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SECTION VI: THE QUESTION* . HOW DO FOOD RESOURCES 

REIJLTE TO POmLATION SIZE? 

1. Aims 

This section considers the.population and food findings together 

(Sections IV & V respectively), and answers the third aim of this 

'study, namely:- 

iii) To relate, where possible, the population findings to the 

food resources. 

A range of factors potentially affecting the population will be 

considered, so that discussion of the food supply can be placed in 

perspective, and reviewed with respect to theories of population 

regulation. Finally a statement of resource requirements of red 

squirrels will be given with management recommendations relevant to 

the control or conservation of their populations. 

2. Food Resources 

When animals enter a new area of suitable habitat, their numbers 

increase, but are soon checked. Subsequently the numbers fluctuate 

\ between limits which are restricted compared with those theoretically 

possible. It seems a reasonable deduction that these populations 

are in some way regulated, and that the factors causing the regula- 

tion act in a density dependent manner. Such regulatory factors can 

be defined as those which tend to prevent increase or decrease of the 

populations. 

It has been shown that the population of squirrels within the 

Study Block was relatively stable over at least three years (1967 to 

1969, Section IV). Breeding occurred in each of these years, however, 

representing a recruitment rate of between 2% to A&%. Even if this 

recruitment is regarded as low (compare this with shot populations 

discussed in Section IV) it represents an equivalent annual surplus 



to be removed. It was concluded that emigration from the area was 

minimal, so that these losses must be due mainly to annual mortality. 

In the absence of direct evidence, it was deduced that mortality had 

been high during the stage Tram birth to leaving the breeding drey, 

a period of two to three months, accounting for the low recruitment 

rate. Once the squirrel had become active away from the breeding 

drey the life expectancy was high, with the mortality rate relatively 

constant between years but increasing slightly in the older age 

'groups (Tables 4:17 and 4:18). Apparently, therefore, there was 

no differential mortality of subadults compared with adults. 

Known deaths, caused by road accidents, trapping deaths, human 

interference and 'natural' causes, did not account for more than a 

fraction of the probable mortality. Predation and disease were not 

evident within the area; man is probably the most important predator 

of squirrels in Britain, but in the Study Block attempts to control 

numbers had been unsystematic and were terminated prior to the 

present study. Competitors for food and space were negligible; 

crossbills and grey squirrels were absent, while woodpeckers and 

boring insect larvae had minimal effects. Ectoparasites were often 

observed in excess on animals in poor condition, but it was difficult 

to determine if they were the cause or the result of this condition. 

Such catastrophic events as the hurricane of January 1968 are rare, - 

and, although it reduced the area of available habitat, there was no 

evidence of direct mortality from this source. Snow cover was 

unimportant within the area because it did not lie long, and occurred 

during the period when feeding was concentrated in the canopy. 

How far can the food supply account for the probable mortality? 

Consideration of the quantity of cones eaten in the Study Block showed 

that only 15% to 5@ of those available were in fact utilised by the 



squirrels. The primary food source was spread fairly evenly through 

the mature pine stands, and despite selection for medium-sized cones 

neizly all the seeds present were actually available. The squirrels 

themselves were also dispersed relatively evenly through the area, 

but more sparsely towards the fringes. Thus it appears that during 

the period of study, food supply was not directly regulating squirrel 

numbers, which were stable at about 100 an3 not expanding to take 

advantage of the surplus food. 

The availability of the food supply has been considered 

seasonally (Section V), and the.only potential critical period observed 

was the gap of up to three weeks between cone crops when alternative 

foods, supplemented by buried cones, had to be used. This gap 

occurred in mid and late June, coinciding with the emergence of 

active young squirrels from the spring litters, and with pregnancy 

and births of the summer litters. It was found that the spring 

litters contributed more to recruitment than did the summer ones, so 

that this shortage of primary food does not seem to have adversely 

affected their survival by the time they have become independent. 

Plentiful primary food was available from July to the following blay, 

by which time body hair moult by adults into the summer pelage was 

largely complete, and mean body weights for the whole population had 

started to rise from the low level of January to March. Any conclu- 

sions based on mean body weight must be general due to wide individual 

variations with the time of day and with breeding condition. 

Though the highest body weights were reached between June and November, 

the small sample of dead animals in poor condition was found from , 

April to July, coinciding with this period of increasing relative 

food shortage. Thus, at this potentially critical period, a small 

proportion of the population were showing signs of poor oondition 
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while the majority were increasing in weight (see also the example 

of 50/609 in Section IV). If there was not enough food to go round 

at this short period between cone crops the population as a whole was 

not showing signs of malnutrition. 

The windblow, caused by the January 1968 hurricane, did not 

immediately reduce the cone crop (1967/68 crop) but there was a sig- 

nificant reduction in the succeeding year (1968/6g crop). The 

population size estimates indicated that the highest numbers of 

squirrels occurred in the summer of 1968, with marginally lower numbers 

in the summers of 1967 and 1969. Any fall in numbers resulting 

from the gale was thus minimal, but there was evidence for heavier 

utilisation of both primary and secondary foods, which is set out in 

Section V. The rise in absolute numbers of cones eaten, in the 

absence of evidence of an influx into the Study Block, can only be 

explained in terms of a redistribution of the population within the 

Study Block, away from the areas of heavy windblow and into the areas 

least affected, including the intensive sample area (Compartments 8 

and 9). Reduction of primary food resources did not appear to have 

markedly reduced the population size, nor was there evidence of 

reduced breeding in 1969. 

Differenceswere found between the food requirements of age classes 

with captive squirrels. Juveniles took less food and selected 

smaller sizes of cones than adults; this may reduce intraspecific 

competition and partly account for good juvenile survival once they 

are away from the breeding drey. The water requirements of the 

squirrels are apparently obtained from food items and dew, for most , 

.ranges excluded standing water, 

All the evidence presented above suggests the conclusion that 

food was not directly responsible for regulation of the population 



size in the years studied. A possible explanation for the apparent 

stability of squirrel numbers is that some form of behavioural 

mechanism, such as the home range system or the social hierarchy, 

was acting as a buffer bet:veen the population and its food resources, 

so that when food was short only a proportion of the population 

actually starved. The postulated hierarchy system (Section IV) 

may have influenced the feeding pattern for one instance of the 

displacement of a feeding male by another male was observed. 

However, positive evidence of a connection between social dominance 

and survival is lacking. 

There is much published evidence to show that fluctuations in 

red squirrel numbers in coniferous habitats follow the abundance of 

pine and spruce seeds (Blomqvist 1879, Formosov 1933, Ognev 194-O), 

and that after favourable winters early breeding and large spring 

litters occur, while 'delayed breeding follows unfavourable winters 

(Formosov 1935, Kiris 1941, Lundberg 1946). Lampio (1948, 1952) 

also noted that differences in annual productivity, caused initially 

by food, were due to females having a variable number and size of 

litters; spruce seed provided best breeding; pine seed being less 

nutritious caused lower production, while fsilure of both seed 

sources forced squirrels onto spruce buds which are very low in 

nutritive value. 

In grey squirrels, years of mast failure ere also followed by 

starvation and delayed breeding, and good years by early spring 

litters and high recruitment (Allen 1948). Uhlig (1957) found that 

population density depended primarily on the number of juveniles in , 

the autumn population, not on adult survival; there was a distinct 

correlation between population size in autumn and subsequent mortality 

until the following autumn. The author concluded that food supply 

influenced spring reproduction much more than adult survival. 

Nixon & U&lain (;$gj fOllOWed a population subsequent to the 
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reduction of available food by a severe spring frost and found a 

reduced reproductive rate, lighter body weights, and increased 

losses, particularly of subadults. Taylor (1963) suggested that 

grey squirrel ranges were smaller when there was plentiful food, 

but larger when food was scarce. 

In fox squirrels dispersive movements occur at the time of 

maximum food supply, and Baumgartner (1943) suggested that they may 

be caused by intraspecific intolerance at times of high population 

densities. Allen ( 1943) noted sig,ns of malnutrition following food 

failure; the squirrels were underweight and emaciated, and showed 

increased susceptibility to Jshock' (Section III). Exposure to low 

winter temperatures, combined with starvation, made squirrels more 

liable to predation and disease. 

No partial or complete failure of the primary food source 

occurred within the Study Block during the five successive cone crops 

examined. Such failure may be a rare phenomenon within the srea 

and would result in cones being used up overwinter, forcing the 

squirrels to feed entirely on secondary foods during late winter and 

spring. This would presumably cause increased mortality because 

only a restricted range of secondary food would be available at this 

period. Similar situations, where food failure may lead to epidemic 

disease, and mass migrations are known in Finland (Vartio 1946, 

Lampio 1948, 1952, RajalaBc Lampio 1963) and the U.S.S.R. (Formosov 

1935, Ognev 1940, Danilov 1941, Kiris 1941). ,Allen (1943) noted that 

the fox squirrel breeds at a time when food shortage can be most 

acute, namely late winter, and suggested that if food failure occurs 

it may lead directly to breeding failure through lack of vigour to 

produce young. In the absence of such food failure, as in the 

present study, food cannot account for the regulation of the population 



size at a level well below maximum utilisation of the food resources. 

Gibb (1958) also concluded that in years of normal cone production 

squirrel numbers are probably not limited by food shortage, but they 

may be when the cone crop is small. However Lack (195J+), revie7;ing 

studies of squirrels, concluded that their numbers are apparently 

limited by food shortage, which affects both fecundity and mortality. 

There is some contrary evidence to support the possibility of 

population regulation by behavioural mechanisms. Nixon & McClain 

(1969) suggested that in grey squirrels a reduced food supply at a 

time of high population inhibited normal reproduction via social 

stress. Under normal circumstances the social hierarchy causes the 

minimum of strife (Flyger 1955), though subordinates are often denied 

access to artificial feeders by dominant squirrels (Flyger 1955, 

Pack et al 1967). There is no evidence for such food competition in 

more natural situations, but it may occur ~5th concentrated food 

supplies such as localised mast crops. Pack et al (1967) gave 

circumstantial evidence for 'shock' mortality being greater amongst 

low ranking squirrels. 

The squirrels themselves slightly reduced the potential of their 

food resources in the Study Block by barking trees and removing 

vegetative and flower buds. The American red squirrel regularly cuts 

terminal shoots to reach the cones, and in so doing removes flowers 

and young cones, thus considerably reducing future potential (Roe 

1948, Adams 1955) . 

3. Conclusions 

Predators, disease and weather conditions appear to be unimpor- 

tant as regulatory factors in the present study. There is 

considerable published evidence to show that the food supply may 

directly affect breeding but its effects, except in the case of total 
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food failure, on mortality seem slight. Social behaviour may inter- 

?ose between the food supply and the animal to influence mortality, 

but the evidence for this occurring with squirrels is at present 

small. 

The main resource reqdz-exants of squirrels are food, cover and 

x&t e r . A reliable food sur,?Z.y is important 'to support a stable 

popuiation, but standing water Is only needed under drought conditions 

(Shorten 1962a) . Cover is essential for shelter from weather 

extrems, escape from predators, and for sleeping and breeding. The 

zvail&bility of hollow trees is less important in Britain where the 

climate is not severe; grey sqsk A :--el numbers can be increased, 

however, by the provision of nest boxes to supplement tree hollows 

[~srkalow & soots I 965). 'A large and continuous acreage of mature 

Scats pine woodland provides these varied requirements for red 

squirrel populations. 

Red arid grey squirrels cause damage to economic timber planta- 

tions, and in the past this has meant control of them as pest species, 

using shooting, live and dead trapping, poison baiting, drey poking, 

and bounty schemes (Shorten 1962a). These tactics have only 

produced short-term and localised alleviation of damage; Taylor (1963) 

has shown that areas cleared of grey squirrels were recolonised within 

several months. Two alternatives seem feasible for the future. 

Firstly, long-term control can be applied by habitat manipulation, 

using traditional control techniques only as an interim measure just 

prior to potential outbreaks to avoid serious damage. Secondly, the 

damage could be accepted, and the squirrel managed as an economic 

resource for hunting, food or fur. Conservation of red squirrels 

for scientific and aesthetic purposes is practised at present in 

parts of England. 
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4. Management Xecommend~ztions 

The following management recommendations are given for improving 

the habitat of red squirrels in Britain, when viewed as a resource. 

They are based on the findings of the present study and an assessment 

of the literature. Since no positive conclusions can be reached 

yet concerning the regulation of squirrel numbers, the list includes 

several factors which can influence squirrels without distinguishing 

between the critical and the non-critical ones. Some are obviously 

important for the long-term stability of the population, for example 

the prevention of total failure of the seed crop. Others are more 

conjectural, such as the importance of disease. 

1. Conservation of the red squirrel should be concentrated upon its 

primary habitat in Britain, Scats pine forest. 

2. The habitat provided should consist of a large, continuous 

acreage of conifer woodland, a high proportion of which should be 

Scats pine, but additional conifer species scattered through the 

woodland are advantageous. 

3. It is essential that a large proportion of the conifer should 

be of cone-bearing age; Scats pine of 35 to 80 years provide a 

steady food supply as well as optimum cover. 

4. To provide such mature trees over a long period, a continuous 

succession of trees of different ages is required, thinned at inter- 

vals to allow development of a full canopy layer. Overmature trees 

should be removed gradually rather than..clearfelled. 

5. Secondary food sources, such as seed and mast bearing deciduous 

trees and shrubs, should be provided, scattered in small groups 

throughout the woodland. 

6. Artificial feeding can be given, as an interim measure, at 

times of food shortage. 
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7. Surface waiter need only be supplied in areas liable to drought. 

8. At high densities squirrels may damage their own habitat and be 

liable to epidemic disease. Cropping of the population is strongly 

recommended in such circumstances; by analogy with grey squirrels up 

to at least I.+@$ of the po@ation can be removed annually without 

reducing numbers appreciably (Mosby 1969). 

The folloning management recommendations are given for reducing 

favourable habitat of red squirrels in Britain, when viewed as a pest. 

1. Control of the red squirrel should be concentrated upon its 

primary habitat in Britain, Scats pine forest. 

2. The habitat should be fragmented into small blocks of conifer, 

interspersed with deciduous trees or open land use. Conifers which 

provide unreliable seed crops only can be planted in larger blocks. 

3. Young pine should not be planted adjacent to mature conifer 

blocks which have resident populations of red squirrels. 

4. 

area 

5. 

6. 

Clearfelling of woodland will make the habitat dispersion of the 

less stable than gradual thinning. 

Secondary food sources should be removed. 

Artificial foodstuffs, such as those provided by stubble fields, 

should not be available in adjacent areas. 

5. Future Vork 

The present study suggests what future work on red squirrels in 

Britain is required. A fuller investigation of mortality factors 

especially in connection with food availability and social behaviour 

is most important. Further research on the way the home range is 

used for food collection, coupled with a detailed assessment of 

nutritional requirements, would lead to a fuller understanding of 

the feeding ecology. Studies of the economics of damage by squirrels, 

control methods, and management as a resource would have considerable 

practical applications. 
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1. A study of the ecology of the native red squirrel (Sciurus vulgaris 

leucorus) was carried out in a mature Scats pine (Pinus sylvestris) 

plantation in Sast Scotland. 

2. The aims of this study were:- 

9 To dete,rmine the population size, its structure, and the 

dispersion of squirrels in a selected area of habitat. 

ii) To determine qualitatively and quantitatively the food 

eaten by that population. 

iii) To relate, where possible, the population findings to the 

food resources. 

3. Consideration of the distribution of the red squirrel led to 

the conclusion that there is a habitat preference for mature conifer 

woodland, and that the red phase of this squirrel is associated 

particularly with Scats pine woodland. 

4. A brief literature 

study of the population 

review showed that there had been no integrated 

dynamics and dispersion of the red squirrel, 

and only preliminary attempts to relate food resources to population 

density. 

5. The advantages and disadvantages of the red squirrel for this type 

of study are considered. 

6. The location, history, physical features, vegetation and fauna 

of the study area are described. 

7. Approximately 93% of the I23 hectares of woodland consisted of 

mature pine, 39 to 49 years old, with about 1,400 trees per hectare. 

A gale midway through the study caused about 25% loss of trees due to 

windblow. 

8. The past history and present distribution of the red squirrel in 
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Scotland are sunmarised. Its fluctuations and relations with the 

grey squirrel are discussed. 

9. A tentative classification of known behaviour patterns of the' 

red squirrel is given for both individual and social behaviour. 

Relevant features of the basic biology are also reviewed. 

IO. Lethods for the population study included live-trapping, ,field 

observation, drey surveying, and carcasc examination. 

11. Most of the population parameters estimated were based on data 

obtained from live-trapping, so a full account of these methods is 

given, including trap tne and dispersion, trapping procedure, sex 

and age determination, and marking methods. 

42. The squirrel's reaction to the trap is discussed and it is 

concluded that sampling approximated to random. 

13. The population size was relatively stable at about 100 squirrels 

over three years. 

14. Initially the sex ratio was equal, but became biased in favour 

of females, corresponding to excess recruitment of females. 

15. The annual increment of young was between 2% and 4C$ of the 

total population, and the minimum turnover period was 4$ to 5 years. 

After a high juvenile mortality before the weaning stage life 

expectancy was high, with slightly higher mortality rates amongst the 

older age classes. 

16. Immigration and emigration apparently contributed little to 

recruitment and losses. 

17. Methods for the feeding study included field observation, 

analysis of stomach contents, measurement of cone production and 

feeding signs, assessment of bark stripping damage,'and the use of 

captive squirrels. 

18. The production cycle of Scats pine is outlined. 
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19. The main and subsidiary foods of red squirrels are tabulated 

seasonally; they depend on Scats pine for seeds, buds, shoots, 

pollen ard vascular tissue, as well as for nesting sites and cover. 

20. An increased use of ground food was made from March to July, 

as tree-born0 seed was reduced by secdfa3.1. Selection 

sizes occurred, but this only affected the availability 

crop marginally. 

21. Both live and dead trees were barked by squirrels; 

of cone 

of the cone 

the vascular 

tissue below the barkwas eaten as a subsidiary food source. 

22.. About one-third of the availa3le cones, the main food source, 

was utilised for seed extraction, representing an intake of 5% of 

the body weight per day. Little over half of the daily activity 

period was spent feeding. 

23. Tne available food was apparently not limiting population size, 

though the short potential critical period, when the main food source 

was depleted, coincided with the production of young. 

24. Management recommendations for the control or conservation of 

squirrel populations are proposed, and suggestions for future work 

are given. 
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trials ; these were:- 

1 . Fuller’s / , Sloryy2L-;e titi’oe x-q Treadle with gravity- 
"BU1lSeyo" 1 I drop metal door 

2. FullerPs Push swing-door of 
l*~,~-jdget" Q wire 

3. ,ITQ3 11 YL& single i 
I 

j (38 
Box trajI : Treadle with gravity- 

catch * x 20 x 23 CIE) drop metal door 
I 

4. Young's tra;, :' i Box tra.2 I Treadle with gravity- 
' (38x 18 x 23 cm) ' drop metal door 

* Full details and photographs of these are given in Forestry 
Commission (1962). 

The results of the trials (Ta3le below) are shown using an 

index of relative trapping efficiency (viz. squirrel trapping 

occasions per 100 trap units) for each trap type. A trap unit is 

defined here as one, trap set for 24 hcas. On this basis the 

Fuller's "Bullseye" and "Midget" traps shorTed a much lower efficiency 

than the other two traps. The Fuller's "Bullseye" caused two 

fatalities in only three captures; bot‘n dead squirrels were very 

damp and showed raw ?atches of skin. This trap type was therefore 

rejected from further trials due to the unsatisfactory restriction 

caused to the squirrei; the Fuller's "Xidget" trap was equally I 

small and rejected for the same reason. There is some Forestry 

Com,iss’lon evidonco that the push-door typs of action is less 

successi?Ul than the treacle Gprated actlori I'or catching red squirrels; 



Legg Single 
Catch Trap 

Youcg’s 

Tra:, / 

-i- 
I 

-j 

i 
i 

(3.3 : 

6.8 ! 

14.3 
I 
1 

6.6 I 

8.8 I 
j 

25.3 i 
! 
t i 

12.5 1 

xay $965 
a 

April 29% 
3 

zune 1g66 
C 

Nov. 1966 

j go i $2.2 90 
! 1 

6 7 I 792 .J 292 

q8.5 182 i 

91 

91 

91 

737 

7.9 

2: .I 

27.0 

15.5 

I 

i 

i 

.!- 
-r 

j 

1 189 

189 
i 

I,= 

j 

i 
L 

i 

L 

c - Every third trap a Youql s Lvyp; sites varied between traprowds. 



N 



, 

L 

I 

.- 
; 
E 

i 

Ii t t I I I I I lcvl I I lrc\ct-T- ic-vcv 1m;fr IT--?-%-~ 

I 



__---- --- 

I I I I II I I L I 

II%--rlllI!l 

I I II I 11: t I 

I I I i II I I I I 

cul IIrcNll(\1I 

CJI I I~c\lINoJl 

IIll I I III i 

- 



244. 

access xere no probisx. Cl-.2 trials also experizentcd with the use GI 

Of 

males. 

due to 

trap filling vhsfi ",hera is only xi? .;3rq ;3i?r site, especially xken 

traps aYe at lot derisity. ~io:Ievcr, this effact should be rr,inir;ai if 

the trap sites aze suL?iciently clcse. In this instance, the possible 

loss in catch was sixll, ~3.6 the results are -Lkcrefore considered to 

give a valid comparisor! batsmn the t,-a?$ng patterns:- 

! Trial pstf-orn j Date :sp';,;. ---",_3S 
I 

I I 
& -Le u- Y 

f-. 
t 1 WA Random I 

I 
y-'15.6 i17: 3 ! 

YE3 Gridded ,26.7-i.e] 17 i 2 1 ;; 
$5 

!I'I‘C Arbitraryl26.7-3.2' !7 ;: 1 IO 
19.3 

I 3.0 
F i 

The dipfcreri"u L trappiz: 3z";tern.s s:hoiT a similar catch per hectare, 

scggesting that all three ?atteri;s in dccse settiq are equally I 

efi%ci.ent at catching sqci,-rcls, L ,-Afided patterr, was considered 

most satisfactory, for r&sons cu-LEned in the text. 
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'i'; "j-6;; 

q2.6.68 
q5.6.68 

9.5.68 
9.5.68 

.x67 
7.49.67 
7.q1.67 

22.: .68 
15.3.68 

3.5.65 
8.5.68 

2'l.tsJ.G 
22.6.;; 
12.3.6y 
-i<.<1,66 
;4.3.69 
~0.~67 
q5.3.59 
-1.5.65 
21.4.69 
21.4.63 
22.4.69 
23.4.&y 
11.1.67 
24.4.69 
25.4.69 
"14.1.67 
2.5.65 
26.4.6~ 
21.6.66 
22.6.66 
26.4.69 
14.1.67 
75.1.67 
7.3.67 
26.4.69 
2.5.65 
1.4.66 
6.5.69 
7.5.69 

8.3.67 
2.5.65 

22.6.66 

12.5.61 
8.5.68 
21.-i .68 
12.5.68 
12.5,68 
3.5065 
13.5.68 
4.5.65 
9.6.68 
4.5.65 
5.5.65 

9.5.68 
'14.3.69 
9.5.65 
8.5.65 
12.3.69 
12.3.69 
15.3.68 
16.3.68 
13.5.68 
l8.3.G 
;.1'1,67 
23.3.5s 
20.5.68 
26.7.G 
jl.3.69 
1q.3.69 
2s.7.6S 
7.-i:,67 

26.6.45 i 73 
6.7.68 : 7; 

:0.9.67) 72 
6,7*6S : 73 
:3.'; .ii7 7L;- 

7.7”6b 
? .4.65 
21.5.6; 
22.6.66 
26.6.66 
7.7.68 
323.67 
'i3.1.67 
8.7.6s 
11 .I.69 
1.4.66 
<1.1.69 
20.4.69 
29.6.66 
22.4.69 

77 -;:.5e67 ! 1 1 C/7$ v.5.65 

8; ] 3.4.z 
82 22.6.66 
83 ’ 23.6.66 
84 20.9.68 
85 
8b j 'i2.5.67 
87 ';2.7.67 
88 
90 
C4 
il 

.i 0 
"17 
<8 
20 
21 
22 
23 
24. 
25 
26 
27 
28 

;e 
;“3 
2 

;i 
40 
41 
42 
43 

z 
4.6 
47 
48 
50 
5: 
52 

;; 
55 j 8.3.67 

5.5.65 
6.5.65 
6.5.65 

13.7.67 
15.3.68 
15.3.68 
9.5.68 

: 30/80 
12.7.67 j3d90 

24.4.6; 92 
26.4.69 ! 93 
7.3.67 94 

17.7.69' 30/100 
4.4.66 ~ 40/60 a 2.5.65 

23.6.66 
10.1~ “56 

j2.7.67 
12.7.67 

q7.7.69 
17.7.69 
22.6.66 
26.6.66 

15.7.67 
16.7.6'7 

17.3.68 
22.6.66 j 40/70 

14C/80 
; l&o/go 

12.7.67 &o/100 
5 o/60 
5v70 
50/80 

23.7.69 t 
13.7.67; 
3.5.65 1 
1 / 4 I 

, l + . ‘5 

6.5.69 ; $5 
;i5.$i 96 

. .OD,? 97 
22.6.66 : $3 
29.6.56 ; -IX 
713.67 1 IO? 
7.3.67 ’ :02 / 
8.3.67 j ?03 
8.5.69 i -104 
9.5.69 ! 105 
2.~66 106 
21. 6.66 i lG7 

27.7.68 

7.7.69 
qO.j.69 

8.5.69 41 ‘I 
54” 
70” 

i O/2 00” 
5O/jOO" 

-. 

:0.5.69 
20.3.fS 
25.3.68 
10.3.69 

10.11.65j 
14.7.68 j 

i 
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Appendix &:7 Tests for random recanture between trapping periods 

The method proposed by Orians 2 Leslie (1958) uses a segment of 
the marked population knmln to be alive before and after the period 
tested. The observed frequency of capture is compared with the 
expected frequency based on the ;Lssumption of random sampling at 
each trapping period; the expected frequency should therefore follow 
a Poison distribution. 

Period A Novcdoar 1qG6 to Se :;r:Lmber 196 

TR series: 18 individuals mar&d before TR,!+ and still present after TRY 

I Bimonthly analysis I 

No. of 

Period recaptures per 
period (ni) 

6 9 Both 

m4 4 

m5 5 
TR6 9 

m7 8 

TR8 10 

TRY 2 

6 

10 

14 

13 

.I5 
2 

1 fn; ] 38 22 60 1 

Total period analysis I 

No. of 
recaptures (x) 

5f C-c)=N 

Frequency of I 
recaptures 

6 (:) Both 
I 

00 0 

1 0 1 

13 4 / 

41 5 
2 2 4 

Observed: 2 (xG)2 = 5 x2f(x) -[g xf(xV2,N = 226-200 = 26 

Expected: 6' = &i/N - &i2) /N2 = 3.3333 - 2.2531 = 1.0802 

x2 (with 17 d.f.) -h 26/1.0802 = 24.07 

Not significantly different from random (P = > 0.10) 
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Period B November 1967 to September 1968 

TR series: 21 individuals marked before TRIO and still present after TRl5 

r 
1 Bimonthly analysis I 

Period 

TRIO 0 2 2 

TRII 2 5 7 

TR12 8 3 II 

TRI 3 6 5 11 

TRl4 10 4 14 

TR15 3 4 7 

Observed: f (x-z>2 = Fx2f(x) - &&(x~~/N = 156 - 128.76 = 27.24 

Expected: dz=gti/N - f(ni2)/N2 = 2.4762 - I.2245 = 1.2517 

No. of 
recaptures ?er 

period (ni) 
6 Q Both 

Total period 

No. of 
recaptures (x) 

29 23 52 tf(x) = N 
1 

analysis 

Frequenoy of 
recaptures 

8 (p) Both 

0 0 0 

2 13 

4 7 11 

2 13 

2 0 2 

11 2 

11 10 .21 

x2 (with 20 d.f.) 627.24/l .2517 = 21.76 

Not significantly different from random (P = 70.25) 

Combined periods 

Only 6 males and 1 female were common to the two analyses above. 
If the result2 are combined to give a sample of 39 individuals (2285 
42 17w), ax of 48.52, with 38 degrees of freedom results. Again 
this is not significantly different from random (P = 70.10). 
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Appendix 1~:8 Tests and results for random retrapping 
within tramping periods 

The observed frequency of retraps is compared with the expected 
frequencies using the genetric and Poisson distributions (see 
Section IV), based on formulae summarised by Eberhardt (1969). A x2 
goodness of fit test is used in each case (Fit) where there are three 
or more classes represented, and a P-value is given. Where there are 
only two classes represented, the goodness of fit has been judged by 
eye. No calculation of frequency distribution is possible with only 
one class represented and these trapping periods have been omitted. 
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B. 

A. 

B. 

Appendix ,!+:2 Capture/Recapture data 

l 

Marked squirrels 
available 

TRAPROUND Total 
for capture (M) 1 2 3 4 5 .6 7 8 9 10 11 12 13 1415 I6 17 losses 

Cumulative nos 
marked 

Allo;vance for 
known deaths 

Crude nos. 
available 

Allowance for 
Wan probable 

losses 

Mean nos. 
available 

0 13 19 32 34 40 46 52 58 59 62 63 67 74 78 80 90 

0 0 0 0 o-l 0 o-2 0 0 0 o-l -I -1 0 

0 13 19 32 34 39 45 51 55 56 59 60 64 70 73 74 84 

6 i 

o -5 o -3 -3 -1 -1 -1 -9 -s!+ -9 0 0 -1 -3 -18 0 ; 58 

0 8142423283338353226273137382232 

Marked squirrels 
available 

TRAPROUND i 
for capture (M) 1 2 3 4 5 6 7 8 y lo 11 12 13 14 15 16 17 ;;;Es f > 

Cumulative nos. 
marked o 7193236404547516.~ 636471819397m I 

Allowance for known deaths o-2 0 0 0 0 o-2 0 o-2-1 -1-l-I o-2 12 

Crude nos. 
available 

Allowance for 
mean probable 

losses 

0 5173034384343475757576372838789 I , 
I 1 

i 
0 -5 0 40 -7 0 -1 -3 -1 -J+ -5 -3 -I -I -6 -a5 -2 i 75 

I 
I 
I 

Mean nos. available 0. 2 14 17 14 18 22 21 24 30 27 25 31 40 46 24 26 
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13 25 35 L&l+ 3 10 0 2 2 3 12 2 

6311223001011000 
1 

113 6 911 6 7 1 o 2 5 34 2 041 

120111100101000( 

6 65 3 I 00 o 13 0 0 2 
I 

j6300'01 I ooool 

10 7 

id 9 

Total sample(r) 13 8 21 12 21 30 27 27 6 4 6 21 24 26 12 18 36 

Total recaptu.red(n$ 0 2 8 10 15 24 21 21 5 I 5 17 17 22 10 8 27 
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Total sample(r) 7 1414 8 1416 17 12 12 6 8 16 28 19 21 16 19 

Total recaptured (m) 0 2 ? 4'10 II '5 8 2 .G 7 9 18 7 17 12 9 

I 2 3 4 5 6 7 8 y IO 11 12 13 14 15 16 17 
4 

72011101000110100 

121012 310001101~00 

1133 645 30 2 2 230 1001 

442 212111200000~ 

I 42311021 210121 

I 10111 3 2 3 3" f 

7404111 

IO 3 4 01 

12 2 4 2 

4 2 0 
I 
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Appendix 4:lO Sight observations of tail clipped squirrels 
(NhOle Study Block) 

Table 4:4 indicates the number of tail clipped (7X) squirrels 

available for observation within the Study Block. The following 

sight observationsof TC squirrels were obtained. 

I. Sc:!,son 67./S 

The first squirrels were TC on 15.3.68, and by the following 

August (transition period) the marks were lost by tail moult. See 

Section IV, Methods, for details. 

Date 

15.3.68 
16.3 
13.3 
20.3 
18.4 
26.4 

8.5 
9.5 

12.5 
8.6 

10.6 
11.6 
'r2.6 
13.6 
14.6 

6.7 
7.7 
9.7 

10.7.68 

No. of squirrels 
located 

: 
3 
1 
1 
1 
6 
7 

3 

5 
3 
1 
1 
6 
1 

: 

0 
0 
0 
0 
0 
0 
I 
0 
1 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 

Qrc 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
I 

No TC 

1 

; 
1 
1 
I 
4 
5 

; 
1 
1 
2 
1 
1 
1 
1 
2 
2 

33 3 

0 
0 
0 
0 
0 
0 
1 
2 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 

19 days 48 5 4 34 5 

2. Season 68/69 

A few squirrels wiiich had moulted early were already marked by 

I .9.68, andby August of the following year the marks were lost by 

tail moult. See Section IV, Methods, for details. 

Date No. of squirrels LYiT 5x NOTC G 33 
located 7 

14.9.68 4 0 0 4 0 
16.9 3 1 0 0 
17.9 4 1 0 ; 0 
18.9 6 0 0 5 I 
19.9 5 0 1 4 0 

/cont'd on next page 



261. 

2. (cont'd) 
Date 

IV.11 
20.11 
23.11 
10.12 
19.12 
21.12.68 
6.1.69 
8.1 
13.1 
14.1 
15.1 
16.q 
31.f 
17.2 
2.3 
10.3 
11 .', 
12.3 
13.3 
16.3 
21.3 
17.4 
20.4 
23.4 
24.4 
25.4 
26.4 
7.5 
8.5 
10.5 
11.5 
12.5 

2:; 

i:; 
9.7 
11.7 
12.7 
16.7 
17.7 
18.7 
21.7 
22.7 
23.7 
25.7 
26.7 
27.7 
30.7 
31.7 

1 

1 
3 
1 
2 

: 

; 
2 
2 
1 
2 
2 

13 
4 
I 
1 
3 
1 
2 
8 
2 
2 

: 
5 
3 
3 
I 
2 
4 
3 
1 
2 
9 
2 
2 
1 
1 
1 
1 

C3TC 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 

5" 
0 
0 
1 
1 
0 
0 
4 
0 
0 
0 

5 
0 
I 
0 
0 
0 
1 
0 
0 
4 
2 
0 
0 
0 
0 
I 

m 

0 
0 
1 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
1 
0 
3 
1 
0 
0 
0 
1 
1 
4 
0 
I 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
2 
0 
1 
1 
0' 

No TC 

5 
3 i 
6 
1 
2 
0 
0 

; 
0 
0 
1 
2 
? 
2 
0 
2 

,' 0 
0 
2 
5 
2 
0 
0 
2 
0 
1 
0 
2 
1 
1 
2 

: 
0 
I 
I 
1 
1 
0 
2 
4 
0 
0 
0 
0 
0 
0 

33 
AA 

0 
2 
1 
2 
2 
1 
0 
1 
0 
0 
0 
1 
0 
2 
1 
0 
2 
2 
0 
1 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
2 
0 
0 
3 
I 
1 
0 
0 
0 
0 
1 
0 
0 
0 

55 days 156 30 22 73 31 

During tbAe 1967 68 
during the1968 69 se&son 3: of the 556 sqUsli / 

season 5 of the 48 sqxirxls located (I&),, and 
~-z--els located (2&-), were 

not observed clezriy enough to determine whether they were tail 
dipped; these squirrels hav;: been ;>lzced in the I??' colunn. Thus 
a large proportion of squirrels obst-rved can be classed as marked or 
unmarked. 
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3. Ponulation size estimates 

Capture/recapture estimates of population size can be made using 

the above sight observation data; these estimates provide 2 further 

check on the other population size estimates (Section IV) derived 

from sampling bg trapping. 

Season 67/68 

15.3,'8.5 
v.5/12.5 
8.6/14.6 
6.7/10.7 

Mean: 

Season 68/69 

14.9/19-v 
19.11/6.1 
13.1/13A3 
21.3/20.4 
23.4/7.5 
8.516.7 
7.7/l 07 
12.7/31.7 

5(&4;9:1) 
23( i':lO;W3) 
54(&26;%28) 
81(&39;9:42) 

-!5$:9;~:6) 
38(0:15;9:23) 
42(6:15;C:27) 
54(&2:;?:33/ 
67(&28;9:39) 
84(&36;9:48) 
94(i:41;9:53) 

108(&48;P:60) 

40 
81 

; 42 
- 77 

216 +-I83 
162 2 85 

125 

83 
247 
119 

88 
12-i 
133 
207 
173 

Xe an : 

f 65 
$257 

f ;: 
$ 64 
-a 
$22, 
- 52 

Mean number of marked squirrels available for sampling for each 
day of observation. 
Lincoln Index estimate, using Bailey's modification for small 

The samples involved are rather small, giving rise to large and 

rather conservative confidence intervals (95% level). However, 

eight of the twelve estimates lie between 81 and 173, suggesting a 

population somewhat in excess of 100 squirrels. ' 

/cont'd on next page 
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In most of the above observation periods, the number of males 

exceeded the number of females in the marked sample; the overall 

observed sex ratio was 1.3 malts to every female. As the number of 

females avai.i!r,b:.c for observation exceeded the number of males for a 

large part of the time, this suiy@ests that males were more readily 

observed than females. 

Flyger (1959)) using the Schna-eel method of computation, found 

that estimates based on capture/sighting were more satisfactory than 

those from capture/recapture because the latter were biased by 

trappability. iie was dealing with a smaller population and more 

frequent sighting than at the Study Block. 
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Aopendix 4:1$ Exe.mn!.er of trao-revealed ranges 

The ranges of selected squirrels are shown in outline, based 

mainly on trrppirg but modified by sight observation, by following 

on release, and by snow tracking. All range boundaries have been 

drawn round the outermost points of capture at half the distance to 

the next trap site. The first diagram presents examples of resident 

male squirrels as follows:- 

Long dashes 416 Adult 1966 to 1968 (6 records) 

Short dashes 908 Subadult in 1965, Adult 1967 to 1968 (9 records) 

Dotted line 94i Adult 1966 to 1969 (21 records) 

Solid line 20/800" Juvenile in 1965, Adult 1966 to 1969 (2 records) 

The second diagram presents examples of resident female squirrels 

as follows:- 

Long dashes 

Short dashes 

Dotted line 

Solid line 

0 

0 

El 

A 

A 

109 Adult 1968 to 1969 (8 records) 

279 Adult 1967 to 1969 (16 records) 

349 Adult 1966 to 1967 (6 records) 

929 Juvenile in 1966, Adult I 966 to 1969 (23 records) 

May 1965 

April to July 1966 

Kovember 1966 to September 1967 

November 1967 to September 1968 

November 1968 to July I 969 

An arrow indicates the movement of an immature to an adult range. 

In many cases immature animals moved to a different range when 

they became adult (e.g. 90~3, 20/8Orl'), but some remained in the same 

range (e.g. 92Q). Some adults also moved ranges bettieen years (e.g. 

20/808), but most remained relatively stable (e.g. 946, 929). The 

range size of adults of both sexes was very variable'(compare 946, 

20/80d and 929 which are based on similar numbers of records). 
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Appendix 5: 1 Habitat utilisation in the Study Block 
based on observations 

All sight observations of the position of squirrels, when feeding 

or engaged in any ot%er activity, h:ve been classified into canopy or 

ground layers. The trunk and crozn layers (Z'igure 2:3) were only used 

transitorily, and have been grouped with the canopy for analysis, while 

fallen trees and stumps have been considered with the ground. Canopy 

feeding included cone stripping and carrying cones in the mouth amongst 

tree branches; ground feedin, v included carrying cones in the mouth 

along the ground, feeding at traps and other ground feeding sites. 

In the case of other types of activity, when a squirrel was seen both 

on the ground and in the canopy, it was counted once in each category. 

For the two categories a "C/G" ratio has been calculated (Canopy 

sightings f Ground sightings); unity indicates equal usage of both 

layers, while below unity indicates more use of the ground, and above 

unity indicates more use of the canopy. Results are shown monthly 

and seasonally belovr:- 

Winter J 18 2 ! 9.0 ; 30 1 
;; 

j 1.8 
Spring 28 20 "1.4 / / 80 I.4 
Summer 6 28 j 0.2 81 79 I .o 
Autumn 15 6 / 2.5 1 44 28 1.6 

Overall 
, 

67 ; ?6 / I,2 ; 
I 

235 183 i.8 
1 
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Provision of bait 2% traps on the ground may have modified the 

uti1 isation of the habitat 12yers by artificially increasing ground 

feeding. The feeding deta h2s therefore been reanalysed for a) sight 

observations of squirrels feedin; z-t traps, and 5) sight observations 

of squirrels fce&$.firp 2::qr *x-i tr2?s, both of &nich were included in u 

the table above. 

a> S1.Tht ObscrvatioEs of souirrels feeding at traps 

All squirrels observed at traps, or disturbed from inside or in 

front of traps, have been included in this analysis. The observations 

were made compcrable as follows: a divisor factor was calculated as 

the total number of trap visits during each month or season (one per 

day during prebaiting, and two per day during trapping) when the 

squirrels were at risk of being observed; then the numbers that would 

be observed per 100 trap visits were cslculated. 

Thus: Nos. per 100 visits = Nos. observed feedinq x 1oo 
Total trap visits 

Month 

J2nuary 
February 
X2rch 
April 
'1 li ay 
June 
July 
August 
September 
October 
November 
December 

2 i 
I 3.8 

r;;; 
53 f 

1 , 
TRAPPIbG 

50 .2.0 
4 ; 22 L 

4 2 49 1 
18.2 

8.2 
19 J 10.5 

19 
i 

86 
N $0 b 

22.1 
TRAPPI G 

3 i 38 r 7.9 
NO TRAPPIbG 

1 48 I 2.1 
N3 TRAPPIXG 

I 
Kinter 2 

I j 

53 , 3.8 

Sknmer Snring 21 y 
121 7.4 
105 20.0 

Autumn 1 86 4.9 i 4 1 ! 

' 
Overall 36 i 365 

t i 9.9 

Feeding at Traps i Divisor Factor Nos. per 100 units 
i 
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b) Sight observations of scuirre2.s swag from trays 

The data on feeding in the initial table was recalculated 

/ 
I Ihonth 

January 
February 
i.1 ar ch 
ApAl 
Lay 
June 
July 
August 
September 
October 
November 
December 

t 
3 -- 
I 

Canopy Ground C/G Ratio 

6 
6 
8 
a 

12 
1 
5 

0 >6,0 
0 >6.0 

'; 2.0 1 *I 
0 >? 2.0 
:, 1 0.8 .o 

NO DAT+ 
0 I ,6.0 

-- 

Feeding 

Winter I ia 
Spring 28 
Summer i 
Autuma / 1; 

0 I >I a.0 
1'1 j 2.5 

7 2 7;; 
I f I 

Overall ) 
I I 

67 20 
, 

3.4 

The trend in use of the habitat from these two independent 

analyses (a and b) is very similar, especially when the results are 

compared seasonally, so tnat any bias diic to artificial baiting is 

minimal. Therefore the combined results in the initial table are 

considered valid. 
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Appendix 5~4 Cone crop calculations based on the fallen trees 

The cone crop on 40 trees windblown by the January 1968 gale was 

collected, measured and counted (see Section V, Methods); the results 

for 'low', 'medium' and 'high' classes of cone-bearing trees are 

given in Appendix 5:3 above. Approximate definitions for these 

classes can be given:- 

ly67/68 Proportion Predicted 1968/69 crop 
Class crop size correctly classed 

(based on numbers 
of young 9 cone.51 

'Low' o-25 lb./l4 9 remain low; 5 become medium 
'Medium' 25-200 11/13; 2 too high 9 remain medium; 4 become high 
*High' 200-500 12/13; i to0 10~ 10 remain high; 3 become medium 

Information was obtained for the cones retained from the previous 

year's crop (1966/67), the mature crop (1967/68), and the young female 

cones of the future crop (1968/69). Two counts were undertaken to 

determine the numerical distribution of the classes of cone-bearing 

per 100 trees:- 

No. of No. of trees in each class 
Compartment trees per 100 trees (1967/68 crop 

&. sampled 'Low' 'kiedium' 'High* 

2 136 54 35 11 
11 

(Iii) 

52 30 18 

Mean: 53 33 14 

The previous year's crop: Using the data for the 1966/67 crop 

(Appendix 5:3), and assuming a similar numerical distribution of 

classes of cone-bearing per 100 trees to that in 1967/68, the size 

distribution and number of cones retained per 100 trees can be 

calculated as follows (I 966/67):- 
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Size class (cm): i-2 2-3 -- J&l& 5-6 3=& 

Low: 53 x 1.71 0 30 19 4 91 
Medium: 119 5 0 193 
High: 73 57 2 0 160 

Cone crop 
per 100 trees: 0 50 222 142 26 4 

Percentage 
frequency of sizes: 0.0 11.3 50.0 32.0 5.9 0.9 100 

The total of 4J+J+ cones retained per 100 trees six months after 

the main seedfall represents the following percentage retention:- 

For a crop of 6,000 cones per 100 trees: 7.!$ 

For a crop of 8,000 cones per 100 trees: 5.6$ 

For a crop of 10,000 cones per 100 trees: 4.4% 

This suggests a level of retention well below I%, unless there 

was an exceptionally low cone crop in 1966/67. In fact, the cone 

quadrat evidence suggested a crop considerably in excess of 10,000 
cones per 100 trees in 1966/67 (c.f. Appendix 5:2), so a retention 

of less than 5% is likely. The size class distribution of these 

cones, assuming no differential retention according to size, represents 

the distribution left by squirrels after feeding; there is no 

evidence to suggest that such a differential retention occurs. 

The mature crop: Using the data on size class distribution and 

mean numbers of cones for the ly67/68 crop (Appendix 5:3), the size 

distribution and numbers of cones per 100 trees can be calculated as 

follows:- 



Size class (cm) 

Low: 53 x 6.36 0 22 148 144 23 0 337 
Xedium: 33 x 101.54 0 151 1,599 1,481 117 3 3,351 
High: 14 x 309.85 9 197 2,115 1,901 115 1 4,338 

Cone crop per 100 trees: 9 370 3,862 3,526 255 4 8,026 

Percentage 
frequency of sizes: 0.1 4.6 48.1 43.9 3.2 0.05 100 

The mature crop data was considered to represent the crop 

available at January 1968, already partially depleted by squirrels; 

all cone cores obviously belonging to the tree sampled but eaten 

subsequent to its windblow (i.e. ground feeding) were included in 

the total. 

The young female cones of the future crop: Counts of the female 

cones of the future 1968/69 crop suggested that most trees would 

remain in the same cone-bearing class as for 1967/68, though some 

would change to the class above or below (see above). A&v lying 

these predioted changes to the numerical distribution of the cone- 

bearing classes per 100 trees, gives the following result:- 

No. of trees in each cone-bearing class per 100 trees 

1967/68 class Predicted change 1968/69 class 

53 mv 3l+ no change; 19 become medium 34 low 
33 medium 23 no change; IO become high 45 high 
14 high 11 no change; ,3 become medium 21 high 100 78 no change; 32 change 100 

Cone quadrat evidence showed that a proportion of the female cones 

were lost by windblow before they reached maturity. An estimate of 

the mortality of young cones, as well as a prediction of the numbers 

of cones produced by the 1968/69 crop, was obtained'by comparing the 
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estimated numbers of female cones at January 1968 with their predicted 

numbers at maturity based on the distribution of cone-bearing classes 

(using 1967/68 values):- 

1. Estimated crop of 9 cones at January 1968, per 100 trees 

Lovr: x 48.86 = 2,590 
KediUil: x 171.15 = 5,618 
High: 14 x 408.54 = 5,720 

Total: 100 = 13,958 

2. Estimated 1968/69 crop at maturity, per 100 trees 

Low: 34 x 6.36 = 216 
Medium: 45 x 101.54 = 4,569 
High: 21 x 309.85 = 6,507 

Total: 100 = 11,292 

This difference of 2,666 cones per 100 trees represents a 19.1% 

loss of cones between the young and mature stages, due to mortality 

of cones, but also in part due to the initial utilisation by squirrels. 
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Appendix 5:5 Captive feeding trials 

Full details of individual feeding trials with A) an adult female 

squirrel, and B) four juvenile squirrels (39; IS) are given below. 

Green cones in known numbers and of known size classes were supplied 

to these captive squirrels, though some alternative foods were 

available during the trials (e.g. maize, peanuts). The number of 

cones available and eaten is expressed in cone day units; one unit 

is one cone available, or eaten, during 24 hours. The percentage 

eaten is calculated f’rom the number of units eaten of those available 

within each size class. 

Individual trials show rather variable results, but the general 

trends have been su.mmarised in Table 5:12 for size classes taken, and 

in Figure 5:7 for total daily consumption. 

A) Adult female 

Trial 1. Duration: 13 days Available: 
Mean daily consumption:- Eaten: 

3.4 $ Eaten: 

Trial 2. Duration: 4 days Available: 
Nean daily consumption:- Eaten: 

23.5 $ Eaten: 

Trial 3. Duration: 3 days Available: 
Mean daily consumption:- Eaten: 

36.7 72 Zaten: 

Trial 4. Duration: 2 days Available: 
Mean daily consumption:- Eaten: 

43.0 $ Eaten: 

Trial 5. Duration: 6 days Available: 
Mean daily consumption:- Eaten: 

40.0 $ Eaten: 

Trial 6. Duration: 1 day Available: 
Mean daily consumption:- Eaten: 

42.0 $ Eaten: 

Size classes (cm) 
2-3 3-4 4-2 3-6 6-z TOTAL 

20 20 20 20 IO 90 
y IO IO 8 3 40 

45 50 50 40 30 44 

12 60 60 60 7 199 
0 28 36 26 4 94 
o 47 60 43 57 47 

9 52 52 31 - 1J.A 
3 39 47 21 - 110 

33 75 90 68 - 76 

64444 - - 3 40 43 - - 2 
50 91 98 - - 91 
26 115 115 114 II 381 
23 74 68 72 3 240 
88 64 59 63 27 63 

- 20 20 7 - 47 
- 16 19 7 - 4.2 
-I 80 95 100 - 89 

/cont. d on next page 
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A) Adult female (cont'd) Size classes (cm) 

Trial 7. 

Trial 8, 

Trial 9. 

Trial 10. 

Trial 11. 

Trial 12. 

Trial 13. 

Trial 14. 

Trial 15. 

Duration: 1 day Available: 
Mean daily consumption:- Eaten: 

50.0 7; Eaten: 

Duration: 3 days Available: 
Mean daily consumption:- i2Eit~l-i: 

47.0 $ Baton: 

Duration: 2 days Available: 2 60 60 - 2 124 
Mean daily consum$ion:- Zaten: 2 54 59 - I 116 

58.0 $ Eaten: 100 90 98 - 50 94 

Duration: 3 days Available: 
Mean daily consumption:- Eaten: 

51.3 $ Eaten: 

Duration: 7 days 
Mean daily consumption:- 

16.9 

Available: 135 140 140 140 35 590 
Eaten: 49 32 21 II 5 118 

$ Eaten: 36 23 15 8 14 20 

Duration: 8 days Available: 66 210 210 130 30 646 
Mean daily consumptiok- Eaten: 12 126 119 58 9 324 

40.5 $ Eaten: 18 60 57 45 30 50 

Duration: 4 days Available: 
Mean daily consumption:- Eaten: 

55.5 $ Eaten: 

Duration: 8 days 
Mean daily consumption:- 

65.0 

Duration: 7 days 
Mean daily consumption:- 

75.9 

Available: 
Eaten: 

72 Eaten: 

Available: 
Eaten: 

$ Eaten: 

2IIf! J-4 4-2 5-6 617 TOTAL 

- 25 25 - - 50 
- 25 25 - - 50 
- 100 100 - - 100 

3 60 60 50 3 176 
1 WC 49 46 I 141 

33 73 82 92 33 80 

- 64 yo - 6 160 
- 59 89 - 6 154 
- 92 99 - IOO 96 

- 120 120 56 IO 306 
- 83 88 45 6 222 
- 69 73 80 60 73 

- 250 250 154 - 654 
- 193 209 118 - 520 
- 77 84 77 - 80 

- 698 
- 531 

- 78 74 - - 76 

B) Juveniles 

(Trials 1 to 5 were conducted with three juveniles, one male and 
two females, caged together; trials 6 and 7 were conducted with the 
one male and the two females respectively, in separate cages; trials 
8 to 10 were conducted with a different female. Where more than one 
squirrel was involved in a trial, the mean daily consumption has been 
calculated per squirrel.) 

Size classes (cm) 
2-3 ~-4 4-2 j-6 6-l TOTAL -, 

Trial 1. Duration: 2 days Available: 10 35 35 35 7 122 
tiean daily consumption:- Eaten: 10 35 35 35 7 122 

20.3 $ Eaten: 100 100 100 100 100 100 
/cont'd on next page 
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B) Juveniles (cont'd) 

Trial- 2. 

Trial 3. 

Trial 4. 

Trial 5. 

Trial 6. 

Trial 7. 

Trial 8. 

Trial 9. 

Trial 10. 

Duration: 2 days 
Mean daily consumption:- 

15.8 

Duration: 4 days Available: 
kean daily consumption:- Satcn: 

6.9 $ Eaten: 

Duration: 2 days Available: 
Mean daily consumgkion:-' Eaten: 

10.7 $ Eaten: 

.Duration: 5 days 
Mean daily consumption:- 

11.9 

Available: 43 150 150 150 17 510 
Eaten: 42 42 57 34 4 179 

7; i3aten: 98 28 38 23 24 35 

Duration: lldays Available: 
Mean daily consumption:- Eaten: 

10.1 $ Eaten: 

Duration: lldays 
Mean daily consumption:- 

12.8 

Duration: 4 days 
Mean daily consumption:- 

29.5 

Duration: 3 days 
Mean daily consumption:- 

38.3 

Duration: 2 days 
Mean daily consumption:- 

43.0 

Available: 
Eaten: 1 

3 Xaten: 

Available: 
Eaten: 

$ Eaten: 

Available: 12 60 60 60 6 198 
Eaten: 9 41 26 38 4 118 

$ Eaten: 75 68 43 63 67 60 

Available: 
Eaten: 

$ Eaten: 

Available: 
Eaten: 

$ Eaten: 

Size classes (cm) 
2-3 3-4 4-5 5-6 6-3 TOTAL 

40 60 60 60 4 224 
40 33 15 4 3 95 

100 55 25 7 75 42 

8 103 120 120 4 355 
5 38 19 21 0 83 

63 37 16 18 o 23 

2 60 60 60 - 182 
1 24 25 14 - 64 

50 40 62 23 - 35 

-163 208 - - 371 
- 67 132 - - 199 
- 41 63 - - 54 

- 181 396 172 - 749 
- 98 93 90 - 281 
- 54 23 52 -, 38 

9 52 52 31 - 144 
7 45 42 21 - 115 

78 87 81 68 - 80 

-I&!+.& - - 88 
- 43 43 - - 86 
- 98 98 - - 98 
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Appendix 5~6 Activity pattern: amount of activity spent feedinp 

Timed trials of 15 minutes or more duration, based on field observation. 
Activity classified and timed in $ minute units. 

lctivity of 3 minute, or more, duration was timed and classified as follows:- 

FEEDING: search, selection and eating of food items. 

STILL: resting in the canopy, or keeping still because of .danger, away from 
the drey. 

MOVING : distance movement in the canopy or on the ground, or climbing. 

GROOhIING: biting, scratching and licking for lengthy periods. 

SOCIAL: any contact with other squirrels, sexual or non-sexual. 
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Appendix 5~7 FeedinES: rate of eating cones 

Timed trials for 3 or more cones eaten in succession in the canopy, 
based on observation. Included are search movement, selection and 
seed extraction time. 

cone at start. 2 
minse lnltlal pause 

2 mins. initial 
use excluded0 

Cones partially ope 

Includes a 30 m 

Short g~~omfng time 

Considerable 
searching lnvolved~ 

Short grooming tlffie 

Short grcomlng the 

Continuous e,&inge 

/cont*d on next page 
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Appendix 5:x (cont'd) 

Time Period*Elapsed Cones i 
(GMT) I i : ;3des i Saten 

I 
. ..--.- , 

j 12. /6.7.69 t 
1 1206-1214 j 8 3 3 

*Expanded in table below 

Other Data 
I 
Minutes 
per cone 

Includes sane i 
2.67 

movmorzs 

L 

Timed Trial 2 (7.3.67): 7 cones eaten in 23 minutes 

Search & Selection Seed Extraction 

I Total Time I,40 21,30 23,qO I 
* Cone in mouth 
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Appendix 5~8 Speed of mover?ect in the canopy 

Timed trials of movement in the canopy (only distancesof 30 yds. or more 
considered) based on observation. The route taken by the squirrels was drawn 
on a scale map, and the distance estimated from this subsequently. The timing 
was taken to the sesrest $ minute. Chasing by squirrels, when very high speed 
movement is exhibited, is not irzluded. 

1 Trial 1 Date / Tim~~~)riod 

j 4. / 10.6.68 1 1456-1457 

/ 6. / 7.7.68 j 1400-1427 

/ 10. / 11.3.69 / 1204-1204; 

I 11. I 10.5.69 I I 0700-0701 

I I 12. 6.7.69 1305-06,w5 

Per 100 yds.: , 13.4hns.j 




