 0.75 - 5 1 15 12 25.0 0.059 
May 1.25 6 11 22 22 26.1 0.049 
June 1.00 2 130 20 20 35.4 0.365 
J u l y 1.00 6 102 56 54 45-7 0.322 
Aug. 1.25 4 22 59 38 44.0 0.267 
Sept. 2.00 3 45 42 46.2 0.251 
Sec. 2.43 2 26 6 42 31 30.8 0.285 

1964 

Feb. 1.14 0 11 10 23.1 O.563 
Mar. 2.00 6 5 1 15 13 14.1 0.081 
May 0.86 5 1 6 17 16 19.4 0.596 
June 1 2.57 1 6 12 12 19.2 O.256 
Aug. 1.11 2 5 51 50 55.2 0.307 n i_ 
OCJJb. X 44 42 50.2 b.204 " ' 
NOv. U25 4 1 269 41 27 30;2 -
Sec. 2 1 5 i o 21 9 ** 

Table 26. Population parameters of Clethrionoroys males on 
Grid B estimated using the Maximum-Likelihood 
Method of L e s l i e e t a l (1953). For other d e t a i l s 
see footnote to Table 20 , and Page 43 . 

1 H a l f - g r i d only trapped. 
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Month I n t e r v a l n t + l m t , t + l C t R t N t ft 
1963 

Mar. 1.43 — _ 17 17 
Apr. 0.75 - 4 6 6 14.0 0.045 
May 1.25 5 5 13 13 14.8 0.157 
June 1.00 1 8 16 15 19.2 0.070 
J u l y 1.00 2 10 24 23 32.8 0.569 
Aug. 1.25 3 12 33 31 33-6 0.447 
Sept. 2.00 1 1 7 i 34 34 36.6 0.319 
Sec. 2.43 1 18 1 26 23 22.8 0.170 

1964 

Feb. 1.14 0 15, 14 14 18.4 0.038 
Mar. 2.00 3 1 101 14 12 17.7 0.256 
May 0.86 4 8 13 13 12.8 0.345 
June I 2.57 0 5 5 5 12.5 0.277 
Aug. 1.11 5 2 36 35 38.6 0.174 

1— . w w nil 
- C £ -

;><:- - 4£Y0~ " O.292 
Nov. 1.25 4 1 I 6 2 28 19 21.7 -
Sec. 2 144 17 12 mm 

Table 27 . Population parameters o f Clethrionomys females 
on Grid B estimated using the Maximum-Likelihood 
Methods of L e s l i e et a l (1953). For other 
d e t a i l s see footnote to Table 20 and Page 43 • 

1 H a l f - g r i d only trapped. 
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Month I n t e r v a l n. , t+1 °t R t N t f * 
1963 

Mar. I .46 _ 16 16 
Apr. 0.75 - 2 3 3 2.7 NC 
May- 1.25 1 0 1 1 NC NC 
June 1.00 0 1 1 1 NC NC 
July 1.00 0 0 5 5 NC NC 
Aug. 1.25 0 1 6 6 NC NC 
Sept. 1.00 0 1 4 4 5.8 NC 
Oct. 1.00 1 3 18 18 21.4 0.228 
Nov. 1.00 1 11 20 20 25.2 0.066 
Dec. 2.00 2 11 32 32 52.2 0.241 

1964 

Jan. 1.45 4 141 36 35 48.0 0.309 
Mar. 1.86 4 19 34 34 40.7 0.423 
Apr. 1.53 2 14 22 22 23.9 0.344 
May 2.00 1 13 14 14 14.0 NC 
July 1.00 0 2 3 3 NC NC 
Aug. 1.25 0 2 3 3 NC NC 
Sept. 2.00 0 1 18 18 41.5 •0..11-5 
Oct. 1.00 2 9 44 44 65.7 0.259 
Nov. 2.00 4 27 40 40 49.9 -
1965 

Jan. - 2 16 18 18 -

Table 28 . Population parameters of Apodemus males on Grid A 
estimated using the Maximum-7Likelihood Method of 
L e s l i e et a l (1953). For other d e t a i l s see 
footnote to Table 20 and Page 43 . 

NC = Not c a l c u l a b l e . 
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Month I n t e r v a l n, , t+1 m t , t + l C t R t N t 
1963 

Mar. I . 4 6 8 8 
Apr. 0.75 - 2 4 4 3.9 NC 
May 1.25 1 3 4 4 6.0 NC 
June 1.00 1 1 2 2 3.0 NC 
Ju l y 1.00 1 2 3 3 NC NC 
Aug. 1.25 0 1 3 3 NC NC 
Sept. 1.00 0 0 3 3 NC NC 
Oct. 1.00 0 1 9 9 14.0 NC 
Nov. 1.00 1 5 13 13 2.5.0 0.137 
Dec. 2.00 3 6 16 16 28 .9 0.299 

1964 

Jan. 1 = 43 4 8 26 26 27.4 0.118 
Mar. 1.86 1 22 36 36 35.4 0.262 
Apr. 1.53 0 15 23 23 33.1 0.373 
May 2.00 4 13 18 18 17.8 1.09* 
July 1.00 0 2 5 5 4.0 NC 
Aug. 1.25 0 3 5 5 4.0 NC 
Sept. 2,00 0 -J- 1 - " -7 - 6.0 NC 
Oct. 1.00 0 17 26 26 22 .5 0^691 
Nov. 2.00 0 8 23 22 21.8 -
1965 

Jan. - - - 8 8 - -

Table 29 . Population parameters of Apodemus ~ females on 
Grid A estimated using the Maximum-Likelihood 
Methbdof L e s l i e e t a l (1953). For other 
d e t a i l s see footnote to Table 20 and Page 43 . 

NC = Not c a l c u l a b l e . 
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IV. SURVIVAL 

1. Survival of the t o t a l population 

The s u r v i v a l rates (P^.) corrected f or a standard i n t e r v a l 

of 28 days are given i n Table 30. The survivorship curves are 

shown for Clethrionomys i n Pigs. 10a,b, and 11a, and for 

Apodemus i n F i g . l i b . The corrected 1 • was calc u l a t e d from 

the formula l-yj^ ( y ^ 1 = * i i e death rate per 28 days, c a l c u l ­

ated as described on pp. 45-46 and i s given i n Tables20 -29 ) • 

a) Clethrionomys. Grid A (Table 30, F i g s . 10a, 11a) 

The s u r v i v a l rate of overwintered animals (sexes 

combined) was low between A p r i l and May 1963, but very high 

between May and June (0 . 9 4 ) « Throughout the breeding season 

the s u r v i v a l of the population as a whole became i n c r e a s i n g l y 

poor, and was down to j u s t over 30$ per 28 days between 

September and October. During autumn and winter the s u r v i v a l 

rate improved, reaching a very high l e v e l between January and 

March 1964. S u r v i v a l was poor between March and A p r i l I964, 

but was ex c e l l e n t between A p r i l and May. As i n I963 the s u r v i v a l 

rate dropped to a low l e v e l as the summer proceeded, recovering 

a f t e r August, but unlike i n 1963 the s u r v i v a l rate became poor 

again a f t e r October. This observed drop i n s u r v i v a l rate 

r e s u l t e d i n the previously noted f a l l i n numbers (p. 4 8 ) . 
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b) Clethrionomva. Grid B (Table 50. F i g s . 10b. 11a) 

Survival was moderate (60$) between A p r i l and .May 1963 

on t h i s grid, and i t improved between May and June. As on 

g r i d A, however, the s u r v i v a l rate declined i n the e a r l y part 

of the summer. I n contrast to grid A the decline halted 

between J u l y and August, and the s u r v i v a l rate began to improve 

again. The s u r v i v a l rate never reached the low value which i t 

did on grid A. The s u r v i v a l rate had improved to over 0.7 by 

October, and was at a s i m i l a r l e v e l i n e a r l y winter, i t then 

rose between February and March 1964» but f e l l again between 

March and A p r i l . There was another s l i g h t r i s e i n l a t e spring 

and a f a l l i n e a r l y summer, but a f t e r June the s u r v i v a l rate 

remained at a quite high l e v e l (0.7) throughout the summer and 

e a r l y autumn. Thus on g r i d B the s u r v i v a l of Clethrionomys was 

c o n s i s t e n t l y b e t t e r than on g r i d Aj with fewer f l u c t u a t i o n s , 

and l e s s evidence of impaired s u r v i v a l during the breeding 

season. The drop i n s u r v i v a l rate between March and A p r i l 

1964 on grid A was repeated on g r i d B, though to a l e s s marked 

extent. This drop was almost c e r t a i n l y due to a p a r t i c u l a r l y 

severe cold s p e l l with snow, i c e , and low temperatures, i t s 

e f f e c t perhaps being accentuated by coming a f t e r a mild s p e l l 

of weather. 
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c) A comparison of the s u r v i v a l of the two sexes of 
Clethrionomya on grid A ( F i g . 10a) 

There i s close agreement between the general shape of 

the survivorship curves of the two sexes although there are 

differences i n d e t a i l . The s u r v i v a l of the females was 

considerably be t t e r than that of the males between A p r i l and 

May 1963» but the s u r v i v a l of both sexes was good from May to 

June. The s u r v i v a l rate of both sexes declined during the 

summer, but that of the males improved a month e a r l i e r than 

did that of the females. After October, hoy/ever, u n t i l 

January I964 the s u r v i v a l of the females was superior to that 

of the males. From January 1964 to A p r i l 1964 the s u r v i v a l 

rate of the males was higher than that of the females, although 

the males suffered a drop i n s u r v i v a l rate between March and 

A p r i l * The r i s e and f a l l o f - t h e - s u r v i v a l r a t e s of the two -

sexes was extremely close throughout the summer and autumn 

of 1964* 

d) A comparison of the s u r v i v a l of the two sexes of 

Clethrionomys on Grid B ( F i g . 10b) 

There were greater differences between the s u r v i v a l of 

the two sexes on gri d B than on grid A. The females had a 

s u r v i v a l r ate higher than that of the males i n June-July 1963, 

the s u r v i v a l rate of the males having dropped as breeding 

commenced. However, the next month the s u r v i v a l rate of the 
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females dropped to a low l e v e l j u s t as the s u r v i v a l of the 

males began to improve. After August the s u r v i v a l r ate of 

both males and females improved, but that of the females was 

con s i s t e n t l y lower. Prom October 1963 to January 1964 the 

s u r v i v a l r ate of the males remained steady, but i t dropped 

sharply between February and March. I n contrast, the s u r v i v a l 

of the females continued to improve a f t e r October, and no 

winter decline occurred. After March I964 the s u r v i v a l rate 

dropped a l i t t l e , but gradually improved during the summer, 

then dropped again between September and October. The s u r v i v a l 

r a t e of the males fluctuated w i l d l y u n t i l J u l y a f t e r which i t 

remained steady, and a c t u a l l y improved a l i t t l e i n the autumn. 

I n general form the shape of the survivorship curves was 

s i m i l a r over the whole period of study. I n I963 the s u r v i v a l 

of the females followed the pattern of the males although i t 

was a month out of phase. I n 1964 the s i m i l a r i t i e s were l e s s 

as the v i o l e n t f l u c t u a t i o n s of the male s u r v i v a l rate were not 

evident i n that of the females. 

e) The s u r v i v a l of Apodemus on Grid A ( F i g , l i b ) 

Because of the low number of animals involved l i t t l e 

can be s a i d about the s u r v i v a l of Apodemus i n summer 1963. The 

small population present at the beginning of the study quickly 

disappeared and not u n t i l September-October 1963 did 

appreciable numbers appear on the g r i d . From September to 
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December s u r v i v a l was good, but there was a drop i n s u r v i v a l 
rate between December 1963 and January 1964> the rate then 
improved again before apparently dropping to a very low l e v e l 
between March and A p r i l . The drop i n s u r v i v a l rate at t h i s 
time occurred also i n both Clethrionomys populations (pp. 78-79). 
Again, i n 1964, l i t t l e can be said of the s u r v i v a l rate because 
of the low numbers of animals caught. The few animals which 
were a l i v e i n May survived the summer and were present when 
the l a t e summer i n f l u x of in d i v i d u a l s occurred. I n contrast 
to 1963, the s u r v i v a l rate of Apodemus f e l l from September-
October 1964; again, s i m i l a r drops i n s u r v i v a l rate were 
reported for the Clethrionomys populations (pp. 78-79 ) • 
Numbers were too few to allow a n a l y s i s of the s u r v i v a l rate of 
the sexes separately. 

On gr i d B a l l that can be sai d of the s u r v i v a l of Apodemus 

i s that i t was good between February and March 1964> but 

declined r a p i d l y from March to June. 

2. The s u r v i v a l of d i f f e r e n t cohorts of animals i n the 

t o t a l population 

a) Introduction 

I n addition to c a l c u l a t i n g the s u r v i v a l r a t e s of the 

populations of Clethrionomys and Apodemus by the maximum-

l i k e l i h o o d equations a l e s s r e f i n e d method of a n a l y s i s was used 

also f or comparative purposes. This second form of a n a l y s i s 
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consisted of measuring the s u r v i v a l of marked animals by noting 
the number caught at each trapping period of those released at 
the trapping before. Animals known to be a l i v e at the second 
trapping, because they were subsequently caught, v/ere included 
i n the re-captured group. The estimated s u r v i v a l r a t e s were 
adjusted to r e f e r to a 28 day i n t e r v a l . The mean minimum 
monthly s u r v i v a l rates over c e r t a i n periods were compared for 
the cohorts of animals concerned. The s u r v i v a l r a t e s obtained 
bear no d i r e c t r e l a t i o n to the more accurate ones so f a r 
discussed, mainly because only the s u r v i v a l of marked animals 
i s considered here. There i s no reason, however, why the 
s u r v i v a l of marked should d i f f e r from that of unmarked animals, 
except perhaps i n spring when food i s l e s s p l e n t i f u l , and the 
grain i n the traps i s a useful e x t r a supply. I n p r a c t i c e the 
s u r v i v a l rate as calculated by t h i s monthly minimum method was 
found to be co n s i s t e n t l y higher than that found by the maximum-
li k e l i h o o d method, but for the sexes combined the form of the 
survivorship curves was s i m i l a r over the whole period of study. 
Using the minimum monthly s u r v i v a l rates an attempt was made to 
compare the s u r v i v a l of animals entering the population at 
d i f f e r e n t times of the year. Three main cohorts of animals 
were considered i n each year:-

1) Overwintered animals from the previous year. 

2) Summer young (entering the trappable population from 

June-August i n c l u s i v e ) . 
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3) Autumn young (entering the trappable population from 
September-November i n c l u s i v e ) . 

I t was r e a l i s e d that on such a broad b a s i s each cohort would 

have a mixed composition; but allowing f o r t h i s the bulk of 

animals entering the population between June and August must 

have been born i n l a t e spring or ea r l y summer, and are 

distinguishable from over-wintered animals by weight and appear­

ance (p. 18 ) . Similar arguments apply to autumn-young, which 

are the young of overwintered animals, and of the f i r s t 

summer-young. 

b) Clflthr-ionomy.g. Grid A (Table 51. F i g . 12a) 

Data for the two sexes combined were used. In 1963 the 

animals which had survived the severe winter of 1962-63 had 

representatives i n the population u n t i l December 1 9 6 . 3 T h e i r 

s u r v i v a l may thus be compared with that of the spring and early 

summer-young. I n the period from June to December 1963 the 

overv/intered animals had a mean s u r v i v a l rate of 0.81/28 days 

compared with a mean rate of O.71/28 days for the summer-young. 

When the i n d i v i d u a l monthly r a t e s are considered, i t may be seen 

that the superior s u r v i v a l of the older animals was more evid­

ent from June to September 1963 than i n the l a t e r months. I n 

the period from September to December 1963 the s u r v i v a l of the 

remaining old overwintered animals was better than that of the 

summer-young, which l a t t e r i n turn survived better than the 
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autumn-young. However, as the numbers of the f i r s t two 

categories of animals were much reduced there was s t i l l a 

great majority of autumn-young i n the overwintering population 

of 1963-64* Pew of the summer-horn young of 1963 remained 

a l i v e i n A p r i l 1964* and none were recorded as being i n breed­

ing condition. The mean s u r v i v a l r a t e of autumn-born young 

was the same as that of the remaining summer-born young i n the 

period January 1964 to A p r i l 1964; but as the numbers of 

summer-born young were low i n ea r l y winter the operation of 

even a moderate death-rate was s u f f i c i e n t to v i r t u a l l y remove 

them a l l by spring 1964. The s u r v i v a l rate of the e a r l y summer-

young of I964 cannot be compared with that of the overwintered 

animals of 1963-64 because very few of the l a t t e r remained by 

August 1964. The s u r v i v a l of summer-born young was compared 

with that of autumn-born young from September 1964 to January 

I965» and that of" the"former was found to be superior. However, 

as the numbers of summer-born young were low by December I964 

i t i s u n l i k e l y that any would survive to breed i n 1965* The 

rather poor mean s u r v i v a l over t h i s period (0.51) of pot e n t i a l 

spring-breeding animals suggests that i f continued the popul­

ation may be i n a rather c r i t i c a l phase during the b i o l o g i c a l ­

ly-precarious season of spring i n 1965-

c) Clethrionomys. Grid B (Table 32, F i g . 12b). 

The overwintered animals of 1962-63 had survivors i n 

the population u n t i l December 1963» as i n the case of grid A. 
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Cohorts Mean Monthly Sur v i v a l Rates 

1963/64 
Jun./Dec. 

1963 
Jun./jan. 
1963 1964 

Sep./Dec. 
1963 

( l ) Overwintered animals 
1962-63 

0.81 O.78 0.80 

(2) Summer-born young 
1963 

0.71 O.69 0.75 

(3) Autumn-born young 
1963 

- - 0.71 

1964 Sep./Apr. 
1963 1964 

Sep./Aug. 
1963 1964 

Sep./Jan. 
1964 1965 

( l ) Summer-born young 
1963 

0.73 - -

(2) Autumn-bom young O.76 0.78 -

(3) Summer-born young 
1964 

- - 0.66 

(4) Autumn-born young 
1964 

- - 0.51 

Table 31 . Survival of the d i f f e r e n t cohorts of Clethrionomys on 
gr i d A. Sexes combined. Sur v i v a l rate of marked 
animals only. The rat e s given are the means for the 
periods indicated. 



During the period from June to December 1963, the summer-born 

young of that year were found to survive much better than t h e i r 

parents which had survived from 1962, having a mean monthly 

ra t e of 0.88 compared with O.65 over t h i s period* This s i t u ­

a t i o n i s i n complete contrast to that recorded f o r gr i d A. 

From September to December 1963 the s u r v i v a l of a l l three 

cohorts has been compared. The s u r v i v a l of summer-born young 

was found to be superior to that of both of the other cohorts. 

I n complete contrast yet again to the s i t u a t i o n on gri d A the 

summer-born young of 1963 on gri d B had survivors i n the populat­

ion u n t i l August 1964> and bred i n both 1963 and 1964* Their 

s u r v i v a l r ate from September 1963 to August 1964 was found to 

be higher than that of the autumn-born young which had never 
attained breeding condition at a l l * However, the p a r t i c u l a r l y 
good s u r v i v a l of summer-born young from September to December 

1.9-63 .weighted the mean, s u r v i v a l rate calculated, oyer the longer 

period, and i f the period from December I963 to August 1964 

i s considered alone then the autumn-born young had the better 

mean s u r v i v a l r a t e . The s u r v i v a l of summer-born young of 1964 

was found to be good from August to November 1964 i n c l u s i v e , 

and the s u r v i v a l of autumn-born young was also good u n t i l 

November. Su r v i v a l of a l l the cohorts was poor between 

November and December. 
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Cohorts Mean Monthly Survival Rates. 

1963/64 
Jun./Dec. 

1963 
Sep./Dec. 

1963 
Sep./Aug. 
1963 1964 

( l ) Overwintered animals 
1962-63 

0.65 0.54 

(2) Summer-born young 
1963 

0.88 0.92 0.82 

(3) Autumn-born young 
1963 

- 0.71 0.79 

1964 
Dec./Aug. 
1963 1964 

Jun./Nov. 
I964 

Aug./Nov. 
1964 

( l ) Summer-born young 
1963 

0.78 

(2) Overwintered animals 
1963-64 

0.82 0.77 0.67 

(3) Summer-born young 
1964 

- 0.66 0.80 

(4) Autumn-born young 
1964 

- - 0.80 

Table 32 . Survival of the d i f f e r e n t cohorts of Clethrionomys 
on grid B. Sexes combined. Survival r a t e s of marked 
animals only. The r a t e s given are the means for the 
periods indicated. 
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d) The s u r v i v a l of the d i f f e r e n t cohorts of the two sexes 

of £lethriononaca on gr i d A and gr i d B (Tables 33-35) 

I t was found that there was no s i g n i f i c a n t difference 

hetween the s u r v i v a l of the cohorts of animals of both sexes on 

gr i d A and that of the cohorts of the sexes treated separately, 

S i m i l a r l y , on g r i d B the cohort s u r v i v a l of the sexes treated 

separately c l o s e l y resembled that of the two sexes 

treated together. 

3. The l i f e span of Clethrionomys and Apodemus 

In the present study i t was observed that the majority of 

the animals l i v e d f o r only a few months. Some few individuals, 

however, were present on the study area f o r more than one year. 

Two Clethrionomys males l i v e d for at l e a s t f i f t e e n months, three 

others l i v e d f o r at l e a s t fourteen months, arid several""survived 

for mere than twelve months. Clethrionomys females appeared to 

l i v e a l i t t l e longer than the males f o r three survived f o r at 

l e a s t sixteen months, three f or at l e a s t f i f t e e n months, and 

several f or t h i r t e e n or fourteen months. I t i s probable that 

i n Apodemus the wandering behaviour prevented the continuous 

recording of i n d i v i d u a l s , and the maximum recorded l i f e spans 

are probably underestimates. Bearing t h i s i n mind, i t may be 

stated that thelongest-lived Apodemus male survived for eleven 

months, and the longest-lived female f or f i f t e e n months. Hacker 

and Pearson (1946) kept Apodemus i n c a p t i v i t y for up to 53 months 
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Cohorts Mean Monthly S u r v i v a l Rates 

1963/64 Jun./Dec. 
1963 

Sep./Dec. 
1963 

Dec./Sep. 
1963 1964 

( l ) Overwintered animals 
1962-63 

0.86 0.95 -

(2) Summer-born young 
1963 

0.67 0.71 -

(3) Autumn-born young 
1963 . 

- O.76 0.81 

1964/65 Sep./jan. 
1964 1965 

1 

( l ) Summer-born young 
1964 

0.77 

(2) Overwintering animals 
1964-65 

0.60 
---- -

Table 33 • Su r v i v a l of the d i f f e r e n t cohorts of Clethrionomys 
males on gr i d A. Sur v i v a l of marked animals only. 
The ra t e s given are means for the periods indicated. 
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Cohorts Mean Monthly S u r v i v a l Rates 

1963/64 Jun./Dec. 
1963 

Sept./Dec. 
1963 

Sept./May 
1963 1964 

(1) Overwintered animals 
1962-63 

O.64 0.58 -

(2) Summer-born young 
1963 

0.92 0.91 0.77 

(3) Overwintered animals 
1963-64 

- 0.73 0.79 

1964 Jun./Sep. 
1964 

Sep./Dec. 
1964 

(1) Overwintered animals 
1963-64 

0.82 -

( ? ) Summer-born young 
I964 

0.53 0.77 
- -

(3) Overwintering animals 
1964-65 

- 0.79 

Table 34 . Survival of the d i f f e r e n t cohorts of Clethrionomys males 
on grid B. Su r v i v a l of marked animals only. The r a t e s 
given are means f o r the periods indicated. 
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Cohorts Mean Monthly Sur v i v a l Rates. 

Females Grid A Jun./Oct. 
1963 

Sep./Jun. 
1963 1964 

Sep./Nov. 
1964 

( l ) Overwintered animals 
1962-63 

0.62 - -

(2) Summer-born young 
1963 

0.63 0.80 -

(3) Autumn-born young 
1963 

- 0.79 -

(4) Summer-born young 
1964 

- - 0.54 

(5) Overwintering animals 
1964 

- - 0.33 

Females Grid E Jun./Mar 
1963 1964 

Sep./Mar. 
1963 1964 

Sep./Dec. 
1964 

( l ) Overwintered animals 
1962-63 

0.77 0.74 -

(2) Summer-born young 
I963 

0.87 0.95 0.83 

(3) Overwintered animals 
1963-64 

- 0.71 -

(4) Summer-borne young 
1964 

- - -

(5) Overwintering animals 
1964 

- - 0.89 

Table 35 . Sur v i v a l of the d i f f e r e n t cohorts of Clethrionomys 
females on gr i d A and gr i d B. Sur v i v a l of marked 
animals only. The r a t e s given are means for the 
periods indicated. 



but found that i n the f i e l d few survived from one winter 

season to the next. B l a i r (1948) found that i n three species 

of rodent, Peromyscus maniculatus, Peromyscus leucopus, and 

Microtus pennsylvanicus, the average l i f e span among in d i v ­

i d u a l s that l i v e d u n t i l they l e f t the nest was l e s s than f i v e 

months. That rodents l i v e only a f r a c t i o n of t h e i r potential 

l i f e - s p a n i n the f i e l d i s amply demonstrated by the fact that 

many species have l i v e d f o r some years i n c a p t i v i t y . Dice 

(1933) reported i n d i v i d u a l Peromyscus maniculatus l i v i n g up to 

seven and eight years i n c a p t i v i t y . Captive Apodemus s y l v a t i c u s 

and Clethrionomys glareolus have also been reported as having 

l i v e d f o r three and a h a l f and three years r e s p e c t i v e l y , 

(Ashby pers. comm.). There i s much evidence i n support of the 

statement made by Burt (1940) to the e f f e c t that mice r a r e l y 

reach 'old age 1 i n the f i e l d . 

4. Summary and discussion 

I n the present study the s u r v i v a l of Clethrionomys, when 

both sexes are considered together, was found to be good j u s t 

p r i o r to the s t a r t of the breeding season, poor during the 

breeding season, and good i n the l a t e autumn and the winter. 

Also, s u r v i v a l on grid B was con s i s t e n t l y better than on gri d A. 

L e s l i e et a l (1953) and Newson (1963) found s i m i l a r seasonal 

v a r i a t i o n i n s u r v i v a l i n Clethrionomys populations which they 

studied. They found also, however, that the s u r v i v a l of the 



females was c o n s i s t e n t l y superior to that of the males. No 

such consistent sexual difference i n s u r v i v a l was observed i n 

the present study. Ashby (pers. comm.) also found there to be 

no s i g n i f i c a n t difference between the s u r v i v a l of the two 

sexes of Clethrionomys. On grid A the s u r v i v a l of over­

wintered animals of 1962-63 was superior to that of the spring 

and summer-born young of that year. The autumn-born young 

also survived better than the summer-born young. Few of the 

summer-young s u c c e s s f u l l y overwintered i n 1963-64, and none 

were recorded as being i n breeding condition i n 1964- Such a 

s u r v i v a l pattern would seem to be a f a i r l y normal one i n 

natural populations of mice and voles. L e s l i e and Ranson 

(1940) i n laboratory studies of Microtus a g r e s t i s and Chitty 

(1952) i n a f i e l d study of the same species, found a pattern 

of s u r v i v a l s i m i l a r to that described above for Clethrionomys. 

There i s general acceptance of the f a c t that mice and voles 

seldom survive f o r more than one year i n the wild, and r a r e l y 

breed i n two seasons. On g r i d B, however, i n the present 

study, some voles were observed to be i n breeding condition i n 
late-summer 1963 and i n spring and summer 1964. The s u r v i v a l 

pattern on grid B d i f f e r e d from the more usual one described 

for Clethrionomys on g r i d A, mainly i n that the s u r v i v a l of 

the summer-born animals of 1963 was very good, being superior 

to that of the overwintered animals of I962-63, and being 

s u f f i c i e n t l y on a par with that of autumn-born young of 1963 



to ensure that a substantial proportion of the overwintering 

animals of 1963-64 was composed of summer-born young. 

The question of d i f f e r e n t i a l s u r v i v a l of the sexes 

appears to be as yet unresolved. L e s l i e et a l (1953) and 

Newson (1963) found females to survive better than males i n 

Clethrionomys. and Godfrey (1955) found with Microtus a g r e s t i s 

that young males survived l e s s w e l l than young females. Frank 

(1957) discovered that i n Microtus a r v a l i a there was a heavy 

mortality i n young males as they dispersed from the maternal 

home range; the mortality did not a f f e c t the females as they 

did not leave the maternal home range. However, Frank found 

that winter mortality affected the females more than the males, 

suggesting that the smaller and weaker sex succumbed. Frank 

(1957) also noted that animals never survived two winters, the 

markedly old in d i v i d u a l s dying i n the f i r s t winter months. 

Van Wijngaarden (1960), also working with confined populations 

of Continental voles, found a high j u v e n i l e mortality to e x i s t , 

but he did not fi n d any evidence of sexual difference i n 

s u r v i v a l r a t e s . He concluded that mortality was net density-

dependent, a conclusion also a r r i v e d at by Southwick (1958) 

with reference to house-mice l i v i n g i n corn-ricks. Bendell 

(1959) could f i n d no s t a t i s t i c a l l y s i g n i f i c a n t differences bet­

ween the s u r v i v a l of males and females of Peromyscus leucopus 

noveboracensis i n the United States. Nor did he f i n d any 

s i g n i f i c a n t differences between the s u r v i v a l r a t e s of the 



various age c l a s s e s which he examined. 

I n the present study l i t t l e can be s a i d of the s u r v i v a l of 

Apodemus other than to note that i t was good i n the winter 

months but apparently became poor a f t e r A p r i l each year. 

Hacker and Pearson (1946) considered the s u r v i v a l of Apodemus 

to be affected by repeated trapping, but Newson (I96O) found 

no evidence that t h i s was so, nor was i t found to be so i n 

the present study. Hacker and Pearson (1946) also recorded 

that no animals survived from one winter to the next, and 

Brown (1954) indicated that few animals survive for more than 

ten months i n the wild. 

V. ' BREEDING 

1. The breeding of Clethrionomys on gr i d A 

The sexual condition of Clethrionomys i n d i v i d u a l s i n the 

catch each month i s given i n Table 36. The percentage of males 

and females i n breeding condition each month i s given i n Table 

40, and shown graphically i n Pig. 13a. Breeding data, with 

r e l a t i o n to body weight, are given i n Table 43• The propor­

ti o n of pregnant females i n the catch and the proportion of 

j u v e n i l e s i n the catch are given i n Tables 41 and 42 respect­

i v e l y , and shown i n F i g . 14. 

With the exception of autumn I963 there was a greater 

proportion of males i n breeding condition than females through­

out the study. I t i s thus probable that a l l fecund females 
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MONTH 
Males Females 

MONTH Fee. NF. J . I . P. Pr. Pr.L. PL J . Esc. Total 

1963 

Mar oh 4 14 0 8 0 0 0 0 0 3 29 
A p r i l 15 2 0 7 0 0 0 0 0 1 25 
May 12 0 0 1 6 1 0 0 0 1 21 
June 18 0 1 8 2 1 2 0 1 1 34 J u l y 21 0 2 5 5 2 17 0 5 6 63 
August 24 0 7 0 2 3 15 4 11 0 66 
September 19 3 15 8 2 3 11 3 11 1 76 
October 5 15 10 10 2 3 6 0 8 2 61 
November 4 22 4 20 1 2 2 2 2 0 59 
December 5 23 3 21 0 0 2 2 0 0 56 

1964 

January 0 18 0 14 0 0 0 0 0 2 34 
February 

34 

March 10 19 0 17 0 0 1 0 0 1 48 
A p r i l 11 1 0 6 1 1 0 0 0 0 20 
May 30 0 0 3 9 0 1 0 0 2 45 Junec 45 
J u l y 22 4 6 6 6 0 6 2 3 0 55 

" August"" - - -p j . - * t f -7 
j 

r> i u - i-v 
- u 

rt_ 
v - - IV — 

September 33 6 11 6 1 1 18 2 6 0 84 
October 18 30 1 20 1 1 8 1 3 1 84 
November 33 0 15 0 0 2 0 4 2 61 
December - - - - - = - -
1965 

January 0 27 0 7 0 0 0 0 0 0 34 

TOTALS 287 221 64 189 41 18 109 16 57 23 1025 

Table 36 . Sexual condition of Clethrionomys i n d i v i d u a l s caught 
on Grid A. 

Fee. = Fecund I . - Imperforate Pr.L. = Pregnant, l a c t a t i n g 
NF B Noh-fecund P.' = Perforate PL = Perforate, l a c t a t i n g 
J . = Juvenile Pr. = Pregnant .Esc. «. Esoaped 

- = No trapping 



would become pregnant. I n March 1963 only 20$ of the males were 

fecund but by A p r i l t h i s proportion had increased to 85$, and 

by May 100$ of the males were fecund. From May to August the 

percentage fecund decreased to 75$» mainly because of the 

d i l u t i o n of the population by j u v e n i l e s and by sub-adults. 

The percentage fecund had decreased to 5°$ by September, 

p a r t l y because of the d i l u t i o n e f f e c t noted above, but p a r t l y 

because of old fecund animals dying o f f . I n October, November, 

and December only 15$ of the males captured were fecund, there 

being three f a c t o r s operating at t h i s time to reduce the 

proportion fecund:-

1) old animals from 1962 and some from summer 1963 were dying o f f 

2) summer-born young, having bred, were coming out of breeding 

condition, 

3) autumn-born young were not becoming fecund. 

I n January 1964 a l l the males were quiescent. I n 1964 the 

pattern of I963 was followed c l o s e l y , there being 100$ of the 

males fecund i n May, followed by gradual d i l u t i o n throughout 

the summer, f o r the reasons already given. I n September 1964 

over 65$ were fecund compared with 50$ i n September I963 , but 

a f t e r September the proportion i n breeding condition declined 

quickly, and by January 1965 a l l the males were i n a quiescent 

condition. 

No females were i n breeding condition i n A p r i l I963 but by 



May almost 90$ were perforate or already pregnant. The 

percentages quoted here and elsewhere for females i n breeding 

condition may be underestimates because of the d i f f i c u l t i e s of 

diagnosing pregnancy i n the f i e l d . Godfrey (1955)» with 

Microtus a g r e s t i s . considered that 5CP/0 of pregnancies were 

missed i n the f i e l d . After May 1963 the percentage of females 

i n breeding condition never rose above JOfo because, as with 

the males, of d i l u t i o n by j u v e n i l e s and immatures, the death of 

old females, and the regression of the sex organs i n the 

autumn. After August the proportion breeding declined stead­

i l y and by January 1964 a H were out of breeding condition. 

I n October, November, and December 1963* more females than 

males were engaged i n breeding a c t i v i t i e s because of the 

occurrence of l a t e pregnancies and the suckling of young. 

Some females (6$) were perforate i n March 1964» a n ^ hy A p r i l 

25$ of the females were i n breeding condition. The breeding 

season thus commenced a l i t t l e e a r l i e r i n I964 than i n 1963 f 

possibly because of the milder winter i n 1963-64. Throughout 

the summer the pattern was much as i n 1963» although the 

proportion s t i l l concerned i n breeding a f t e r September I964 

f e l l more r a p i d l y than was the case i n 1963. By January 1965 

a l l the females were out of breeding condition. 

Juveniles were observed to enter the trappable population 

i n the months from June to December i n c l u s i v e i n 1963» and 

from July to November i n c l u s i v e i n I 964 . I n 1964, however, no 
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trapping was c a r r i e d out i n June or December on the g r i d and 

hence no records of j u v e n i l e s could be made. I n some l i n e 

trapping i n June 1964 (see Appendix I I . p. 352 ) some j u v e n i l e s 

were present i n the catch, so breeding must have been well 

advanced by May. I n no month did j u v e n i l e s form more than 

35$ of the catch for that month. I t i s possible that some 

ju v e n i l e s of 7-9 grams were missed because of lack of s e n s i t i v ­

i t y of the t r a p s . I n 1963 the l a r g e s t i n f l u x of j u v e n i l e s was 

i n September, but many were caught i n August and October a l s o . 

I n I964 September again was the month which had most j u v e n i l e s , 

but only 5$ of "the catch i n October was composed of j u v e n i l e s 

compared with almost 30$ for that month i n I963 . I n the 

summer and autumn each year many animals were captured which 

were obviously young judging from appearance and weight, but 

were without the c h a r a c t e r i s t i c j u v e n i l e f l u f f y pelage, and 

were hence not classed as j u v e n i l e s . They were i n f a c t 

probably j u s t small enough to have escaped capture the 

previous month. Juveniles were l e s s well represented i n the 

catch i n 1964 than i n 1963» even allowing for the fewer trap­

pings, thus suggesting that a l e s s s u c c e s s f u l breeding season 

had occurred. 

2. The breeding of Clethrionomvs on grid B (Table 37, F i g . 13b) 

I n March I963 more than 50/0 of the males captured were 

fecund, and i n A p r i l and May t h i s percentage had r i s e n to 100$. 

: I V t V L I 11 

10 
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MONTH 
Males Females 

MONTH Fee. NF. J . I . P. Pr. Pr.L. PL J . E s c . Total 

1963 

March 9 8 0 10 6 0 0 0 0 4 37 
A p r i l 17 0 0 7 2 0 0 0 0 3 29 
May 26 0 0 7 5 0 0 0 0 2 40 
June 18 0 2 2 4 1 5 0 3 0 35 
J u l y 31 4 1 0 3 1 17 0 2 1 60 
August 35 1 6 5 1 4 20 2 6 0 78 
September 32 5 7 7 0 7 10 0 10 0 78 
October 

78 

November 
December 19 33 0 21 1 5 1 0 0 0 80 

1964 - • 

January 
February 0 15 0 15 0 0 1 0 0 0 31 
March 3 14 0 13 0 2 0 0 0 1 33 
A p r i l 

33 

May 20 0 0 8 5 0 1 0 0 0 34 
June 15 0 0 0 0 2 4 1 0 1 23 
—— v 

August 37 5 2 7 3 
M 

0 13 1 5 1 "74 
September 38 10 1 18 1 0 14 0 2 2 86 
October 
November 8 36 0 36 0 0 0 0 0 0 80 
December 1 23 0 18 0 0 0 0 0 0 42 

January 

TOTALS 339 154 19 172 31 22 86 4 28 15 840 

Table 37 . Sexual condition of Clethrionomys i n d i v i d u a l s caught 
on Grid B. 

Feo. = Fecund I . = Imperforate Pr.L. = Pregnant, l a c t a t i n g 
NF o Non-fecund P. = Perforate PL = Perforate, l a c t a t i n g 
J . = Juvenile Pr. «= Pregnant E s c . = Escaped 

- = No trapping 
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The proportion had. dropped to j u s t over 70$ by September 
because of the d i l u t i o n of the population by young animals and 
the death of some old ones. By December 1963 only 35$ were 
fecund, and t h i s proportion had decreased to zero by February 
I964• A l l the males were fecund i n May and June 1964 but the 
proportion dropped s t e a d i l y throughout the year for the reasons 
already noted. I n September j u s t under 80$ were fecund, but by 
November the proportion had dropped to 20$, and by December 1964 
only 5$ were i n breeding condition. 

Almost 40$ of the females were i n breeding condition i n 

March 1963» hut the value dropped to 20$ by A p r i l because of 

the death of some of the precocious i n d i v i d u a l s . Some 40$ were 

again i n breeding condition i n May. By Jul y 90$ of the females 

were engaged i n breeding a c t i v i t i e s , but t h i s percentage had 

decreased to 50$ by September 1963. I n February 1964 a few 

females were s t i l l l a c t a t i n g (670), a s i m i l a r s i t u a t i o n to that 

found on gri d A. In March 1964» perforate females were 

appearing i n the catch, and by May over 40$ were breeding; 

the proportion breeding dropped r a p i d l y i n l a t e summer and 

ear l y autumn and by November 1964 none of the females were 

engaged i n breeding a c t i v i t i e s of any kind. 

I n 1963 j u v e n i l e s were represented i n the catches from 

June to September ( F i g . 14) but since there was a close 

s i m i l a r i t y between the breeding seasons on the two grids they 

probably entered the population also i n October and November 
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as on gr i d A. I n 1964 no trapping was performed i n J u l y or 
October, but even i n August and September l e s s than 10$ of the 
catch was composed of j u v e n i l e s , i n d i c a t i n g perhaps that breed­
ing was l e s s s u c c e s s f u l i n that year, as on grid A. 

3. Pregnant Females. (Table 41. F i g . 14) 

Pregnancies were f i r s t diagnosed i n May I963 on g r i d A, 

but some females must have l i t t e r e d i n l a t e A p r i l or e a r l y May, 

i n order to allow the capture of j u v e n i l e s i n June. On g r i d A 

the highest proportion of pregnant females was found i n July 

and August 19631 and August and September I964 . On grid B a 

s i m i l a r s i t u a t i o n prevailed, although f or the greater part of 

the study the percentage of females pregnant was higher than 

on g r i d A, but t h i s was due to fewer j u v e n i l e females being 

present r e s u l t i n g i n there being l e s s of a d i l u t i o n e f f e c t than 

was present on g r i d A. I n a l l the months that trapping 

occurred on grid A an absence of pregnant females was recorded 

only i n A p r i l 1963> and January and December 1964* On gr i d B 

only i n May I963 and November 1964 were no pregnant 

females trapped. 

4. A comparison of the breeding of Clethrionomvs on 

gr i d A and gr i d B 

The males on grid B appeared to have come into breeding 

condition e a r l i e r than those on grid A i n 1963, and they also 

appeared to stay fecund longer. I n 1964 there was l i t t l e 
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difference i n the length of the breeding season so f a r as the 
males were concerned. However, the females on grid B were a 
l i t t l e l a t e r than those on grid A i n coming into breeding 
condition, so i t i s u n l i k e l y that the precocious behaviour of 
the males r e s u l t e d i n an e a r l i e r s t a r t to the breeding season. 

In both 1963 and I964 j u v e n i l e s were bett e r represented i n 

the catches on g r i d A than on g r i d B, suggesting possible 

differences i n breeding success (see pp. 103-104). In I963 
j u v e n i l e s were s t i l l entering the population i n December on grid 

A, so the breeding season may have been more prolonged on that 

g r i d than on g r i d B. 

5. The breeding of Apodemus on g r i d A and g r i d B 

(Tables 38 and 39) 

On g r i d A, (Table 38)» with the exception of March 1963 when 

12 animals were caught, a l l samples up to and including 

September were of l e s s than 5 animals. However, i t i s s t i l l 

proposed to discuss the breeding conditions i n terms of percent­

ages for convenience of comparison. A l l the males captured i n 

March, A p r i l , May, and June were fecund, but i n J u l y and August 

the few j u v e n i l e s captured brought the proportion fecund down 

to 60$ and 80$ r e s p e c t i v e l y . I n September, again a l l the 

males caught were fecund. From October 1963 to A p r i l 1964 

in c l u s i v e a l l samples had more than 20 animals i n them and 

percentages have greater s i g n i f i c a n c e . Prom October to 



MONTH 
Males Females 

MONTH Fee. NF. J . I . P. Pr. Pr.L. PL J . Esc. T o t a l 

1963 
March 12 0 0 4 4 0 0 0 0 1 21 
A p r i l 4 0 0 3 2 0 0 0 0 0 9 
May 1 0 0 2 1 0 0 0 0 1 5 
June 1 0 0 0 0 0 2 0 0 0 3 
July- 3 0 2 0 0 0 3 0 0 1 9 
August 4 0 1 0 0 0 3 0 0 0 8 
September 4 0 0 1 0 0 3 1 1 0 10 
October 15 2 0 3 2 0 1 0 3 2 28 
November 19 3 0 7 0 0 4 •1 0 1 35 
December 22 7 0 12 1 1 0 3 1 4 51 
1964 

January 10 28 0 28 1 0 0 0 0 3 70 
February 
March 36 1 0 24 3 8 3 0 0 2 77 
A p r i l 24 0 0 16 5 0 1 1 0 0 47 
May 8 0 0 6 1 0 7 1 0 0 23 
June - - - _ = - - _ _ 
J u l y 2 v - u w 1 

X \J 0 •1 
X u r 

O -

August 2 0 0 0 1 0 2 0 1 0 6 
September 13 0 1 0 0 0 9 1 0 1 25 
October 13 16 0 12 0 0 6 0 2 2 51 
November 12 27 1 25 0 0 X 0 0 U 64 
December 

January 0 18 0 12 0 0 0 0 0 1 31 
TOTALS 205 102 5 153 22 9 47 8 9 19 579 

Table 38 . Sexual condition of Apodemus in d i v i d u a l s caught 
on Grid A. 

Fee. a Fecund... I . . * Imperforate Pr.L. = Pregnant, l a c t a t i n g 
NF = Non-fecund P. = Perforate PL = Perforate, lactatina-
J . = Juvenile Pr. ̂  Pregnant E s c . = Escaped ' • t a c i ; a i ; i n 6 

- = No trapping 
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December I963 the proportion fecund declined slowly "but was 
s t i l l above 70% i n December. The animals which caused the 
d i l u t i o n were not classed as juv e n i l e but were young animals, 
(sub-adults). I n January 1964 only 26% of the males were 
fecund, but by March the proportion had r i s e n to 97%. A l l the 
males captured from A p r i l to August were fecund, but i n Sept­
ember one j u v e n i l e was captured. I n October and November the 
in f l u x of sub-adults caused a reduction of the proportion 
fecund to 45% and 30% r e s p e c t i v e l y . I n January I965 a l l males 
were out of breeding condition, i n contrast to the s i t u a t i o n 
i n 1964. 

On g r i d B (Table 59) a l l samples were composed of l e s s than 

5 animals u n t i l December 1963. A l l the males captured u n t i l 

December were fecund, with the exception of one j u v e n i l e caught 

i n J u l y . I n December one male was non-fecund. I n February 

1964» 54% of the males were fecund but by March a l l the males 

were again fecund. One j u v e n i l e was captured i n May, but apart 

from that one exception a l l males captured u n t i l November were 

fecund. I n November and December most of the males captured 

were non-fecund. 

I n March and A p r i l 1963 on grid A, 50% and 40% r e s p e c t i v e l y 

of the females captured were perforate. A l l the females caught 

were i n breeding condition u n t i l September 1963. In September 

and October a few j u v e n i l e s were captured, and these, along with 

some other young animals, caused the proportion breeding to 
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MONTH 
Males Females 

MONTH 
Fee. NF J . I . P. Pr. Pr.L. PL J . Esc. Total 

1963 
March 2 0 0 1 1 0 0 0 0 2 6 
A p r i l 2 0 0 0 0 0 0 0 0 0 2 
May 1 0 0 0 0 0 0 0 0 0 1 
June 
J u l y 4 1 1 0 0 0 1 0 0 0 7 August 1 0 0 0 0 0 0 0 0 0 1 
September 2 0 0 0 0 0 0 0 0 0 2 
October 
November 
December 13 1 0 11 0 0 0 0 0 0 25 
1964 

January 
February 7 6 0 5 0 0 0 0 0 1 19 March 18 0 0 4 0 1 0 0 0 0 23 
A p r i l 

23 
May 7 0 1 5 1 1 1 1 0 1 18 
June 3 0 0 0 0 1 1 0 0 0 5 
J u l y 
August 4 0 0 0 0 0 1 1 0 0 6 
September 8 0 0 1 0 0 1 0 0 0 10 
October 
November _2 14 0 3 0 0 0 6 T 0" 1 20 
December 1 8 0 1 0 0 0 0 0 0 10 
1965 

January 

TOTALS 75 30 2 31 2 3 5 2 Or 5 155 

Table 39* Sexual condition of Apodemus in d i v i d u a l s caught 
on Grid B. 

Fee. = Fecund I . = Imperforate Pr.L. = Pregnant, Lactating 
NF = Non-fecund p. ° Perforate PL = Perforate, Lactating 
J . = Juvenile Pr. = Pregnant Esc. = Escaped 

- = No trapping 
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Clethrionomys Apodemus 
io males i<> females fa males °/o females 

MONTH fecund breeding fecund breeding 
A B A B A B A B 

1963 
March 22 53 0 38 100 100 50 50 
A p r i l 86 100 0 22 100 100 40 0 
May 100 100 88 39 100 100 33 0 
June 95 90 33 67 100 0 100 0 
J u l y 91 89 71 91 60 67 100 100 
August 77 83 69 75 80 100 100 0 
September 51 73 50 49 100 100 67 0 
October 17 - 38 - 88 33 November 13 - 24 86 42 „ 
December 15 36 16 25 71 93 26 0 
1964 

January 0 0 26 3 February - 0 - 6 _ 54 0 
March 35 18 6 13 97 100 37 20 
A p r i l 92 - OK — j 100 „ 
May 100 100 77 43 100 88 64 44 June - 100 - 100 wm 100 100 
J u l y 69 - 78 _ 100 75 August 80 84 66 59 100 100 75 100 
September 66 78 65 43 93 100 100 50 October 36 - 32 45 _ 30 November 11 18 10 0 30 13 42 0 
December - 4 - 0 11 0 
1965 

January 0 - 0 - 0 - 0 -

Table 40 . Percentage of males and females i n breeding condition 
each month. Clethrionomys and Apodemus 

- = No trapping 
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drop to 55% i n October. By January I964 only one perforate 

female i n a catch of 29 animals was recorded. I n 1964 the 

breeding was under way i n March, and a l l animals captured from 

May to October were i n breeding condition with the exception of 

two j u v e n i l e s caught i n J u l y and August. I n October the 

percentage fecund had decreased to 30%, and by January I965 a l l 

were out of breeding condition. 

On grid B only 3 females were captured u n t i l December 

I965, and i n that month a l l the females caught were out of 

breeding condition. Prom May to September 1964 the few females 

caught were i n breeding condition, but from September to 

December most of the females captured were quiescent. 

Despite the appreciable numbers of Apodemus males s t i l l 

fecund over winter there was no winter breeding as the females 

a l l came out of breeding condition for at l e a s t two months. 

6. Summary and Discussion 

I n 1963 on g r i d A Clethrionomys males were i n breeding 

condition from A p r i l to September ( i . e . more than 50?<> of the males 

captured were fecund i n the period s t a t e d ) . The females were 

engaged i n breeding a c t i v i t y from May 1963 to September 1963 

(the c r i t e r i o n above being used), although some pregnant and 

l a c t a t i n g females were found throughout the winter. The breed­

ing season i n 1964 was of s i m i l a r length, though with some 

in d i c a t i o n that breeding was coming to a stop e a r l i e r than i n 



I l l 

MONTH 
Clethrionomys ADodemus 

MONTH GRID A GRID B GRID A GRID B 

1965 
March 0 0 0 0 
A p r i l 0 0 0 0 
May 14 0 0 0 
June 20 40 100 0 
July 56 78 100 100 
August 1̂ 67 100 0 
September 37 49 60 0 
October 31 - 11 -
November 14 - 33 wm 

December 8 21 5 0 

1964 
January 0 _ 0 _ 
February - 6 - 0 
March 6 13 29 20 
A p r i l 14 - 5 -
May 8 7 50 22 
June - 86 _ 100 
J u l y 26 - 40 -
August 58_ 45 AO so 

— September 66' 40 90 50 
October .26 - 30 -
November 9 0 4 0 
December 0 - 0 

1965 
January 0 - 0 -

Table 41 • The proportion of pregnant females 
each month expressed as a percentage 
of the catch of females i n that month. 

= No trapping 
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MONTH 

Clethrionomys Apodemus 

MONTH GRID A GRID B GRID A GRID B MONTH 

66 99 <J+9 66 99 <J+9 66 99 <5+9 66 99 <J+9 

1963 
March 0 0 0 0 0 0 0 0 0 0 0 0 
A p r i l 0 0 0 0 0 0 0 0 0 0 0 0 
May- 0 0 0 0 0 0 0 0 0 0 0 0 
June 5 7 6 10 20 14 0 0 0 0 0 0 
J u l y 9 15 11 3 9 5 40 0 22 20 0 14 
August 23 31 27 14 17 15 20 0 12 0 0 0 
September 40 29 34 16 29 22 0 20 10 0 0 0 
October 33 28 29 - - - 0 33 11 _ _ mm 

November 13 7 10 - - - 0 0 0 — _ mm 

December 9 0 5 0 0 0 0 5 2 0 0 0 
1964 

January 0 0 0 _ _ _ 0 0 0 _ _ 
February - - - 0 0 0 - - •:- 0 0 0 
March 0 0 0 0 0 0 0 0 0 0 0 0 
A p r i l 0 0 0 - - - 0 0 0 = - -
May 0 0 0 0 0 0 0 0 0 14 0 5 
June -. - - 0 0 0 - - - 0 0 0 

- = J u i y 19 15' 16 - - - " 0 20 I T - - -
August 10 10 10 4 17 9 0 20 17 0 0 0 
September 22 18 20 2 6 3 7 0 4 0 0 0 
October 2 9 5 - - 2 10 4 — — — 

November 0 19 6 0 0 0 0 0 2 0 0 0 
December - - mm 0 0 0 - - - 0 0 0 

1965 
January 0 0 0 - - - 0 0 0 - - -

Table 42 . Proportion of j u v e n i l e s i n the catch each month, 
a) expressed f o r each sex as a percentage of the 

catch of" that sex; 
b) expressed for both sexes as a percentage of 

the t o t a l catch. 

Note:- 'No trapping'is i n d i c a t e d by a dash ( - ) . 
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I963. On g r i d B i n I963 the males became fecund a month 
e a r l i e r than on grid A, and remained i n a fecund condition 
longer, but i n 1964 no difference i n the length of the breed­
ing season of the males on the two grids was detected. The 
females on g r i d B appeared to be ahead of those on gri d A at 
f i r s t i n 1963» but t h e i r maturation suffered a set back i n 
A p r i l and eventually they s t a r t e d breeding l a t e r than on grid 
A, Breeding ceased at about the same time on the two grids. 
In 1964 breeding commenced at the same time, but ended a 
l i t t l e e a r l i e r on grid B. 

Brambell and Rowlands (1936) reported that the breeding 

season began i n the middle of A p r i l i n the Clethrionomys 

populations that they investigated. Some in d i v i d u a l s they 

observed bred i n two seasons, an occurrence reported also i n 

the present study (p. 88 ) . These workers recorded the breed­

ing season as ending i n October i n the year i n which they obtain­

ed t h e i r m a t e r i a l . Barrett-Hamilton ( i Q l l ) reported the 

breeding season of Clethrionomys i n the south of England as 

l a s t i n g r e g u l a r l y from March to December i n c l u s i v e , with 

breeding sometimes occurring i n January and February, and 

Baker (1930) recorded i n Oxfordshire that the peak of the 

breeding season was reached i n June, and that breeding ceased 

e n t i r e l y , as determined by the percentage of pregnant females, 

from October to February i n 1925-26 and 1926-27, but he recorded 

winter breeding i n 1927-28. Newson (I963) found winter 
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breeding to occur i n both Clethrionomys and Apodemus, and 
Steven (1957) reported the phenomenon also f o r Apodemus. Ashby 
(pers. comm.) reported intensive winter breeding i n Clethriono-
mys i n 1959-60, and i n Microtus i n 1961-62. Apodemus bred well 
into the winter i n 1955-56, and throughout the winter i n 
1958-59> (Ashby, pers. comm). No winter breeding occurred i n 
ei t h e r species i n the present study, but the breeding season, 
as determined by the occurrence of pregnant females, extended 
from May to December i n c l u s i v e i n I963 on gr i d A, and from 
March to November i n c l u s i v e i n 1964» for Clethrionomys. On 
gr i d B pregnant females were recorded from June to December 
I963, and February to September 1964. I n Apodemus on gri d A 
pregnant females were found from June to December i n c l u s i v e i n 
I963, and from March to November i n c l u s i v e i n 1964« Evans 
(1942) recorded that he found fecund males of Apodemus and 
Clethrionbmys i n February, but found no pregnant females u n t i l 
A p r i l . Delany and Davis ( l96 l ) observed that there was no 
difference i n the length of the breeding season of Apodemus 
and Clethrionomys on F a i r I s l e from that found i n southern 
England. Coventry (1937) reported that the breeding season i n 
Peromyscus leucopus noveboracensis extended from A p r i l to 
October, with complete dormancy i n December to February. 
Baker and Ranson (1932) found the breeding season of Microtus 
a g r e s t i s to l a s t from February or March to September or 
October. They suggested that the breeding of the females may 
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be affected "by the hours of sunshine the "breeding area r e c e i v e s . 
In three areas studied, two i n Scotland and one i n Wales, they 
found breeding to s t a r t e a r l i e s t i n the most northern area, and 
to f i n i s h l a t e s t there a l s o . There i s thus perhaps some 
evidence f o r the idea that the breeding season i s longer i n the 
north of the country. 

Newson (1963) indicated that winter breeding was r e s t r i c t ­

ed to -fee winter of 1958-59» and did not occur i n 1956-57 or 
1957-58* He further observed that only the older animals bred 

a l l winter on h i s grassland g r i d I . , but animals on the wood­

land grid I I . bred as soon as they matured. Winter breeding 

i s u s u a l l y associated with peak population numbers ( P i t e l k a , 

1957; Hamilton, 1951)» and the highest mean body weights are 

usu a l l y recorded at a peak also (Chi t t y , 1952; K a l e l a , 1957). 
I n the populations studied by Newson (1963), however, 

the phenomenon occurred during the f i r s t year a f t e r a decline 

when most accounts of microtine c y c l e s record, low body weights 

and only a s l i g h t increase i n numbers. 
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V I . AGE-STRUCTURE OP THE POPULATIONS 

1 . I n t r o d u c t i o n 

One of the main d i f f i c u l t i e s i n working with small mammals 

i n the f i e l d i s the determination of age. Unless the animals 

are k i l l e d and t h e i r tooth structure and wear examined (Delany 

and Davies, 1961) then the determination of age i s d i f f i c u l t 

and imprecise. Of necessity, i n l i v e - t r a p p i n g studies methods 

of age-determination are required to be simple and able to be 

ra p i d l y carried out. Two methods are i n current use, one 

e n t a i l i n g the measurement of body-length (head and t r u n k ) , 

(Southern, 1964)1 Ashby (unpubl.), and the other the measure­

ment of body-weight. I n the present study the weight of the 

animals was recorded and a l l approximate age determinations 

were made using body-weight i n conjunction with information 

gained from marked animals. The presence or absence of 

juven i l e pelage and the condition of the sex organs also a s s i s t ­

ed i n the ageing technique. The use of weight records rather 

than length records was decided upon a f t e r the r e l a t i v e use­

fulness and s i m p l i c i t y of the two methods had been considered. 

Weight i s more easily measured i n the f i e l d , and i s also more 

accurately measured than i s length. Length measurements on 

l i v i n g animals are prone to a large error because of the 

d i f f i c u l t y i n regulating the degree of str e t c h i n g of the animal, 

but Ashby (pers. comm.) found that errors i n measurement of 
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body length were small when one recorder did a l l the measuring. 
A f u r t h e r advantage of weight measurements over length measure­
ments i s that weight i s d i r e c t l y proportional to volume, and 
fo r t h i s reason the range from j u v e n i l e to adult size w i l l be 
greater than i t i s f o r length. Hence, size differences are more 
pronounced when weight i s used as a measure. One of the main 
disadvantages of using weight records i s that weight i s 
subject to errors caused by the weight of food i n the stomach, 
or of urine i n the bladder. Discussion of the various d i s ­
advantages of the use of weight as a measure of age may be 
found i n the work on Apodemus sylvaticus by Hacker and Pearson 
(1944) . The other major deficiency of the weight record i s 
that i n females the complicating f a c t o r of pregnancy renders 
the weight a poor guide to age. However, when large numbers of 
animals are sampled r e g u l a r l y the e f f e c t on weight because of 
pregnancy may often be evaluated. I t i s probable that i f time 
allows i t both weight and length measurements should be taken. 
I n the present study the advantages of using weight as an 
ind i c a t o r of age were f e l t to outweigh the disadvantages, 
p a r t i c u l a r l y i n view of the r e g u l a r i t y and i n t e n s i t y of the 
trapping e f f o r t which was employed. The relationships between 
weight, sexual maturity, and age described by Baker (1930) were 
u t i l i s e d i n t h i s work. I n Clethrionomys no animals of less 
than 14 grams were considered as sexually mature, and i n 
Apodemus 15 grams was taken as the minimum weight f o r sexual 
maturity (Baker, 1950). 
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2. The Frequency d i s t r i b u t i o n s of body-weights 

The weight records f o r each month were analysed and 

placed i n weight classes and the mean weight f o r each month 

with i t s standard error was calculated f o r comparative purposes. 

The variance of each d i s t r i b u t i o n was also calculated to give a 

measure of the spread of records i . e . the degree of heterogeneity 

of the sample. The mean body weight w i t h i t s standard error, 

the variance, and the number of the sample, are given f o r each 

month i n Tables 47 and 48 f o r Clethrionomys males and females 

respectively; and i n Tables 49 and 50 f o r Apodemus males and 

females respectively. The trends of the mean weights are shown 

graphically i n Figs. 18 and 19» and the frequency d i s t r i b u t i o n s 

of weights i n d i f f e r e n t seasons are shown i n Figs. 15-18. 

a) The body-weights of CMhrionomys males on g r i d A 

frable 47. Figs. 15 and 18) 

There was a gradual increase i n mean body weight from a 

value of 16.25 grams i n March 196?, to one of 23.40 grams i n 

July. This increase was due to the overwintered animals of 

1962-63 p u t t i n g on a great deal of weight and coming i n t o 

breeding condition. The mean weight would have been even 

greater but f o r the f a c t that by July the d i l u t i o n e f f e c t of 

young entering the population kept the mean weight down a 

l i t t l e . A l l the males were i n breeding condition by May 

(see; p. 99), but they continued to put on weight throughout 
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the summer. The mean weight decreased from July onwards, there 
being three main contributory factors i n t h i s drop:-

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

2) The breeding males remaining were mainly animals born i n 

l a t e spring and early summer which had matured quickly 

and were breeding at a lower body weight than the over­

wintered animals. 

5) Constant d i l u t i o n of the population by juveniles and sub-

adults was occurring. 

The mean body weight decreased f u r t h e r from a November value 

of 16.70 grams to a December value of 15.00 grams, t h i s drop 

being associated with the termination of the breeding season. 

The majority of the young born i n l a t e summer and early autumn 

did not become fecund and remained at a low body weight. The 

variances of the frequency d i s t r i b u t i o n s decreased i n value 

i n December 1965 and January 1964 i n d i c a t i n g the more 

homogeneous nature of the population and the presence of a 

narrower range of body weights than was present i n the summer. 

I n 1964 the males began to increase i n weight e a r l i e r than i n 

1963» possibly because of the winter being less severe i n 

1963-64 than i n 1962-63. The mean body weight i n March I964 

was consequently s u b s t a n t i a l l y higher than i n March 1963 (18 .10 

grams compared wi t h 16.25 grams). The mean weight dropped 

s l i g h t l y i n A p r i l , a drop which corresponded with a suddenly 
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Month n 

GRID A 

Mean - S.E. 
(gms.) 

GRID B 

Mean - S.E. 
(gms.) 

1965 
Mar. 
Apr. 
May-
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1964 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June^ 
_j_uiy 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
1965 

Jan. 

16 
18 
15 
15 
23 
36 
39 
29 
31 
30 

18 

29 
12 
27 

5i . 
40 
45 
45 
40 

16.25 
16.80 
18.00 
21.70 
23,40 
18.20 
17.00 
16.50 
16.70 
15.00 

j 0.45 
i 0.47 
t 1.06 
± 1.08 
i 0.79 
i 0.65 

J 0.63 
i 0.59 
i 0.38 

28 

15.70 - 0.47 

18.10 i 0.71 
17.80 i 0.78 
21.00 t 0.54 

18.80 i 0.93 
17.10 - 0.62 
16.50 t 0.57 
15.90 I 0.36 
15.20 - 0.43 

14.6 i 0.55 

3.24 
4.00 
16.81 
17.64 
14.44 
15.21 
21.16 
11.56 
10.89 
4.41 

4.00 

14.44 
7.29 
7i84 

29.16 
15.21 
14.44 
5.76 
7.29 

16 
14 
14 
18 
35 
36 
42 

45 

15 
16 

20 
15 

4 f 
46 

40 
19 

15.75 
19.10 
19.40 
20.70 
20.20 
20.00 
17.00 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

0.52 
0.53 
0.43 
1.06 
O.56 
0.68 
0.48 

16.10 i 0.27 

14.70 I -
16.50 1 0.6O 

21.00 i 0.78 
23.60 t 0.62 

18.40 t 0.67 
17.20 t 0.68 

14.50 x 0.35 
14.79 - 7.29 

4.41 
$.00 
2.56 
20.25 
10.89 
16.81 
8.41 

3.24 

5.76 
12.25 
5-76 

19.36 
21;16 

4.84 
7.29 

8.41 

Table 47 . Body weights in "grams" of Clethrionomys S on Grid A and 
Grid B. The number i n the sample (nj, the mean with 
i t s standard error (S.E.), and the variance ( s 2 ) , are 
given for each month. 

- = No trapping 
I B Half-grid only trapped. 
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increased death r a t e , probably associated with severe weather 

conditions (see p. 7 8 ) . The highest mean body-weight of 1964 

was attained i n May, there being no trapping i n June, and from 

then onwards there was a gradual decline i n mean body-weight as 

the population became more heterogeneous i n composition. The 

surviving males entered the overwintering period at a mean 

body-weight of 15*00 grams, the same as i n 1963« Throughout 

the study, as would be expected, the variances of the d i s t r i b u t ­

ions were high during the breeding season, and low during the 

non-breeding season. I n January 1965 the overwintered males 

had a mean body weight of I4 .6O grams compared with 15.70 

grams i n 1964* This increased loss of weight during the winter 

may be associated with the rather poorer s u r v i v a l of animals i n 

l a t e autumn-winter of 1964 compared w i t h 1963-64. 

b) The body-weights of fllp-tftiH-rtWriniy * males-on g r i d B-

(Table 47, Figs. 16 and 18) 

I n 1963 the males put on weight quickly, and a mean 

body-weight of 15*75 grams i n March had r i s e n to one of 19.10 

grams i n A p r i l , when a l l the males were fecund. This increase 

i n weight was much greater and more rap i d than that which 

occurred on g r i d A. I n A p r i l few animals weighed less than 

17 grams and some weighed up to 24 grams. The mean body-weight 

rose s t e a d i l y to a maximum i n June, a month e a r l i e r than on 

g r i d A, and then gradually decreased from June to August, when 
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the mean "body-weight was 20.00 grams. The mean body-weight 
dropped sharply from August to September, and had decreased 
f u r t h e r by December. The steady entry of juveniles i n t o the 
population from June onwards, a l l i e d w i t h the m o r t a l i t y of 
heavy, older animals, caused the gradual decline i n the mean 
body-weight. By September only 14$ of the overwintered animals 
s t i l l survived, and most of these died i n the early autumn. 
The mean body-weight i n December was higher on g r i d 3 than on 
g r i d A, probably because the composition of the population i n 
terms of age groups was d i f f e r e n t , there being more summer-
born young of higher body-weight s t i l l s u rviving on g r i d B 
than on g r i d A. About one-third of the summer-born young 
survived u n t i l February 1964 f but only three ind i v i d u a l s were 
recorded i n breeding condition i n 1964» The mean body-weight 
i n February had decreased to a value of less than 15.00 grams, 
the population at t h i s time being composed, of autumn-born 
animals which had remained low i n body-weight throughout the 
winter and had not begun to increase i n size, and a remnant of 
the summer-born animals which had l o s t weight during the 
winter. About 20$ of the animals marked i n the autumn survived 
to breed i n 1964» By March 1964 some of the males were fecund 
(p. 103), and the mean weight had r i s e n to 16.50 grams. I n 
May a l l the males were fecund, and the mean body-weight was 
21.00 grams. The increase i n mean body-weight continued u n t i l 
a maximum was reached i n June. From June to December the 
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mean body-weights decreased to reach a value of less than 
15.00 grams i n December 1964. Approximately 25$ of the summer 
and autumn animals of I964 were s t i l l a l i v e i n December. 
Although there was some difference between the mean body-
weights of male Clethrionomys i n the populations on the two 
grids, no s i g n i f i c a n t difference was found between the 
variances of the d i s t r i b u t i o n s when these were tested by the 
•F1 t e s t . This would indicate that the breeding pattern was 
s i m i l a r i n form on the two grids, although perhaps d i f f e r e n t 
i n d e t a i l . 

c) The body-weights of Glethrionomys females on g r i d A 

(Table 48. Fig. 19) 

Although the weight as a measure of age i n females 

means less than i n the case of the males, i t i s of use when 

used i n conjunction w i t h the known s u r v i v a l of marked animals. 

I t i s thus possible to construct a pi c t u r e of the age-structure 

of the population throughout the period of study. Because of 

the pregnancy f a c t o r the weight d i s t r i b u t i o n s were more 

heterogeneous than was the case i n the males, and t h i s was 

shown by the larger variances calculated. 

The mean body-weight was low i n March and A p r i l I963 but 

had ris e n sharply by May, i n which month some 80$ of the 

females were perforate, and some must have been pregnant 

although they were undetected i n the f i e l d (p. 1 0 0 ) . The mean 
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Month n 

GRID A 

Mean - S.E. 
(gms.) n 

GRID B 

Mean - S.E. 
(gms.) 

1965 

Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1964 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June & 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1965 
Jan. 

7 
6 
6 

15 
35 
54 
35 
28 
29 
22 

14 

17 
7 

11 

24 
27 
28 
31 
20 

15.50 ; 
14.40 £ 
19.20 £ 
18.10 £ 
18.90 £ 
20.00 £ 
18.60 £ 
17.60 £ 
16.40 £ 
16.80 £ 

1.75 
1.39 
1.03 
1.05 
0.88 
0.81 
0.85 
O.96 

14.70 - 0.75 
16.60 £ 0.82 
16.70 - 1.13 
18.90 t 0.78 

17.80 £ O.96 
18.40 i 0.87 
15*90 t 0.70 
15.20 £ 0.78 

13.00 £ 0.82 

18.49 
29.16 
37.21 
37.21 
27.04 
18.49 
21.16 
20.25 

7.84 

11.56 
9.00 
6.76 

25.00 
21.16 
15.21 
12.25 

4.00 

12 
12 
12 
15 
23 
29 
36 

24 

15 
14 

14 
8 

29 
34 
30 
17 

15.00 £ 0.46 2.56 
15,30 £ 0.75 6.76 
18.20 £ O.75 6.76 
19.30 £ 1.21 22.09 
21.50 t 0.85 16.81 
21.20 £ 0.95 26.01 
17.40 £ 0.77 21.16 

17.00 £ O.65 10.24 

15.26 £ 0.85 10.89 
16.80 £ 0.67 6;25 

19.40 £ 0.61 5.29 
22.00 £ 0.71 4i00 

19.20 £ 0.95 25.00 
16.50 £ 0.69 16.00 

15.10 £ 0.40 4.84 
14.50 £ 0.60 6.25 

Table 48 . Body weights in grams of Clethrionomys females on Grid 
A and Grid B. The number i n the sample (n), the mean 
with i t s standard error (S.E.), and the variance ( s 2 ) , 
are given for each month. 

- = No trapping 
1 = Half-grid only trapped. 
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body-weight f l u c t u a t e d a l i t t l e i n June and July because of the 
combined e f f e c t of the entrance of juveniles i n t o the populat­
ion, the b i r t h of young, and pregnancy f a c t o r s . I n August the 
mean weight was 20.00 grams, the variance was very large, and 
the weight range was from 6 grams to 32 grams. The mean body-
weight decreased quickly from August to September, probably 
because of the disappearance of heavier, older animals, and i t 
continued to decrease to an overwintering l e v e l of under 15.00 
grams. Most of the early generations o f 1963 young had 
disappeared by January I964 a f t e r having, along with older 
animals, reared the autumn-young. None of the autumn-born 
young of I963 bred i n that year but they overwintered at low 
body-weights. About one-third of them survived to breed i n 
I964. The mean body-weights i n March and A p r i l 1964 were 
higher than i n those months i n 1963 and t h i s i s most probably 
due to there being a s l i g h t l y e a r l i e r s t a r t to the breeding sea­
son (as was noted f o r the males). The population was much more 
heterogeneous i n composition i n 1964 than i n I963, the weight 
range i n March 1964 being from 10 to 24 grams, compared wi t h a 
range of from 13 to 16 grams i n March 1963* The mean body-
weight increased u n t i l July, but then decreased from August to 
October as the main i n f l u x of juveniles and immatures occurred. 
A l l the summer-born young had disappeared by November and from 
then on the population was composed e n t i r e l y of autumn-born 
young. These l a t t e r became clustered together i n t o a narrow 
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weight range without breeding. The m o r t a l i t y rate was high i n 
the early winter and the survivors l o s t weight. Only s i x 
animals were captured i n January 1965, and these had a mean 
body-weight of only 13.00 grams. The reproductive p o t e n t i a l 
f o r I965 on t h i s evidence appears to be low, (see also pp. 86-87). 

d) The body-weights of Clethrionomys females on g r i d B 

(Table 48, Fig. 19) 

The females on g r i d B came i n t o breeding condition a 

l i t t l e e a r l i e r i n I963 than did those on g r i d A, but the 

breeding season proper did not s t a r t u n t i l May. The variances 

of the body-weight d i s t r i b u t i o n s were small u n t i l June, thus 

i n d i c a t i n g the presence of a narrow range of body-weights 

w i t h l i t t l e evidence of pregnancies having occurred. The mean 

body-weight rose sharply from A p r i l to May as the females put 

on weight, and continued to r i s e s t e a d i l y , due mainly to 

pregnancies, u n t i l August. July and August v/ere the months 

i n I963 w i t h the most pregnancies recorded, but many juveniles 

and immatureB were also present. Between August and September 

the mean body-weight dropped abruptly, coincident with a 

number of heavy overwintered animals dying, and a large 

i n f l u x of juveniles occurring. The mean body-weight was s t i l l 

quite high i n December, when about 20$ of the females were 

s t i l l pregnant. By February 1964 the mean body-weight had 

dropped considerably, to 15.26 grams. The population at t h i s 
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time consisted mainly of summer-born animals of I963 which had 
l o s t weight over winter. The mean body-weight rose stea d i l y 
from February to June, by which time the population consisted 
almost e n t i r e l y of summer-born animals of 1963, the remaining 
autumn-born young having disappeared. I n May and June the mean 
body-weight was high and the variances low. A large percentage 
of the females were pregnant but no juveniles were yet entering 
the trappable population, and hence the population was more 
homogeneous wi t h regard to weight than i s usual at t h i s time 
of the year. The mean body-weight decreased i n August as the 
f i r s t juveniles and imraatures were trapped, and i n September 
the mean body-weight was down to 16.50 grams due to the 
disappearance of v i r t u a l l y a l l the old animals, the population 
thus consisting e n t i r e l y of animals marked i n August i . e . 
summer-young of 1964* I n November the mean body-weight was 
very low, Ip.lO grams, none of the September young having 
attained breeding condition. Heavy m o r t a l i t y between November 
and December affected mainly the smaller animals and the mean 
body-weight i n December I964 was higher than i n November 
f o r t h i s reason. 

e) The body-weights of Apodemus males on g r i d A 

(Table 49, Figs. 17 and 18) 

I n March I963 a l l the Apodemus males were fecund, having a 

high mean body-weight of 26.80 grams. The few in d i v i d u a l s 
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captured i n A p r i l , May and June, were a l l fecund and of high 
body-weight. I n July, f i v e animals were captured, a l l of which 
were fecund, and they had an average body-weight of 17«90 grams. 
This low mean body-weight suggests that they were early young 
which had matured quickly. Similar samples i n August and 
September to those taken i n July had larg e r mean body-weights 
than did the July sample, i n d i c a t i n g that the summer-young were 
increasing i n size, I n October an i n f l u x of males occurred, 
and from t h e i r body-weights i t would appear that they consisted 
of approximately equal numbers of early and l a t e summer-young. 
I n November, the animals which entered the population were 
mainly late-summer young of lower average body-weight. Some 
of the older animals had disappeared, and t h i s f a c t o r together 
w i t h the i n f l u x of lov/-weight young depressed the mean body-
weight considerably. The mean rose again i n December as the 
autumn-young put on weight. I n January I964 almost 75% of the 
males were non-fecund and of a f a i r l y uniform weight. By A p r i l 
the males had put on a great deal of weight and a l l were fecund. 
The uniformity of the males wi t h regard to weight at t h i s time 
was indicated by the low variance. Throughout the summer, the 
s i t u a t i o n closely resembled that outlined above f o r 1963 • I n 
September a l l the males were fecund but some were of low body-
weight and must have been weaned not long before capture and 
have matured early. Prom September to November the mean body-
weight decreased as heavier animals disappeared and some 
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Month 

T963 

Mar. 
Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1964 
Jan. 
Feb. 
Mar. 
Apr. 
May 
June 1 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Sec. 

1965 
Jan. 

GRID A 

n Mean -

GRID B 

Mean - S.E. 
(gms.) 

12 
2 
1 
1 
5 
5 
5 
17 
21 
32 

37 

37 
21 
6 

4 
/i 
T 

10 
29 
40 

12 

26.80 i 
NC 
NC 
NC 

17.90 J 
19.50 ± 
21.10 i 
17.80 i 
16.80 i 
is.25 i 

20.30 i 

24.40 t 
25.70 i 

NC 

20.70 * 
17.50 ± 
17.60 i 

0.58 

1.83 
2.50 
1.83 
0.73 
0.44 
0.41 

0.43 

0.49 
0.50 

23.50 i 3i85 
1. ac 
J9\JJ 

1.33 
0.71 
0.55 

4.00 
NC 
NC 
NC 

16.81 
31.36 
16.81 
9.00 
4.00 
5.29 

6.76 

9.00 
5.29 
NC 

59.29 
59.29^ 
39.69 
14.44 
12b25 

1 
0 
1 
0 
5 
0 
1 

37 

13 
9 

7 
3 
e o 
8 

16 
8 

NC 
NC 
NC 
NC 

21.90 i 2.14 
NC 
NC 

20.30 - 0.43 

21.60 t 1.03 
25.20 t 0.66 

24.10 t 
25.70 S 1.10 
r\ i ~ i-» f\ + n « * 

21.50 £ 1*20 

16*70 £ 0.80 
20.00 i 1.10 

NC 
NC 
NC 
NC 

23.04 
NC 
NC 

6.76 

13.69 
4.00 

7.84 
3.61 

29". i'6 
11.56 

10.24 
9.61 

20.50 i 0.69 5.76 

Table 49. Body-weights in grams of Apodemus males on Grid A 
and Grid B. The number in the sample (n), the mean 
with i t s standard error (S.E.), and the variance ( e 2 ) , 
are given for each month. 

- = No trapping 
1 = Half-grid trapped. 
NC = Not calculable. 
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i n d i v i d u a l s l o s t weight. As i n 1963 the f i r s t i n f l u x of 
animals contained mainly summer-born young, whereas the 
second contained mainly autumn-born young not i n breeding 
condition. Of the animals marked i n September, October, and 
November, approximately one-third were a l i v e i n January 1965, 
at t h i s time a l l were non-fecund but were beginning to put 
on weight. 

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

(Table, 50. F i g . 19) 

The females on grid A showed a s i m i l a r pattern of age 

d i s t r i b u t i o n to that described f or the males. I n November 1963 

the body-weight d i s t r i b u t i o n c l e a r l y showed pregnant females 

s t i l l to be present, being most probably themselves young of 

the e a r l y summer generation. The mean body-weight dropped i n 

December, at which time most of the females were out of breed­

ing condition. I n January 1964 only one female was i n breed­

ing condition, but a l l were s t a r t i n g to put on weight. The 

mean body-weight continued to r i s e u n t i l May by which time a 

large percentage were pregnant. I n September a l l of the females 

captured were pregnant, but had a mean body-weight of l e s s than 

the average body-weight of pregnant females caught i n the summer 

months, suggesting that they were animals of the year. The 

mean body-weight decreased i n October, but the variance was 

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

Month n Mean + n Mean + S.E. S 2 
(gms.) (gms.) 

S.E. S 2 

1963 

Mar. 9 21.70 + 
1 0.63 3.61 0 NC NC 

Apr. 5 25.40 T 1.43 10.24 0 NC NC 
May 3 NC NC 0 NC NC 
June 2 NC NC 0 NC NC 
Ju l y 3 HC NC 1 NC NC 
Aug. 3 NC NC 0 NC NC 
Sept. 4 23.00 T 

1 
1.40 7.84 0 NC NC 

Oct. 8 17.50 
X 
mm 
1 0.99 7-84 — _ _ 

Nov. 12 19.30 + 
1 1.88 42.25 _ _ 

Dec. 14 17.40 + 0.85 IO .24 10 16 .40 + 0.66 4.41 

1964 

Jan. 27 18.60 + 0.52 7.29 _ 17.10 + 
1.43 10.24 

Feb. • - - 5 17.90 + 
1.43 10.24 

Mar. 36 19.90 T 

? 
0.52 9.61 5 Apr. 23 19.80 

T 

? 0.69 10.89 19.10 1.40 17.64 
May 10 25.00 T 1.30 16;81 9 NC NC 
June i mm 

J — 1 NC NC 
Ju l y 5 22.50 J 0.40 0.81 _ — 

Aug. 5 22.56 ' + 
1 0.40 0.81 2 NC NC 

Sept. 8 22.00 + 

+ 
1.26 15.21 2 NC NC 

Oct. 20 18 . 20 

+ 

+ 
1.03 21.16 •* — mm 

Nov. 24 15.80 0.63 9.61 2 NC NC 
Dec. - - - 2 NC NC 

1965 

Jan. 8 18 .00 + 
mm 0.71 4 .00 mm • a 

Table 50. Body weights i n grams of Apodemus females on Grid A 
and Grid B. The number i n the sample ( n ) , the mean with 
i t s standard e r r o r ( S . E . ) , and the variance ( s 2 ) , are 
given for each month. 

- = No trapping 
1 = Half-grid only trapped. 
NC = Not c a l c u l a b l e . 
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animals entering the population. By November a l l were out 

of breeding condition and the mean body-weight was low. I n 

January 1965 no females were i n breeding condition; about 

25$ of the autumn-marked animals were a l i v e . 
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SECTION C. THE EFFECT OF HABITAT ON THE POPULATION DYNAMICS AND 
DISTRIBUTION AND ABUNDANCE OF CLETHRIONOMYS AND APODEMUS 

I . INTRODUCTION 

Several workers who have studied populations of small 

rodents have made observations on the e f f e c t s of habitat on the 

ecology of the animals (Evans, 1942; Brown, 1954; Delany, 

1957, 1961; Newson 1960, 1963; F u l l a g e r et a l 1963$ Kikkawa, 

I 9 6 4 ) . I n the study of Newson (1960) attention was paid to 

both the performance of populations of Clethrionomys and Apodemus 

i n d i f f e r e n t h a b i t a t s , and to the d i s t r i b u t i o n of the animals 

within the h a b i t a t s . I n the present study i n v e s t i g a t i o n s into 

both of these aspects of the ecology of the two species have 

been c a r r i e d out. Most of the other workers mentioned above 

have supplied information on the d i s t r i b u t i o n of the rodents 

with r e l a t i o n to the d i s t r i b u t i o n of the vegetation i n the 

study area (Evans, 1942; Delany, 1957) , and i n some cases 

with regard also to the cover provided by the vegetation 

(Newson, I96O; Kikkawa, 1964)* As a r e s u l t of these sever a l 

studies there has come into general acceptance the view that 

the d i s t r i b u t i o n of Clethrionomys i s associated with that of 

dense vegetation, and the d i s t r i b u t i o n of Apodemus i s as s o c i a t ­

ed with that of more open areas. I n the present study an 

attempt was made to examine more c l o s e l y the r e l a t i o n s h i p 

between the d i s t r i b u t i o n of Clethrionomys and Apodemus. and 
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that of the various types of vegetation forming the f i e l d l a y e r 
i n the study areas. The r e l a t i o n s h i p was examined i n two ways, 
one being concerned with the nature of the vegetation and the 
d i s t r i b u t i o n of rodents, the other being more concerned with 
the degree of protective cover provided by the vegetation 
regardless of i t s nature. The precise nature of the procedures 
employed i n t h i s study, and the r e s u l t s obtained, are given below 
(pp. 138-165 ) and the i n t e r p r e t a t i o n s of the r e s u l t s are 
discussed, with reference to the r e s u l t s of other workers, i n 
the discussion at the end of t h i s section (pp. 166 -171) . 

I I . THE POPULATION DYNAMICS OP CLETHRIONOMYS 

AND APODEMUS IN DIFFERENT HABITATS 

1. Changes i n population s i z e of Glethrionomvs on the two 

halves of g r i d A from March 1963 to January I965 

Following the methods of estimation of population s i z e 

previously described (pp. 37-46 ) the s i z e of the population 

on each h a l f - g r i d throughout the study was c a l c u l a t e d . The 

r e s u l t i n g 'N̂ ' curves are shown i n F i g . 20, and the r e s u l t s are 

given i n Table 51* From the graph shown i n F i g . 20 i t can be 

seen that the Clethrionomys population i n the sycamore wood was 

greater i n s i z e on a l l occasions when ca l c u l a t e d with the 

exceptions of March, A p r i l , and December of 1963« 

In March and A p r i l 1963 the c a l c u l a t e d 'N^1 values for the 

Clethrionomys population i n the sycamore wood were s l i g h t l y 
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smaller than those of the l a r c h wood population. Prom A p r i l 
to September 1963> however, the sycamore wood population was 
con s i s t e n t l y some JQffo l a r g e r . Between September and October 
I963 , the population s i z e i n the sycamore wood doubled, while 
that i n the l a r c h wood f e l l by one t h i r d . The reason for t h i s 
remarkable happening i s unknown, but i t s time of occurrence i s 
coincident with the f i r s t large i n f l u x of Apodemus into the 
iaroh wood. From October to December 1963» the population i n 
the sycamore wood declined greatly i n numbers, whereas that i n 
the l a r c h wood increased i n s i z e to become the l a r g e r of the 
two. Some of t h i s change was almost c e r t a i n l y due to the move­
ment of Clethrionomys into the l a r c h wood from the sycamore 
wood, coincident with an increase i n the numbers of Apodemus 
captured i n the sycamore wood. Between December 1963 and 
January 1964 the l a r c h wood population decreased i n s i z e while 
the sycamore wood population increased i n s i z e , and t h i s time 
movement from the l a r c h to the sycamore was mainly responsible 
for the changes. Both populations decreased i n s i z e u n t i l A p r i l 
1964* the sycamore wood population l o s i n g the most animals. 
Throughout the summer of 1964 the pattern of 1963 was repeated 
even to the October r i s e i n the sycamore population and the 
f a l l i n the l a r c h population. After October the sycamore wood 
population declined and the l a r c h wood population continued i t s 
decl i n e . I n January I965 the population i n the sycamore wood 
was approximately twice as large as that i n the l a r c h wood. 
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Date 1. Larch 2. Sycamore 3 . Whole gr i d 1+2 

1963 

Mar. 16 . 0 14.5 26.0 30.5 
Apr. 14.4 11.4 22:. 0 25.8 
May- 19.3 32.5 25.0 51.8 
June 22.9 31.8 51.5 54.7 
J u l y 26.2 36.4 64.I 62.6 
Aug. 31.4 34.9 66.3 66.3 
Sept. 31.6 46.2 78.8 77.8 
Oct. 21.3 94.4 103.3 115.7 
Nov. 43.1 54.3 97.9 97.4 
Dec. 45.3 28 . 4 66.8 73.7 

1964 

Jan. 16.7 57.7 , 5 0 . 6 74.4 
Mar. 13.0 44 .0 90.5 57.0 
Apr. 10.5 23.8 34.3 34-3 
May 25.8 38.0 63.8 63.8 
June 32.9 37.8 70.2 70.7 

78*8-Aug. 36.4 42.4 78 s 0 
70.7 
78*8-

Sept. 41.6 40.7 83.7 81 .7 
Oct. 30.7 68.9 100.1 99'. 6 
Nov. 19.1 42.7 61 .6 61 .8 

1965 

Jan. 12.0 31.5 53.0 33.5 

Table 51 • Estimates of populations of Clethrionomys on the 
h a l f - g r i d s of g r i d A. I n column 3 are shown the 

estimates c a l c u l a t e d f or the whole gr i d , and i n 
column 4 the combined estimates of the two h a l f - g r i d s 
are given. 

s = doubtful estimate. 
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2 . Changes i n population s i z e of Apodemup on the two halves 
of g r i d A ( F i g . 21, Table 52) 

Only i n January 19&5 w a s t n e population of Apodemus i n 

the sycamore wood greater than that i n the l a r c h wood, and the 

margin of difference between them even then was n e g l i g i b l e . 

After March 1963 no Apodemus were captured i n the sycamore wood 

u n t i l September, and i n the same period only a few i n d i v i d u a l s 

were caught i n the l a r c h wood. Between September and December 

I 9 6 3 , the population s i z e increased greatly i n the l a r c h wood, 

and from October to December I963 a s i m i l a r increase took 

place i n the sycamore wood a l s o . Both populations remained at 

a high l e v e l of density u n t i l March 1964, and then both 

declined i n p a r a l l e l throughout the spring and summer. The 

autumn increase i n population s i z e occurred i n both the l a r c h 

and the sycamore as i n 196J, with the increase coming e a r l i e r 

i n the l a r c h and being of l a r g e r dimensions. After October 

I964 the population i n the l a r c h decreased, while the sycamore 

wood population continued to increase; the populations were 

thus equivalent i n s i z e i n November 1964« From November to 

January 1965 both populations decreased i n s i z e at a s i m i l a r 

r a t e . 

3. Changes i n population s i z e of C l e t h r i n n n m y a on the two 

halves of g r i d B 

The 'Nt' estimates f o r the populations of Clethrionomys 

on the h a l f - g r i d s of g r i d B are given i n Table 53 and shown 
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Sate 1. Larch 2. Sycamore 3. Hi/hole g r i d 1+2 

1963 

Mar. 15.0 6.5 24.0 21.5 
Apr. 5.7 0 13.9 5.7 
May 3.8 0 7.5 3.8 
June mm - - 4-5 _ 
J u l y - - *24.7 -
Aug. - - 6.7 -
Sept. 17.3 1.2 11.0 18.5 
Oct. 34.2 3.7 39.0 37.9 
Nov. 39.5 18 .9 49.6 58.4 
Dec. 49.2 40.8 84.0 90.0 

1964 

Jan. 39-5 35.1 71.9 74.6 
Mar. 47.8 37.1 83.4 84.9 
Apr. 23.1 16.3 39.6 39-4 
May 20.0 10.3 31.9 30.3 
June 7.2 0 7.2 7.2 
Aug. 7.2 0 7-2 7.2 
Sept. = „ - 39.4 -
Oct. 54.5 26.4 80 .9 80 .9 
Nov. 34.6 33.3 68 .1 67.9 

1965 

Jan. 16.5 18 .0 25.5 34.5 

Table 52. Estimates of populations of Apodemus on the h a l f -
grids of g r i d A. I n column 3 are shown the 
estimates c a l c u l a t e d f o r the whole gr i d , and i n 
column 4 the combined estimates of the two 
h a l f - g r i d s are given. 

x = doubtful estimate. 
- = no trapping. 
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graphically i n F i g . 22. The d i f f e r e n c e s i n population s i z e 
between the l a r c h and ash populations are l e s s marked than those 
between the l a r c h and sycamore populations on g r i d A. With 
only four exceptions (see below) the 'N^1 values for the pop­
ul a t i o n i n the ash plantation are greater than those for the 
population i n the l a r c h throughout the study as a whole. I n 
March and A p r i l 1963 the populations were s i m i l a r i n s i z e with, 
perhaps, the population i n the l a r c h being a l i t t l e l a r g e r . A 
sharp population r i s e i n the ash plantation between A p r i l and 
May was not maintained and the population had decreased again 
i n s i z e by June. From June u n t i l December 1963 the two populat­
ions behaved s i m i l a r l y with the ash plantation population being 
the l a r g e r . From December 1963 to February 1964 the population 
i n the ash plantation continued to dwindle i n numbers but the 
population i n the larch remained at a constant s i z e . There was 
some interchange of animals between the h a l f - g r i d s i n the period 
from February to May causing the ash plantation population to 
increase i n s i z e as the l a r c h wood population decreased i n s i z e . 
During the breeding season of 1964 the population increased 
greatly i n s i z e i n the ash plantation but increased only very 
moderately i n the l a r c h wood. From August to December 1964 
the ash plantation population declined r a p i d l y , and i n December 
1964 there was only some JO/o difference i n s i z e between the two 
populations. 

Over the whole period of study the population i n the lar c h 
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Date 1. Ash 2. Larch 3. Whole g r i d 1+2 

1963 

March 20.0 24.O 45.0 44.0 
A p r i l 19.7 20.5 40.6 40.2 
May 58.5 20.8 41.0 59.3 
June 24.7 32.3 57.0 57.0 
J u l y 45.8 33.2 79.5 79.0 
Aug. 48.5 30.1 79.4 78.6 
Sept. 48.1 37.0 83-9 85.I 
Dec. 30.1 23.2 53.6 53.3 

1964 

Feb. 14.8 24.1 39.7 38.9 
Mar. 21.1 20.6 41-7 41.7 
May 22.6 9.6 32.0 32.2 
June - - *40.0 -
Aug. 64.9 27.7 99.0 92.6 
Sept. 58.5 5 0.6 92.6 89.-5 
Nov. 31.8 22.1 51.8 53.9 
Dec. 24.5 15.0 38.0 59.5 

Table 53. Estimates of populations of Clethrionomys on the 
h a l f - g r i d s of g r i d B. I n column 5 are shown the 
estimates c a l c u l a t e d f or the whole gr i d , and i n 
column 4 the combined estimates of the two 
h a l f - g r i d s are given. 

x = doubtful estimate. 
- = no trapping. 
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wood fluctuated f a r l e s s i n s i z e than did that i n the ash 
plantation but the reason for t h i s i s not c l e a r . 

Prom the trapping records i t seems u n l i k e l y that there was 

a resident population of Apodemus on g r i d B, but of those animals 

which were captured the majority frequented areas i n the l a r c h 

wood. 

4. The s u r v i v a l , breeding, and age structu r e of populations 

of Clethrionomys and Apodemus l i v i n g i n d i f f e r e n t habitats 

From a preliminary a n a l y s i s of the s u r v i v a l , breeding and 

age-structure of the two species on the four h a l f - g r i d s of grid 

A and grid B no s i g n i f i c a n t differences were found between the 

populations i n the d i f f e r e n t h a b i t a t s . 

I I I . SEASONAL CHANGES IN THE DISTRIBUTION AND ABUNDANCE 

OF CLETHRIONOMTS AND APODEMUS WITH REFERENCE TO 

CHANGES IN THE VEGETATION 

1. Introduction 

Before the s t a r t of every trapping period a record was made 

of the type and density of the vegetation around each trapping 

point. By consideration of these records throughout the year 

seasonal changes i n the vegetation were recognisable, and notes 

were made at the time of the d e t a i l s of the changes. Examin­

ation of the trapping records allowed the number of captures 

made of both species of rodent at each trapping point to be 



146 

determined for each trapping period. I n order to allow for 
d i r e c t comparison of d i f f e r e n t seasons i n terms of the number 
of captures made i n d i f f e r e n t vegetation types, i t was 
necessary to devise an average capture index per trap-position 
for each season. Such an index was necessary because each 
season was not composed of equal numbers of trapping periods. 
The capture index was c a l c u l a t e d by considering a l l seasons to 
have three trapping periods, thus by app l i c a t i o n of the simple 
equation given below, the average capture index per trap-
position per season could be found:-

Average No. of captures made at trapping point .. 
capture index = No. of trapping periods i n season 

I n order to f a c i l i t a t e t h i s a n a l y s i s the average capture indices 

are considered to portray accurately the d i s t r i b u t i o n of the 

rodents at the times of the trappings. This assumption may 

not be f a r from the truth as there i s no i n d i c a t i o n that 

animals l i v i n g i n one vegetation type are more l i a b l e to r e ­

capture than are animals l i v i n g i n any other vegetation type. 

2. Seasonal changes i n the d i s t r i b u t i o n and abundance of 

Clethrionomvs and Apodemus on ffrids A and B 

a) Clethrionomys. Grid A 

The seasonal changes i n d i s t r i b u t i o n of Clethrionomys 

on g r i d A are shown diagrammatically f o r the two years of the 

study i n F i g s . 24 and 25. The method of shading used i n the 
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diagrams i s d i r e c t l y comparable i n a l l of the seasons and hence 

shows not only the nature of the d i s t r i b u t i o n of the rodents, 

but also the comparative numbers present on the area i n the 

d i f f e r e n t seasons. 

The Clethrionomys population was small and was r e s t r i c t e d 

i n d i s t r i b u t i o n i n the spring of 1963 ( F i g * 24). The majority 

of the captures were made at trap positions situated i n areas 

of bracken or bramble, although a few were made i n traps placed 

i n areas where dogs mercury i s the dominant i n the f i e l d l a y e r 

i n the summer ( F i g . 23). A few animals were caught i n areas 

where there was l i t t l e ground vegetation, but where cover was 

av a i l a b l e i n the root-systems of up-rooted l a r c h t r e e s . No 

.captures were made i n t h i r t y of the f i f t y t r a p - s i t e s available, 

most of the t h i r t y s i t e s being situated i n areas with sparse 

cover i n the spring. I n summer 1963 * n e Clethrionomys populat­

ion was twice as large as i t had been i n the spring, and the 

d i s t r i b u t i o n of the animals was much l e s s r e s t r i c t e d . I n a l l 

only f i v e trap-positions were not v i s i t e d , a l l of which were i n 

the laroh wood. I n the sycamore wood many animals were captured 

i n t r a p - s i t e s s i t u a t e d i n areas covered by bracken, bramble, and 

dense carpets of dogs mercury, the l a t t e r plant having grown up 

since the spring. Fewer captures were made i n areas with a 

dif f u s e cover of dogs mercury. I n the l a r c h wood there appear­

ed to be avoidance of the more open areas but many animals were 

oaught i n clumps of bracken or dogs mercury. The population was 
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very large i n autumn 1963, l a r g e r than i t had teen i n the summer, 
but the d i s t r i b u t i o n of the main centres of population was more 
r e s t r i c t e d than i t had been i n the summer. This change i n 
d i s t r i b u t i o n was due mainly to the f a r fewer captures made i n 
the areas of dogs mercury i n the autumn than had been the case 
i n the summer. The cover provided by the dogs mercury was much 
l e s s i n the autumn as much of i t had died back by October-
November. The d i s t r i b u t i o n of the rodents i n winter 1963 
resembled that of autumn i n pattern although there were 
differences i n d e t a i l . The population was smaller than i t had 
been i n the autumn, but again the majority of the captures 
were made i n traps placed at s i t e s surrounded by bracken and 
bramble, and the trend commenced i n autumn of an apparent with­
drawal from areas with sparse cover was continued i n the winter. 
No animals were captured at sixteen of the f i f t y t r a p - s i t e s . 

As the d i s t r i b u t i o n patterns i n 1964 were rather d i f f e r e n t 

from those described above f o r 1963 they warrant a separate 

treatment. I n spring 1964 ( F i g * 25) the d i s t r i b u t i o n of 

Clethrionomys was d i f f e r e n t from what i t had been i n spring 

1963* The population s i z e was l a r g e r than i t had been at the 

same time i n 1963* and the d i s t r i b u t i o n of the main centres of 

population resembled that of winter 1963 more than i t did that 

of spring 1963. The main difference i n the d i s t r i b u t i o n i n 

spring 1964 from that i n winter 1963 i s that more captures were 

made i n areas dominated by dogs mercury i n the former. The 
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V E G E T A T I O N D I S T R I B U T I O N 

a M H M 
W « M M 
f » • « 
li • • » 

o o o o 
e o a o 
o e a e 
e e e e 

Dogs Mercury 

B r a c k e n 

B r a m b l e 

W i l l o w h e r b 

G r a s s 

L l i ter 

V e r y high d e n s i t y 

H igh 

M e d i u m 

Low 

V e r y low 

A b s e n t 

FIGURE 23. ( a ) . Vegetation map of the f i e l d layer on grid A. 

( b ) . Keys to the vegetation map and to the di s t r i b u t i o n 
maps ( Figures 2*1—26 ) . 
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dogs mercury plants were, of course, almost i n f u l l bloom to­
wards the end of the spring (May) and hence provided much more 
cover than was present i n the same areas i n the winter. I n 
the summer of 1964 the population was large and the d i s t r i b u t ­
ion of animals wide. Many captures were made i n the s e v e r a l 
areas of d i f f e r e n t vegetation type and only areas with sparse 
cover of dogs mercury, or with a l a y e r only of l a r c h needles 
over the s o i l , were avoided by the v o l e s . The general picture 
of the d i s t r i b u t i o n i n autumn I964 i s s i m i l a r to that described 
for summer 1964. The heaviest catches were made i n traps 
s i t e d i n bracken and i n bramble areas, the l i g h t e s t catches 
being made i n areas covered only by l a r c h - l i t t e r , or by dogs 
mercury. I n winter 1964 the population had decreased g r e a t l y 
i n s i z e from what i t had been i n autumn, and the d i s t r i b u t i o n 
of animals resembled that of spring I 9 6 3 . Of the f i v e major 
concentrations of animals found i n spring 1963 four were again 
represented i n winter 1964. However, f i v e other major concen=• 
t r a t i o n s were present also i n winter 1964* Only one of the main 
centres was situated other than i n a bracken or bramble area, and 
i t was i n a dogs mercury region adjacent to some patches 
of bramble. 

b) Cl,ethrionomys. Grid B 

The seasonal changes i n d i s t r i b u t i o n of Clethrionomys on 

g r i d B are shown diagrammatically i n F i g s . 28 and 29. 

I n spring 1965 ( F i g . 28) the d i s t r i b u t i o n of Clethrionomys 
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on g r i d B was f a i r l y wide, but the main centres of population 
were i n the areas of bracken. I n the summer animals were 
captured i n areas of d i f f e r e n t vegetation type a l l over the 
grid ( F i g . 27), but i n the l a r c h wood the main concentrations 
of animals were found to be i n areas of bracken and willowherb, 
the l a t t e r having grown up considerably since the spring. I n the 
ash plantation, most of the animals were captured i n bracken 
and bramble areas, but also many were caught i n areas covered 
by temporary summer vegetation e.g. dogs mercury, hogweed, and 
t h i c k grass. I n autumn 1963 the d i s t r i b u t i o n had changed a 
l i t t l e from that i n the summer, mainly because of the apparent 
withdrawal of animals from areas of dogs mercury, hogweed, and 
thick grass. There was continued avoidance of ground covered only 
by l a r c h l i t t e r . I n winter the willowherb areas also were 
comparatively deserted and the bulk of the admittedly few 
animals were again r e s t r i c t e d i n t h e i r d i s t r i b u t i o n to the 
areas of bracken and bramble. 

I n spring I964 ( F i g * 29) the d i s t r i b u t i o n of animals was 

r e s t r i c t e d i n the main to areas of bracken and dead willowherb. 

I n summer the population s i z e was greater and the d i s t r i b u t i o n 

wider than i t had been i n the spring. The main concentrations 

of animals were i n the areas of bracken, with considerable 

numbers being caught also i n areas of bramble and willowherb. 

I n the l a r c h wood, areas with l i t t e r only, or with a rather 

d i f f u s e covering of dogs mercury or bracken,were devoid of 
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animals. I n autumn, only the l a r c h - l i t t e r areas were avoided; 
again the main concentrations of animals were i n the bracken, 
bramble, and willowherb regions. I n winter the d i s t r i b u t i o n of 
Clethrionomys was more r e s t r i c t e d than i t had been i n the 
autumn. The l a r g e r concentrations of animals were confined 
almost e n t i r e l y to the more dense bracken clumps. 

c) Apodemns. Grid A 

The diagrams showing the d i s t r i b u t i o n of Apodemus on 

gri d A are given i n Pig. 26. 

In spring 1963 few Apodemus were captured on gr i d A. Of 

those animals that were caught the majority of them were trapped 

i n the l a r c h wood i n many d i f f e r e n t h a b i t a t s , including open 

l a r c h - l i t t e r areas. The few animals captured i n the sycamore 

wood were trapped i n sparsely-covered areas of dogs mercury. 

Very few animals were captured during the summer, and the few 

that were captured were taken i n the more open areas of the 

l a r c h wood or the spruce. I n autumn I963 the number of Apodemus 
caught was greater than i n other seasons and the animals were 

d i s t r i b u t e d widely. The bulk of the captures was made i n the 

l a r c h wood, with the more open areas apparently being favoured 

by the animals. The population s i z e had again increased by 

winter 1963 and the animals were i n the l a r c h and spruce zones, 

but within those zones no preference f or any type of vegetation 

could be detected. 
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There were three main concentrations of animals i n spring 
1 9 6 4 . Two of the concentrations were i n sparsely-covered areas 
i n the l a r c h wood, and one was i n the sycamore wood i n an area 
of dead willowherb and withered dogs mercury pla n t s . The few 
captures made i n summer were a l l at s i t e s i n the l a r c h wood. I n 
autumn 1 9 6 4 the population of Apodemus was large and as i n 
autumn 1 9 6 3 » the majority of the captures were made i n the 
l a r c h wood, but no one type of vegetation harboured disprop­
ortionate numbers of animals. I n the winter the d i s t r i b u t i o n 
of the Apodemus was more r e s t r i c t e d than i t had been, and the 
completely open areas seemed to be avoided to a c e r t a i n extent, 
although no actual preference f or a p a r t i c u l a r vegetation type 
was detectable. 

d) Anodemus. Grid B 

Very few Apodemus were caught on g r i d B u n t i l winter 1 9 6 3 

but the few that were tended to occupy habitats i n the l a r c h 

wood. I n the winter more animals were captured, the majority 

of them being i n the l a r c h wood, but no habitat preference was 

detectable from an examination of t h e i r d i s t r i b u t i o n . Through­

out I 9 6 4 the pattern was very s i m i l a r to that seen i n 1 9 6 3 » 

with the few animals that were captured being confined mainly 

to the l a r c h wood. 



( a ) . V E G E T A T I O N . G R I D B 

M K M K 
M M M M 
K H M M 
M M M M 

I 0 • • 
0 • o • 
0 0 * 0 

w m M n. 
K M M K 
mm M M 
M M M M 

M M M K 
M M M M 
M M M N 
M M K 

h h h h 

t i t i h l i 
h h h h 

• e • • 
o • • • 
• » » • 

1 h h h 
h h fi h 

( b ) . K E Y S T O V E G E T A T I O N A N D D I S T R I B U T I O N M A P S 

V E G E T A T I O N D I S T R I B U T I O N 

o o o o 
o o o o 
o o o o 
o o o o 

D o g s Mercur y 

B r a c k e n 

B r a m b l e 

W i l low her b 

G r o * 

Li H e r 

h h h h 
t i l l h h 
n h h h 

Hog w e e d 

Raspberr y 

V e r y h i g h d e n s i t y 

H i g h 

M e d i u m 

V e r y I y low 

A b s e n t 

FIGURE 27. ( a ) . Vegetation map of the f i e l d layer on grid B. 

( b ) . Keys to the vegetation map and to the di s t r i b u t i o n 
maps ( Figures 28-29 ) • 
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3. The influence of vegetation type upon the d i s t r i b u t i o n and 
abundance of Cleth.rionom.vs and Apodemus 

a) Clethrionomys 

From the accounts given above of the seasonal v a r i a t i o n 

i n d i s t r i b u t i o n of Clethrionomys on grids A and B i t i s apparent 

that the nature and d i s t r i b u t i o n of the vegetation influence 

the d i s t r i b u t i o n of the rodents. The influence of the vegetat­

ion on the d i s t r i b u t i o n of the rodents must be considered i n 

conjunction with the influence of changes i n population s i z e 

also, however. When the population was small as i n winter and 

spring, such animals as were present had a r e s t r i c t e d d i s t r i b u t ­

ion, being confined i n the main to areas of bracken, bramble 

and thick grass. The more open areas were devoid of animals 

by comparison. I n the summer the population s i z e during the 

summer was coincident with the formation of favourable habitats, 

as regards cover, of dogs mercury (on both g r i d s ) , and of other 

summer vegetation (on gr i d B ) . Thus, favourable habitats were 

av a i l a b l e at a time when crowding could reasonably be expected 

to have been occurring i n the o r i g i n a l centres of population. 

However, that population pressure i s not s o l e l y responsible for 

the c o l o n i s a t i o n of areas not previously occupied i s suggested 

by the r e s u l t s obtained from an examination of the patterns of 

d i s t r i b u t i o n present i n the autumn. The population was equal­

l y as large i n the autumn as i t had been i n the summer, and 

http://Cleth.rionom.vs
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yet the d i s t r i b u t i o n tended to be more l i m i t e d i n the autumn. 
This comparative r e s t r i c t i o n was due to the comparative absence 
i n autumn, from the areas with summer vegetation only, of 
animals present i n the summer. Considering these areas with 
summer-vegetation only, p a r t i c u l a r l y those covered by dogs 
mercury, the newly-evident avoidance of these areas was seen 
to coincide with the dying-back of the plants, which thus l e s s ­
ened t h e i r value as providers of protective cover. As w i l l be 
seen i n a l a t e r s e c t i o n (pp. 158-162 ) t h i s point about protect­
ive cover i s very important. I t would seem therefore, that 
the wider d i s t r i b u t i o n of animals i n the summer i s at l e a s t 
p a r t i a l l y due to the e x p l o i t a t i o n of newly-available favour­
able h a b i t a t s , and i s hence not due s o l e l y to the crowding-out 
of excess animals into l e s s favourable h a b i t a t s . The question 
of the changing use of areas with temporary summer vegetation 
i s examined i n more d e t a i l i n a l a t e r s e c t i o n (pp. I 6 2 - I 6 5 ) . 

b) Apodemus 

There does not seem to be any s o r t of p o s i t i v e 

a s s o c i a t i o n with a vegetation type i n Apodemus. On the other 

hand, nor does there seem to be a r e s t r i c t i v e e f f e c t exerted 

by sparsely-covered areas, although i f anything, there i s a 

s l i g h t tendency f or open areas to be preferred. The question 

of whether the d i s t r i b u t i o n of Apodemus i s r e s t r i c t e d by the 

presence of Clethrionomys, or v i c e versa, i s d i f f i c u l t to 
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answer with the information a v a i l a b l e . However, when large 

numbers of both Clethrionomys and Apodemus were present to­

gether on gr i d A i n the autumn and winter, the Apodemus were 

more confined to the l a r c h and the Clethrionomys to the 

sycamore. This preference of Apodemus f o r the l a r c h wood, and 

Clethrionomys f or the sycamore was present at other times of 

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

into t h i s . 

IV. THE RELATIONSHIP BETWEEN THE DENSITY OF THE VEGETATION 

COVER AND THE DISTRIBUTION AND ABUNDANCE OP 

CLETHRIONOMYS AND APODEMUS 

1. Introduction 

I n part I I I ( p p . 145-155 ) of t h i s s ection the d i s t r i b u t i o n s 

of 01s-'thrionQinyS:~°T|ft Apodemus are described with, reference to 

the nature of the vegetation i n the bush and herb-layers. I n 

addition to that method of a n a l y s i s the d i s t r i b u t i o n s of 

Clethrionomys and Apodemus were examined also with reference 

to the degree of protective cover provided by the vegetation, 

regardless of the exact nature of t h a t vegetation. The 

r e s u l t s of the second a n a l y s i s are given i n t h i s s u b - s e c t i o n . 

An attempt was made to assess the density of the vegetation 

around each trapping p o s i t i o n i n terms of the protective cover 

afforded by that vegetation to small rodents. The assessments 

were made p r i o r to each trapping period. Each trapping 
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p o s i t i o n was given a cover estimate of between 0 and 5» where 
0 represents bare ground devoid of any herbs, and 5 represents 
dense cover such as may be provided by thick bramble p l o t s . 
This method of estimation i s a subjective one, but i t was made 
as objective as possible by making the estimations each time 
without reference to the previous values recorded, and by 
recording the estimates before the number of captures made at 
each point was known. Prom the r e s u l t s of the monthly cover 
estimates an average estimate of the cover at each trapping 
point f o r each season was determined. I n a s i m i l a r manner the 
average number of captures made per point was ca l c u l a t e d f or 
each season. For each season an average capture index of the 
average number of animals caught at trap-positions with cover 
of 0, 0.5, 1.0, 1.5 e t c . was determined by the use of the 
following formula:-

Average capture index Total no. captures made at 
for points with cover «= points with cover value 'x' 
value of »x! No. of points with cover 

value 'x' 

This procedure was followed f o r each season and the average 

number of animals captured per point was plotted against the 

range of cover values recorded f or the season. 

2. The general r e l a t i o n s h i p between the density of cover 

and the d i s t r i b u t i o n of rodents. 

Throughout the course of the two year study a general 

impression was gained of an. underlying r e l a t i o n s h i p between the 
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abundance of Clethrionomys and the density of the vegetation 
cover. Accordingly the number of catches made at areas with 
" t h i c k " cover and with " t h i n " cover throughout the study period 
was c a l c u l a t e d . The areas with bramble and bracken were 
considered to provide " t h i c k " cover, and a l l other vegetation 
was considered to provide comparatively " t h i n " cover. This 
procedure was c a r r i e d out for both grids, and the number of 
animals i n each category was adjusted i n order to consider 
there to be 25 points with " t h i c k " and 25 points with " t h i n " 
cover on each g r i d . The r e s u l t s are shown i n Table 54* 

Grid A Grid B 
Thick Thin Thick Thin 

Clethrionomys 912 575 781 531 

Apodemus 479 439 102 118 

Table 54'• The-captures of - Cleth-r-ionoays and- Apodemus 
i n areas of "thick"and " t h i n " cover. 

On both grids more Clethrionomys were caught i n areas with 

thick cover than i n areas with thin cover. V/ith Apodemus on 

g r i d A s l i g h t l y more captures were made i n thick cover than i n 

t h i n cover, but on gr i d B the reverse s i t u a t i o n was found. I n 

order to s ee whether such a d i s t r i b u t i o n of captures i n thick 

and t h i n cover could have occurred by chance the d i s t r i b u t i o n s 

were tested f or s i g n i f i c a n c e by chi-square. For Clethrionomys 

on g r i d A i n thick cover DC ̂  = 38.19 with 1 degree of freedom 

(P<0.001), on gr i d B X = 23.82 with 1 degree of freedom 

(P<0.00l) , there i s thus a highly s i g n i f i c a n t difference i n 
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d i s t r i b u t i o n from a random one with thick cover harbouring many-
more animals than thin cover. With Apodemus. the d i s t r i b u t i o n 
i n thick and t h i n cover was found to be e n t i r e l y at random, no 
preference being shown for e i t h e r . Having thus established that 
a marked preference f o r thick cover e x i s t s i n Clethrionomys the 
r e l a t i o n s h i p i s considered i n more d e t a i l i n part 3 below. 

3. The d e t a i l e d r e l a t i o n s h i p between the degree of protective 

cover afforded by the vegetation and the d i s t r i b u t i o n and 

abundance of Clethrionomys and Apodemus 

a) Glethrionomvs. Grid A 

The r e l a t i o n s h i p between the density of cover of the 

vegetation and the average number of captures of Clethrionomys 

made at trap-positions s i t u a t e d i n such cover i s shown for the 

four seasons i i i ^ F i g s . yG arid 31 • The r e l a t i o n s h i p over the 

e n t i r e period of study i s shown i n Pig. 32. In the spring the 

range of cover estimates was from 0 to 3» none of the more 

dense vegetation types having grown up by then. The a s s o c i a t ­

ion between the number of animals captured and the cover density 

around the trap points was examined, and a highly s i g n i f i c a n t 

p o s i t i v e c o r r e l a t i o n was found to e x i s t between them ( r = 

c o r r e l a t i o n c o e f f i c i e n t = + O .89). A regression l i n e of 'y' 

upon 'x' was f i t t e d by c a l c u l a t i o n to the d i s t r i b u t i o n shown 

i n Pig. 30 (y = 0.20 + 3«98x - 2.01) and a l i n e a r r e l a t i o n s h i p 

was demonstrated to e x i s t between the two sets of values. As 
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the number of captures made at a point i s considered to r e f l e c t 
the actual d i s t r i b u t i o n of the animals over the area then the 
above reasoning may be stated another way. There i s a highly 
s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n between the d i s t r i b u t i o n of 
Clethrionomys and the density of cover of the vegetation, such 
that more animals occur where the vegetation i s more dense. 
This has been demonstrated so f a r only f o r spring, but that i t 
i s true for a l l seasons i s now b r i e f l y shown. I n the summer 
the cover estimates were within the range 0 to 5» and a po s i t i v e 
c o r r e l a t i o n of high value was found to e x i s t between the 
density of cover and the number of animals captured, ( r = 0.91; 
y = 2.60 + 1.79x - 1.38). I n autumn the maximum cover estimate 
was 4> and the c o r r e l a t i o n between cover and abundance of 
captures was good ( r = O.96; y = 5.26 + 7.22x - 2.88). I n 
the winter there was a narrower range of cover estimates (0-3) 
as was found i n the spring a l s o . The c o r r e l a t i o n between cover 
and the abundance of captures was c l o s e r than i n the other 
seasons ( r = O.98; y = 0.21 + 2.8x - O .57). When the r e s u l t s 
over the whole study were considered the degree of c o r r e l a t i o n 
between the two set s of values was seen to be very high, and 
the s c a t t e r of values about the f i t t e d regression l i n e of y 
upon x was well within the l i m i t s of one standard e r r o r on each 
side of the l i n e ( r = 0.99; y = 1.18 + 5.24x i O.952). 
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FIGURE 30. Graphs showing the relationship between the mean number of 
Clethrionomys captured at points with different degrees of 
vegetation cover on grid A, and the actual density of the 
cover at the points i n spring (a) and summer (b) . 




































































































































































































































































































































































































































































