
SECTION V: THE QUESTION: WHAT DO THEY EAT? 

1. Aims 

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

namely:- 

ii) To determine qualitatively and quantitatively the food 

eaten by that population,. 

The information presented in this section (unless otherwise 

stated) has been obtained from the Study Block (see Section II) by the 

methods described below. The previous section, which considered the 

population aspects, formed an essential background to this and the 

following section. A list of food items alone is an insufficient 

answer to the question heading this section. It is necessary to know 

the relative importance in terms of quantity eaten, how this varies 

seasonally, and when the critical periods occur. A series of subaims 

can be framed:- 

a) What food items does a squirrel eat during an annual cycle 

in the selected area of habitat, and what is its feeding 

behaviour? 

b) How much food does the squirrel eat? 

c) What proportion of the general activity pattern consists of 

feeding activity? 

Other important questions are involved when evaluating the food 

of the squirrel. Food consumed should be considered in relation to 

food available. Availability is a difficult parameter to measure, 

because the squirrel may not take freely all items apparently available; 

it may be selecting within a particular type of food item in terms of 

size and/or quality. This aspect has been explored where possible 

in the present study. 



2. Methods 

Variation in food intake and feeding activity can be considered 

in a number of ways. In this Section variation between individual 

squirrels, other than broad aZ.ult:juvenile differences, has not been 

considered, but rather variation between days, between seasons and 

between years for the population considered as a whole. 

A. gualitative methods 

FIELD OBSERVA!LIONS: The availability of potential foods, 

and squirrel feeding signs, were recorded on specially designed 

punch cards, together with date and location. The information 

could be rapidly sorted to give a seasonal calendar of foods 

available and eaten at Edensmuir; the results suggested which 

were the most important food items (primary foods), and which 

were used only in s;rall amounts or for restricted periods 

(secondary foods) under normal circumstances. Time gaps in 

the supply of primary foods, when secondary foods were of 

necessity more heavily utilised, were defined as potential 

critical periods. For such gaps to be really criticalit 

would be necessary to show that the secondary food sources were 

inadequate, or in temporary short supply. 

STOMACH CONTENTS: Identification of food items in stomach 

contents from squirrel csrcases (see Section III) also gave 

seasonal information on foods taken from a variety of coniferous 

woodland locations in East Scotland. No attempt was made to 

quantify the proportion of individual food items within each 

stomach; they were considered on a frequency of occurrence 

basis. Because most foods were in a reasonably undigested 

state, problems of relative digestibility were considered 



minimal; this contrasts with faecal analysis. 

FEEDING BEJZAVIOUB: Observations of feeding behaviour in the 

field or in capA' uLvity, also rooorded on punch cards, showed how 

each f00c.Z tne \riaa dealt ~,r-'i.?;3 I nril corfirxd the tne of feeding 

signs lcf'i by the squirrcjs, T1io range of food items taken by 

squirrels in Britain has already been considered (Table 3:i). 

B. Quantitative ?.lei;:;ods 

CONE QUAD?ATS: In order to estimate the total production 

of cones and number of squirrel feeding signs on cones (or cone 

cores), the assumIAion wac L) xada that all cones would eventually 

fall to the ground, and permanent quadrats were laid on the 

forest floor t0 receive them. Initial trials were undertaken 

to determine a suitable quadrat size. It was found that a 

quadrat of one sq. A. (1 x 1 m) was the ideal search unit, but 

that it was too small to use as the basic quadrat size due to 

the considerable variation in cone numbers between quadrats. 

Quadrats of nine sq. m. (3 x 3 m) were very time uonsuming to 

search, so a quadrat size of four sq. m. (2 x 2 m) was chosen, 

divided into one sq. m. units for subsampling. Many old cones 

and cores were buried in the surface vegetation and litter, so 

that this had to be searched. Buried cores were more difficult 

to find than cones, and rotted quicker, so that they were under- 

represented in the earliest samples. 

Twenty-two permanent quadrats (representing a sampled area 

of 88 sq. m.) were established in Compartments 8, 9 and 10 

(Figure 5:1), positioned by random numbers, but avoiding tree 

trunks within the quadrat. They were searched at intervals 

from October 1967 to July 1969. The corners of the 2 x 2 m 



Figure 5:l Location of cone qua&rats 

The location of the 22 permanent cone quadrats is indicated, 

These were reduced to 19 after the January 1968 hurricane, and the 

three lost quadrats are indicated by squares. 
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quadrats were marked by red pegs, and a nearby tree was conspi- 

cuously marked. Each quadrat vas subsampled in four 1 x 1 m 

units; the cones, part>J-eaten cones, and cores from each unit 

were collcctcd, se?arato? ~.z?o the respective arinual cone crops 

represented, neasurcd sn& c~wri'ici;. ::'hole mature cones were 

returned to the quadrat for potential utilisation by squirrels 

on the ground. Ear each annual cone crop an estimate of the 

numbers available (all cones and cores) and eaten (partly-eaten 

cones and cores only) was obtained, in numbers per square metre. 

Relative estimates of the percentage of cones eaten and of the 

sizes of cones eaten compared with the range of sizes available 

were also calculated, based on length measurements. The data 

from these samR les was then related to the whole Study Block. 

A number of biological assumptions had to be checked before 

the results could be interpreted. Firstly, did all the old 

cones fall by the end of the year after seedfall? It was found 

that over yC$ of them did fall (see Results). Secondly, were 

all the cones fertile? All cones examined had produced fully 

formed seeds at maturity. Thirdly, could all the cones be 

found? The ground could be effectively searched in the I x 1 m 

units, despite the rapid covering up of cones by growing vegeta- 

tion, if sampling was frequent. Fourthly, oould all the cones 

be allotted to the correct annual cone crop? Apart from the 

initial sampling, when several cone crops were represented, the 

annual cone crops were easily distinguished. Fifthly, does 

the tree spacing affect the amount of cone and core fall, i.e. 

is there a specific zone of fall around a tree? Trials were 

undertaken, sampling all surface cones and cores in one-metre 

concentric zones away from a pine trunk. The results, reduced 
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to values per square metre, SUggeSted no consistent zone of cone 

or core fall, probably because of the close spacing of the trees 

(Table 5:l). 

Statistical calculations based on results for the 1966/67 

cone crGp, using the formula: (;.36~~,~)1OO/m (where 8 = standard 

deviation from the sample mean; n = number in sample; m = sample 

mean), suggested that IO quadrat samples ;3er compartment were 

sufficient to show a 56 difference in available cone crop between 

compartments (or 8% difference in numbers of cones eaten), while 

22 quadrat samples per Study Block were sufficient to show a 3% 

Change in available cone crop between years (or 4% change in 

numbers of cones eaten). 

FALLEN TBEES: A survey of cones on windblown trees was 

undertaken. In 1968 40 falle n trees were examined in 14 compart- 

ments; it was estimated that a very large number of random 

samples would have been needed to obtain a meaningf'ul average 

cone crop per tree, so instead, the cone crop of each sample 

tree was arbitarily classified into one of three categories: 

high, medium or low. One example of each of these categories 

was sampled in most compartments, so that an average number of 

cones per tree in each category was obtained. Further counts 

were undertaken to determine the number of trees of each cone- 

bearing category per 100 fallen trees, from which the cone crop 

per 100 trees and their size distribution could be calculated, 

based on length measurements. 

All old, mature and immature cones were removed from each 

tree sampled, to which were added any cores beneath the trees 

which were obviously part of the crop. An estimate of the 

retention of old cones was obtained, as well as the numbers of 



Table 5:1 The effect of tree spacing on cone and core fall 

SAMPLE AX&IS: Scr:rch zones 

RESULTS: ?er square metre 

metres 

Search zones away from the 
pine trunk of IO cm radius 

Zone 1: 3.77 sq.m. 
Zone 2: IO.05 sq.m. 

Zone 3: 16.34 Sq.A. 

Other tree trunks reached 
in Zone 3. 

! 
'One Crop' 

Available Eaten 
(Cones& Cores) , (Cores) 



147. 

the mature crop and a prediction of the next season's crop. 

The estimates could be related to the total number of trees in 

the vinole Study Z:l.cclr,. jut rqresented a minimum estimate of the 

mature crr;;j becau:;~ oP ~:~':l:-^c;-=ce2ln~ on t'ne cones prior to 

the \.Jind;;lc;yJ of J:,r~;;yy ; $3. 

In 196’; three further som~les were taken of trees with high 

crops to obtain the size distribution of the cones as they 

matured between July and September. Small samples of windblown 

cones were measured at intervals throughout the study to obtain 

further estimates of their size distribution. 

COIL?;: CORES: Random samples of cores were collected at 

intervals to provide information on the size classes of cones 

eaten, based on length measurements. Sample areas of the forest 

floor were cleared of cone cores, which were then measured; 

slight inaccuracies due to shortening of the cone by the 

stripping of bracts were allowed for as far as possible, but a 

small percentage will have been allotted to one size class below 

their true value; this also applies tocone quadrat results. 

Small comparative samples were obtained from Devilla Forest, 

Fife, where low numbers of squirrels had recently entered a pine 

plantation. 

CAPTIVE FEEDIKG TRIALS: Some feeding trials were under- 

taken mith squirrels in captivity. Although experiments in food 

preference were initiated, no attempt was Aade to analyse the 

results, because the food items preferred varied considerably 

with circumstance (see Section III). 

The analysis of cones utilised compared with those available 

in the Study Block had suggested that the squirrels may select 

for certain size categories of cones. Trials were therefore 



conducted with captive squirrels by supplying them with known 

numbers of different size classes of cones, based on length 

measurements. During these trials some alternative foods were 

available, but cst:i:~tes of the daily mLninum consumption of 

cones of 3 rol.&i.vs?ly intdsiiiivc slylirrel mere also obtained. 

SEEDS: A detailed laboratory examination of mature cones 

of different size classes was carried out to determine the 

number and weight of seeds contained by them. 

BARKING OF DIVE TEEES: An assessment of the damage caused 

to live trees by squirrels was carried out within the Study 

Block to determine its relevance, if any, to feeding. 

Information concerning the extent of damage to trees each year 

from 1956 to 1966 was avsilable from the Forestry Commission 

(unpublished questionnaires), and a survey of damage to trees 

in Compartment 14 was undertaken by them in March 1968 

(unpublished report). 

Surveys were carried out in Compartments 3 and 11 to deter- 

mine the type and extent of past damage on all windblown trees. 

One damaged tree in Compartment 14, and 36 in Compartment II, 

were examined in detail; the year of growth behind the leading 

shoot was determined for each bark-stripped site. Sawcuts 

across the sites of damage were made on six of these trees, and 

the annual growth rings were interpreted to determine the exact 

year that each wound occurred. 

BARKING OF DEAD TREES: Following the sight observation of 

a squirrel stripping bark and inner bark from a dead tree, .a 

thorough examination and mapping of similar sites was made to 

determine any relevance to feeding. The sites occurred on 



young,spindly trees which were recently dead, and were lying 

down, leaning or still standing; dead trees apparently 

suitable but not bark-stripped, those damaged by other 

agencies especially woodpeckers, and those bark-stripped by 

squirrels were mapped. The latter were classified as very 

recent, recent or past damage, and were arbitarily separated 

into high, medium or low extent of bark stripping. 

ACTIVITY PATTEl3J: Casual sight observations of 

squirrels in the Study Block, supplemented by observations from 

elsewhere and of captive squirrels, together with time, date 

and weather data, provided information on the activity pattern 

of squirrels. Some planned observation periods were also 

undertaken to determine the main periods of activity. Direct 

observation indicated the amount of activity spent feeding, in 

contrast to other behaviour such as resting, searching, moving, 

grooming and social interaction. The number of cones consumed 

per unit feeding time was estimated from several field timings, 

and from this the number of cones eaten per squirrel per day or 

year could be calculated, using a knOWledge of the daily and 

seasonal changes in activity. This gave a field check on the 

estimates derived by other methods. The modifying influence 

of weather on the extent of activity was also investigated. 

Using an automatic recording device, experiments with an 

adult female squirrel in captivity provided further information 

on daily and seasonal changes in activity. The squirrel was 

housed in a cage measuring 8' x 4' x 6'. Trips, operated by 

the weight of the squirrel (sprung to take weights over 50 gin 

only), were attached to the feeding platform and in a cardboard 

tunnel frequently used by the squirrel. These trips activated 
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electric circuits via microswitches, which in turn activated pen 

circuits, marking a continuously moving reel of paper (chart 

speed: 12' per hour) in the recording device. 0 ther circuits 

were connected to a clock which marked every hour, and to the 

door of the cage to record any human disturbance. The circuits 

were powered by a 12 volt heavy-duty accumulator. Activity was 

analysed for half-hour periods through the day, summating in 

each: a) the total number of recorded trips, and b) the frequency 

of occurrence of activity within each period, for several oonseuu- 

tive days of recording. Half-hour periods in which feeding 

activity occurred were taken as those in which the feeding 

platform was depressed continuously for more than a few seconds 

(often for several minute+, while movement activity was taken as 

short-duration trips for the feeding platform, and trips in the 

tunnel. In this way, the amount of feeding and movement activity 

of the Caged squirrel was determined; it probably represented a 

minimum level of activity, for food was readily available without 

much searching, and the exercise area was limited in size. 

3. Production of Scats Pine 

The results concerning food eaten emphasised the importance of 

Scats pine as a food supplier, in the form of buds, shoots, flowers 

ma seeds. Before the detailed results are considered, it is 

necessary to outline the main features of the annual cycle of the 

Scats pine, which is shown in diagrammatic form in Figure 5:2, 

though the precise timing of each stage varies between localities 

and between years. 



FiRure 5:2 Annual cycle of Scats pine 

The annual cycle of those parts of the Scots pine (Pinus sylvest*) 

of relevance to squirrels, based on information discussed in the text, 

is summarised diagrammatically. 
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BUDS AND SHOOTS: In the overwintering stage, the mature shoot 

has a resting terminal bud surrounded below by a ring of smaller 

lateral buds. These buds are cylindrical (6 to 12 mm long), with a 

blunt apex, and covered by redArown, resinous scales. Growth occurs 

in early spring, when the terminal bud and some of the laterals 

sprout, producing long pallid shoots with scales. In the axils of 

most of these spirally-arranged scales buds arise and soon develop; 

into dwarf shoots, each of which bears two needle-like leaves (20 to 

80 mm long). The other lateral buds remain dormant unless the 

terminal bud is damaged. When serious injury occurs, a dwarf shoot 

can develop into a long shoot. 

When the long shoot stops elongating, terminal and lateral 

resting buds are produced at the tip, ready for the next season's 

growth. The young shoots are smooth and shiny green at first, 

becoming mature and brown in their second year. The young leaves 

are bluish-green, becoming dark-green later; after a normal life of 

three years they turn yellow-brown, and the whole dwarf shoot is cast 

off. Needles are shed throughout the year, though the quantities 

vary seasonally. 

FLOWXS AND CONES: Scats pine trees first produce flowers at 

the age of 5 to 10 years (Matthews 1955); they are monoecious, but 

thereis considerable variation in the production of male and female 

flowers on the same tree. In some years one type develops before 

the other, or they may develop in alternate years. The female 

flowers usually predominate in the upper whorls, and the male in the 

lower. 

Male flowers emerge in May or June near the base of the young 

long shoots of the current year, in the dwarf shoot position. The 



inflorescences are globular yellow bodies, with numerous spirally- 

arranged stamens around the central axis; each stamen bears two 

pollen-sacs, which split open on ripening to release the sulphur- 

0010ured pollen grains. The pollen is wind dispersed, while the 

flower dies and falls. 

Female flowers also emerge in May or June near the tip of the 

young long shoots. At first they are small green globular bodies on 

short stalks, turning reddish later. They consists of ovuliferous 

scales and minute bract scales, arranged around a central axis. The 

scales open slightly to receive the windblown pollen, and immediately 

close. 

The pollinated female cones remain small and undeveloped for a 

year before fertilisation occurs. They are initially green, with 

tight-packed scales, and assume a pendant position, later turning 

hard and brown. 

Fertilisation occurs in June of the following year, and then the 

miniature seed cones develop rapidly. They turn bright-green, 

enlarge, produce white seeds and reach full size (2-8 cm) by August 

or September. Two seeds.develop on the upper surface of each seed- 

bearing scale. 

The soft and succulent cones harden and ripen by November, 

gradually turning brown, remaining closed until the following spring 

when the heat of the sun dries the scales, which crack open noisily. 

The cones are borne on short stalks, singly or in clusters of two to 

four. The fertile seeds, in the middle portion of the cone, fall 

from the pendant cones. The oval seeds (3-5 mm) are black or brown, 

and have wings 1 O-15 mm long. Most cones drop soon after seedfall, 

and the majority have fallen by the following autumn, though some old 

and empty cones persist, turning grey-brown. 
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Scats pine first produces cones at the age of 5 to 15 years, but 

good crops are not produced un til trees are between 20 and 100 years 

old; peak production is reached bt7tzeen about 35 and 80 years old 

(Ba1dzi.n 19!t2p Xstthe~s lsj55, Ov:?:,:ton 3357). On the whole, the 

Scota pin0 in ;3rltiGr, is a rolt~tivoly ro’iiabla cc-me producer with some 

seed in most years, while good crops occur at two to three year inter- 

vals (Matthews 1955). ldature trees, such as those at Edensmuir, give 

the greatest and most reliable production. The production of flower 

buds is apparently dependent on favourable temperature conditions, 

light and nutrition; subsequent seed crops are influenced by weather 

conditions particularly temperature and precipitation (Matthews 1955). 

4. Results 

A. The Annual Feeding Cycle 

Field observations of food potentially available and food 

actually eaten within the Study Block are presented on a weekly 

basis in Figure 5:3. The food items, and their respective 

feeding signs, of this seasonal calendar are considered below in 

turn; the types of signs left by squirrels were confirmed by 

field observation and feeding of captive squirrels. 

Scats pine seed: The availability of pine seed was 

considered in terms of the cone crop, commencing with the period 

of rapid growth of the fertilised female cones in June, and 

extending until the main seedfall in the following June; oone 

crops are referred to by the two calendar years in which this 

maturation process occurred, for example "the 1966/67 cone crop”. 

At Edensmuir the female flowers usually emerged in the last 

week of May and the first two weeks of June. Pollen dispersal 

occurred from June 7th onwards, and by early July the small 

pollinated female cones were red. After fertilisation in the 



Figure 5:j Food available and eaten within the Study Block, 
Edensmuir Forest 

Food availability and utilisation are indicated, based on direct 

observation and feeding signs. Seven categories of f00a items are 

considered for a period of four years; each year runs from July to 

June, corresponding to the cone crop cycle. 

Each month is divided into four units, corresponding approximately 

to weeks, as follows: 1. 1st.7th; 2. 8th.15th; 3. 16th-2jrd; 

4. 24th-(28th; 30th) 31 st. 

l&J:- 
=indicates maximum availability of the food item. 
---- 
----indicates reduced availability of the food item. 

_1. indicates one or more records of feeding on the 
f00a item. 

Xindicates presumed feeding on the food item, 
where no visit was made to check. 

-indicates where the feeding status is unknown, 
-because no visit was made to check, 

Food items:- 

Pine seed: from Scot9 pine cones. Solid lines show the presence 
of mature cones on the trees; dotted lines indicate periods of 
seedfall. 

Pine buds: vegetative terminal buds of Scats pine. Buds are 
available all the year, but the solid lines indicate when many 
are swelling prior to opening. 

Pine shoots: terminal shoots of Scats pine. Shoots are avail- 
able all the year, but the solid lines indicate the period 
when shoots are expanding and soft. 

Male flowers: pollen from Scats pine male inflorescences. 
Solid lines indicate developed inflorescences, while dotted lines 
show their presence in buds prior to opening, and the subsequent 
dispersal of pollen. 

Stem tissue: phloem, cambium and xylem from Scats pine woody 
shoots, both live and dead. Solid lines indicate the main 
period of nutrient and water translocation in these tissues. 

Fungi: several species on the forest floor. Small basidiomycete 
fruiting bodies are available in April and May, while larger 
ones appear between July and October. 

Fruits: on several species of shrub. The fruiting times of the 
shrubs overlap to form a continuous availability from the late 

L summer to late autumn. 
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following year, the green cones developed rapidly during June and 

early July. Some cones were already 2.5 cm long with white 

winged seeds by mid June. By the first week of July they had 

increased in size, with a range fro13 2 to 5 cm. Although some 

cones started to turn from ,-reen to brown in September, the 

main transitional phase was during November and December, so 

that from January onwards only brown cones were available. 

Seedfall could occur from March onwards, but the main period 

was early June:- 

Cone crop : 1966/67 1967/68 196W69 
Subsidiary seedfall: None 

2/8 & 12/13.6 
26.4; V4.5 
6/10.6 

6/12.3;q7, 22b & 3.4 
Main seedfall: VP.6 
Few seeds left by: 20/6 12.6 12.6 

Visual monitoring of the cone crop on the trees showed that 

in all four years observed (1966/67 to 1969/70) abundant cones 

were apparently availa3le over-winter until the following spring; 

the number of cones was noticeably reduced by May but they were 

still plentiful until the main seedfall. Cone quadrat evidence 

(see below) suggested that the 1965/66 crop was also still 

apparently abundant up to the time of seedfall. Thus in five 

successive years no cone failure occurred within the Study Block, 

and the cone crops were available on the trees to the squirrels 

for about 113 months of the year. However, the size of the crop 

as between adjacent trees was very variable, an3 by May there 

were areas of relative food shortage surrounding scattered 

patches of trees bearing heavy crops, especially near compartment 

edges ma clearings. 

In addition to the cones on trees, windblown cones were 

available in large numbers on the forest floor from September 

onwards ; they had not opened to discharge seed prior to fall, 



155. 

and were rapidly buried by growing vegetation and leaf litter. 

These cones were still available during the following June and 

July, when there were few mature cones with seed on the trees. 

The hurricane of January 7768, when 25$ of the trees were wind- 

blown (see Section II), did not cause any loss of the 1967/68 

cone crop, for the cone s were still available on the fallen trees 

and on the forest floor. However, in succeeding years a reduc- 

tion in cone crop resulted from this 2% loss of cone-bearing 

trees. 

Cone cores, stripped scales and seedless seed-wings formed 

the squirrel feeding signs. Typically the cone core was left 

bare of scales, with a narrow or broad base, or with a few 

scales near the tip; less often the scales were splayed rather 

than stripped:- 

Squirrel feeding signsi cone cores. 

There were no grey squirrels or crossbills in the Study Block, 

.so that confusion of signs was not possible. Grey squirrels 

leave very similar feeding-signs, but crossbills fray the splayed 

scales of the cone core, leaving characteristic ragged signs. 

Green cone cores dried and shrivelled within a week after 

being stripped, so that it was easy to determine which were fresh 
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signs. Brown cone cores were more difficult to date, but the 

following guide as adopted:- 

Fresh brorm cones - with white broken surfaces at the base. 
Older broi;r,? cone! c " - I.::c::ir,g the v:l:ito surfaces, and 

..< .-*-,w.,? ? b'<'*.J,. ‘Lh.AJ ycl lo:;;er. 
Very Gld ‘r,TG:,Ti CGET':; - i,-.i:,'; <:2-d ;iiGU:Q. 

In the three years when observations were made, the 

squirrels started on the green cones at very similar dates:- 

Cone : crop 1 y67/68 19 68/69 19 69/70 
Last previous visit: 5.7 27.6 12.6 
First signs noted: 6.7 28.6 
Abundant signs by: 9.7 3.7 

The first signs of utilised green cones were few and localised, 

but within a few days they were observed in abundance throughout 

the forest. From then until the following June the pine seed 

formed the major component of the squirrels' diet (Figure 5:3); 

after the main seedfall there were few seeds available on the 

trees. However, seed from fallen cones formed an increasingly 

significant past of the squirrels' diet from March to May, during 

which time seedfall reduced the availability on the trees, and 

was even mo,re important in June vinen few tree-borne seeds were 

available. Signs of old cones eaten on the ground were noted 

until July pth, even though new green cones were being utilised 

in abundance by then. No burying of cones (or any other foods, 

as mast was unavailable) by squirrels was noted, but digging for 

old cones was observed. 

Other conifer seed was of minor importance within the Study 

Block. The spruce trees did not produce mature cones; larch 

cones were arailable in abundance within restricted areas, and 

followed a similar cycle of availability to the pine, from July 

until early in the folloming spring, but ripened in the same 

year as flowering. Despite extensive searching, no signs were 
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observed of squirrel-feeding on the 1966/67 and 1967/68 larch 

crops, though pine cone cores mere immediately visible under the 

scattered pine trees, and along the edge of the adjoining blocks 

of pine. H oxww 9 C-i~“” of :.:.;-I<:; coce cures w@re noted for the 

<$6$/&c) and ?562,'70 (i'irsk obs~rvod 14.7) props, and this 

coincided with the reduction in the pine cone crop due to 

extensive windblow. 

Scats pine buds: Pine buds were available throughout the 

year, but a large proportion swelled and differentiated, prior 

to extension of the shoots, between late February and early May. 

A number of squirrel feeding-signs on vegetative buds were 

noted: cut shoots or shoots in situ with all the terminal buds 

missing, fallen bud scales, especially in compact piles, co;nplete 

strips of bud scales rolled back from the bud, and cut buds with 

their green centres eaten from the base to leave hollow shells. 

Strips of bud scales: Eaten bud - in section: 

bfost of the feeding on buds was during the period of swell&g 

and differentiation, and it increased after the reduction of the 

cone crop by windblow. Buds of spruce and larch were also 

utilised. 

Scats pine shoots: Terminal pine shoots were also available 

all the year, but soft, expnding shoots were present only in the 

period from April until July. Thus, for example, the new shoots 

reached 10 to 15 cm by mid-June. 

Signs of eaten shoots were out lengths of pine shoots, 3 to 

15 cm long, bitten off and found lying on the forest floor 
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during June and July. The buds were intact, and it was assumed 

that these cut shoots were accidentally dropped from the canopy; 

when presented to captive squirrels, these shoots were well 

chewed and parts ;;'cre cnten. Such signs also occurred below 

spruce ur.d lLarc2i -h-cc=. l 

Prior to 1968/69 no signs of this nature were noted; this 

may have been due to inadequate searching, but it is thought 

likely that feeding on shoots was minimal until the cone crop 

had been reduced by windblow. 

Scats pine male inflorescences: Male flowers started 

developing in buds from midT4pril onwards, opening between mid- 

May and mid-June. Pollen dispersal occurred in the warm sun 

in early June, corresponding to the main seed dispersal period:- 

Cone crop: 1% 6/O 
Pollen dispersal: 2/10.6 

IS'/68 
W3.6 

19 W@ 
6/12.6 

Little pollen left by: 43.6 18.6 2.7 

Old flowers dropped from the trees during July but were not 

confused with feeding-signs, which consisted of eaten male buds 

(similar to vegetative bud signs but with remains of pollen sacs 

visible) and cut male inflorescences. It was probably the 

pollen that was being sought by the squirrels. 

Scats pine stem tissue: Young tissue from the woody 

leading shoots'of' pine was eaten, after stripping of the super- 

ficial layers of bark. Analysis of stomach contents from 

squirrel carcases (see below) showed that this ti:sue consisted 

of phloem, cambium and xylem. Bark-stripping was also noted 

on recently dead standing or fallen trees. Pull consideration 

of bark-stripping will be given under Barking of Trees below, 

Observations of squirrel" 3 stripping bark, or fresh signs of 

stripped bark (Figure 5:5) exposing frayed young tissue, gave 
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data on the utilisation of stem tissue. 

Fungal fruiting bodies: Small Basidiomycete fungi were 

available during April acd I:c.y, ?xt were apparently not utilised 

in the S$';<y ~~oc:r. !I(:,.? 7. -0 . >;* A... ci :~cs.:t:.,~GiTIyCt?tC3 produced a 

continud. sup:-,ly of fl--Gt:L.i~.;; 502.o~ br;-Lwccn July andOctober. 

. Feeding-signs consisted of characteristic rodent incisor 

marks in the upper suAI -*ace of the cap of the fungi; squirrel 

signs were judged by the size and position of these tooth marks, 

or by the uprooting and transport of the fruiting body. Bird 

pecking-signs were characteristic peck marks, while slugs left 

irregular holes and a slime trail. 

Species available and eaten were:- 

Species 

Amanita phalloid.os 
Amanita rubessens 
Bole-Lxx bovinus 
Clitocybe flaccida 
Melanoleuca melsleuca 
Phallus impudicus 
Russula emetica 

Poisonous 
to man 
Ve,ry 
Sli&tly 
NO 

NO 

No 
No(?) 
Emetic 

Available 

July-F?ovember 
July-October 
July-October 
Sept.-November 
August-November 
July-October 
July-November 

'which 

Eaten 

No 
No( ?) 
Sept.-October 
Sept.-October 
No 
No 
August-NoVember 

Fruits and berries: Several species of shrub,/produced 

fruits known to be eaten by squirrels (see Section III), had 

overlapping fruiting times to 

availability from late summer 

Fmits available 

form a continuous period of 

to late autumn:- 

App-oxipate dates * 

Xid-July-mid-October 
Early August-late October 

Crataegils monozvna Hawthorn 
Rosa spp. Rosehips 
Rubus fruticosus Blackberry Early Sept.-early November 
II. idaeus Raspbeqy Late July-late August 
& actinium m.vrtillus Bilberry Early July-late October 

No feeding signs o;ere left by squirrels eating soft fruits; 

their absence on the shrub concerned was non-specific. No 

direct observations were made of squirrels eating fruits, but in 

mid-July 1967 squirrels were twice disturbed near a stream and 
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it is thought probable that they were eating the fruits available 

along the stream bank; alternatively they could have been seeking 

water. 

Other foods: NO fcoCing s;i,y~ or observations of other foods 

eaten by squirrels nere noted at the Study Elock, but it is 

presumed, from evidence discussed later in this Section, that a 

variety of insects and possibly birds' eggs (e.g. woodpigeon) 

were taken. No fruits or seeds of deciduous trees were available, 

but there was agricultural grain in the surrounding stubble fields 

during late autumn. 

Additional observational and feeding-sign data was obtained 

outside the Study Block, and is presented on a monthly basis in 

Table 5~2. It shows that deciduous mast crops were taken between 

July and Novemben, when available. Further seasonal information 

was obtained from stomach contents of squirrel carcases (Table 5:3). 

On the basis of frequency of occurrence,, conifer seed was 

the most important item of diet, followed by conifer buds, shoots 

and needles; all these items were readily identified macroscopi- 

tally. The high proportion of green matter in all months examined 

was surprising, for direct observation and feeding-signs had not 

suggested a high utilisation throughout the year. Conifer seed, 

however, formed the greatest proportion by volume in most of the 

stomachs. Small flake3 of bark were found in a few stomachs, 

but stripped stem tissue was confined to between March and July. 

One stomach (49.5.69) contained a large bulk of 0.5 to 1.0 cm 

strips of vascular tissue; microscopic examination showed that 

this consisted of'xylem and phloem. Cambium, which occurs as a 

layer only a few cells thick within the plant stem, was not 
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Table 5:2 Food eaten: Df?a fro2 outside the Study Block 

Xonth I 7ood : -ii c 3 3 

Pine seed 

Pine seed 

Xarch Pine seed 2~ buds 

Pine seed& buds 

Pine seed& buds 

seed, beechmast, hazel nuts, basidiomycete 

Based on: Feeding signs ma Sources: All months - Fife (including 
direct observation Edensmuir Forest outside 

Study Block) 

July - Perthshire 

August - Sweden, N. Germany 

September - Argyll 

October/November - Dorset 
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identified but wa:: assumd Lo be present. Male flowers and 

abundant conifer pollen grains mere found in five stomachs from 

May and June; pine pollen has two characteristic air bladders 

attached to the grain3. 

Maize seed coa-ks r;nd starch grains mere found in all stomachs 

of carcase from Ddensmuir Torest, but this artificial diet has 

been omitted iZom the table . 

Fungi were identified microscopically, with the aid of the 

specific stain Trypan Blue. They were found in stomachs of most 

months, and constitctcd the major non-coniferous item of diet. 

Those in the early part of the year were red or broxn and thought 

to be Ascomycetes, while those from Kay onwards were thought to 

be Basidiomycetes, of which only a brown-capped type was commonly 

found. The only evidence of fruit3 was the achenes found in 

one stomach. Other plant tissue3 included dicotyledonous leaves 

(January), grass (December), roots (February, November), non- 

coniferous pollen (Xay, June), fern sporangia (July), moss 

(January, Xarch, May), and unicellular algae (September). 

Insects included remains of wings and antennae (January, February, 

June), larvae (Xarch), and one flea. Other animal tissue 

included nematodes. Sorno Stomachs contained Soil, varying from 

a few quartz crystals to large black lumps; the purpose of 

this may have been to obtain roughage or minerals. 

The stomach contents of carcases from the Study Block 

contained pine seed, buds, shoots and needles, pollen and vascular 

tissue (July), with brown-capped fungi, non-pine pollen, moss and 

soil. 

The stomach contents of 32 squirrels, which were at least 

1% full, were weighed and dried. These stomachs contained a 
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variety of diets and cazc fro2 several different locations and 

months. The wet rroight of the cczitonts averaged 13.0 gm (maxizzu3 

30.4. LP), nl?ile the oven dry ~2izht averaged 4.1 gin (naxi~um 

8.2 CK), only about :C$ 0;' the net Veight. 

The results discussed so far shoz the dependence of the red 

squirrel on the Scats pine as a food resource, in the for,% of 

seeds, buds, shoots, pollen and stem tissue. In the Study 

Block, pine seed was clearly the primary food for all but a few 

weeks in June, with the addition. of buds and shoots in r,:i:2ng. 

The other food iten?s were of secondary inportance. The time 

gap between successive cone crops was three weeks at the most, 

and was the only potential critical period when secondary foods 

were of necessity more heavily utilised. Even during the 

potential critical period, however,-seeds of fallen cones were 

utilised. 

B. Feeding Behaviour 

Observations on the way in which red squirrels located cones 

and extracted seeds of pine revealed the following information. 

A squirrel moved rapidly from its feeding position in the canopy 

to a flexible outer branch, located and selected a fresh cone, 

grasped behind the cone with its teeth and gnawed it free, 

carrying the cone back in its mouth to the origical feeding 

position. The outer shoots were followed to the apex; if 

there was no cone, the squirrel moved back and onto the next 

shoot. One squirrel was seen rapidly tracing ten shoots in 

this manner, and then It ;r,oved to ihe next tree where it was 

ircmediately successful. Observations of squirrels mouthing 

but not detach& cones sho~:ed that soriie form of selection was 



involved. Further evidcxe for selection was the observation 

in early June of a sc,tirrel selecting and eating seed from 

partially opened ccncs, bu'; 2.scardir.g some cones without 

stripping thes; 35.S sqsirrel also attempted to reach a very 

distant cone, but failed, which suggested that not al1 the cone 

crop was physically available ";o the squki '--els. It can be 

concluded that much ensrgy is expenbc? in searching for food, 

tnough the amount of time spent in this activity is short (see 

The Activity Pattern). In sortc cues at least, the squirrel 

cannot see the cones before It sets out along the shoot. 

Tne feeding position was nornally towards the centre of the 

tree canopy; such a safe position was essential in high wind. 

A squirrel squatted VT&~. ich the cone held between its forefeet, 

and pulled off the scales noisily with the teeth while the cone 

was rotated by the forefeet; starting at the base of the cone, 

the bracts and seed-wings were discarded, the seeds eaten, and 

finally the rerM.ning central core was dropped. Squirrels 

feeding in this manner mere readily heard and located. Normally 

the cone was retained mhen a squirrel was disturbed; agitated 

chucking could continue with the cone in the mouth, or even 

while the cone was being eaten. Occasionally, on being 

disturbed, the uneaten cone was dropped by the squirrel; a 

juvenile squirrel was seen to vomit maize pellets in front of 

the trap where it had been eating, before n;oving to the canopy. 

After taking one or a few cones from the tree, a squirrel 

would move to an adjacent tree to continue feeding; one 

squirrel was noted moving betneen four different trees while 

collecting six cones. Altcrrbatively, a squirrel would move 

20 m to 30 m beheen feeding trees. 

c 
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When feeding on the ground, a squirrel moved rapidly and 

fairly directly between sources of food, follovring this by wary 

but rapid feeding; it was readily disturbed by other animals, 

such as pigeons landing nearby. Eating was continuous, when 

undisturbed, mainly with the head down, but occasionally on the 

haunches. 

Ground feeding-signs, especlL!.ly of cones, mere grouped in 

CGmpaCt piles, while rcma$ns of food eaten in th:: canopy were 

well scattered. Such grouped signs were often noted on tree 

stumps, and on fallen Tine or larch trunks. A squirrel thus 

took the food item to a rtised point before consuming it, or 

even to the canopy. Similar behaviour was noted in captive 

squirrels. 

Squirrels mere 05 servo2 moving around slowly, nosing in 

grass or *rubbish piles betxsn ,;sriT and July, and mere also 

seen carrying old cones from the ground to the canopy, particu- 

larly between Xarch and July, In 1969, for example, this 

continued up to July 11th by which time heavy use of new green 

cones had started. During the same period, areas of digging 

in the moss of the forest floor were noted, thought to be 

caused by squirrels searching for fallen cones. 

Feeding on buds and shoots was not directly observed in 

the forest. However, the distribution of their signs suggested 

a similar eating pattern to that of cones. On a horizontal 

trunk, deep in the foliage of a fallen tree, a large pile of 

brown bud scales equivalent to several dozen buds was found. 

The terminal buds of all nearby branches were missing. A 

squirrel ha.d evidently collected and taken each bud in turn 

back to the eating site. 
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A description of bar2r.g by red squirrels is given below 

under BarZng of Trees. 

The utilisation of the hab; -+-tat by the sq,uirrel can be 

considered by coc:zrin:; the us2 of the ct"~~opy and ground layers 

for fee&r.g c,-.d &her ",y?z=, of zcti-;i*k;r; tke trunk and crown 

layer (see Section JX) r;ere only used transitorily, and mere 

grouped wi-2% the can,c?y for analysis, while fallen trees and 

stumps were considered alth the ground. The results from 

sight observations (A- '"-i&ure j:4, Appendix 5:l) and from feeding 

signs (T 5:4) $oie are eonsidcrzd monthly and seasonally, a.* 

both show the same trend in usi' of the "~0 layers of the habitat 

for feeding. The greatest use of the ground layer was from 

April to July, especially the summer months, while greatest use 

of the canopy layer was during the winter months and to a 

lesser extent in the a?~tu.mn. This corresponds with the use of 

the available food supply, considered above. In autumn an 

abundant cone cro:, was available, but so were fruits and fungi. 

In winter there were few alternatives to pine seeds, but in 

spring, and especialiy in summer, secondary foods and buried 

cones assumed increasing importance as seed availability 

diminished. 

Other forms of activity also follow the same pattern, but 

less markedly (Figure 5:&). This is to be expected, for 

squirrels need to descend to the ground layer throughout the 

year to cross rides and spaces between blocks of trees. The 

overall ratios of canopy to ground use suggest more activity 

in the canopy than cn the ground, which is to be expected in a 

basically arboreal mamz?ci. 

There was no seasonal bias apparent in the observability of 



Fimre 5:4 Habitat utilisation in the Study Block 
based on observations 

The seasonal usage of the canopy and ground layers by the squirrel 

is considered monthly by calculation of a canopy/ground (C/G) ratio, 

based on data given in Appendix 5:l. Feeding and all other types of 

activity are considered separately. Unity indicates equal usage of 

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

above unity indicates more usage of the canopy. 
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January 
February 
;I: C3.X:h 

A+.1 
12 ay 
June 
July 
August 
September 
October 
November 
December 

Scattered i Both ; Grouped 

X 

X 

I 

3 
Winter 

! 
X i 

1 
Spring 
Summer 

1 x jx 

Autumn / 

1 
X I 

{ 

x indicates which type of core sign predominates in each month 
or season. 

Scattered cores indicate canopy feeding. 

Grouped cores indicate ground feeding. 
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squirrels, either in tL3 canopy or on the ground. Pine trees 

retain relatively ccnstact foliqe cover during the year and 

greatest numbersof squirrcZ.s :rere seen on the ground at the the 

aher, the yq-~';~t:'lve c~-,-~~ .,,;a~ thic;~pt. in addition, results 

from the obse~&t~opAs a-2 ~cc~li~~C-_~,r,s y;ere consist&z:;t, ii 

more serious source of bias nay have 2zen caused by provision of 

,,.,.u,.~.~ -i&&-b i;; -&,--; c; b-,;Ly*;; 3 * aritlysis 02 observations of 

squirrels feeding at traps (Lppendix 5:l) suggests that no such 

bias was involved, for a paralle 1 seasonal trend is demonstrated 

here. Reference to the seasonal trend in numbers of squirrels 

trapped (Figure 4:9) sholvs that most were caught when the ground 

sightings were most frequent, that is between March and August, 

agam susgestlng L1 gnat ground feeding was not influenced by the 

presence 0; ') traps. 

Windblozn trees, rcsu;'Lng from the January 1968 hurricane, 

provided ground cover and food, and mn.;- also have influenced 

behaviodr; they were undo5ztedly used as grorond pathways and 

feedirg sites, but a similar utiI.isation in ail three years 

studied (1967 to -I96S) suggests that this bias was minimal, 

though the figures involved are small. 

During the course of the study, small groups of two or three 

squirrels feeding In close proximity mere noted on twelve 

occasions. The pwpose of this comma1 feed3ng rvas not known; 

there was no obvious season& trend and it occurred largely in 

the canopy layer. it SwsE?StS that the home range was not 

used in a rz~2om manner for the collection of food, but was 

influenced by other squirrels. The mean distance between the 

squirrels was about 23 yards (2$ m):- 
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Date 

10.2.67 
10.2.67 
31 .5.67 
17.9.60 
20.11.68 
10.12.68 
1g.12.68 
15.1.69 
12.3.69 
17.4.69 
1o.5.69 
lo.5.69 

No. of ldean t?,? stance I_- 
squirrels 

3 -7 ::. rt 
7Y-X 

Layer 

$6, ? & Juv) 
2 
2 

; 
2 
2 

30 Canopy 
20 Canopy 
25 canopy 
2.5 Canopy 
30 Canopy 
20 Canopy 
50 canopy 
25 Canopy 
15 Canopy 
IO Canopy 
IO Canopy 
20 Canopy 

Observed 
duration 
*mins) 

7 
5 

20 
15 

5 
5 

10 

z 

: 
5 

c. Barking of Trees 

LIVE TREES: Information on red squirrel damage was 

available from Forestry Commission questionnaires for the period 

1956 to 1966; damage was not noted in the Study Block until 

1960 when minimal damage occurred. No further damage was 

reported until 1963, and up to this time squirrel numbers were 

thought to have been steadily increasing. Crown damage occurred 

in all years following 1963, so that 194 acres were effected by 

1965, and the whole Study Block by 1966. 

In March 3968 a survey of damage on windblown trees in 

Compartment 14 was made by the Forestry Commission (unpublished 

report). The damage consisted of areas stripped of bark, along 

the internodes of the crown, but no trees were found to be 

completely girdled. Almost 8% had been damaged (63 trees 

examined) over a period of several years up to 1967, with an 

average of seven damage sites per tree (range 1 to 28 sites). 

A further nine trees were examined in detail; wounds were 

found at heights between 33’ and 45’6” from the ground (oorres- 

ponding tree heights 4.7' to 5&'), and averaged 52' in length and 

2" in width (range of 2".14" x $0 - 42; 29 measured). The 



standing trees were also examined for damage in Compartments 13 

and 14, and 51% had been damaged (X?j trees examined) The report 

concluded that the damage was of little economic importance, 

though there was some evidence of wind snap following it. 

During the present study, it had been observed that the 

intensity of damage varied considerably between compartments, and 

that Compartment 14 had been particularly heavily damaged. Samples 

of windblown trees were examined during 1968 to determine the extent 

of damage by bark stripping (Figure 5:5):- 

Compartment 3 27$ damaged ( 30 trees examined 
Compartment II 6% damaged (155 trees j examined 

A sample of 36 damaged trees were inspected in detail during 

1968 (Table 5:5); the year of growth of each internode was 

determined by counting whorls back from the leading shoots. The 

wounds were classified as follows:- 

Light wound: short, and less than J- of trunk circumference. 
Medium wound: any length, ;1 and $ to 3 of trunk circumference; 

or long, but under $ circumference. 
Heavy wound: any length, and over + of trunk circumference, 

but not complete. 
Very heavy wound: any length, and complete girdling. 
Double wounds were classified and counted separately. 

It was not possible, even with more recent wounds, to ascer- 

tain visually the year in which the damage had occurred, and so, 

on a sample of six of these trees, sawcuts were made across all 

wounds to determine the year in which bark stripping had occurred, 

by counting the annual growth rings. It was found (Table 5:6) 

that bark stripping had occurred in all years from 1961 onwards 

to leading shoots which were four to eleven years old. h!ost of 

the damage was concentrated on shoots six to ten years old, 

and these figures have been substituted in Table 5:5, which 

suggests that most damage has occurred since 1960, 



Figure 5:5 Red sauirrel damage to live trees 

A windblown Scats pine, bark-stripped by red squirrels, snapped 

at the site of a very heavy wound, and with the remains of thin 

strips of bark left by the squirrels. 

(March 1968, Edensmuir Forest, Compartment 14) 
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reaching a peak about 1963, whioh in turn agrees with the 

information from the Forestry Commission questionnaires. A 

number of cases were noted of wind snap or distorted trunks whioh 

had followed squirrel damage, but these were not included in the 

above samples. 

One definite observation of a squirrel stripping bark from 

a live tree was made on 31.5.1967. Two squirrels were seen in 

Compartment 14, feeding on cones in the canopy; one of them was 

observed gnawing at bark not far below the leading shoot for 

about two minutes, and the flakes of bark fell to the ground. 

Another case of bark stripping was observed on 22.7.1969, when 

one squirrel in Compartment 8 apparently gnawed at bark in the 

canopy. Examination of standing trees with binoculars revealed 

that very recent barking damage had occurred to trees in mid- 

June (Compartments 7 and 14) and late June 1967 (Compartment 15). 

No evidenoe was obtained for bark stepping during summer 1968. 

The results of stomach analysis (above) have shown that the 

prime purpose of bark stripping is to obtain the vascular tissue 

below, though very small amounts of stripped bark were found in 

drey linings (see Section III). The vascular tissue consists 

of xylem, oambium and phloem. Xylem transports and stores 

water and water-soluble substances, such assoil minerals; the 

flow is generally upwards to replace losses by transpiration 

from the leaves, but the greatest flow is during early spring 

before the fresh leaves emerge, and storage occurs mainly 

overwinter. Cambium is a lateral meristem only a few aells 

thick, active during spring and summer. Phloem bansports and 

stores organic nutrients; the flow is generally downwards 

towards the roots, and the greatest flow ooours during the 



aative photosynthesis of spring ,and summer while storage oocurs 

over-winter, Shorten (1957s) considered that the object of bark 

stripping by squirrels is to obtain sap from the cambium layer, 

but was uncertain whether the attraotion is the water oontent 

or the sugars and salts present. It seems likely, however, 

that both are utilised, as with all other foods. Many of the 

home ranges of resident squirrels (see Section IV) did not 

inolude any standing water, so that the squirrels were presumably 

able to obtain all their water requirements from their food, 

and from any dew covering this food. 

Information was obtained from published sources and unpublished 

qmstionnaires of the tree species and ages of trees damaged 

(Table 5:7). Conifer species were usually attaoked, more 

espeoially Scats pine of 10 to 50 years old. A range of ten 

tree species were reported. 

DEAD TREES: On 13.3.1969 a squirrel was observed stripping 

bark from a dead tree. It approached on the ground and climbed 

the leaning trunk of a fallen tree, and stripped bark at several 

sites on the trunk, moving up and down between them. The bark 

was apparently gnawed with the teeth, and then pulled by the fore- 

feet, before portions (presumably stripped vascular tissue) were 

taken into the mouth. Several strips were held in the mouth, 

and manoeuvred with the forefeet, and possibly some eaten, but 

the bulk was adjusted and folded into a compaot bundle, and 

carried to the canopy. The squirrel was probably taking the 

stripped tissue either to eat ih the oanopy, or to use in drey 

construction, though the latter alternative is oonsidered 

unlikely. 
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The site of barking was examined afterwards; there were 

many patches along the length of the leaning trunk (snapped off 

at 8') where bark had been peeled off and discarded, while the 

vascular tissue below had been pulled back into spiral and ragged 

lengths. Another fallen tree nearby had one small stripped 

patch. 

Following this observation, a thorough examination and 

mapping of similar sites throughout Compartments 8 and 9 was 

carried out, classifying apparently available and utilised sites 

as indicated in Methods. A total of 765 possible sites were 

located of whioh 237 (31%) were barked by squirrels, while a 

further 51 (7%) were barked by animals other than squirrels, 

and the remaining 4.77 (6%) were not barked by any agency 

(Figure 5:6). 

Separate maps were drawn of the distribution of past, recent, 

and very recent damage. Examples of the latter were observed 

throughout the area in March 1969, and during the survey period 

of May to September 1969. 

The dispersion of available and utilised sites was examined 

from the maps, using the 50 x 50 m grid squares as sample units 

(68 complete squares were surveyed), with the formula:- 

k= z2/s2-x, where s2 = L(fx2) - /X (fx) 2/n 7 
n- 1 

If k is greater than 8, the distribution is random; a 3c2- 

test of significance was applied to all the results (full details 

of the caloulations aI% given in Southwood 1966). It was 

found that available dead trees were significantly clumped in 

distribution, but that utilisation by squirrels was random, 

either for the sites oonsidered together or separated into past, 

recent and very recent use. An analysis of external (i.e. 



Figure 5:6 Map of available and utilized dead tree barking sites 

All dead tree barking sites in Compartments 8 and 9; available 

sites were regarded as young spindly trees, recently dead and lying, 

leaning or standing. The following numerical distribution was found:- 

Available sites, not utilised (Small dots): 477 

Barked by agencies other than squirrels (solid triangles): 51 

Barked by squirrels (open circles): 237 

765 

Survey: y, IO, II & ~~5.69 

20.7.69 

14.9969 
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bordering or containing a ride) compared with internal grid squares 

also showed no significant difference in the extent of utilisation. 

The extent of damage was arbitarily classified:- 

Time of damage: Past Recent Very Recent Total 

Extent of Low: 79 41 

damage 
Medium: II 
High: 4 

22 
7 
2 

Total sites damaged:150 56 31 237(lOQ@ 

For the more recently damaged sites, the type of dead tree 

was also noted:- 

Time of damage: Recent Very recent Total 

Dead trees 
damaged 

I 

standing: 29 
Leaning: 5 
Lying: 22 

IO 
5 

16. 

Total trees damaged: 56 31 87(10@$ 

The latter results appear to reflect the availability of sites, 

for standing and lying dead trees were about equally abundant, 

while leaning trees were much scarcer. 

D. Cone Seeds as a Food 

A sample of 60 cones, varying in length from 2.4 cm to 

5.8 cm, was dissected and the fertile winged seeds extracted, 

counted and weighed without the wings after air drying. These 

fertile seeds occurred mainly in the middle portion of the cone 

length. The relationship between cone length and total seed 

weight (Figure 5:7) shows that the longer the cone, the greater 

the weight of seeds contained in it. This is due to two 

components, for the longer cone has more seeds, but also the 

individual seed weight increases (Figure 5:7). For a 4 cm cone 

the mean number of fertile seeds was 28.5, each weighing 4.3 mgm, 

representing 0.12 gm total seed weight. Gibb (1958) found 

somewhat higher values fran a sample of 116 cones; the mean 



Figure 5:7 Relationship between cone length and the total seed 
weight, number, and individual weight of seeds 

Three graphs showing:- 

'a) the relationship between cone length and the total weight of 

fertile seeds in the cone; 

b) the relationship between cone length and the total number of 

fertile seeds in the cone; 

c) the relationship between cone length and the mean weight of 

individual fertile seeds in the cone. 
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number of fertile seeds was 32.&., each weighing 7.2 mgm on average. 

Carlisle & Brown (1968) report 5 to 40 seeds per aone, and a mean 

seed weight for native Scats pine of 4.96 mgm, and variation 

from 4.0 to 6.7 from continental Europe. km& (1953), in a 

study of Scats pine seed morphology, found a strong correlation 

between cone size and the number and size of seeds, but seed size 

was also influenced by the position of the cone on the tree, and 

by prevailing weather conditions. 

Cones with holes bored by insect larvae were also dissected, 

but it was found that the larvae had little effect on the seed 

complement of the cone. Only one field observation was made 

of an apparently discarded cone containing a bored hole, beside 

a pile of ground feeding signs. An estimate of the percentage 

of cones infested with boring insect larvae was made on a 

sample of 1,095 cones; 1.9% were infested (i.e. 154 cones per 

100 trees), of which 1% had double holes, and the remainder 

single holes. 

Seeds are generally the most nutritious part of the plant, 

for sufficient' food is stored in them to provide for the early 

growth requirements of the potential new plant. The pine seed 

consists of an embryo, surrounded by endosperm and enclosed by 

a seed coat. It is the endosperm which tsontains the food 

reserves, about half of whiah consist of fat droplets, formed 

by triglyoerides (unsaturated fatty acids) particularly linoleio 

acid, but also oleic and linolenio acids; saturated fatty acids 

form a very low proportion of the fats (Mirov 1967). The rest 

of the endosperm consists of proteins, in the form of aleurone 

grains and cell nuclei components, as well as variable amounts 

of carbohydrates, inoluding starch and sugars (Mirov 1967). 
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Apart from essential minerals and vitamins about which little 

is known, mammals require proteins (amino-acids) and fats, while 

carbohydrates do not appear to be essential constituents of food. 

Fatty acids are only needed in small amounts, but they are 

favourable storage substances which can be readily converted to 

carbohydrates. Triglycerides are readily absorbed, and function 

structurally and in energy metabolism; linoleic aoid is known 

to be essential (Prosser& Brown 1961). Dasmann (I 964) suggested 

that seed eaters are similar to carnivores in their food relation- 

ships, for they obtain most of their nutritional requirements 

directly from the food source without requiring the additional 

metabolic pathways of other herbivores. 

In comparison with other parts of the pine utilised by 

squirrels, seeds are rich in fats, which have a higher calorifio 

content (c. 9.3Kcals/gm) than proteins(o. 4.1 I@als/gm)(Prosser& 

Brown 1961), and are therefore of high energy value. Pine 

needles contain cyclitols (sugars), polyphenols, waxes and 

volatile oils, while pine pollen also contains polyphenols 

(Mirov 1967). 

E. Numbers and sizes of cones available and eaten 

INTRODUCTION: In qualitative terms the seed extracted from 

pine cones was found to be the major food item for almost the 

whole year. Because of this, the quantitative estimation of 

food was concentrated on pine cones. The results outlined 

below were based on the methods of cone quadrats, fallen trees, 

cone cores, and captive feeding trials, full details of which are 

given under their respective headings in the Methods section 

above. The size of the whole Study Block was taken to be 

1,151,000 sq. m, based on the area of Scats pine only, and 
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assuming an arbitary 25% production for the 2.2 ha of young pine, 

for calculating cone crops with respect to this area. The 

number of trees in the whole Study Block was taken to be 157,896 

(Section II), and there were taken to be a mean number of 100 

squirrels present (Section IV). 

TOTAL NUMBERS OF CONES AVAlLEiBLE AND EATEN: The results for 

the numbers of cones eaten and available within the Study Block 

for four successive cone crops are summarised in Table 5:8. 

Data from the cone quadrat method is given in full in 

Appendix 5:2. Results for the 1965/66 crop were based on one 

late sampling only, and was therefore a partial sample in which 

cone cores were underrepresented. Results for the 1967/68 crop 

are considered to underestimate the true value to an unknown 

extent because they are based on only a few samplings, due to 

difficulties of access caused by windblow. Also the windblow 

itself considerably altered the distribution of the cone crop, 

by taldng concentration of cones to the ground. Despite this, 

there is no evidence to suggest that the estimated relative 

numbers of cones available and eaten were biased in any way. 

The samples for both the 1966/67 and 1968/69 crops were considered 

relatively complete, but data for thel969/70 was very limited 

as sampling ceased at the end of July I 969, when only a small 

proportion of the crop had been blown down or utilised by 

squirrels. The results for each cone crop are expressed in 

quantities of cones, available or eaten, which have fallen per 

square metre. There was no significant statistical difference 

between the means of cones available or eaten between any of the 

compartments sampled within any year between 1965/66 and 1968/69 

(t-test); because of this, the means for the whole area sampled 
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were used for comparisons between years. There was a significant 

decrease in cones available between the years 1966/67 and 1968/69 

(P = < 0.05), for which satisfactory samples had been obtained. 

This difference was probably due in part to the reduction in the 

cone-bearing trees by windblow, but there was a significant 

increase in the absolute numbers of cones eaten by squirrels 

(P = aLo5). Estimates comparable to the numbers of cones 

eaten per square metre for the 1968/69 crop (Table 5:8) were 0.53 

cut buds per sq. m and 0.06 cut shoots per sq. m. 

Data from the fallen trees method is given in full in 

Appendix 5:3, and calculations for cone crops based on this are 

given in Appendix 5:4. Information on the total numbers of 

cones available was obtained for the mature crop (1967/68), and 

a prediction was made for the future crop (1968/69). The 

estimates of the total number of cones available in the whole 

Study Block derived from these fallen trees are of the same order 

as those from the cone quadrat method (Table 5:8). 

The estimates for the number of cones available and eaten 

per squirrel per day can be compared with values obtained from 

captive squirrels. Experiments were conducted to determine the 

daily minimum consumption of cones by relatively inactive 

squirrels, in this case an adult female and four juvenile 

squirrels. The daily consumption, after a period of initial 

increase, fluctuated between limits defined approximately on 

Figure 5:8. The adult consumed two to four times as many 

cones each day as a juvenile, and took nearly 100 cones per day 

on three occasions. 

PERCENTAGE UTILISATION: Relative estimates of the total 

percentage utilisation of the cone crop by squirrels over the 
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Figure 5:8 Daily consumption of green cones in captivity 

The individual daily consumption of cones by an adult and four 

juveniles isshown based on a number of trials. After a period of 

initial build-up, the numbers eaten (dots) fluctuated between definable 

limits (dotted lines), except for cases where all the cones available 

were eaten (triangles). The mean consumption for the trials was 

calculated from the daily values between these limits:- 

Adult Q 45.9 cone s/day ( 20 days) 

56.4 cones/day (20 days) 

Juveniles 
29. 6 then 

separated into 12.3 cones/day (34 days) 

d and 29 

Juvenile 9 35.2 cones/day (9 days) 
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whole year were calculated from the cone quadrat data for four 

successive years (Appendix 5:2). 

gw 
V66/67 
1967/68 
1968/69 

% u(":'$i;~ion 

17.18 
21.27 
47.90 

*Minimal. estimate due to underrepresentation of cone cores. 

There was no significant difference between the percentage 

utilisation of the 1966/67 and 1967/68 cone crops, but there was 

a highly significant increase in the percentage utilisation of 

the 1968/69 crop, even though the squirrel population was 

relatively stable between these years (Section IV). This 

increase corresponds with a reduced availability of cones but a 

rise in the absolute numbers of cones eaten. 

NUMERICAL DISTRIBUTION OF CONE SIZES AVAILAELE AND EATEN: 

Information was obtained from several sources on the numerical 

distributionof cones in arbitary size classes, using one- 

centimetre units between 1 and 7 cm. The size class”3-4 cm', 

for instance, included all cones measuring 3.00 to 3.99 cm in 

length. 

Data from the cone quadrat method on numbers of cones 

available and eaten in each size class (Appendix 5:Z!) was con- 

verted to the percentage frequency of each size class in the / 

total ssmple for each successive cone crop. This enabled ready 

comparison between availability and utilisation (Table 5:9). 

These results show that feeding was concentrated on cones between 

2 and 6 cmlong, though some use was made of 6-7 cm cones when 

they were more readily available (1968/69). No evidence of 

feeding on l-2 cm cones was found. 

Visual observation of the cone crop on the trees had shown 

that the size class distribution varied oonsiderably between 
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adjacent trees. A large sample of available and eaten cones 

was therefore required before any differences between the distri- 

bution of sizes in these two categories could be shown. Any 

major deviation of sizes of cones eaten compared with those 

available would suggest selection of certain sizes of cones by 

the squirrels, rather than random feeding on all those available. 

Table 5:9 shows that there was a continual change in the size 

distribution of cones available between years; from 1965/66 to 

1968/69 the cones below 4 cm show a progressively decreasing 

representation, and those above 4 cm an increasing frequency 

(but cones of the 1969/70 crop were sampled before initial. 

growth of the green cones had ceased):- 

Cone crop 
available 1965/66 iy66/67 ly67/68 1968/69 

Size l-4 cm: 762% 63.@ 58,s 38.7% 
Size 4-7 cm: 28.% 362% 41.3% 61.3% 
Sample size: 568 2,503 790 1,357 

A %*-test of the observed frequency (eaten) compared with 

the expected frequency (available) showed significant deviations 

from the available frequencies for the 1965/66 (‘P = < O.Ol), 

1966/67 (P *0.05), and 1967/68 (P = (0.05) crops, but no 

significant deviation for the 1968/69 and 1969/70 crops. The 

combined data for the 5 years also showed a significant deviation 

(P =%05). The greatest contribution to the x 2 in most years 

was 'the class of cones under 3 cm long, which were consistently 

underrepresented; cones over 5 cm were also underrepresented, 

but not significantly so. With cones of 3-4 cm and 4-5 cm, the 

former were apparently selected for in the first three years 

examined, when they were the most abundant size class available, 

but the latter were apparently selected for during 1968/69 when 

they replaced the 3-4 cm cones as the most abundant size &ass. 
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The changeover in size of cones selected was apparently progres- 

sive, as was the chanage in availability. 

If selection in favour of the medium size olasses (3-5 cm), 

or selection against the cxtrcme size classes, was involved, 

perhaps in the form of an aoquired search image for the most 

abundant size of cone available, then, once the green cones had 

ceased growth, this selection would have been heaviest during 

the initial months of feeding on that cone crop. As the crop 

became progressively depleted, the size class distribution of 

cones available would alter, and squirrels would be forced to 

take less acceptable sizes of cone. Because of this, results 

based on the total utilisation of the annual cone crop at the 

end of the season, such as the results discussed above, would 

show less marked selection than had in fact occurred initially. 

The collection of samples of cones available during ;iie period 

of initial growth, of samples of cone cores at different 

seasons, and captive feeding trials on cone selection, were 

undertaken (below) to add firther information on this problem. 

Data from non-quadrat methods on numbers of cones available 

and eaten in each size class is summsrised in Table 5:10, again 

converted to percentage distribution. Information on cones 

available was obtained from fallen trees (Appendix 5:3 and 5:b) 

and other trees, and samples of windblown oones picked from the 

ground; Information on cones eaten was obtained from oone core 

samples collected randomly from the ground and from below fallen 

trees. The table shows the distributions seasonally, together 

with some data from Devilla Forest, Fife. Again feeding was 

concentrated on cones between 2 and 6 om long, though there was 
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some use of 6-7 cm cones when available; no evidence of feeding 

on 1-2 cm was found in a sample of over 1,500 cone cores. 

A X2-test uf the observed frequency (eaten) compared with 

the expected frequency (available) showed very significant 

deviations for the summer, winter and spring samples (Table 5:lO). 

In summer the 4-5 cm class was significantly overrepresented in 

the core samples, while the 5-6 cm class was underrepresented 

(P = < 0.005) . During summer 1969, three successive samples of 

green cones of the 1y6y/70 crop were obtained from two 'high' 

cone-bearing trees to illustrate the development of cones during 

the initial growth period, before significant impact had been 

made by the squirrels; the trees had total crops of 460 and 

1,176 green cones respectively. (The second tree had retained 

a few of both 1968/69 and 1967/68 cones, and, calculated as a 

percentage of the 1969/70 crop of this tree, these represented 

83% retention three months after seedfall, and 2.s retention 

at 15 months after seedfall; these figures can be compared with 

those in Appendix 5:4.) In addition, samples of cone cores were 

collected throughout the Study Block on the same sampling days. 

The results (Table 5:-ll) show a progressive change in frequency 

of cones available in each size class; in early July, when 

3-4 cm cones were most abundant, these were selected for (P = < O.O25), 

but by early August the 4-5 cm class predominated and was selected 

for markedly (P = < 0.005), while no cones below 3 cm long were 

taken. During winter (Table 5:10) all cones above 4 cm long were 

selected for (P = < 0.005), but by spring the seleution of 4-5 cm 

cones, which were now equally as abundant as 3-4 cm cones on the 

trees, was less marked, though the 5-6 cm cones were selected for 

and the 2-J om cones underrepresented (P = < 0.01). In Devilla 
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Forest, where squirrels were less numerous in relation to the 

available cones, a similar change in use occurred. 

The yearly totals also showed a significant deviation in 

the size distribution eater from that available (Table 5:*i 0)) but 

less markedly so (P = (0.325) as predicted when considering the 

quadrat results above. The selection of cone sizes occurred in 

favour of the most abundant of the medium size classes (3-4 cm 

or 4-5 cm), with cones above 5 cm less favoured, and those of 

2-J cm consistently selected against. Cones below 2 cm do not 

appear to have been taken, but these represented a very low 

proportion of the available crop. 

Consideration must be given to the biological validity of 

these samples. In the case of the quadrat samples presented 

above, the cones eaten and not eaten were collected at the same 

site, and utilised cones were counted together with uneaten cones 

to determine the sizes of cones available before the squirrels 

started on the crop. Neither of these conditions was true with 

the random core samples; they were collected away from the 

samples of the available cones, and were not therefore added to 

the total of uneaten cones to determine the pre-utilisation 

distribution of size classes, except in the case of those below 

the fallen trees. However, this was unavoidable, and was in 

fact essential for the seasonal comparison of availability and _1 
_' 

utilisation, and although it may have led to unusually large 

deviations of frequency distribution, the results have been as 

predicted. 

A series of experiments in captivity was conducted with an 

adult female squL, --el and four juveniles (3998~ lr3) on the 

selection of different size classes of cones. The experiments 



192. 

were of variable duration, and size classes between 2 and 7 cm 

were presented to the squirrels i:& Gfferent combinations and 

proportions. It was not possible to give the squirrels equal 

numbers of all size classes over a long period because of the 

relative scarcity of cones below 3 cm and above 5 cm; the 

choice of size classes available to the squirrels was either the 

whole size range (s-way), or restricted to between two and four 

size classes (2, 3 or &way). 

hleasured green cones were placed daily in the cages, and 

uneaten cones from the previous day removed and remeasured; in 

this way the problem of measuring cone cores was avoided, and 

daily estimates of cones eaten were obtained. The unit of cone 

availability was one cone available for one day: one cone day. 

The results, summarised in Table 5:12, showed considerable 

variation between trials, both for the adult and the juveniles 

(Appendix 5:5). It is not known how the manner of presentation 

of the cones may have affected the sizes of cones selected; 

cones were well mixed and scattered through the cages, but they 

were still relatively close together and it required little 

effort by the squirrel to reach them all; However, the summated 

results were consistent with the field situation. The adult 

female equally favoured cones of 3-4 cm and 4-5 cm and they were 

available in similar quantities. Cones of 5-6 cm were taken in 

smaller proportions, while those under 3 cm or over 6 cm were 

utilised least of all. Tne juvenile squirrels were able to 

deal with the whole range of sizes (this may not be so under 

field conditions), but favoured those below 4 cm, and especially 

the 2-3 cm class.' Tnus the juveniles differed from the adult 

in their selection of cone sizes. 
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Table 5~12 Summated feeding trials results 

A. ADULT 

I. 5-vra.v choices 41 days , 
Size (cm) Available i Eaten /$ Eaten i 

B. JUVENILES 

1. -way choices 17 days 
i size (cd 1 

r 
Available Eaten 17; ;'r;ten\ 

262 I 94 36 I 
605 j 3r4 52 I 

/ 4-5 605 1 303 50 
5-A 5;~ 

j 
221 4.3 

j 
i 6- 71 96 I 25 j I 26 ; 

1 i I : 1 2-3 
3-4 

I $13 106 94 
h-08 189 46 

4-5 152 36 
j 5-6 6-7 1 E 38 / 132 18 47 31 

TOTAL I 2,082 957 46 
I 

2. Restricted choices 31 days ‘ 
1 s:.z, ': L. ;, : Available i Eaten $ Xaten, 
c-------- 

I 

6-7 

78: 47 I 
1,011 839 ii; 

248 1~1 67 
18 13; 

i 
72 j 1 

2Ji7 1,831 80 
I 

72 days f. Ccmbin,ed data 

Size (cm) Available 1 Eaten 1% Eaten / 

I 
I ;I;; 279 102' 

t 
37 1,588 1,094 69 I ; 

;I; 1,616 762 1,142 412 5’: 
6-7 114 38 33 1 

I TOTAL / 4,359 12,788 1 64 j 

I i TOTAL I 1,409 I 597 I 42 I 
2. Restricted choices 29 days 

':Size (cm) Available Etitc.; $ Eaten 
1 1 2-3 8 i 3-4 5: 

j ;I2 6-7 

335 277 

263 0 125 - $ - 

i TOTAL 1 1,534 1 745 1 49 I 
l 

F- 
-,Combined data 46 days i 

1 SirA (cm) Available Eaten % Eaten 
i 

;I; 908 124 j 466 114 ;: 
;I; 1,185 688 I 487 257 41 

I 6-7 38 18 

TO"& 2,943 1,342 66 

Full details of the individual trials (15 trials with an adult female and 10 
trials with juveniles) are given in Appendix 5:5. The numbers of cones 
available and eaten in each size class are expressed in cone day units; one 
unit is one cone available, or eaten, during 24 hours. The percentage eaten 
is calculated from the number of units eaten of those available within each 
size class. s-way choices includes those trials where all five size classes 
were available throughout the trial; restricted choices includes 4-, 3-, or 2-way 
choices. 
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F. The Activity ?attern 

The activity period is defined here as the amount of time 

spent by the squirrels away from the rkey; no evidence was 

obtained of any ncctur::a1 activity zithin the Study Block. 

The monthly and se~.sor.cl L-ends in sqtirrel activity, based on 

all sight obse;rvations within the Study Block, are shown in 

r'igdra 5:9. Squirrels wrc twice as likely to be seen in 

spring and sumer as in winter and autumn, with sightingsreaching 

a peak be'cneen April and July. No sightings were obtained 

despite -I3 sc3p arate visits during the sttldy; 

this is not kn,onn. 

during August, 

the reason for 

The daily activity, considered forthe whole year (Figure, 

5:10)9 was greater in the m orning (211 observations) than in 

the afternoon (180 observations), but the figures indicate 

that activity could occur throughout the day. This is based 

on all squirrel sightings in the Study Block and additional 

data from other localities. In Figure 5:11 these results are 

divided seasonally. Activity was confined to between 0800 and 

1600 G&T during autumn, with one peak around midday. The 

length of the activity period increased from spring to summer 

when squirrels were seen at all hours between 0300 and 2000 GUT, 

with at least two daily peaks. This doubling in the period of 

activity accounts, at least in part, for the increased squirrel 

sighting rate during spring and summer. The length of the acti- 

vity period corresponded with the times of sunrise and sunset; 

the times of earliest and latest, activity observed for each 

month are given in Table 5:‘l3. 

The above analyses are based on all casual observations of 

squirrels, and though they show the general trend they are biased 



Figure 5:9 Annual trend in squirrel activity 

The trend in squirrel activity is considered monthly and season- 

ally using the mean number of squLrrels sighted per day as an 33ex. 

The number of days sampled is indicated at the top of each column. 

The sightings were confined to the Study Block, but include all 

planned and casual observations. 
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Figure 5:10 Daily trend in squirrel activity 

The daily trend of squirrel activity, through the vri?ole year and 

based on nuTberg of squirrels observed during each time period, is 

shown. It includesdl observations within the Study Block, and a 

small number from elsewhere. 
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Figure 5:ll Combined da.ily and seasonal trend in actititg 

The data from Figure 5:lO has been classified seasonally to show 

the different patterns of daily activity betrreen the seasons. The 

times of sunrise and sunset at Edensmuir Forest, from the shortest to 

the longest day within each season, are shown, and a fern observations 

of squirrels disturbed at dreys are also included. The data is 

largely based on observations within the Study Block, but also 

includes a few observations from elserrhere. 
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Ta.bI.e 5 :I 3 Ti.mes of ecrl.ir:r% 2nd ?.?tzxt activLts obserred .- 

I- 

/ 

I 
Month 

j 

December 
January 
February 
March 
April 
IA ay 
June 
JLy 
August 
September 
October 
November 

Time of 
Sunrise*‘ 

Earliest Latest Time of 
Activity Activity Sunset* 

i 

/ 

/ 
I 

0751’ j 0840 

0839 
0835 
0741 
0627 
0508 
0401 
0326 
0346 
Q4-4 
0543 
0643 

1105 
0850 
0845 
0830 
0630 
0600 
0722 
0435 
0400 
0900 
1342 

Obse,-ved Activity (CXT) 

1571 
1553 
1316 
1630 
1645 
1525 
1820 
1 go0 

( ;;;;I 

1500 
1350 

* Sunrise and sunset given 
are for the 15th of each month 

1538 
1611 
1714 
1818 
1919 
2OlY 
2100 
2051 
1947 
1834 
1714 
1604 
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by tho unequal distribution of hours spent in the forest. A 

series of rls:med observations, both from hides and slow walks, 

was undertaken to determine the ma?:: activity neriods . The 

amount of tk:e spezt obser;-l ‘.; * 7.x plotted agains t the numbers 

of squirrels sighted, for ifovc-‘- -er to February and Uarch to 

August (Figure 5:12). The figure shows that sightings did 

reflect the observation periods to some extent. However, no 

distinct peak of activity emerged for November to February, but 

the figure suggests maximup ui activity beforeand after midday. 

In contrast, a very distinc+ b early morning peak showed for March 

to August, with sporadic activity throughout the rest of the day. 

The influence of selected weather features on the amount 

of activity, based on sight observations of squirrels under the 

conditions listed, is considered in Table 5:74. The summarised 

results show the following effects of weather conditions. 

Activity was reduced by freezing temperatures, and increased , 

with rise in temperature. Activity was progressively reduced 

by increasing windspeed, Winds from the SE increased activity, 

while those from the PJP,'/ decreased it. Low atmospheric pressures 

reduced activity. Activity was greatest under medium cloud 

cover. Activity was reduced by high relative humidity but rain 

had no marked effect. Activity was reduced by snow cover. 

Activity increased when there was more than one hour of sunshine 

per day. 

The summated results of activity pattern in captivity, 

based on the automatic recording device, are given in Figure 5:13 

for two time periods. They show a distinct early morning peak 

of activity lasting three or four hours, followed by sporadic 

activity through the day, ard a minor late afternoon peak. 



Figure 5~1.2 Daily and seasonal squirrel activity: 
from planned observations 

The daily activity of squirrels during spring& summer and autumn 

& winter, expressed as numbers of squirrels sighted, is plotted 

against the number of hours of observation involved. 

In the Study Block the planned observation periods of known 

length consisted of vehicle and hide watches, slow walks (transects), 

and stationary watches. The times of sunrise and sunset at 

Edensmuir Forest, from the shortest to the longest day, are indicated 

for both seasons. 
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m Daily activity in captivity 

The daily activity of an adult female squirrel, in captivity, 

during summer and autumn, is based on data from an automatic activity 

recorder (see text). Data from the calibrated paper charts was 

analysed in half-hour units, then plotted on a 24-hour basis and 

finally summated for the complete recording period. Two measures 

of activity are shown:- 

I. The total number of activity trips for each half-hour 

unit (solid thick vertical lines). 

2. The frequency of occurrence of activity in each half- 

hour unit (blank histograms). 

Cross-hatching represents occurrence of feedirg activity, while 

unhatched areas represent other forms of activity. 

The times of sunrise and sunset at Edinburgh, from the longest 

to the shortest day, are indicated for each recording period. 
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Table 5:15 presents further evidence from direct observation of 

captive sqdrrels; it sho:iis that activity starts within half 

an hour either side of sunrise, with only one acitivity pesk 

overwinter but two during summer, the main one occurring during 
I. 

early morning. 

A sckanat2.c re?rzsectstlon of daily activity, based on the 

evidence from field and ca$ive sources, is presented in Figure 

5:f4. It is estimate& that an individual squirrel spends a 

maximum of 8 hours in activity during winter, and II hours 

during sumer, bearir,g in mind the modifying influences of 

weather conditions. The sc;cirrel*s activity period is spent 

in various types of activity, which have here been classified 

into five groups:- 

Peeding - the search, selection and eating of food. 
Still - resti,% in the canopy, or keeping still because of 

danger. 
Moving - distance movement in the canopy or on the ground, 

and climbing. 
Grooming - biting, scratching and licking. 
Social - contact with other squirrels, sexual 0.' non-sexual. 

Appendix 5:6 presents tim.22 field obse,rvations of squirrels, 

watched for 15 minutes or zore, and from these it is calculated 

that squirrels spent on average 34.3 minutes per hour feeding, 

while the rest of the hour was taken up by the other four 

activities. Figure 5:15 confirms that all five types of 

activity were observed thiroughout the day and the year, so that 

no daily or seasonal bias was involved. Field timings were 

also made of the rate of eating cones during feeding activity 

(Appendix 5:7); a mean value of 2.83 minutes per cone was 
+ 

o'otained, including the search movement, selection and seed 

extraction involved (a detailed timing-for a sequence of 7 

cones is also given in Appendix 5:7). Gibb (1958) noted 



B) Activity Data:- 

sarly coming 

Sme intermediate activity* 

seduced to one period 

0830-11000 : - 

:0*30/11o00 - 

a/c~30/08.00- 
- 10.30/11000 

f Main peak period lasted bctseen 2 ad 3$ hrs. * i.e. mid afternoon 



Figure 5:14 Schematic renresentation of dsily activity 

A representation of maximum daily activity in winter and summer 

is shovrr,,basea on the information given in Figures 5:9 to 5~13, and 

Tables 5:13& 5:15. 



. . 



Figure 5~12 Daily and seasonal trend in tapes of activity 

The types of activity observed in the Study Block (classified 

as indicated in the text) during each hcur of daylight are shown in 

solid black. Spring and Summer includes March to August, while 

Autumn and Winter includes September to February. 
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$0 seconds per cone as usual., nhile Davidson (1969) observed up 

to 30 cones eaten per hour, Appendix 5:8 shows that movement 

over long distances is-. the canopy took relatively little of the 

the squirrel's 

for feeding 

The total number of cones eaten by a squirrel during a day 

can be calculated fl-om the above estimates:- 

This 

Thus 

Thus 

34.3 mixtes per hour spent feeding. 
2.83 mimtes of feedi;:; time per cone. 
12-1 coilcs eaten per hour, on average. 
In + r+el: . --.v maximum len$h of daily activity: 8 hours. 
95.8 cones eaten per d&y, estimated. 
In sum..er: ;x~~lmurn length of daily activity: 11 hours. 
133.1 cones eaten per day, estimated. 

Taking the mean of these tv;o cone values as an arbitary 

estimate of the aver= ,,ge daily consumption of cones through the 

year (350 to 365 days o f cone feeding) the folloxing estimates 

of cones eaten are o'otained;- 

Per da.v per squirrel Per year ner squirrel Total for Study Block* 

115 40,250-4~'1,975 4,025,000+197,500 

*Taking a population of 100 squirrels. 

5. Discussion and Conclusions 

The results presented above have shown the importance of the Scats 

pine to red squirrels in Britain; they depend upon it for five major 

food items (seeds, buds, shoots, pollen and vascular tissue), as well 

as for nesting sites and cover. . 

At Edensmuir results based on direct observation, feeding signs, 

stomach contents and quantitative estimates have shown that the most 

important single food item was the pine seed; this' was clearly the 
\ 

primary food for at least I?$ months of the year. The cone crop 

was available from June Until the foXowing June; the timing of the 
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start (early July) and finish (early June) of utilisation of tree-borne 

cones by squirrels was corre latcd with green cone growth and main seed- 

fall respectively., No cone failureoccurred during the five crop 

years considered, but the cones were noticeably less abundant by each 

Eay, and their seed content was progressively reduced by seedfall which 

could occur from Xnrch to June. The time gap, of three weeks at the 

most, between crops has been termed a potential critical period 

because secondary foods had to be utilised. However, food searching 

became more difficult some weeks prior to this, because of a relative 

shortage of tree-borne cones; v;hen they are at low density, the 

distance between food objects and the time taken to gather sufficient 

food assumes importance. Under conditions of cone abundance, 

squirrels were observed to utilise cones in small patches, with 

distance movements between feeding sites; this corresponded with the 

clumping of feeding signs, presumably below medium and heavy cone- 

bearing trees. However, movement between sites took little time, and 

the whole home range should have been easily accessible for food 

collection. Time was also involved in the finding, selection and 

removal of cones to the feeding position, and this would increase as 

cones became scarcer. The relative shortage of tree-borne cones 

was correlated with the gradual increase of ground activity from March 

to July, and the squirrels made increasing use of windblown and buried 

cones, which had not shed their seed, reaching a peak in the critical 

period of June. Analysis of utilisation of the habitat showed that 

overall more time was spent in the canopy than on the ground; 

squirrels are probably more vulnerable to predators on the ground, I 

and were wary and hesitant when feeding there. 

Another consideration is whether all the cone crop apparently 

available was in fact available to the squirrels. There were no 
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vertebrate competitors for no evidence was found of voles utilising 

windblown cones. The only invertebrate competitor appeared to be the 

boring insect larvae of Dioryctria, but these were present at a very 

1017 infestation rate (l.y@J and had little effect on the seed content 

of the cones concerned. Thus competition for the primary food was 

not important. It was observed that not all the cones could be 

physically reached by the squirrels while on the trees, but this is 

thought to be unimportant, though accessibility is a difficult parameter 

to estimate. Observation showed that selection was involved during 

the location of cones, especially when they had partially opened. 

There was no apparent difference in quality between them, for all 

unopened cones examined contained fertile seeds. Field and experi- 

mental evidence showed that there was selection of cones in terms of 

their length. Cones below 2 cm long were not taken, but these 

formed a very low percentage of the available crop. Results from 

cone quadrats, fallen trees and cone core samples showed that the 

most abundant medium size class (3-4 cm or 4-5 cm) was selected for, - 

while those below 3 cm or above 5 cm were taken less readily; this 

was most clear from large samples treated seasonally. Experiments 

on captive squirrels showed that all cones between 2 and 7 cm could 

be dealt with by adult and juvenile alike, but results for the adult 

confirmed the field situation; in contrast , juveniles preferred 

cones below 4 cm, especially those 2-J cm in length. Consideration 

of the seed value of the cones in this context suggests that increased 

cone length is advantageous because of the progressively greater seed 

quantity per cone, but increased size and weight may create difficulty I 

in manipulation, especially when feeding in the canopy. This is 

probably the explan"'-' Gbion for the juvenile:adult discrepancy, and 

the reason for the selection of intermediate cone sizes by adults 



could be the result of a coqwozi se between these opposing factors. 

Despite this, the crop availability was reduced only marginally by 

selection. Even if cones between 3 and 5 cm had been selected 

exclusively, only a slight reduction in available crop would have 

resulted, for after the period of initial growth they consistently 

formed 8$ to 9% of the to"- "dl crop, even at the end of the cone 

CrGp year. 

The total number of cones produced can therefore be considered 

to approximate to tne true availability, for they are still available' 

even when windblown. The results from the cone quadrats, fallen 

trees, activity pattern, and experiments on captives can be summated 

as follovrs:- 

FOOD AVAIL&LIZ: 
L: ethod 

Cone qusdrats 
Fallen trees 

FOOD EATEN: 
Method 

Cone quadrats 
Timed activity 
Adult captive 

Total squirrel nonulation Individual adult squirrel 
Annual consunntion: Daily consumption: 

notential notential 

12-32$ million 
12$-l 74 million 

328-935 
347-509 

Total squirrel population Individual adult squirrel 
Annual coi?sumption: Daily consumption: 

realised realised 

2$-92 million 70-281 
4 -@ million 95-135 
I$-2 million 30-95 

The above table shows that the different methods produced consis- 

tent results and that about three times as many cones were available 

as were utilised. The results from cone quadrats suggested about 

2,$ utilisation in two successive years, followed by a significant . 

rise to 4C$ during the 1968/69 crop, which corresponded to a signifiy 

cmt decrease in availability because of the reduction in cone-bearing 

trees. However, there was also a significant rise in the actual 

numbers of cones eaten, which suggests a redistribution of the 

squirrels, or an irflux into the population, following the windblow. 



The effects of the 1968 windblox can be summarised:- 

I, Ground feeding on the 1967/68 cones from fallen trees increased. 
2. The following crop { ‘i 968/69) ~.r.- ,ia~ reduced because of fewer trees. 
3. The percentage utilisation of cones rose. 
4. The first usage of larch cones was noted. 
5. There was a.~1 increax in kc u~~ilisation of altercative foods, 

such m cor;;fe;- buds a,ng $;;30~j, 

Seeds are the most nutritious part of the pine plant, with a high 

calorific value; in this context it is interesting to consider the 

biomass of squirrels suppo-" ,,ed in the woodland during one year, using 

mean figures for the calculations. 

Primary consumers: squirrel (zean adult live weight: 278.5 gm; 
see Section III) 
biomass: 500 x 278.5 = 28 Kgm. 

Producers: pine seed (clean weight per J+ cm cone: 
0.12 gm; see above) 
biomass available: 20 million x 0.12 = 2,400 Kgm. 
biomass eaten: 6 million x 0.12 = 720 Kgm. 

It will be seen that the biomass (based on fresh weights) of 

squirrels is 1.2% of the pine seed they depend on, and that 720 Kgm 

(3% of total seed availability) supports 28 Kgm of squirrels for one 

year. The daily food intake of adults (two to four times that of 

juveniles) was found to be about 100 to 150 cones, which represents 

12 to 18 gm of seeds, or about 5% of the body weight per day. This 

is consistent with the mean wet weight of stomach contents, found to 

be 13 gm. 

All other foods taken by the squirrel are secondary, and assume 

primary importance only for short periods, if at all, unless there 

has been failure of the primary source, the cones. The most 

important were pine buds and shoots, which were available all year, 

but utilised mainly when the buds were swelling and differentiating 

(late February to early May) and the young shoots growing (June and 

July) respectively. Larch and spruce buds and shoots were also 

taken, but were only available in restricted areas within the Study 
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Block. Conifer buds, shoots and needles were found in small quanti- 

ties in squirrel stomachs throughout the year. Pine male inflores- 

cences were available for only a restricted period (mid May to mid 

June), and utifisation of t he poXen coincided xith this. Vascular 

tissue from the mai; shoots of live or recently dead trees was 

available throughout the year, but only utilised during spring and 

summer. This corresponded to the time of greatest flow of liquids, 

minerals and organic nutrients in the live trees, but also spanned 

the period from gradual reduction of available seed crop and the 

cotential critical period to the initial utilisation of the green 

cones . The additional use of vascular tissue from recently dead 

trees suggests that the timing was related to increased use of 

secondary foods, rather than to the maximum translocation periods. 

The live trees were stripped at internodes 6 to IO years old, between 

May and July; the bark itself was discarded,and .small flakes of bark 

found in squirrel stomachs mere probably incidental. Surveys of 

damage showed that 2% to 8% of live trees were affected in 

different compartments of the Study Block, each tree with several 

wounds (mean of 4 to 7) most of them light. Scats pine was the most 

usual tree affected, mainly between IO and 50 years old. The dead 

trees were stripped between March and Septemb,er, and a survey showed 

that 31% of recently dead trees were utilised at random, mainly with 

light wounds. 
k 

Other secondary food items not connected with Scats pine were 

taken typically in late summer and autumn, which correlated with the 

slightly greater ground activity in autumn than in winter. These 

items included fungi (especialiy large Basidiomycetes), fruits and 

berries, insects and other animal {issue, agricultural grain, other 

plant tissue, soil, and birds* eggs (no evidence at Edensmuir, but 
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squirrels were noted as predators at nestboxes in nearby Tentsmuir 

Forest by Mackenzie ?952). T;~~oaq Weye so deciduous mast crops to eat 

or bury tithin the Study Block, but these are utilised elsewhere 

during late summer and autumn, as are other conifer seeds, and can 

become priz-iary foods. On the w.%ole Scats pine in Britain is a 

relatively reliable cone producer; at the Study Block there was no 

failure of the primary food source during five successive cone crops 

examined. 

Itiuch of the published information on the seasonal food supply of 

tho red squirrel in Britain has not been quantitative. Shorten (+i 954) 

noted that food varied with season, as follows:- 

Spring: young shoots & buds, conifer stem tissue, bulbs & roots, 
some insects; pine seed later on. 

Summer: fruits & berries; greenstuff; some grain. 
Autumn: mast crops, ccnifer seed, fruits, berries & other seed, 

fungi. 
Winter: much gramd feeding. 

Shorten (1954) considered that the build-up of fat reserves 

during autumn was important, and that considerable time in winter was 

spent digging and nosing into the ground. The same author considered 

that conifer seed,especially pine, was the most important food source, 

supplemented by deciduous mast crops, buds and young shoots, pollen, 

cambium, insects, fur@., fruit and vegetzcle matter; earth was often 

found in squirrel stomachs (Shorten 1962a, b), Green cones were 

stzted in June and July, and utilised until seedfall (Shorten 1962b). 

This information suggests a rather more varied habitat than at 

Edensmuir, where increased ground feeding occurred in spring and 

summer rather than in winter. 

The only published quantitative data available is for Thetford 

Chase, East Anglia (Gibb 1958), where both Scats and Corsican pine 

plantations were studiecl. Again pine seed was found to be the 
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staple food all year, vrith approxinatel:y the same number of cones 

gt<lise< cat:? month by t:he squirr.i.:-r,, and Corsican pine seed apparently 

preferred to the Scats. In contrast to Edensmuir, the green cones 

-c:ere started in late Eay or Jun-:) rrLth a gradual build-up to "Jne main 

utilisation gcriod of e:triy S~pz~;r.li>r to iate June 0 fincL33y finishing 

early the following September, Thus there was complete overlap in 

the use of two successive crops; seedfall occurred f'rom Nilarch 

onwards, with the main fall coming in early Sumner, but the extent of 

ground feeding at this time was not indicated. This author laid out 

150 permanent square metre plots c;; the forest floor beneath the 

Scats pine; measured over three years, available crops of between 

7.2 and 39.2 cones per sq. m were found, and a relatively constant' 

number were utilised (4.7 to 6.; pr sq. m) representing a range from 

15.6% to 65&Z utilisation. Tihese figures are rather similar to the 

values obtained at Edensmuir, but show a greater fluctuation within 
- 

the same time s2a.n. Corresponding figures for Corsican pine suggested 

8% to 93% (Gibb 4958). Davidson (1963, 1969)) also at Thetford, 

considered that the main utilisation of pine seed occurred between 

autumn and April; seedfail occurred from March onwards, and little 

seed was left by Ilay. The same author further suggested that tinter 

was a time of shortage, and that from April onwards pine seed was 

re,placed by buds, greenstuff, unripe mast crops and moss 'roots*; 

green cones, though available from Kay onwards, were less readily 

taken by squirrels. These findings do not agree with those of 

Gibb (1958) or with the present study. 

Comparable information is available- from Finland. Vartio 

(I 946) and Lampio (7948) found that spruce seed was the most important 

food, but during periods of cone fail?- squirrels turned to pine 

seed and spruce buds, with secondary foods such as fungi, grain ati 
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hay. Inflorescence buds were consumed at the rate of ten shoots per 

minute, In summer the diet was more varied. Lampio (1948) 

suggested that the nutritive value of spruce seed was greater than 

..Lt b,nat of pine, but that S~~UCZ buds were of very low value. In the 

more e::trcme -. . climatic c cn~i.i;lons of 3k-&znb food storage assumes 

greater importance and Vartio (191;6) noted the storage of fungi and 

berries. Sirjola (1963) described digging below tinter snow to 

obtain grain from stubble fields during cone failure. Rajala& 

Lampio (1963) listed the autumn and winter food in detail from 

questionnaires to many observers. The authors found that spruce 

and pine seed were used in alternate years depending upon availability, 

and that the use of spruce buds, and to a lesser extent pine buds, 

increased from autumn to winter. Halo inflorescence buds were 

preferred to vegetative buds. Other foods, such as fungi and 

berries, were secondary, for feeding was primarily in the canopy. 

During sprin g and summer (April to September) ground feeding was more 

important, starting with the main spruce seedfall, and decreasing 

from July onwards as the green cone crop became available; foods 
. 

included seeds; from fallen cones, fungi, berries and insects. The 

situation is similar to that at Edensmuir, except that there is a 

much longer potential critical period. Pulliainen and Salonen (1966) I 

also found pine buds to be secondary to seeds, and that the largest 

terminal and lateral buds were selected; they considered the effects 

on subsequent tree growth. Under severe winter conditions cone 

failure can be serious to the squirrel population, and the presence 

of two alternative cone producing trees is important. If, however, 

synchronous failure occurs the squirrels resort to a famine diet 

(Rajala& 'Lampio 1963). 
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Additionalinformation is available frm the U.S.S.R. Raspopov 

& Isakov (1935) and Ognev (1940) found that in conifer woodland cone 

seed was the primary food source, as were mast crops in deciduous 

woods . Of the secondary foods, fungi were most important, and were 

stored along y:ith mast crops. I," the pri,mary source failed, fungi, 

berries, buds, leaves, animal food (especially insects), falien 

cones and birch bark were taken. Pine cones were utilised fros 

early July onwards, and a maximum of 190 eaten per day; with an 

average of IO seeds per cone, and 8.45 mgm per seed, this represented 

16 gm of seed per day. Naumov & Lavrov (1941) considered spruce 

seed, followed Closely by fungi, to be the most important foods, with 

pine seed and various buds in winter, and with berries and insects 

in summer. TurEek (1959) listed the following food items from 

Slovakia: seed of conifers is most important, but also mast crops, 

buds, bark, inner bark, galls, lichens, mosses, fungi and animal 

food. 

In an examination of the food eaten by the fox and grey squirrels 

in the U.S.A., Nixon et al (I 968) found a very wide range taken, but 

4@of L the stomachs contained only one food item. Animal foods, 

mainly insects, occurred in 15% of the samples, but formed less than 

2% of the total volume, while sand particles were found in small 

quantities throughout the year. Terres (I 939) described the 

behaviour of a grey squirrel collecting about 100 elm buds in 15 

minutes; buds are apparently required in large quantities. Smith 

(1968) found that American red squirrels could survive on a diet of 

spruce buds only for at least eight days. , 

Caching of cones has been described for Abert squirrels, Sciurus 

aberti (Keith 1965), her&a red squirrels (Smith 1968, Finley 1969), 

fox squirrels (Cahalane 3942) and Fremont's squirrels, Tamiasciurus 
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fremonti (Warren 1932); the stored cones are used during cone 

failure. Smith (1968) described the adaption of the American red 

squirrel to spruce cones, where the seed matures and falls during the 

same year, so that cones had to be cut and stored within a six week 

pried; these cached cones constituted the major food item for the 

rest of the year. Under captive conditions, feeding trials showed 

that these squirrels consumed an average of lL+l+ fresh cones per day, 

or 194 old cones (Brink& Dean 1966, Smith 1968). Lame (1954) 

found that this squirrel took a wide variety of foods, and mean 

stomach weights of 6 to 8 gm were found in shot samples; this 

compared with a daily intake in captivity of 10 to 14 5 (about 5% of 

the body weight). Finley (1969) estimated the half-yearly require- 

ment of one squirrel to be 3 to 5 Kgm of seed. Ludwick et al(l969) 

found the maintenance energy requirements for one 500 5 grey squirrel 

to be about 137 Koal per day of metabolisable energy, which oorrespon- 

ded to about 33 gm per day of the food used (again about 5% of the 

body weight). Fox squirrels in captivity took between 20 and 50 5 

of food per day, depending on the type given (Baumgrass 1944). 

These figures are similar to the findings of the present study. 

Keith (1965) f ound a similar dependence on one tree by the Abe& 

squirrel to that of the red squirrel on Scats pine. In this case 

the squirrel obtained most of its food requirements from ponderosa 

pine (Pinus ponderosa), including cones, inner bark, buds and male 

flowers. Fungi were the only important alternative foods. Inner 

bark of the terminal twigs formed the major component of the winter 

diet. , 

Barking damage by red squirrels has been reported from the 

British Isles (Shorten 1954, 1957a), Finland (Pulliai;nen& Salonen 1963), 

elsewhere in Soandinavia (Anon lyJ+2, 1945, Lundberg I 946, kfetrger 194.6) 
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and in Central Europe (Altum 1873a, b, Tur6ek 1959). Shorten (1957a) 

suggested that barking occurs mainly between May and July, but 

referred only to live trees. Shorten ( i962a) suggested that such 

damage ocours at high population density, Scot8 pine being the main 

species affected, especially trees up to 40 years old (Shorten 1957a, 

1962a) . Damage to oonifers, especially Soots pine and laroh, was 

also recorded by Sinclair (1790-99), Watson (1947)) Brand (1951) and 

White (1962). 

Pulliainen (1963) .and Pulliainen& Salonen (1963) described bark 

stripping behaviour; pine trees 20 to 4'0 years old were stripped 

spirally, while those 50 to 90 years old were stripped in patches. 

The bark itself was not eaten, but the vascular tissues were scraped 

off and obviously eaten. The damage occurred between May and July, 

mostly at high squirrel densities; the authors concluded that the 

probable reason was to obtain sugars for food, rather than a source 

of liquid. The authors gave a genetical explanation for the isolated 

outbreaks, suggesting that only a few individual squirrels were 

responsible. This seems rather unlikely in view of the widespread 

occurrence of the habit; it is probably normal feeding behaviour 

when secondary foods are required. A similar conclusion was reached 

by Metager (1946) . Norstedt (I 945) reported observations of 

squirrels stripping bark with their teeth and claws, then liokkng 

the inner surface. 

Red squirrel damage in Britain is less significant at present 

compared with the past, or with grey squirrel damage (Shorten 1957a). 

Bark stripping is reported in North America by fox (Bugbee & Riegel 

1945), grey (Irving & Beer 1963)) American red (Stillinger ly@+), 

and Fremont's (Hatt 1943) squirrels. For the forester, a knowledge 

of the susceptible speoies and ages of tree is important, and it may 



be possible to undertake localised control of squirrels immediately 

prior to and during the May to July period, for they are easily 

trapped at this time. Insufficient is known at present about their 

requirements to justify the provision of alternative recently dead 

trees or other food souroes. Pulliainen & Salonen (1963) oalculated 

the cost of damage and showed that it was eoonomioally important in 

Finland; the wounds could kill the whole tree, or just the top, 

while wounds which healed over left seoondary damage in the form of 

timber weakness. 

The daily activity period in the Study Block varied from a 

maximum of eight hours in winter to eleven hours in summer, of which 

only just over half was spent in feeding. Activity was modified by 

weather oonditions. Shorten (1954) stated that there were basically 

three aotivity periods in summer: the most important one from 0700 

to 1000 hours, a short one around 1200 hours, and one for about an 

hour around dusk. This totals about five hours activity which 

appears rather short, but would 6&y with the type of food supply, 

and amount of sexual activity. The same author noted that aotivity 

is modified by weather conditions, of which wind velocity has the 

greatest effect, but cloud, rain, drizzle, mist, fog and snow also' 

ktuoe activity. 

Ognev (1940) considered that squirrels are active soon after 

sunrise during summer, with periodic resting through the day; they 

shelter during midday heat, but are active again during late after- 

noon before retiring to tiieir drey as sunset approaohes. This 

midday period shortens during autumn, so that acti+.ty eventually 

becomes one continuous period in winter. Weather modifies 

activity; continuous rain or snow, especially snowstorms, reduces 

activity but short rain periods have little effect, and they are 
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active during severe frost of -3OOC to -l$OC. Food also influences 

activity, for a long day is required when eating cones, but only a 

short day with mast crops. Brink (1955) also oonsidered that in 

winter they are active for a single period after an early start, 

while there are several periods interspersed with rests during 

summer. Saint&irons (1966) presented the results of field and 

captive observations, which show two periods of maximum activity 

during the day, in the early morning and before sunset, but 

squirrels were visible at all hours of the day. Results vrere also 

presented seasonally, and showed the following pattern:- 

SPRING early morning and late afternoon periods c. J.+$ hours 
SUMMER early morning, midday/and afternoon periods 0. 9 hours 
AUTUMN long morning and afternoon periods c. 12 hours 
WINTER continuous period with two maxima c. 11 hours 

These results do not agree with those of Ognev (1940), or with 

the present study. ,However, they refer to the west of France where 

seasonal variations in day length are less marked. The type of 

habitat involved was not indicated, but the long hours for autumn 

would suggest the burying of a mast crop rather than the eating of 

pine cones. 

Hicks (1949) carried out a comprehensive survey of activity of 

the fox squirrel in a deciduous habitat. Activity reached a peak 

in autumn (November) and was lowest in summer (August); the author 

correlated the autumn activity with an abundant food supply for 

storage, with mild temperatures, and with junvenile activity, and the 

summer inaotivity tith high midday temperatures. Three major activity 

periods were found during the day, the most intense during early 

morning. Considered seasonally, the results showed:- 

SPRSNG early morning and late afternoon periods o. 8 hours 
SUEAblER early morning, late morning, early after- 

noon and evening periods o. 7 hours 
AUTUMN morning, mid afternoon and evening periods o. 8 hours 
WINTRR early morning and midday periods c. 7 hours 
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Hicks found that there was an optimuia temperature for activity, 

&ile excessive heat caused lethargy (above gOoF). High wind reduced 

canopy but not ground actitity. Activity was reduced by very low 

relative humidity, low atmospheric pressure, cloud cover, rain and deep 

snow. Layne (1954) 5 o served two marked daily peaks of activity in 

the American red squirrel, for two hours after sunrise and two before 

sunset. 

The results of this section can now be summarised briefly: the 

aim was to determine the type and amount of food eaten by the squirrel 

in the Study Block. 

The conclusions concerning the seasonal cycle of food eaten 

within the Study Block can be tabulated as follows:- 

PXMRY FOODS SECONDARY FOODS 

Early minter 

Late winter 

Early spring 

Late spring 

Early summsr 

Late summer 

Pine seed (canopy) Pine needles 
Insects, grain, fungi 

Pine seed (canopy) Pine buds, needles 
Insects 

Pine seed (canopy 8% 
ground) Pine buds 

Pine seed (ground & 
canopy) Pine shoots 

Pine seed (ground) 

Pine shoots 

Pine seed (canopy) 

Pine shoots, vascular 
tissue Insects 

Pine buds, pollen, 
vascular tissue , 
Fungi, insects 

Pine buds, pollen, 
vascular tissue 
Insects, birds' eggs 

Pine .buds, shoots, 
vascular tissue 
Fungi, fruits, berries, 
insects 

Early autumn Pine seed (canopy) Fungi, fruits, berries 
Pine needles, insects 

Late autumn LJ-i ,,i> I .L -/-.- :; 1) ‘J i- c, c:.::oyy) Fungi 
Pine needles, insects, 
grain 



217. 

Consideration of feeding behaviour has shown that an increased 

use of ground food was made from Xarch to July, as tree-borne seed 

was reduced by seedfall. Selection of cone sizes was involved but 

this only mar&al!.:; a!?r'cztri% tl;:! ;;?;:::-,?r:t avveilability of the cone 

crop. 

Only ahout one third of the available cones, the main food 

source, were utilised by the squirrels, at the rate of 100 to 150 

cones per day for each squirrel; this seed intake represented about 

5% of the body weight. Storage of food was unnecessary within the 

Study Block, and no evidence was found for it. Little over half the 

daily activity period was spent feeding; the length of activity in 

summer was approximately double that in winter. 


