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SEC!CtON IVt THE QUESTION: HOW MANY ARB THERE? 

I. Aims 

This section sets out to answer the first aim of this study, 

namely:- 

i) To determine the population size, its structure, and the 

dispersion of squirrels in a selected area of habitat. 

The information presented in this section has been obtained from 

the Study Blook (see Seotion II) by the methods described below. 

Consideration of the red squirrel in relation to its food resources 

presupposes a knowledge, of the population in the arearin question. .I . 
However, a plain statement of 'how many' in answer to the question 

heading this section is insufficient. It is necessary to know the 

dynamics and dispersion which produced this population density, and 

thus a series of subaims can be framed:- 

a) What is the population size in the selected area of habitat? 

b) What is the structure of this population, in terms of sex 

and age ratios, population turnover and movements? 

c) How is the population dispersed over the habitat? 

Population turnover involes both natality and mortality, and can 

be partially summarised in the form of a provisional life table. 

Population movements include both immigration to, and emigration from, 

the Study Block. Population dispersion involves the seasonally 

changing ranges of individuals within the area, drey distribution, 

and any social systems involved with the pattern of dispersion. 

2. Methods 

A direct visual census of the population was notfeasible, so 

that most population parsmeters were,estimated from a system of 

live-trapping; this, and the other field methods of observation and 
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drey surveying, are desoribed under separate headings below. A 

series of carcases, sampled by shooting or trapping, was also 

examined (see Seotion III) to provide information on age determina- 

tion techniques end body oondition. 

A. Live-t rapping 

An intensive live-trapping programme was followed for the 

three years of the study (1966 to 1969), and some prior trapping 

information was available from the Forestry Commission (1965 to 

1966)'; thus data was obtained for a four and a half year period, 

from May 1965 to July 1969. The basio features of the trapping 

system are described below. 

DEFINITIONS : The following definitions relate to the squirrel 

oatoh within a trapping period:- 

New captures : 

Recaptures: 

Retraps : 

Escapes: 

Individuals: 

Ocoasions t 

squirrels when they are first caught and 

marked. 

marked squirrels, retaught at another, 

subsequent t,rapping period. 

marked squirrels, reoaught during the same 

trapping period as they were captured or 

recaptured. 

squirrels that escape before examination 

for markings, and therefore of unknown status. 

the totel new captures and recaptures during 

a trapping period, representing the number 

of different squirrels caught in that period. 

the total new captures, recaptures, retraps, 

and escapes in a trapping period, representing 

the total nu@er of squirrel trappings in 

that period. 



Trap unit: one trap set for 24 hours. 

Age-olasses: definitions of adult, subadult and juvenile 

age-olasses are given below under age- 

determination; subadults and juveniles are 

together termed immatures. 

TRAP TYPE: Initial trials using four types of live-trap 

(Appendix 4:l) suggested that the "Legg" single catch trap and 

the Yaung's trap were equally eff'ioient, but the "Legg" single 

trap was seleoted for all trapping periods subsequent to Msroh 

1967 because of the following edvantages:- 

i. It is less liable than,the Young's trap,to be set off' 

accidentally. 

ii. Its mechanism is more sensitive to weight on the 

treadle. * 

iii. There is ample distance between the treadle and the 

gravity-drop door; in the You&s trap,the treadle is 

set too far forward, a+ the squirrel may be able to 

escape with a slow-acting door, or may be demaged (one 

oase of tail damage noted) by the heavy door. 

iv. It is a more convenieqt shape for bulk storage than the 

Young's trap. 

The "Legg" single catch trap (Forestry Commission 1962) 

operates in the following manner. The squirrel enters the trap 

by a front opening eight centimetres square, seeki% the bait 

behind the wire treadle at the back. When the treadle is 

depressed it releases a ring, attached by wire to ,the sliding 

door at the front, ,whioh now fal.&s under its own weight behind 

the squirrel. The. trap meohaniqm is simple and robust, so that 
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there is little to go wrong. However the wire becomes worn by 

continual use, and may kink, sometimes causing jamming, The 

wire thus needs periodic replacement; nylon fishing line was 

found to be a satisfactory substitute, making the trap mechanism 

more sensitive, but required more frequent replacement. 

Table 4:l shows the efficiency of the traps (Young's and 

"Legg" TRI to TRY; "Legg" only TRi' to EX3) for all trapping 

periods; the efficiency varied with season (see Results) and 

trap dispersion (see below). 

TRAP DISPERSION: Much of the experimentation on the pattern of 

trap placing had already been done by the Forestry Commission. 

The method was gradually standardised., but was consistent enough 

for the early results to be expressed in ccmparable form. The 

trapping periods, summarised in Table 4:1, consisted of two main 

series:- 

a) Overall coverage of the Study Block, throughout the 
period of study, by 'traprounds' (TR series: 1 to 17). 

b) Intensive coverage of Compartments 8 & 9 for one year 
(NS series:1 to 5). 

There were two series of additionaltrappings:- 

c) Trial trappings, experimenting with different intensive 
trap dispersions, each trial within one compartment 
(TT series: A, B & C). 

d) Extra trappings of variable format (EX series: 1 to 3). 

Consideration was given first to a scheme for overall cover- 

age of the Study Block (traprounds). Many of the statistical 

methods of data analysis require the sample to be taken at 

random. However, for practical reasons, it was impossible to 

grid the whole area and place the traps by random co-ordinates. 

The trapping was to be done single-handed, which imposed limita- 

tions of manpower, and considerable distances and problems of 
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Table 4:l Summary of the 26 trapping periods 

.;z I Date and 
Month , 

TR 3 I21 June-4 July 11966 I 

TR6 
TR7 
!rR8 
TRY 
!FR10 
TX11 
lx12 
TR13 
TTA 
TR14 
TTB & 
c ;Exl 
TRl5 
Ex2 
NSI 
NS2 
NS3 
TRl6 
NS4 
ml7 
NS5 
EX3 

TOTAL 

7-13 March 
9-45 May 
II-l7 July 
5-11 September 
l-7 November 
17-23 January 
15-21 March 
8-14 May 
g-15 June 
4-10 July 

26 July-l August 

14-20 September 
28 September 
19-25 November 
II-17 January 
IO-16 March 
20-26 April 
6-12 May 
6-12 July 
17-23 July 
26-29 July 

1967 
'1967 
81967 
'1967 
-I 67 

-%- 19 8 
1968 
1968 
1968 
1968 

1968 

1968 
1968 
l-68 

-%- 19 9 
1963 
1969 
1969 
~969 
1969 
1969 

II 

0 

I( 

II 

9, 

11 

8, 

,, 

Random 
Arbitary 

Gridded/ 
Arbitary 
Arbitary 

tt 
Gridded 

11 
" 

Arbitary 
Gridde d 

Arbitary 
Gridded 

I$ 
Gridded & 
Arbitar 

8 

11 

1 
3 

; 
3 
4 
2 

191 

- 

40 
53 

?arl- 
able 

280 
280 
280 
280 
280 

280 
?o 

14 
280 
280 
357 
280 

371 

280 
<2 

371 
280 
371 
280 
371 
150 

8,071 

89 
18 

44 
77 
25 
70 

43 

37 
1 

2 
118 

62 
- r- 
1,132 

* In these calculations the oontribution made by the low efficiency 
Fuller's traps has been omitted. 

26.4 
23.6 
31 .a 

6.4 

* . 
15.7 
27.5 

7.0 
25.0 

11.6 

13.1 
8.3 
1 .I 

:::, 

30.7 
31 .a 
28.0 

14.9 

The dates include only trapping; prebaiting dates have been omitted. 
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access were involved, which imposed time limitations. The use 

of a vehicle enabled relatively rapid placing and inspection of 

traps close to forest rides and roads. Instead of random trap 

dispersion, therefore, an arbitary scheme of trap siting was 

introduced, and it is quite probable that, because the traps 

were placed in positions likely to catch squirrels, this gave a 

greater catch per unit effort. 

The traps were not set at random, but as the essential 

statistical premise was that sampling (catching) should be at 

random, tests were required to determine if this would be a 

valid assumption (see Results). Random sampling means that 

every member of the population has an equal chance of appearing 

in the sample, independently of the other members that may 

occur in that sample. A random series of captures would be 

expected to follow the Poisson distribution when the sample 

size for any one trapping round is relatively small compared 

with the total population sampled. A non-random series of 

captures would be expected to show some form of systematic bias 

in estimates derived from it (that is deviation from the true 

values). In addition, other statistical and biological assump- 

tions had to be checked (see Results), including those related 

to the squirrel's reaction to the trap. 

The trapping scheme had several aims:- 

a) To attempt to mark individually all, or a large 
proportion, of the total population in the Study Block. 

b) To obtain absolute estimates of population size. 
c) To determine trends in population structure. 
d To obtain range and movement data for squirrels. 
8 1 To obtain individual squirrel data on weight, pelage, 

age and sex (see Section III). 
f) To fit markers visible at a distance. 

A regular and standardised coverage of the Study Block was 
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needed for comparable results relating to population trends. 

It was thought necessary to attempt to cover the Who18 area as 

an absolute estimate of squirrel numbers was required, An 

estimated 100 traps were needed to cover the whole area 

efficientJy(Figur8 &A); this was an informed guess, based on 

preliminary information of squirrel ranges. Many of the sites 

were placed in pairs, one each side of the track (IO-30 metres 

inside the forest), for simple access. Single-handed, however, 

only 40 traps could be managed because of the time involved 

visiting them to set, bait and deal with the catoh. It was 

impossible to cover the 100 trap sites at each trapround and a 

compromise was reached; the traps were moved around the Sites 

between successive traprounds, covering the 100 arbitary sites 

over a period of time. However, in order to check the effect 

of this movement'of traps on the r8sults, twelve of the trap 

sites were fixed permanently, so that every trapround had these 

same twelve sites in common, located fairly centrally (Figure 

4:1), while the other 28 traps were moved between the remaining 

88 sites in the more peripheral areas. This practical 

compromise enabled analysis of the results from the twelve 

common traps to be used as a guide to the validity of the 

total results. 

At first this rotation of traps did not follow a regular 

sequence, due to practical difficulties of access while the 

forestry operations of thinning were carried on, and while 

cattle were grazed in Oompartment 12 (cattle interfered with 

traps set on the ground). In the case of TR2 only six~of the 

twelve common sites were included in the trapping, and the 



Figure 4~1 Outline map of the 100 trapping sites 

The trapping sites of the !I% series are shown as uircles, numbered 

1 to 100. At any one trapping period only 40 of these sites were 

occupied by traps, so that the sites used varied between trapping 

periods. However, twelve trap sites (indicated by open, rather than 

closed, circles) were kept aommon to all TR trapping periods. 
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results from six nearby traps have been substituted for the 

missing six (33 for 8, 34 for 41, 39 for 23, 50 for 26, 52 for 

25, ami 59 for 27). 

The system gradually evolved towards complete but low 

density coverage of the whole area at each trapping, so that 

when a more detailed knowledge of ranges had been obtained, it 

was possible to ensure that each squirrel had at least one trap 

somewhere within its range. This made statistical analysis of 

the results easier to interpret. Thus from May 1965 (TRI) to 

March 1968 (TRII) the coverage was incomplete, with less than 

the whole Study Block sampled, while from May 1968 (TR12) to 

July 1969 (TRl7) the coverage was complete, but with low 

density sampling. This was accomplished by dividing the Study 

Block into 40 sampling areas (Figure 4:2), each less than the 

estimated size of a squirrel range. Each of these areas 

contained one trap at eachtiapround, and the position of the trap 

within an area was selected at random from the sites available 

in that area. 

To determine the approximate area sampled by each traprCUd 

prior to TR12, two methods of calculation were used (Appendix 4:2). 

The first was based on the Forestry Commission compartments 

(Figure 2:2) covered by at least one trap, and was calculated on 

the ar8a of the compartments covered by traps as a percentage of 

the total area; this tended to overestimate the area sampled 

because one trap in a large compartment would not sample all of 

it. The second was based on the 40 sampling areas (Figure J+:2), 

and was calculated as a percentage of the 40 areas that had one 

or more traps; this tended to underestimate the area sampled 



Figure 4~2 Outline map of the 40 sampling areas 

The sampling areas of the TR series are shown (thick boundaries), 

numbered I to 40. From TR12 onwards each of these areas held only 

one trap. The position of the trap within a sampling area during 

each trapping period was selected at random from the sites available 

in that area. 

Some sampling areas, inoluding certain fringe areas and those 

enclosing the twelve oommon trap sites, contained only one available 

site, while others contained b8tW8en two and four available sites. 
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because some sampling areas were 8mdl, eSp8Cifiy those in the 

middle of the Study Block, and so the traps in them StUipl8d a 

larger area than this. An average Of th8S8 tW0 measurements 

was taken for each trapround as 8n indication of the area 

sampled by the traps, and an approximate conversion factor 

CalCUlat8d to express earlier r8SUltS as values for the whole 

Study Block (Table 4:2). 

To determine whether the placing of traps near the 8dgeS 

of compartments was affecting trapping efficiency, a comparative 

analysis of peripheral versus central trapping was made, using 

results from the intensive trap dispersions of the NS and TT 

series (see below). Peripheral sites were defined as those 

within 50 yds. (46 m) of the rides forming compartmental 

boundaries, representing the main trap locations of the TR 

series. Central sites were defined as those over 50 yds. from 

the nearest ride. 

Squirrels per trap site 

Period (7 dav total) 

Peripheral Central 

TTA 1.56( 9) I .38(a) 
lTB 1.63( 8) 1.78( 9) 
NSI 0.04(25 Numbers of traps used in 
NS2 0.16( 25 each trial ar8 indicated 
NS3 0.40( 25) in parenthesis. 
NS4 0.50( 25) 
NS5 2.04( 25) 

Mean 0.94 0.90 

Parametric and non-parametric tests showed no statistically 

significant difference between the two sampling areas, suggesting 

that the peripheral trapping of th8 trapround series involved no 

loss of efficiency. 

During the last year of the study, regular sampling was 
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4:2 Table Calculated coverage of the traprounds 
(The data for methods A and B is given in 

Appendix&:2) 

Trapround 
ON 

Method of 
Calculation Factor for 

Mean of conversion 
Methods to lOq% 

A B ooverage 

1 zig 5% 51% x 2.0 
2 
3 6$ 

45% 4% x 2.1 
5% 6% x 1.6 

ii 22 

$ 

3 6$ 3 6$ x x x 1.5 1.8 1.7 
7 

lO$ 
63% 7% x 1.3 

a 6% x 1.2 
9 84% 6% 3 

IO 8% 5% 7$ 
x 1.4 
x 1.4 

11.: 6% 5% 5% x 1.7 
12 10% 10% 10% x 1.0 
13 9% 10% 10% x 1.0 
14 10% 10% 10% x 1.0 
15 9% 10% 10% x 1.0 
16 10% 10% 10% x 1.0 
17 9% 10% 10% x 1.0 
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carri8d out on a more intensive basis,in a restricted area,with 

the following aims:- 

b" I To attempt a complete census of a small sample area. 
To fit markers, visible at a distance, to a large 
proportion of squirrels, 

c) To obtain detailed range and movement data. 

Preliminary trials were undertaken to determine the most 

satisfactory pattern of d8IBe trap setting (TT series, Figure 

4:3). It was concluded that random, gridded and srbitary 

dispersion of traps were equally efficient at catching squirrels 

(App8ndi.x 4:3). The decision on the format of the intensive 

trapping scheme (NS series) was based on the follovJing factors:- 

Size of area: An area containing a reasonably large number 

of squirrels was required, including some squirrel ranges lying 

entirely within the sample area. The TT series had shown that' 

an area under 10 hectares was too small. 

Choice of area: Two compartments were Selected for which a 

considerable amount of prior trapping data was available. All 

the intensive fieldwork for the population and feeding studies 

was concentrated in Compartments 8 and 9 (17.2 hectares). 

Trap dispersion: Analysis of the TR series data (see 

R88UltS) had suggested that squirrels tended towards random 

catchability despite a non-random trap setting. A gridded 

pattern of trap dispersion was chosen for ease of setting aa 

inspection, and for more efficient d8t8rminatiOn of rang8 and 

movement data. 

Size of grid: The grid size, 50 m x 50 m, was dictated by 

the number of traps available. 

Traps per site: Trials (Appendix 4:3) had shown that, 

ideally, two traps per site were rf3qUir8d. However, with a 



Figure 4:J Outline map of the trapping trial sites 

The trapping sites of the TT series are shown as triangles, 

numbered 1 to 17 in each of three compartments. 

Full details of the TT series are given in Appendix 4:3; the 

three trapping patterns involved were:- 

TTA Compartment IO Random trap sites; 3 traps at each site 

TTB Compartment 9 Gridded trap sites; 2 traps at each site 

TTC Compartment II Arbitaxy trap sites; I trap at each site 
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restricted number of traps available, the selected area could be 

covered by a denser trapping pattern with one trap per site. 

A grid of 50 m x 50 m was surveyed over the whole of 

Compartments 8 and 9, using prismatic compasses, tape measure 

and surveying poles, with each intersection marked by a cane, 

and the nearest trunk marked with white paint crosses. A 

total of 75 intersections fell within the two compartments, 

of which 53 became trap sites for the NS series, leaving 22 

peripheral intersections (Figure 4:4). 

The three extra trapping periods were as follows:- 

Ml : 2 traps, in July 1968 (7 days), at TR sites 27 and 
l+2. Purpose: extra information on the ranges of 
two specific squirrels. 

Ex2: 12 traps, in September 1968 (1 day), at TR sites 
25, 26, 36-39, 50, 51, 60, 61, 70 and 71. Purpose: 
demonstration trapping. 

Ex3: Variable trap sites, in July 1969 (4 days); days 1 
and 2: NS sites l-53; days 3 and 4: TR sites 22-27, 
30, 40, 41 and 43, NS sites 6-11, 18-23. Purpose : 
selective cull of squirrels of known age. 

TRAPPINGFROCBBURZ: The main trapping periods (TR and NS series) 

were carried out at regular, two-monthly intervals (Table 4:l). 

The equipment for positioning the traps was:- 

1. 
32: 
4. 

2 . 

2 

40 (or 53) Legg traps. 
Polythene covers. 
Repair tool kit (wire cutters, pliers, spare wire or 
nylon) . 
Spade. 
Bait. 
Shoulder bag for bait. 
Map of trapping sites. 
Weather recording sheet. 

Each trap was dug in at the base of a tree with an srea of 

cleared vegetation in front of the entrance. A cover of 

polythene sheeting was placed over the trap to shelter squirrels 

from bad weather; squirrels in a confined space must not get 

wet because they die if unable to be active. A layer of 



Fimre 4:4 Outline map of the gridded area, Compartments 8 & 9 

The dotted lines on the map indicate the 50 m x 50 m grid which 

was surveyed over Compartments 8 and 9. The solid squares, numbered 

1 to 53, indicate the trapping sites of the NS series. Each grid 

square has a reference number (00 to 710) for recording sight 

observations of squirrels. 
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herbage was placed over the trap, keeping the entrance clear, to 

break up the outline and reduce the possibility of squirrels 

obtaining a 'search image' of traps, but also to camouflage the 

traps against human interference. During the study four traps 

were stolen, while others were moved or interfered with, causing 

the death of two squirrels. However, in relation to the high 

human use of the area, there was a low degree of interference. 

A further five traps were crushed below tree trunks during the 

hurricane of January 1968 (Section II). 

Whole maize was used as bait because of its cheapness, its 

availability, and its attraction to squirrels. It was placed 

liberally inside the traps and in front of the entrance in a wide 

circle. Up to 5% was taken by woodpigeons and other animals. 

Squirrels are able to discriminate yellow (Section III), so the 

maize was probably visible from the canopy, especially against 

a dark soil background. 

The trap doors were left unset for several days of pre- 

baiting, with regular inspections during which the bait circle 

was gradually dram in towards the entrance. The purpose of 

prebaiting was to concentrate the catch into a short, intensive 

period; trapping results showed a rise in squirrel trapping 

occasions with time, followed by a fall off, so that prebaiting 

should have ensured that the peak was obtained within a short 

time period. Squirrels presumably learn to search for bait, 

becoming more liable to capture, though other factors, such as 

weather conditions (see Results), also affect the timing of the 

peak. 

In order to assess the usefulness of a prebait period, 
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various lengths of prebaiting were used, The results (Table 

4:3) suggested that three to nine days prebaiting was the 

optimum period, giving a high percentage catch on the first day, 

and rapid attainment of peak catch. Less than three days or 

over ten days of prebaiting gave a low initial catch, and slow 

attainment of the peak. Unpublished results of Shorten & 

Courtier of trapping at Thetford Chase, suggested a similar 

conclusion. 

The traps were set in late afternoon, with the bait reduced 

to the area immediately outside the trai entrance, and behind 

the treadle inside. They were then visited twice daily until 

collection on the late afternoon of the seventh day. The three 

initial traprounds were of variable length, from nine to 16 days; 

the results from these were used to determine the most efficient 

length for future trapping periods. Daily catches were 

irregular, but built up to a peak followed by a fall off; there 

was, however, no natural termination of catching. An artificial. 

time limit was required to standardise the trapping data, and to 

balance the opposing requirements of a longer trapping time to 

eliminate daily fluctuations, but a shorter trapping time to 

avoid the fall off and consequent loss in efficiency. The 

results (Figure 4:5) suggested that seven days was a suitable 

period, by which time the efficiency of capture had started 

declining, and 8% to 95% of all individuals caught during the 

whole period had been trapped, but sufficient time had been 

allowed to smooth daily fluctuations. 

Twice-daily visits were made to all. traps, to avoid an 

undue length of captivity for the squirrels. Death would occur 
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Table 4:3 Effect of prebaiting Based on seven-day trapping periods. 

First Day's Catch 
as a Percentage Number of Days 

of the Maximum to Day of 
Days of Number of Maximum Catch 

Prebaiting Trials Day's Catch 

Mean (Range) Mean (R=w> 

0 I 2% ( 25) 6.0 ( 6) 

I 

2 1 1% 07) 6.0 (6) 

3 3 4% (13-80 2.3 ( 2-3) 

4 3 6% (o-100) 1.5 (o-4.5) 

5 3 5% (42-64) ' I.7 O-2) 

6 4 5% (25-83) 2.0 O-3) 

7 5 61% (J.+lOO) I.2 ( o-3) 

8 1 6% ( 63) 2.5 ( 2.5) 

9 I 10% (100) 1.0 (1) 

IO 

II 2 % (0) 4.0 (4) 



Figure 4:5 Length of the trapping period 

Three initial trapping periods, of variable length, are compared 

in the diagram opposite. The cumulative numbers of squirrels caught 

up to each day of trapping (expressed as numbers per 100 trap units) 

are used as an index of trapping efficiency. The graphs show the 

results for total trapping occasions and for the numbers of individual 

squirrels. 

In all cases the trapping efficiency was falling by day 7, and 

between 8% and 95% of all individuals caught during the whole 

trapping period had been trapped by that day. 
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if they were left for extensive periods; a total of eight 

deaths were caused by traps during the 1,132 trapping occasions, 

as follows:- 

Restriction by 'Bullseye' traps : 2 deaths (TRI) 
Caught in treadle mechanism (Legg trap): 1 death TRIO 
Strangled by nylon (Legg trap) : 1 death t j TRI 7 
Cause unknown (Legg trap), probably . 4 deaths (TR8, 

long captivity . 
13, 17) 

A further two deaths (TTA) followed shock symptoms (see Section 

III), the only cases encountered during trapping. 

Analysis of the afternoon catch showed that it contributed 

only 10.7% of the total trapping occasions. For 24 trapping 

periods (TRI and 11 had morning rounds only, TRl1 due to restric- 

tions caused by hurricane windblow), taken individually, the 

contribution varied from Q% to 66, as follows:- 

$ of total catch that was Over 1%: 8 
caught in afternoon round: 

There is an indication of a slight increase in afternoon catch 

in summer (13.1% compared with other seasons (8.s. Because 

of the generally low contribution to total catch made by the 

afternoon rounds, it was decided that the trapping unit for 

analysis should be 24 hours rather than 12 hours. 

Other animals besides squirrels were caught in the traps, 

and constituted 18,2$ of all catches, details of which are given 

in Appendix 4~4. However, only 2.9% of the available 8,071 

trap units were filled by these other animals; for the 26 

trapping periods taken individually, their contributions varied 

from C@ to 13: of trap units, as follows:- 

$ of tra_n units filled Over 1%: I 
by other animals: 640$: 5 

l-5$: 11 
0.1~0.9%: 5 

@: 4 
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This filling of trap units was considered so low as to have 

little effect on squirrel trapping. 

HANDLING: The following equipment was required for dealing with 

the squirrel catch during the seven days of trapping:- 

I. Equipment bag, containing:- 
- Handling sack, 45 x 30 cm. 
- Three handling cones (27 x 6.5, 24 x 6, 

12 x 5 cm diam.). 
- Two 'Pesola' spring balances (300 k 2, 500 x 5 gm). 
- Pair of scissors. 
- Three wire rods, 20 cm long. 
- Pen/pencil. 

2. Shoulder bag with maize bait. 
3. Repair tool kit. 
4. Writing board, with:- 

- Trapping results recording form. 
-Map of sites. 
-Field markings sheet, 
-Weather recording sheet. 

A squirrel was removed from the trap for examination by 

placing the opening of the handling sack well over the end of the 

trap, and opening the sliding door. Normally the squirrel would 

move into the sack of its own accord, but could be persuaded if 

necessary by blowing into the trap. The squirrel was then trans- 

ferred to a handling cone of suitable size (Pi,gures 4:6 & 4:7), 

which permitted external examination and individual marking while 

the squirrel was restrained without anaesthetisation. Escape 

was prevented by placing a thumb or wire rod behind the squirrel 

or by pinning the cone to the ground with two wire rods which 

left both hands free for examination of the squirrel. 

Examination and recording was as follows:- 

1. Date, round and site recorded. 
2. Examined for prior markings, then recorded. 
3. Sexed, and sexual condition noted. 
J+. Tibia1 epiphysis examined (see age determination below) 

and recorded. 
5. Body hair, tail hair and ear tufts examined for bleaching 

tina moult (see Section III). 



Figure 4:6 Examining squirrel in handling cone 

An adult female squirrel with a neck bell fitted and restrained 

in a wire handling cone. 

Figure 4:7 Examining squirrel-in handling cone 

The same female, restrained in the handling cone, showing the 

tail marking system, and two wire rods preventing escape. 

(July 1968, Edensmuir Forest; squirrel 2/79) 
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6. Weighed with spring balance in handling cone to the 
nearest 5 gm (see Section III). 

7. Age class determined (see age determination below). 
8. Markings applied, as required, and recorded. 
9. Release direction noted. 

Anaesthesis was occasionally used for more detailed 

examination of the squirrel; this permitted the fitting of 

visible markers or the measuring of selected body dimensions. 

The process of anaesthetisation used has been described by Lockie 

& Day (1964) f or stoats and weasels. Between three and four 

minutes of ether blowing were required to give a handling time 

of 30 to 60 seconds. Extension of the anaesthetisation time 

beyond four minutes, or repeated anaesthetisation in order to 

give a longer handling time, was liable to cause death (three 

accidental deaths occurred). Thus handling time was very 

limited. Recovery took at least six minutes; premature release 

resulted in slow'climbing ability, and falling from the canopy. 

Anaesthetisation was used on 107 occasions (648; 439); 8% of 

all squirrels released after their first anaesthetisation were 

recaptured a minimum of two months later, and a further 4% were 

retrapped a few days after initial anaesthetisation. Thus 

only 1% of anaesthetised squirrels we‘re not caught again, which 

ia oomparable with the normal rate of loss (see Results), 

suggesting that anaesthesis with ether had no effect on squirrel 

survival. Some squirrels were anaesthetised several times 

without apparent harm:- 

No. of times anaesthetised: 1 2 3 4 5 
No. of squirrels: 27 20 9 2 1 

The squirrel was released from the handling cone by removing 

the thumb or wire roa from behind and pinning the front end of 

the cone to the ground. The squirrel easily baoked out of the 



cone and moved off rapidly, either along the ground or up a 

nearby trunk. The squirrel was sometimes followed on release, 

and its course plotted on a large-scale map of the area; this 

gave extra information on the ranges of known squirrels, difficult 

to obtain by other means, The squirrel, of course, was normally 

aware that it was being followed and may have acted abnormally. 

It is likely, however, that it would have remained within the 

area with which it was familiar, that is, its range, and 

evidence of doubling back at the probable range boundaries was 

obtained, while on other occasions the squirrel was followed to 

a drey. Southern & Lowe (1968) used a similar technique with 

tawny owls, and noted such rebounding at territory margins. 

The highest daily catches that had to be handled were 20 

(TRY) for the TR series, and 28 (NS5) for the NS series; 

corresponding highest weekly catches were 86 occasions, 55 

individuals (TRl7), and 118 ocoasions, 39 individuals (NS5). 

SEXING AND AGE DET"XRMINATION: Sexing was easily accomplished, 

even with juvenile squirrels, using the distance between genital 

opening ma anus, which are close together in the female, but 

approximately one centimetre, or more, apart in the male, In 

adults the presence of testes or nipples were additional dis- 

tinguishing features. The sexual condition of all animals 

examined was classified and recorded. However no analysis of 

this data was made for the following reasons. In males the 

position of the testes is not a reliable criterion for degree 

of sexual activity. In females no reliable way of determining 

pregnancies by external examination was found; body weight 

does not indicate pregnancy (see SectionlII). In the case of 



lactating females it was difficult to distinguish between those 

approaching lactation and those post lactation. 

Age determination, especially of the live animal, was more 

difficult, and classification was possible into only three 

groups; adult, subadult and juvenile, based on sexual condition, 

presence or absence of the tibia1 notch, and live weight. 

While the animal is still growing, the epiphyses of its long 

bones gradually fuse with the shaft, but the apophysial gap 

remains open until this fusion is complete (see Petrides 1951 

and Kirkpatrick& Barnett 1957 for its use on grey squirrels), 

and can be felt, with practice, when a thumbnail is run over the 

skin at the anterior side of the tibia1 head. The squirrel 

was allotted an age-class for each trapping period in which it was 

caught, using its weight, or average weight if caught more than 

once, for that period. The age-classes were defined as follows:- 

ADULT: Sexually active in the breeding season (8 with 

external testes, and Cowper's glands medium or 

large; 9 with perforate vagina, or pregnant, 

and raised nipples). No tibia1 notch. Weight 

240 gm, or more. 

Borderline: Weights 220-240 gm. 

SUBADULT: Not sexually active in season. Often a tibial , 

notch. Almost adult in size, but weight between 

190 and 220 gm. 

Borderline: Weights 180-190 gm. 

JUVENILE: Not sexually active in season. Always a tibial 

notch. Small, with weight 180 gm or less. 

Borderline cases to 185 gm and to 235 gm were taken as 
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juvenile and subadult respectively, unless there was contrary . 

evidence, such as previous capture or sexual. condition. 

MARICC FIG : Thore is a considerable volume of literature on 

marking methods for squirrels. The foliowing discussion of 

method is divided into two parts, firstly permanent marks for, 

identification of individual squirrels during hand examination, 

and secondly visible marks for recognition of individuals or 

classes of squirrels at a distance. 

Permanent marks: Numbered metal marks, such as toe-rings 

(Linduska 1942, Allen 1943), leg-bands (Linduska 1942), or ear- 

tags (Baumgartner 1940, Linduska 1942, Allen 1943), have been used 

extensively in the past but all are liable over a long period to 

loss or defacement; in addition toe-rings or leg-bands can 

cause serious suppuration or swelling (Linduska 1942, Shorten 
Toe-clihping has also been used extensively; 

1954l.A it is not liable to loss or defacement, and does no 

apparent harm to the squirrel, but the possibility of observer 

error in marking and interpretation remains. 

The following system of toe-clipping was used throughout the 

study for permanent marking of all live-trapped squirrels: the 

toes were cut with scissors through the last joint of the digits 

concerned to avoid confusion with broken.claws. No anaesthetic 

was required, and normally there was no response to the cut from 

the squirrel. The wounds healed within a few days and no 

infection of the freshly-cut surface was observed, nor was there 

any noticeable impediment to climbing ability on release. Only 

one toe was cut from each foot, and not more than two toes were 

cut from any one squirrel. Each toe was represented by a 

number (Figure 4:8), giving 139 conibinations for use on both 



Figure 4:8 Squirrel marking system 

a) Toe clipping: the system of numbering clipped toes is shown 

opposite. With only one toe cut from each foot, and not more than 

two toes cut from any one squirrel, 139 different numerical 

combinations were available. 

b) Tail clipping: the system of marking males and females by 

cutting away hair from different five-centimetre portions (solid 

black) of the tail is shown opposite. 



Toe c I ipping 

Tail clipping 

Ventral aspect 

Dorsal aspect 
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males and females. During the study 108 males and 129 females 

were marked in this way (Appendix 4:5). 

Visible marks: A number of visible marking methods was 

tried. Nearly all of them suffered from the problem of 

distinguishing betweon colours when the squirrel was silhouetted 

against the light sky. 

i) Dyes. Dye-marking of mammals cannot be permanent due 

to the periodic fur moults, and is more difficult when 

the hair is dark. Two types of dye were tried as 

temporary markers, but neither was completely success- 

ful. 'Durafur Black R', a water soluble dye which 

lasts up to three months was applied with a paint brush 

on 58 occasions, after cleaning an area of fur with 

detergent. 

TR2 April 1966 22 squirrels: dorsal body-fur. 
TR3 June/July 1966 35 squirrels: dorsal body-fur. 
TR5 January 196’7 1 squirrel: tail hair. 

None of the dye applied to the body-fur was visible 

on recaptures three months later; the dyed tail was 

partially black on examination five days later, and very 

patchy after two months. No sight observations of 

squirrels marked with this dye were made. Agricultural 

dyes, designed for sheep marking, are intended to be 

semi-permanent marks; trials with an aerosol blue dye 

were conducted. 

NSI November 1968 2 squirrels: dorsal body-fur. 
2 squirrels: tail hair. 

One sight observation of a squirrel marked with this 

dye was made, a few days after marking. The tail marks 

had been lost after four months, and the blue dye on the 



body-fur was not visible after two months, but left 

behind it a patch of bare skin surrounded by bleached 

fur which persisted for at least eight months, but was 

not noticed in sir;ht observ-tior.s. 

ii) Plastic aollars. Coloured flexible P.V.C. collars 

(11.5 x 1 cm) with superimposed patterns of coloured 

'Scotchcal' Kere attached around the neck of squirrels 

under anaesthesis. Rapid fixing and adjustment of 

tightness was possible using staples, after experimen- 

tation on captive squirrels:- 

TR7 Iday 1967 21 males, 13 females: individually 
collar-marked. 

The results, based on trapping, suggested that only 

a small percentage of collars remained attached for over 

two months:- 

Collars Numbers of collars 
Time from attachment Attached Lost unknown 

0 days 
% 

0 0 
l-5 days 16 

2 months 7” 9" ia 
4 months 0 13 21 
6 months 0 27 7 

* 2 of the 7 were removed because of neck chaffing. 

A few sight observations of collared squirrels were 

made within two months after marking, but considerable 

difficulty was experienced in distinguishing the base 

colour and pattern against the.light sky, even with 

binoculars. Some marked squirrels retaught after two 

months showed bad neck chafing or cuts, and the pattern 

was missing from some collars. Similar collars of 

thicker plastic were tried on captive squirrels, but 

were judged too heavy for field use, 
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iii) Leather collars. Collars made of soft, flexible 

leather (11.5 x 1 cm), with two coloured flaps of 

'Scotchcal' (4 x 1 am) attached at right angles, were 

fitted with staples to squirrels under anaesthesis:- 

TR2 March 1968 4 males, 2 females: individually 
collar-marked, 

The results, based on trapping, suggested a 

relatively short retention period for these collars:- 

Time from attachment Numbers of collars 
Attached Lost unknown 

0 days 6 0 2 months 2 0 : 
3 months 2" 0 4 

4 months 1 6 months 0 ; ; 
over 8 months 0 4 2 

* 1 collar was removed because of its worn coloured flaps. 

The leather collars caused no neck chafing, but the 

coloured flaps became worn rapidly, causing difficulty 

in the identification of individuals. Only one probable 

sighting was made of these collars, a few days after 

marking. 

iv) Neck bells. Small brass bells were tied round the 

squirrels' necks with narrow widths of coloured cotton 

or rayon tape; these bells could be fitted to the 

squirrel in a handling cone, without anaesthesis. The 

bell was designed to drawdtention to a moving squirrel, 

and its coloured tape collar:- 

TRl3 May I968 5 males, 10 females: white 
or coloured collar. 

TTA June 1968 7 males, 3 females: 
coloured collar. 

TR14 July 1968 11 males, 3 females: 
coloured collar. 

Ta15 September 1968 1 female: coloured collar. 
Ex2 September 1968 1 female: coloured collar. 



The results, based on trapping, suggested that few were 

retained over one month. 

Collars ?Tumber of collars --l.U 
Time frr -. I: ~::LchT;ent )P t :; ,-I +. *. ,- 2 I. LOA Unknown - -4-. --- LII * 

0 &.<;;tr; !,7 0 0 
q-6 c;qrs i- Y 4 

1 month IO :z 
2 months 1 21 19 
4 months 0 23 18 

over 5 months 0 31 10 

No adverse effect of the tape collars was noted; 

they were easily broken if caught on any obstacle. 

The bell could be heard at a distance of 50 to 100 metres 

in calm conditions and aided the following of squirrels 

on release. A few auditory records were obtained. 

v) Tail clipping. Semi-permanent marks can be obtained 

by clipping away portions of fur; marks on the tail 

remain longest because this hair moults only once a 

year. Hair was clipped with scissors from five- 

centimetre lengths of the tail, at two distinct locations. 

to distinguish male and female squirrels (Figures 4:7 & 

4:8). All squirrels trapped subsequent to March 1968 

were clipped in this way (Table 4:4):- 

'3x12-Exl March 1968-July 1968: 88 squirrels: 
tail-clipped 6 or 9. 

TR15-ZX3 Septe;aber lg68-July 1969: 111 squirrels: 
tail-clipped 6 or 9. 

Late July and August represented the main transition 

period when tail moult removed the pre-existing marks; 

in early July a small percentage of squirrels had already started 

to moult and consequently their tails needed reclipping. 

Tail clipping proved to be a most effective mark; no 

adverse effects were noted, the mark was always retained 
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until the following July, and it was easily distinguish- 

able in silhouette against the sky. A iarge number of 

sight ob servaticns of tiiil-clipped squirrels was made. 

The relative effectiveness of xrarks. A controlled 

marking expcrl;:ent WLS pcrforned on 20 adult squirrels 

recaptured during TR12 (March 1968), to determine the 

effect of marking on squirrel survival:- 

Class No. 
mazed 

No. subseouently o Recaptured 
, recaptured 

Control 
;:: 

6 8s 
Tail-clipped 7 IO@ 
Leather collar 6 4 6% 
* Alternate squirrels were anaesthetised; all squirrels 

fitted.with leather collars were anaesthetised. 

The results suggested that there was no signifi- 

cant reduction in survival as a result of marking. 

However, no satisfactory permanent individual mark, 

visible at a distance, was found during the study. 

Dyes have been used successfully on other Sciurus 

species (Baumgartner 1940, Fitzwater 1943, Shorten 1954, 

Flyger 1960). Collars of different design have been 

used with some success on red squirrels in Sweden 

(P. A. Lemnell, pers. comm.). Alternative marking 

methods not employed during the study include coloured 

ear tags (Trippensee 1941) or wires (L. Keith, pers. 

coml.) , and skin Grafting (Shorten 1954). Tsil 

clipping was the most successful mark, but only 

distinguished between sexes of squirrels; it has been 

used by Baumgartner (19J+O), Shorten (1954) and Flyger 

(1960): 
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B. Observation 

All casual and planned observa tions of marked or unmarked 

squirrels were recorded on speci*l' +-y designed punch cards, 

together with date, time rind y:eaYner details; this permitted 

rapid sorting of information on nur$&rr;, ranges, mortality and 

social interaction. Planned observations included watches of 

specific length from a stationary vehicle or hides, by standing 

still, or on slow walks with frequent pauses. In Compartments 

8 and 9, each 50 m x 50 m trapping grid area (Figure 4:4) was 

allotted a reference number, which allowed accurate positioning 

of any observation. 

Observations of tail-clipped squirrels enabled estimates of 

the population size (numbers of marked: unmarked) and of sex 

ratio to be obtained from a method independent of trapping. 

Sightings of individually marked squirrels, together with 

information from snow-tracking and following of squirrels on 

release, added to the trapping data on ranges, 

C. Drey surve.fins 

Drey surveying aimed to count and map all dreys within 

sample areas, and to determine the percentage in use. Locating 

all dreys within an area was time consuming and several methods 

were tried. Counting dreys from the ground was found to be 

inadequate. Inspection by ladder was necessary to determine 

the state of use of all dreys other than those obviously only a 

framework. In 1969, the dreys in a small sample area within 

Compartment 9 were examined with the aid of a ladder, classified 

according to use (Table 4:5), and mapped accurately using the 

50 m x 50 m grid; this enabled the dispersion of518 drey-like 

objects to be determined. 
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4~5 Table Dreg classification according to use 

Class Category 
of use 

In use Definitely 
in use 

Round ! (Pine I twigs Green, 

r 

often mainly 
foliated fresh 

Prob. use Probably ir 
use 

Round 

Poss. use Probably ir Round 

I use 

NC recent Not in use, 
but recent- 
ly in use 

NU past Not in use, 
,but past 

use 

Frame Distant 
past use, 
framework 

I only 

Dreyhest Old drey 
frame, or 

obvious 
nest 

Shape Framework Lining 

Flat 

Flat 

Flat 
platform 

Flat or 
nestlike 

Pine twigs 
often 

foliated 

Pine twigs 
rarely 

foliated 

Some 
green 

None 
green 

Pine twigs Some 
often green 

foliated 

Pine twigs None 
not green 

foliated 

Pine twigs 2 None 
not 

foliated 
present 

Variable Variable 

Cavity 

Present 

Present 

Present 

None 

None 

None 

None 



3. Results 

A. Reaction to Tram 

Before proceeding to the analysis and results of the 

population size data, ;.-hlch Is i,aLjCZ mainly on live-trapping, 

it is important to cor:sit.ber i,he fzctors vihich may influence the 

numbers of squirrels caught by the traps, and the reaction of 

squirrels to the traps, to aid interpretation of the results 

presented below. 

SEASONAL TRZNDS. The results for the individual trapping 

periods of the TR series (which spanned the whole period of 

study) are shown in Figure 4:9, expressed on a comparable basis, 

that is, the number of squirrels caught per 100 trap units 

during the first seven days of trapping (Appendix 4:6). Catches 

of individual squirrels are lowest during autumn and winter, 

especially in November, rising to peak numbers in spring and 

summer. There are almost no retraps during autumn and winter, 

but the retrapping rate increases through spring to summer, 

reaching the highest level in July. In other words, individual 

red squirrels are most difficult to both trap and retrap in 

November, but are most readily trapped and retrapped from March 

to July. 

This seasonal difference in retrappability can be shown in 

another way by considering the retrap frequency seasonally 

(Figure 4:10), that is, the number of times individuals are 

caught per trapping period (once, twice, three times, and so on). 

For all seasons the percentage frequency occurrence of each 

class of retrap approximates to a smooth curve (see Randomness 

of Capture below) with a large percentage caught only once, but 



Figure 4:9 Seasonal trapping trends 

The trapping results of the TR series (for the whole Study Block), 

expressed as numbers of squirrels caught per 100 trap units, show a 

distinct seasonal trend, both for total individuals caught (solid 

columns) and total trapping occasions (total column height). 

The upper histogram indicates the results for all40 traps per 

trapping period. A very similar trend is shown by results from the 

twelve common traps per trapping period (lower histogram). The data 
. 

on which these histograms are based is given in Appendix 4~6. 
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Figure I.+:1 0 Seasonal variation in retrap frequency 

The trapping results for the TR, TT and NS series have been 

divided into three seasonal periods, and the mean observed % 

frequency of occurrence for each class of captive within these 

periods has been calculated. The classes of capture are the 

number of times an individual has been caught during one trapping 

period (that is once, twice, three times, and so on). 
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the tail of the curve increases from two times during the autumn 

to eight times during surnr;.er. 

This seasonal trend in tra:, and retrap rate could be due to 

a number of factors. C~r~i'ti1 exe-xination of the times of 

recruitment and loss to t;.ti population (see Pop'&ation Structure) 

suggests that this trend is not the result of actual changes in 

population size. Table &:6 considers the numbers of marked 

squirrels captured, of those known to be available for capture, 

during the period in question; during spring and summer almost 

10% of those available were caught, but the percentage was 

considerably reduced during autumn and winter. This relative 

reluctance to be caught is apparently a behavioural response and 

is probably due to one or more of the following factors:- 

i. Day length. During the winter the maximum forage time 
is eight hours compared with eleven hoyrs during the 
summer (Figures 5:ll & 5:14). 

ii. Prevailing weather conditions. During the winter, 
weather conditions tend to be less favourable for 
foraging than during spring and summer (Tables 4:7 & 
5:14), thus further reducing forage time. . . . 111. Habitat utilisation. During autumn and winter feeding 
is largely concentrated in the canopy layer, while 
more extensive use is made of the ground layer during 
spring and summer (Figure 5:4 and Appendix 5:l). 

The most adverse weather conditions occur during January and 

February (based on activity observations in Table 5:14 and 

meteorological data from Leuchars), while least day length and 

ground utilisation occurred in December. The lowest catches 

occurred in November, suggesting that weather is the least 

important of these factors; habitat utilisation is probably the 

most important. 

DAILY TRXHDS. An analysis of t:he effects of weather on 

the daily catch of squirrels is given in Table 4:7, and can be 
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Table 4~6 Seasonal v@.rLt:i.on in traoning success 

1966 1 54 1 53 ! 

1%’ 71 I 

98 

100 

1968 101 / ;; 97 

1969 1% j 101 

/ 

97 

Mean 
I 9% 

AUTUMN/WINTER (September to March) 

I Year i 
Available [ Captured 1 $ Captured i 

b66/67 / 47 : 40 85 ’ 

1 g&‘/68 57 35 61 

1 W/69 60 38 63 

I Mean I I 7% I 

The numbers of individual squirrels captured at least once 
during the seasonal. period (Captured), compared with the number of 
individual squirrels known to be present for at least part of that 
period and at risk of capture (Available). 



Table 4~7 Analysis of the effects of weather on trap;3ing 

The data has been grouped in a similar manner to Table 5:14, to which 
reference should be made for the zo?irce and detaiis of the meteoro- 
logical data. The trapping resul-i.s fr ox the TR series only have 
been used, and the mean numkeer of squi:-L-C < ;r z-I!;,;-ht per day under 
different weather -' ' coriatlons ix; bo:.n c;;L.-c.ulatuii . 

v 
1 s LieS.Tl 

units ' Days 
I Trapped 

I1 
squirrel 

i ; nos./day 
- 

I. Air Temperature 0(-J 1 
~I-- 

5 f 11 5.45 

I 5-9.9 46 5.96 8.70 
L 9.38 

2. Wind Speed Knots ' 
I 1 8:lO zi 

3. Wind Direction Compass 
bearing 

4. Atmospheric Pressure iJilliba.rs 

: >I020 ! 25 7.64 

5. Cloud Cover Octas I 

I 6-8 ;I; I 49 19 30 

4.00 

7.80 7.88 

6. Relative Humidity 

7. Rainfall 

8. Snow Cover 

9. Sunshine 

i R.H.$ t60 6 6.00 
60-69 20 8.80 

70-79 26 80-89 24 g-z; 
90-100 22 6173 

mm None 38 Trace 21 2;‘; 
0.1-0.9 18 8:89 
1 .o-4.9 12 8.67 

>5 9 8.44 

cm Insufficient data 

Hours 0 19 6.53 
(1 15 6.47 

I-2.9 20 6.15 

5' 13 11 ;*;z 
7 IO 6:80 

>g 10 9.80 

. 
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compared with the results for dsily activity based on sight 

observations (Table 5:14). In summary, Table 4:7 shows that 

daily catches were reduced by low temperatures, increased wind 

speeds, PZW winds ~ 101;: e-t:aoss>,zr .:.:: :~irc S :‘i:;',= S ) low cloud cover, 

low and high relative huz:illLc;, acZ ion sunshine hours. 

Catches increased with rainfall. The effect of the length of 

the trapping period on catches has already been considered 

(Figure 4:5) . 

T~IELVE COb!XON TXAPS. The results from the twelve common 

traps show a very similar seasonal trend, in numbers caught and 

retrappability, to those of the total 40 traps of the TR series 

(Figure 4:9) . In addition, the sex ratio data for the common 

traps follows that of the total traps fairly closely (Figure 

4:11), but is more erratic as would be expected from a small 

sample, while the recapture history of individuals also shows a 

similar pattern between the tl+o samples. It is concluded, 

therefore, that the movement of the remaining 28 traps between 

sites did not affect the overall trapping pattern, and that the 

results derived from the total 40 traps are valid. 

RANDOhQ'USS OV CAPTURE. All methods of estimating 

population size which are not based on some form of direct total 

count are subject to several statistical and biological assump- 

tions. Those that involve complete counts in sample areas less 

than the total area utilised by the population, are subject to 

the general probability theory if they are to be related to that 

total area. Those that involve taking a sample of animals (by 

trapping, sighting, and so on) from the total area require that 

all animals (for instance both marked and unmarked) are equally 
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liable to be sampled. This means th&t marked animals should 

mix freely with the rest of the population on release, and are 

sampled at random. Sir.ce sq::irrels tend to remain in relatively 

fixed home r::c:es ( _ s r 2 ? " ,-, . i ,.L.. L,lOZ Yisyersion) f?cG iiiiXiI?~ is not 

possible in the stric,t stctistLca1 sense, unless every individual 

has ready access to a trap; by ensuring that at least one trap 

occurred in every known squirrel range this potential bias was 

reduced to a minimum. The discussion below will be confined to 

the problem of random sampling, and it is assumed, in the 

absence of contrary evidence, that marking (toe-clipping) did 

not affect the survival of squirrels, and it is known that all 

such marks were retained without loss. 

No trapping technique can sample a population in a manner 

independent of the behaviour of individual squirrels. The 
I 

behaviour of one squirrel towards a trap was observed from a 

hide. It moved directly along the ground to the front of the 

trap from some distance away. This bold approach suggested . 

that the squirrel was familiar with the bait site in front of 

the trap, and it remained eating the bait outside the trap for 

more than ten minutes, before moving away along the ground. 

Cormack (1966) suggested two possible cases where the 

assumption of equal catchability could be invalid, and Eberhardt 

(I 969) extended these to include a third possibility:- 

i. T'ne probability of capture varies between individuals 
who differ inherently in their response to the trap. 

ii. The probability of capture depends on the previous 
history of individuals whose behaviour alters as a 
result of being caught in a trap. 

iii. The probability of capture depends on the relative 
opportunity that individuals have of being caught, 
and this varies with the geographical location of the 
trap. 
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The third possibility has been considered briefly above, 

while the first two suggest that trap addiotion or shyness can 

be either inherent or learnt. With a fixed trapping scheme, 

the first and third possibilities could each give a similar type 

of bias to the trapping data, but by moving the traps at each 

trapping period, any bias from the third possibility is altered, 

while that from the first remains constant. Cormack's (1966) 

proposed test for possible failures of the first type above 

requires very large samples to obtain significant results and 

was therefore not applicable to the present study. 

To test for inherent variability of capture a preliminary 

analysis of the data, based on the method of Orians & Leslie 

(1958) 9 was made on a segment of the marked population over one 

year of trapping (six trapping periods of the TR series), using 

individuals known to be alive both before and after this period. 

The observed frequency of capture at trapping periods was 

compared with the expected frequency, assuming random sampling 

at each trapping period (Appendix 4:7); no significant 

deviation from random was detected. Further analyses were made 

using retrap tiequencies, and based on methods summarised by 

Eberhardt (1969). The observed frequencies of capture within 

a trapping period were compared with the expected frequencies 

derived from mathematical distributions; in all cases the zero 

class was missing (the number of individuals not caught at all 

during that trapping period) so that the frequency distributions 

to be fitted to the observed data were truncated. If a good 

fit of the observed with expected distribution is obtained, it 

is possible to proceed a stage further and estimate the missing 
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zero class and so obtain an estimate of population size from the 

data; this is considered further under Population Size. Two 

mathematical frequency distributions, the Poisson and geometric, 

were used, though, as Eberhardt (1969) pointed out, other distri- 

butions like thenegative binomial might fit equally well. The 

Poisson distribution is based on the assumption of equal 

catchability, and thus represents the null hypothesis being 

tested. The geometric distribution fits much of the published 

data tested (Edwards & Eberhardt 1967, Nixon et al 1967, 

Eberhardt 1969) and can be explained functionally by a model 

based on the assumption that the use of parts of its home range 

by an animal follows a geometric pattern. The results for the 

observed and expected frequencies of capture are given in 

Appendix 4.~8. The overall distribution for the summated results 

of all trapping periods (excluding the EX series) fits neither 

the Poisson nor the geometric series. However, when the 

results are considered seasonally (c.f. Figure 4:10), both 

distributions fit well, except the Poisson series for the May to 

August period. Of the 25 individual trapping periods, five 

had only one class represented so it was not possible to fit 

distributions; however, of the remaining 20, 19 fitted the 

Poisson and 17 the geometric distribution (x2 test or by eye). 

Of the 17 cases fitted to the geometric, 14 provided a better 

fit than the equivalent Poisson. Poor fits were all concentrated 

in the March to July period. These results suggest that catch- 

ability was not completely at random but tended towards it. 

To test for variability dependent on previous history of 

capture, squirrel recaptures for the summer period (when catches 

were relatively high) were grouped according to the number of 
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times they had been previously caught (Table k8). The observed 

values did not differ consistently from the expected recapture 

values, and in some cases approximated them closely. It is 

concluded that catchability was not altered by previous contact 

with traps. 

SEX AND AGE DIPF3RENCES. There is much published evidence 

that the sex and age of an animal influences its catchability 

and it is therefore desirable to estimate population parameters 

independently for these classes. During the present study 

there was considerable fluctuation in sex ratio between trapping 

periods (Figure 4:ll) but no indication that one sex was caught 

earlier l"n a period than the other. The overall frequency of 

capture distributions for males and females calculated 

separately (Appendix 4~8) do not deviate significantly from 

each other, but neither fitted the Poisson distribution, and 

only that of the females fitted the geometric distribution. 

Females are generally less readily caughtthan males (Table 4:9) 

and so analysis of capture/recapture data was carried out 

separately for the two sexes. The overall frequency of capture 

distributions for adults and immatures calculated separately 

(Appendix 4:8) do differ significantly from each other (P = 

<0.005), but neither fitted the Poisson distribution, and only 

that of the immatures fitted the geometric distribution. 

However, immatures formed too small a proportion of the catch 

to be analysed separately, and become adults within a 

relatively short period so that any bias caused by them would 

be minimal. 

B. Population Size 

To answer the first subaim of this Section requires an 
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Table 4:9 Differential rate of capture between sexes 

Frequency 
of 0ccurro:~c.e 

1 
2 

3 

4 

5 

6 

Total Individuals 

Total Occasions 

Mean Frequency 

r 
I :h~.GG/scpt .6-i' ' Nov.67/Sept.68 _. _ 

c 0 (29 I ss 99 i_ 

: I 
i “i- 

', .' c L. v I ib i 29 
j 13 7 ; 'i3 20 

a 5 8 8 

6 5 3 0 

7 2 3 1 

0 0 0 0 

48 39 43 58 

123 79 93 98 

2.6 2.0 2.2 I.7 

'j 
Frequency Nov.66/Sept.67 Nov.67/Sept.68 
of capture a QQ 6s QQ 

1 1 7 16 12 23 
2 7 7 11 16 I 
3 IO 4 IO 10 

4 a 5 4 6 

5 2 2 3 1 

6 6 0 0 1 

7 3 2 1 0 

8 0 1 1 1 

9 1 2 0 0 

IO 3 0 0 0 

11 1 0 1 0 

12 0 0 0 0 

Total Individuals 48 39 43 58 
Total Occasions 200 112 121 128 

Mean Frequency 4.2 2.9 2.8 2.2 

The frequency of occurrence of males and females in trapping 
periods of the TR series is listed in the upper table, while the. 
lower table lists the total number of captures of these individuals 
during the same periods. 



estimate of the absolute population size for the total Study 

Block; the population density for a selected area of habitat 

is the number of squirrels per unit area, and it implies some 

knowledge of the dispersion ~::5.thi;l the habitat, especially in 

cases vinere the habitat is not uniform. A large number of 

methods of estimating population size have been proposed in 

published work, and only those relevant to the present study 

are considered below. Where possible, estimates of the 95% 

confidence limits, which indicate the precision of the 

estimates, have been given. 

There are a number of statistical and biological premises 

in common to most of the methods of estimation. The assumptions 

concerned with random sampling and the effects of marking have 

been considered above. A further assumption is that recruit- 

ment and losses to the population during the period of sampling 

are zero, or occurring at a known rate. In the case of 

estimates based on a single sampling period, only seven to 

sixteen days was involved and recruitment and losses were con- 

sidered negligible. However, in the case of estimates based 

on two or more sampling periods, complications and possible bias 

are introduced by these dynamic processes which are considered 

under Population Structure below. Estimates based on recaptures 

were calculated on the crude data (only allowing for known 

mortality of marked animals) and then on adjusted data (allowing 

for estimated mortality of marked animals); there was no 

evidence to suggest differential mortality of marked and unmarked 

squirrels. Periods of recruitment were also determined. 
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Five main types of population estimate were applied to 

the trapping data. The main advantage of using several 

simultaneous estimation methods is that different classifications 

of the population involve difrerck assumptions, and thus 

different sources of error u:d bins. These estimates therefore, 

provide a check on each other. In addition, the capture/ 

recapture method of estimation was applied to data from a 

different method of sampling (Appendix J+:lO). 

The following standard notation is used for the size 

estimation formulae given below:- 

; = Estimated population size. 
r = Total no. of-individuals sampled during one trapping 
s = Total no. of trapping occasions during one trapping 

period. 
Al = No. of marked animals available for capture. 
m = No. of marked animals in the sample of r individuals. 
n = No. of individuals caught x times during one trapping 
x period (where x = 1, 2, 3....). 

62= Variance. I 

6 = Standard deviation. 
Approximate 95% confidence limits are given by 2 1.96 x 6 . 

BASIC MINIMUM POPULATION. During the whole period of 

study 237 squirrels were handled and marked (108 males; 129 

females); between three and seven other, unmarked squirrels 

were known to have died during this period. Using the trapping 

histories of each marked animal, basic minimum population sizes 

were calculated for the whole Study Block (Table 4:10); these 

correspond to the minimal (time-specific) estimates of hlosby 

0969). The number of squirrels known to be present during eahh 

trapping period, whether trapped or not, was summated, based on 

the assumption that when squirrels were caught before and after, 

but not during, that period they had in fact been present in the 

Study Block during the intervening time period. Relatively 
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stable values were obtained from TR5 onwards, suggesting a 

population above 50 at all times between 1966 and 1969, and 

reaching a peak of 72 during the summer of 1968. An annual 

trend of low numbers during autumn rising to peak numbers during 

late spring and summer is also shown. 

EFFICIENCY WI'i3ODS. A number of methods have been 

developed to estimate population size from the rates of capture 

of individuals; normally these animals are removed on 

successive trapping occasions and, if the population is finite, 

the size of subsequent catches should theoretically be reduced 

at a predictable rate. It is assumed, for simplicity, that 

the probability of capture for any remaining individual stays 

constant throughout the trapping period. All the published 

methods manipulate the same basic data and cannot be used as 

checks against each other; because of this, only two methods 

are considered below. The data was not sufficiently extensive 

to warrant complicated calculations of the type proposed by 

De Lury ( 1947) . Retraps were ignored in compiling the data 

for they were regarded as the 'removed' members of the 

population. 

i. Graphical plot. A simple graph plot of the number 

of squirrels caught per day, against the numbers previously 

removed up to that day, was smoothed and extrapolated to zero 

by eye, thus giving the total possible catch for the area 

sampled, This method had the advantage that the rate of removal 

could be examined visually, and only data providing relatively 

smooth curves were adopted for use in the second method of 

estimation. The results for the TR series, after rejection of 
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seven trapping periods with erratic data, are given in Table 4~11. 

A conversion factor, &rived in t>?e Methods section above, was 

used to relate the area sa.qleZ at csch period to the total 

area of the S-Li;dy Block. 

ii. Zippin's WLhOd. The ma-Lhematical procedure proposed 

by Zippin (1958) was also used (Table 4:l I), based on the 

following formulae:- 

where S = y2 + 2y3+ 3%' 43jj+ 5y6+ 6y7, and yx = the numbc:. of new 
individuals on 
day x. 

Values of p and q are then obtained from tables of R (Zippin 

1958) if R lies between 0.0 and 3.0; higher values of R are 

rejected. 

Again a conversion factor was applied to the estimates. 

The results from both methods are little higher than the basic 

minimum population and probably underestimate the true population 

size. These methods tend to underestimate if the probability 

of capture falls with time; this would seem to be the case in 

the present study (Figure 4:5), and would be further decreased 

by the traps being filled by 'removed' individuals (retraps). 

RECAPTURE FREQUEDI'CY METHODS. The fitting of Poisson and 

geometric distributions to retrap frequencies has already been 

considered (Appendix 4:s). By estimating the missing zero class 

from the fitted truncated distribution, an estimate of the total 

population can be derived. The methods proposed by Eberhardt 

(1969) have been used throughout, but no method for estimation 
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Table 4:ll Efficiency methods of ponulation estimation 

I Trapround 

TRI 
TR2 
TR5 
TR6 

I m7 
TR8 
lx12 
TRI 3 
TRI 4 
TRI 7 

c 

* 9!$$ confidence limits given 
L 

,G 
Zippin 

,": 
59 

,‘? 
132 
49 
60 

67 

Table &I2 Recapture freauency methods of population estimation 

Trapround Geometric 
1 

Poisson i Conversion ii 1 r"actor Geometric 

TRI 
TR2 
TR3 
m5 
m6 
TR7 
T’R8 
!iR12 
TX14 
TRI 6 
Ta17 

96.0 
99.0 
54.5 

-134.2 

130.0 
69.9 

259 .O 
124.2 
221.0 
150.8 

53.9 

;58*: 
75:7 
71.2 
75.4 
45.9 

140.1 
72.9 

120.1 
88.5 

x 2.0 192 

x x 2.1 1.6 208 87 
x 1.7 228 
x 1.5 
x 1.3 169 
x 1.2 84 
x 1.0 259 
x 1.0 124 
x 1.0 221 
x 1.0 151 

Mean 172 

ii 
Poisson 

108 
117 

61 
129 
107 
98 
55 

140 
73 

120 
89 

100 
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of variance was available:- 
\ 

i) Poisson distribution: 2 = qi;i;-\x r 

h is estimated by iterative SO; \itiOil < nean Of distribution). 

ii) Geometric distribution: 6 = 5 (q is the parameter 
of the distribution) 

The truncated distribution can be generated from:- 

E(nx) = rpq'-' where p = 1-e. 

The results for population size estimates are summarised 

for the TR series in Table &:lZ, omitting estimates based on only 

two frequency classes and those where the expected distribution 

does not fit the observed values (x2 test). Population size 

estimates are also available for the sample areas covered by the 

TT andNS series, but because some ranges extend outside the 

area sampled, the exact area of sampling is unknown and these 

estimates (suggesting a population of about 50 squirrels within 

and around Compartments 8 and 9) have not been used. 

These efficiency methods give much higher values for the 

population than those previously considered; the estimates from 

the geometric distribution seem unrealistically high in some 

cases. In an examination of published trapping data, Eberhardt 

(1969) found that in many cases the geometric distribution fitted 

the observed data better than the Poisson, which was often ruled 

out entirely; estimates made on populations of known size showed 

that the geometric method approximated the true values closely. 
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In view of this, estimates were made by the Poisson and geometrio 

methods for a segment of the marked population of known size 

(Table J+:13). These results suggested that the Poisson 

estimates fall nearer the true values under the present trapping 

scheme, and therefore more reliance is placed on these than on 

the geometric estimates. 

CAP!iSJRE~CAPTlJRE METHODS. Recent studies by Edwards & 

'Eberhardt (1967) and Nixon et al (1967) suggested that multiple 

recapture methods of estimation, such as those proposed by Schnabel 

(1938) and by Schumacher & Eschmeyer (1943)) considerably under- 

estimate the true population size. More complicated methods of 

analysis, such as those proposed by Leslie (l952), Hammersley 

(1953) and Jolly (1963, 1965)) are based on the fundamental 

assumption of random capture, but if this assumption is not met 

in practice such sophisticated methods are unwarranted. In 

view of the complications introduced by recruitment and losses, 

and the possibility that capture may not be completely at random, 

estimates in the present study were confined to the simple 

Lincoln Index methods which can be based on only two periods 

of trapping. This method has been tested against known 

populations by Dunnet (1957) and Andersen (1962), and provided 

estimates fairly close to the true values. Ffiley (1955) 

found the Lincoln Index estimate, based on shot samples of 

marked fox squirrels (Sciurus niger), relatively reliable. 

The basic Lincoln Index is:- 

; = "; &zpz!!!~ 

Bailey (1951) provided a modified index for low values of 

'rn' , and this has been used where values of 'ml were less than 20:. 
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Table 4:li Comparison of recapture frequency methods 

A. Known population of 18 squirrels surviving from before TRJ+ until 
after TRg. 

TRAPROUND 
4 5 6 7 8 9 

Number not caught 12 8 4 5 3 16 
Total captures (s) 6" 13 14 18 31 2 
Total individuals (r) IO 24 13 15 2 
Actual population 18 18 18 18 18 18 

Geometric estimate 40 32 32 28 - 
Poisson estimate a+ 20 20 18 - 

B. Known population of 21 squirrels surviving from before TRIO 
until after TR15. 

TRAPROUND 
IO 11 12 13 14 15 

Number not caught 19 14 10 20 7 14 
Total captures (s) 2 14 15 24 
Total individuals (r) 2 

7' 
11 11 14 

Actual population 21 21 21 21 21 21 

Geometric estimate 48 39 32 - 
Poisson estimate 28 23 20 - 
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Lberhardt (1969) 

62 =: M2(r + l)(r-ml 

(m + l)2(m + 2) 

provided a modified index based on a 

geometric distribution of captures:- 

; = JM + r)(M + r-m) 2 
2m i no estimate of 6 was given. 

The male and female segments of the population were 

segregated and separate estimates calculated for each (Appendix 

4:v); these estimates were then combined to give an estimate 

of the total population size (Table 4:14). For TRI to TRII the 

situation is complicated by the incomplete trapping coverage by 

individual trapping periods; it is not possible, however, to 

apply a simple conversion factor to the estimates, because the 

area occupied by marked squirrels available for capture is 

unknown. From TB12 onwards the estimates apply to the whole 

Study Block. Estimates based on both the crude and adjusted 

numbers of squirrels available for capture are given; the 

estimates based on crude numbers gradually rise, while those 

based on adjusted numbers are relatively stable, suggesting a 

population of about 100 squirrels similar to the results of the 

recapture frequency methods. Values given by the modified 

index based on the geometric distribution were unrealistically 

high and have been omitted. A series of Lincoln Index 

estimates based on sampling by direct observation of marked and 

unmarked squirrels (Appendix 4:10), also gave values exceeding 

100 squirrels. 

SAMPLEAREACENSUS. A further method of estimating the 

total population of the Study Block is considered below under 

Population Dispersion. This involves a total census of a 

sample area by an intensive trapping scheme and mapping the 
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Table 4:14 Lincoln Index method of population estimation 

Trapround Crude 
Numbers 

TRZ 64 +, 63 

3 174 +, 156 

4 92 +, 37 

5 93 f 25 

6 103 *, 25 

7 106 f 19 

8 128 f 35 

9 268 f 190 

IO 220 +, 157 

11 133 2 23 

12 170 +, 51 

13 185 +, 46 

14 263 +, 105 

15 188 +, 39 

16 270 f 99 

17 290 +, 96 

Confidence 
Limits 

MEAN I 172 

Adjusted 
Numbers 

Confidence 
Limits 

34 t 28 

139 +, 127 

59 +, 23 

51 2 13 

61 +, 14 

67 f 12 

79 +, 20 

145 +, 101 

122 t 88 

61 +, 17 

76 +, 23 

PO 2 22 

144 +, 52 

101 ' 216 

78 f 29 

95 +, 30 

88 J 



ranges of all squirrels present. The sample area is then 

related to the total area by the general formula:- 

k = ta where t = total numbers in the sample, 

a = expansion factor based on the 
proportion in area between the 
sample area and the total area. 

C. Population Structure 

SEX RATIO. The sex ratio of the trapped samples of the 

population is shown in Figure 4:11, plotted against the cumula- 

tive sex ratio of all marked squirrels. The fluctuations between 

the individual periods were considerable and showed no consistent 

pattern. The cumulative sex ratio approximates to I:1 during 

1966 and 1967, but shows a consistenttrend to excess females 

during 1968 and ,969. This trend, which would represent 54 

females in a population of 100 squirrels, is consistent with an 

excess recruitment of females (see below). The sex ratio 

based on sight observations is discussed in Appendix 4:10. 

AGE CLASSES. A selective cull of 12 squirrels was made at 

the end of the period of study; the allotted age class was 

checked against the oven-dry weight of the eyelens (based on the 

method of Lord 1959) of each individual. Juveniles had eyelens 

weights below 20 mgm, subadults between 20 and 30 mgm, and adults 

between 30 and42 mgm. It is concluded that the criteria used 

for age determination were valid. Juveniles were present in 

the trapped samples from March to November, vihile subadults were 

present in all months. The juveniles comprised up to 28% of 

the total sample, but values of I%, or more, were confined to 

the period between May and September. The immatures comprised 

up to 5% of the tot&l sample, and values of I$, or more, could 

occur in all months. Subadults entering the winter could remtin 



Figure l+:ll Sex ratio 

The sex ratio of the Study Block population, based on trapping, 

is shown. The sex ratio for each individual trapping period (solid 

line) of the TR, TT, NS and EX (1 & 3 only) series is compared with 

the cumulative sex ratio (dotted line) of all marked squirrels up to 

that date. Ratios above unity indicate excess males, while those 

below unity indicate excess females. 
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in this age class until the following May or June. 

RECRUITMENT. The minimum age (in months) of all juvenile 

and subadult squirrels was estimated from their weights at 

first capture, using the data given in Figures 3:3 and 3:4, and 

from this, the probable month of birth was calculated. The 

recruitment data for all immature squirrels trapped in the Study 

Block is given in Table 4:15, which shows that there was 

considerable variation between months and years. The highest 

recruitment from births occurred from the spring rather than 

the summer litter, despite the suggestion that litter size in 

the summer is higher on average (Section III). The 'sporadic' 

portion of the table msy represent early or late litters, but is 

more probably the result of inaccuracies of the ageing method. 

Overtwice as many females as males appear to have survived to 

weaning and, assuming a I:1 ratio at birth, this suggests a 

high mortality of males during the first months of life. 

With a population of about 100 squirrels in the Study Block, 

the annual recruitment represents some 2% to 4% of the popuia- 

tion, well below an average production of one young per female. 

The probability of reoruitment by immigration is considered 

below under Movements. 

LOSSES. The estimated minimum longevities of all squirrels 

trapped were calculated as follows. Immature animals were 

allotted minimum ages based on their weights when first captured 

( see above) ; the age of adults could not be determined in the 

same way, and they were allotted an arbitary seven months (the 

minimum estimated age of attaining adulthood) when first 

captured. The trapping data was examined to determine the 

number and length of the gaps in the trapping histories of each 
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individual, excluding those caught in only one trapping period. 

These intervals in trapping are summarised in Table 4:16, which 

shows that over 95% of all captures were separated by gaps of 

less than ten months, irrespective of sex or age. Those 

individuals not caught by ten months after their last capture 

were therefore assumed to‘be lost to the population at half 

that period (five months) unless subsequent events showed other- 

wise. A correct date of death could be applied to the 22 marked 

squirrels whose death was known. Five months was also added to 

the age of all squirrels alive at the end of the study. In 

this manner, estimated minimum longevities ranging from three 

months to five years and three months (males), and from three 

months to four years and five months (females), were obtained. 

The estimated dates of death were used to adjust the numbers of 

marked squirrels available for capture (Appendix 4:9). The 

minimum longevity was also used to estimate death rates and 

survival, which are summarised in provisional life-tables 

(Tables 4:17 and 4:18). The first table is a composite dynamic 

life-table, base'd on all squirrels trapped (i.e. it includes 

squirrels born in several different years), and the second 

table is a time-speoific life-table for the period January to 

July 1969. The dx column of the first table shows the estimated 

minimum age at death, whereas the lx column of the second table 

shows the agestructure of the live population, estimated from 

the minimum ages at the time of sampling; both sets of values 

are for a hypothetical population of 1,000 squirrels. In both 

tables the youngest age group (0 to 0.5 years) includes only 

those squirrels which have survived to leave the breeding drey. 
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Both tables suggest a life expectancy at birth of about three 

years for those squirrels which survive the weaning period. 

The mortality varies between ngo classes, being highest later 

in the life span. The turnover period, that is the interval 

required for complete replacement of a yearly cohort by its 

progeny, for a population of 100, corresponds to the age at 

which the numbers in the lx column represent a fraction of one 

individual (9 or less for a hypothetical population of 1,000); 

the dynamic life-table shows that this occurs at 4$ to 5 years. 

Figure &:I2 presents an age-sex pyramid derived from the time- 

specific data, which suggests that the death rate for females 

is relatively constant, but that high mortality of males occurs 

before the age of one year, after which mortality is proportion- 

ately reduced. The small numbers in the 0 to 0.5 years class 

are due to the timing of the sample, which was taken before many 

young were active away from the drey. 

Of a total of 29 known deaths of marked and unmarked 

squirrels, 13 were caused by the trapping programme (trap or 

anaesthetising deaths), and a further seven were caused by human 

interference with the traps. Of the remaining nine deaths, 

four were killed on the adjoining roads, while five were due to 

'natural' causes. The latter included two juvenile females at 

the weaning stage found at the foot of a tree after a cold and 

wet night in April, and three adults lying on the forest floor 

in April, June and July respectively; none had obvious signs 

of disease , predation or injury. The adult deaths are thought 

to have resulted from a poor body condition; one examined in 

detail had an empty stomach, some faeces formed in the rectum, 

and only small fat deposits. The lowest body weights of 



Figure I+:12 Age-sex p.yramid 

An age-sex pyramid for the Study Block population, based on 

time-specific data from trapping, for the period January to July 

1969. The ages, shown in half-yearly classes, are based on 

estimated minimum longevity. 
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squirrels occurred between January and March (Table 3:4), so 

that losses due to poor body condition might be expected to be 

greatest during this period. Squirrel car-cases were examined 

for every month between October and July, and showed variable 

amounts of visible fat deposits. Little or no fat was present 

up to March or April, when quite large amounts were found, in 

certain individuals only, up to July. One example of the 

development of body condition within the Study Block is that of 

50/60 Q. This squirrel was subadult during the summer of 1968, 

and became adult overwinter reaching a body weight of 260 gm. 

By March 1969 it had reached 315 gm, but by early July had 

dropped to between 250 and 260 gm (four weighings). It then 

showed a progressive decline in body weight, from between 245 

and 255 gm (two weighings) in the middle of the month to 215 gm 

by the 23rd, and 200 gm by the 27th. At this stage it was 

culled for examination; it was in extremely poor condition with 

no fat deposits, and the ribs and vertebrae showing prominently 

through the muscle. It is presumed that this animal would 

have died within a short period. Possible losses to the 

population due to emigration are considered below. 

MOVEMENTS. Movements within the Study Block are considered 

below under Population Dispersion; this discussion is confined 

to the possible immigration into and emigration from this area. 

Figure &:I3 shows the type of habitat surrounding the Study 

Block; from this it can be concluded that the only feasible 

routes for such movements join the northern end of the Study 

Block, leading NW and to a lesser extent NE. A small amount of 

trapping was carried out in the squirrel residential habitats to 

the north and east of Ladybank, but none of the squirrels caught 



Figure 4:13 Surrounding land use at Edensmuir Forest 

A survey of the land use surrounding the Study Block was undertaken 

to assess the most likely routes for immigration and emigration. The 

northern boundary has the only route linking the Study Block to other 

squirrel residential habitat. 

Study Block, resident squirrel population. 

Other woodlands with resident squirrel 
populations. 

Other woodlands used by squirrels for feeding 
only. - ... -. ....... ............... ................ ................ ................. cl C?;iji$i Other woodlands not apparently used by 

iiiiii:~~:‘~~,iijj squirrels. ................ ................ 

Human settlements. 

cl Open agricultural land. 
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were marked, nor were squirrels found dead on nearby roads, 

though squirrels were known to cross roads between compartments 

within the Study Block. It is concluded, with a lack of con- 

trary evidence, that no emigration occurred from the Study Block. 

A proportion of all squirrels were caught only during one 

trapping period and not sampled subsequently; such squirrels 

are referred to as 'transients'. Resident squirrels were 

defined as those caught in two or more trapping periods. 

Transients occurred within the ranges of resident squirrels and 

showed a seasonal trend, forming a low proportion of the catch 

during the autumn and winter, and a high proportion during the 

late spring and summer. These transient individuals may be 

truetransients moving through the Study Block, or may represent 

squirrels which died before they could be sampled again. A 

third possibility is that they were present but-not retaught for 

some reason. In order to detect whether transients represented 

squirrels moving into the area, the data was inspected to remove 

all animals known to have died subsequent to initial capture, 

all juveniles and subadults, which represent a different type of 

influx, and those caught during July 1969 which had no further 

opportunity of capture. Forty-nine transients remained, 

confined to the period March to September and occurring parti- 

cularly in April and May. An analysis of the trapping sites at 

which they were caught revealed that they were taken in all 

compartments exoept numbers 1 and 15, and were fairly evenly 

distributed throughout the Study Block. In the absence of any 

concentration of transients towards the northern end of the Study 

Block, it is concluded that no movement to and from the Study 
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Block occurred. Thus transient individuals probably ***presented 

both animals which died before they could be retaught, and animals 

present but not retaught due to low density trapping in some areas. 

D. Dispersion 

The home range of a marmmal is defined here as the area occu- 

pied and traversed by a resident individual during its normal 

activities, The ranges of resident squirrels in the Study Block 

were determined by trapping, with additional information from 

following on release, snow tracking and sightings of marked 

squirrels. These ranges probably only approximate to the true 

home range and are defined as trap-revealed ranges. The 

boundaries of the trap-revealed ranges were determined by the 

'boundary strip method@ where lines joining the outermost points 

of capture were drawn at half the distance to the next available 

trap site. Examples of such ranges are given in Figures 4:14 

and 4:15 and in Appendix 4:ll. These show the considerable 

overlap between ranges, the variation in size and shape, and, 

in some cases, the relation to the drey. Changes occurred with 

time; immature squirrels frequently moved to a different 
. 

location before establishing an adult range, and some adults 

changed ranges between years while others remained in the same 

range for several years. 

The method for determining trap-revealed range boundaries 

was considered too inaccurate for measurement of their area to 

be worthwhile; the ranges are in fact three-dimensional and 

height may be an important factor. Range sizes were determined 

for individuals with six or more trapping records by linear 

measurement of the' longest axis, and the longest axis at right 



Fiwe 4~14 Trap-revealed ranges: males 

The ranges of all resident males in Compartments 8 and 9 during 

the period November 1968 to July 1969 are shown in outline. These 

ranges are based mainly on trapping, but have been modified by sight 

observation, by following on release, and by snow tracking. The solid 

lines indicate ranges entirely or mainly within the two compartments 

(16 males), while dotted lines indicate ranges which are more than 

5% outside (11 males). Dreys utilised by 138, 236, 4.26 and 666 are 

shown by dots. 





Figure 4:15 Trap--revealed ranges: females 

The ranges of all resident females in Compartments 8 and 9 during 

the period November 1968 to July 1969 are shown in outline. These 

ranges are based mainly on trapping, but have been modified by sight 

observation, by following on release, and by snow tracking. The 

solid lines indicate ranges entirely or mainly within the two 

compartments (19 females), while dotted lines indicate ranges which 

are more than 5% outside (4 females). Dreys utilised by 30Q and 

50/6OQ are shown by dots. 
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angles to this (Table 4:19). When the number of records 

required before measurement is worthwhile is raised to IO or 

more there is a slight rise in the mean size of r;z.L;es. This 

could be ciuc to the pxater number of records extending the 

boundaries of the ran:;c, but alternatively it could have resulted 

from a greater catchability of those squirrels with larger 

ranges. It will be noted that the range of trap-revealed range 

sizes remains the same for both sets of data. On average males 

had fractionally larger trap-revealed ranges than females, while 

those of juveniles were much smaller (small sample). Range 

shape varied considerably, but as this is influenced considerably 

by the tiapping pattern no conclusions could be drawn from this. 

Figures &:I4 and J+:15 were also used to estimate the popula- 

tion size in the Study Block. These plots of all the trap- 

revealed ranges present in the intensively traptied areas, from 

November 1968 to July 1969, show the 'edge effect', whereby traps 

sample a considerably larger area than the compartmental 

boundaries due to some ranges overlapping these boundaries. To 

overcome this, only those ranges completely within, or more than 

half in, Compartments 8 and 9 were considered as occupying that 

area. This sample area was regarded as fairly representative 

of the total area due to the relatively uniform nature of the 

habitat. A total of 35 squirrels (19&3, 1699) were resident in 

the IT.2 hectares of the intensive area. In addition there 

were 10 transients (5 adult, 2 subadult and 3 juveniles). These 

numbers represent the summated population over nearly one year, 

including a recruitment of six immatures. Taking the resident 

overwinter population as 29 individuals, this represents over 

190 squirrels in the whole Study Block; this seems unrealistically 
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high, and it is thought that some fall off in numbers of 

squirrels occurs towaras the edges of the forest. 

E. Social Behaviolr 

Observations of interactions between squirrels were classi- 

fied into sexual and non-sexuc;l; the former included slow motion 

chasing without vocal calls, while the latter included high speed 

chasing and loud screaming. 'TC' indicates a tail-clipped 

squirrel. 

Sexual behaviour:- 

20.11.68. Two squirrels came together in the canopy, and five 
minutes of close contact play followed, with the squirrels 
facing each other, moving round the trunk, touching and chasing 
in slow motion, followed by a possible mating. 

23.11.68. A squirrel crossed the path of another, and they 
moved off together with some slow motion chasing and body 
contact. 

Non-sexual behaviour:- 

All year: Vocal communication between squirrels, particularly 
chucking, with answering sounds. 

31 .I.@. Two male (TC) sq-uirrels, one a few inches behind the 
other, chasing spirally down a trunk and along the ground, 
where they separated and climbed different trunks. 

11.3.69. Two squirrels scuffling. 
I 2.3.67. Three squirrels chasing one another up and down trunks. 
20.4.69. A male (TC) moved towards another male (TC) in the' 

canopy, chucldng agitatedly, following and displacing him. 
83.68. Two squirrels fighting, one screaming quietly and 

being pushed down by the other. 
9.5.67. Two squirrels in a noisy and vocal scuffle. 
9.5.68. Scuffling and one scream heard. 
10.5.69. Male (TC) approached rapidly in the canopy; it chased, 

and was chased by, a female (TC), up and down trunks, before 
the male moved off. 

12.6.68. A squirrel noisily chasing another spirally up a trunk. 
6.7.68. As 12.6.68. 
7.7.69. Male (TC) chasing another male (TC) at high speed for 

three minutes, mainly in the canopy, but also spirally up and 
down trunks, only six to twelve inches apart. The chases male 
emitted high pitched screams when bitten by the other male. 

9.7.69. Male (TC) approached another male (TC) slowly, then 
jumped at it and chased it away for about 30 seconds, the other 
squirrel screaming. 

30.7.67. Two squirrels chasing in the canopy. 
17.9.68. Male (TC) chasing another squirrel in the canopy, with 

one scream on contact. 
18.9.68. Two squirrels chasing rapidly along the ground and 

spirally around trunks, the chased squirrel chucking loudly. 
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18.9.68. Two squirrels chasing. 
19.10.67. High pitched screams heard. 
10.12.68. High speed chase by two squirrels, including a high 

pitched whistling sound. 

The evidence above shows that social agonistic behaviour of 

a non-sexual type occurrcd all the year round. The aggression 

included physical biting of tails (screaming by chased male, and 

evidence of tail damage in Section II). Where the sex of the 

animals involved was determined, it was usually males partici- 

pating, though one case of male:female aggression was noted. 

This suggests that some form of dominance relationship might be 

involved. By listing the squirrels caught at each trapping 

period according to their weight, from the heaviest to the 

lightest, it was found thaA b certain males consistently came near 

the top of the list; for females, listed separately, this was 

less apparent. These squirrels tended, on average, to have 

large trap-revealed ranges, though there was no clear-cut 

distinction. Of eight such squirrels (6 males & 2 females) all 

lived at least two years, and some of the longest-lived squirrels 

of the study were included. It is tentatively concluded from 

the evidence above, and from the literature discussed below, 

that these were dominant individuals, and that someform of social. 

hierarchy could have been involved. 

P. Dreys 

The results of preliminary drey surveys suggested that 

relatively few intact dreys were actually in use, and that they 

were clumped in distribution. Detailed mapping of 118 drey-like 

objects was undertaken in a sample area; 95 of these were 

identifiable as dreys, classified as follows (c.f. Table 4:5):- 
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I. In use 8 
21 Prob. use 7 
3. Poss. use 
4. NC recent 2 

Of 95 surviving dreys, less than 
2% were actually in use at the 

5.Wpast 55 
time of survey. 

6. Prune 13 

The dispersion of drcys in the sample area was analysed 

mathematically (see Southwood 1966 for details of the tests), 

using the 50 m x 50 m grid squares and subunits of 25 m x 25 m 

as alternative sizes of sample unit. The unclassified data 

showed no deviation from random in drey distribution. However, 

taking classes I to 3 (above) as representing all possible dreys 

in present use there was a tendency towards a more regular 

distribution, but not statistically significant. Taking classes 

2 to 4 (above)as representing those dreys which were in use 

during the fairly recent past, the regular pattern becomes 

statistically significant, especially using the larger sample 

unit. Classes 5 and 6 (above) represent distant past use, and 

show a clumped distribution, highly significant with the small 

sample units. Thus over a short period of use dreys tended to 

be distributed more regularly than random, while over a longer 

period dreys accumulated showing some aggregation. A strictly 

regular pattern would not be expected with a non-territorial 

( i.e. not defended) system of dispersion, but if dreys were 

placed in a specific part of the home range there would be a 

tendency towards an even dispersion. However, superimposition 

of trap-revealed ranges on the map of dreys in use and in recent 

past use failed to show any meaningful relationship between them. 

In the few cases where the position of the drey in relation to 

the trap-revealed range of an individual was known (see Figures 

4:14 and 4~15)) dreys were apparently placed both,at the edge 
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and towards the centre of the range. Mean values of 6.8 dreys 

per hectare in present use, and 5.5 dreys per hectare in recent 

past use were obtained from the drey mapping. 

4. Discussion and Conclusions 

A consideration of the catchability of the squirrels has shown 

that although it is not strictly at random in all cases, it approxi- 

mates fairly closely to random. Many factors influenced the reaction 

of the squirrels to traps. Seasonal trends were explained in terms 

of habitat utilisation and day length, modified by prevailing weather 

conditions. A very similar seasonal trend in trappability is shown 

by the grey squirrel, with the lowest catches during the autumn, 

followed by winter, and highest catches in spring and summer (Shorten 

1962a, Taylor 1963). Fox squirrels, however, show a reversed trend, 

with highest catches in the winter, followed by spring, and lowest 

catches during summer and autumn (Allen 1943). Daily trends in the 

present study were influenced by weather conditions and the length of 

the trapping period. There were also differences in trappability 

between sexes and age classes. Some deviation from random capture, 

therefore, was not unexpected, but thesesquirrels were sampled more 

randomly than populations of grey and fox squirrels in previous 

trapping studies (Nixon et al 1967, Eberhardt 1969). 

Techniques for the estimation of population size are largely based 

on the assumption of random catchability. The results from several 

different methods, subject to different sources of bias, showed con- 

sistent results. The basic minimum population was in excess of 50 

squirrels from 1967 to 1969, reaching a peak of over 70 during the 

summer of 1968. The efficiency methods suggested a population little 

larger than this. The methods thought to be most reliable, that is 

the recapture frequency method based on the Poisson distribution and 
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the Lincoln Index method using both adjusted figures and sight obser- 

vations , gave estimates varying mainly between 70 and 130 squirrels, 

with the highest numbers during 1968. The sample area census 

suggested rather higher numbers. Taking the mean population size as 

100 squirrels, a density of 1.2 hectares (3.1 acres) per squirrel is 

obtained. Shorten (1962b) found a density of 5 acres per red 

squirrel at Thetford Chase. This compares with densities of between 

0.8 and 2.1 acres per individual fox and grey squirrel taken together 

(Nixon et al 1968)) 0.3 and 1.4 acres per individual fox squirrel 

(Friley 1955), 0.2 and 0.4 acres per individual grey squirrel (Flyger 

1960, Mosby 1969), and 0.5 and 12 acres per individual American red 

squirrel (Tamiasciurus hudsonicus)(Layne 1954, Smith 1968). 

Trapping suffers from the problem that one complete section of 

the population may be missed completely. To test for this possibi- 

lity, a detailed observational coverage of the intensive area was 

made by four observers at the end of the study (22.7.69); eight 

squirrels were seen in the two hour period, of which one adult and 

two juveniles were not tail clipped. The juveniles represented new 

recruitment to the population, while the adult was observed at the 

boundary of the area. It is concluded that a large proportion of 

the population had been trapped. 

The sex ratio approximated to I:l, with a slight bias to an 

excess of females corresponding to excess recruitment of females. 

Shorten (1951, 1955), studying grey squirrel populations, found a 

similar predominance of females. Uhlig (1957), during a six-year 

study of grey squirrels, found that males rarely predominated, and 

that juvenile sex ratios were often in favour of females. 

Recruitment to the population was 2% to 4% of the total 

population per year, well below potential production, while the turn-. 



over period was estimated to be 4s to 5 years. Mosby (1969), in a 

similar study of grey squirrel populations, found a turnover period 

exceeding six years, despite a higher recruitment rate and lower life 

expectancy at birth for animals surviving the weaning stage. Kiris 

U937), who deterni.;;od the age of shot samples of red squirrels in 

the U.S.S.R. by the extent of toothwear, found that recruitment varied 

considerably between years, from 0.75 to 4 juveniles per adult, and 

that squirrels could live to over six years old. Such high recruit- 

ment rates suggest a rapid turnover in what were exploited populations; 

similarly, Ognev (1940) stated that according to Naumov, only 20 to 

25% of the annual production lives to one year, 10 to 157; to two years, 

3 to 5% to three years, 1 to C$ to four years, and 0.5 to 1% to five 

years. It must be emphasised that during the present study the ages 

allotted to squirrels when they were first caught were minimal, and 

that the total longevities allotted were also minimal, so that the 

mortality rate and turnover may have been lower than the provisional 

figures given. The annual population fluctuations showed increasing 

numbers from January to July, falling off again during the autumn. 

According to Taylor (1963) peak populations of grey squirrels occur 

in June and October. 

It was thought unlikely that migration between the Study Block 

and adjacent woodlands occurred in any regular way. So-called 

'transient' individuals probably represented both animals which died 

before they could be retaught, and animals present but not retaught 

due to the low density trapping in some areas. Dunnet (1956), studying 

the possum (Trichosurus vulnecula), found a similar division into 

residents and transients, but in this case the transients were mainly 

immature animals passing through his study area. Movements of fox 

and grey squirrels, particularly males, occur during spring and late 
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autumn or winter (Baumgartner 1943, Shorten ly62a, Cordes I 965). 

The pattern of dispersion in home ranges, which varied in size 

and overlapped considerably, the occurrence of non-sexual agonistic 

behaviour throughout the year, and the occurrence of consistently 

heavy males all su;::;ested a hierarchical social system, with dominance: 

subdominance relationships. A similar system of dispersion and 

dominance was noted by Taylor (1966) in grey squirrels. Pack et al 

(I 967) found that male grey squirrels were more dominant than females, 

and social rank increased with age; circumstantial evidence suggested 

that shock mortality was greater amongst low-ranking squirrels. The 

mean home range size of grey squirrels v:as found by Flyger (1960) to 

be 1.4 acres, with no significant difference between male and female 

ranges, but Cordes (5 965) found a mean size of 2.13 acres, and a 

difference between male and female ranges. A pattern of small, 

overlapping home ranges is found in most Sciurus species, but 

Tamiasciurus species tend to develop territories (Smith 1968). 

hlortensen (1965) found rapid movement of red squirrels into uncolonised 

conifer woodlands which were unbroken, but a much slower rate of 

spread where the woodland was sparse; a build-up in numbers was 

apparently required to enforce emigration. It was suggested that 

home ranges were not established in such new areas until the 

population reached a minimum level. 

Dreys did not appear to be located in any specific part of the 

range, but tended to be regularly spaced when first built. The 

estimates of the numbers in present use suggested considerably more 

than one drey per squirrel. 

The results of this Section can now be summarised briefly; the 
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aim was to determine the population size, structure and dispersion 

of squirrels in the Study Block. 

The population size yras relatively stable from 1967 to 1969 at 

about 100 squirrels, reaching a 2ce.k during 1968. 

The sex ratio :sas I:? initially, but became biased in favour of 

females. Production of young was between 2% and 4% of the total 

population per year, and the turnover period was at least 46 to 5 

years. Immigration and emigration apparently contributed little to 

recruitment and losses. Apart from a high juvenile mortality up to 

the weaning stage, the greatest mortality occurred proportionately 

to the older age classes and life expectancy was high during the 

first year of life. 

The population was dispersed over the area in overlapping home 

ranges, which showed changes with time. It is tentatively concluded 

that a social hierarchy was involved with this dispersion pattern. 


