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Foreword

A sunday walk to enjoy the beautiful colours of autumn in a woodland 
near town. A slight rustle among fallen leaves; pausing, we see a red squir-
rel making little jumps, apparently undecided which direction it should 
take. it stops, sitting on its hind legs to look around, the ears, adorned with 
long elegant eartufts, seem like antennae to capture the lightest of sounds 
that could mean ‘danger’. the squirrel is carrying a hazelnut in its mouth. 
suddenly it jumps again and then pushes its muzzle against the earth, 
shaking the head; it looks up, the hazelnut has disappeared. the squirrel 
makes fast tapping movements with its front paws, looks up again, sees us, 
and with a chattering sound hurries up the nearest oak tree, hiding on the 
opposite side of the stem from where we are standing.
this is certainly one of the most likely ‘close encounters’ an attentive hiker 
can have with a mammal in forests and woodlands all over europe. in fact, 
being day-active, the red squirrel is one of the most attractive and easily 
spotted animals in our forests. unfortunately, in some places, like on the 
British isles and parts of North italy, this is no longer the case and i will 
come back to this later.
For any man or woman interested in nature and its amazing creatures such 
an observation would make them wonder: what is it doing and why? An-
swers to this question and many others can be found in this book. 
i have been a squirrel biologist for several decades. i made my first steps 
in squirrel research in 1983, for my bachelor thesis, and have never subse-
quently abandoned them. Although i always keep myself updated with the 
scientific literature on red and other squirrel species, i remain amazed at 
the amount of information given in this book: it contains nearly everything 
ever written about the red squirrel.
there have been several other volumes dedicated to our favourite tree ac-
robat but never one so extensive. Whether the one who opens this book 
is a squirrel specialist, a professional biologist, an amateur naturalist or 
a casual reader, she or he will not only discover many new facts about its 
evolutionary origins, how a squirrel is ‘built’ and how it spends the day, 
but also understand how nuanced the interactions between this animal and 
its environment are. how, for example, stone pines depend on red squirrels 
for seed dispersal and germination. squirrels bury many of their seeds to 
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8  Foreword

have energy-rich food stores the next spring, but do not recover all of them. 
how squirrels, on their turn, depend on how many seeds the trees have 
produced that year to find enough food to meet the high energy demands 
for a female to produce young. the quite astonishing fact that red squirrels 
seem to be able to anticipate a mast-crop, starting to breed in large num-
bers before the enormous amount of energy-rich seed become available. All 
this is the result of a long story of natural selection to a hard and changing 
environment that has led to a co-evolution of squirrels and (some of) their 
food plants and that has made the red squirrel what it is today. 
reading the chapter on the evolutionary history of sciurid rodents and 
the distribution of the eurasian red squirrel, one learns that the species 
evolved in a world void of other tree squirrels and thus was not subject to 
selective pressures that made it a ‘tuff guy’ ready to face competitors with 
similar tree-dwelling and seed-eating habits. Very different from the situ-
ation faced by its cousins in North-America, where often up to three tree-
squirrel species are sympatric in parts of the continent.
hence, the red squirrel was the only arboreal squirrel species in europe 
until man decided to ‘fool’ around with the precarious interdependencies 
that had evolved between squirrels and trees by introducing other squirrel 
species from far away continents. the release of ‘alien’ eastern gray squir-
rels, whose home is central and east usA and south-east canada, into the 
British isles and italy has reduced our red squirrel from an overall presence 
in all suitable forests, woodlands and even parks, to a threatened species 
in most of the British isles and in a large part of northern italy. moreover, 
the italian populations of invasive gray squirrels are bound to spread into 
neighbouring countries in the next 20–40 years (or sooner, should people 
continue to irresponsibly release bought pet squirrels), if no steps are taken 
to stop them from advancing towards France and switzerland. this is not 
a natural process but caused by human intervention and we are responsi-
ble for the extinction of our red squirrels in areas colonised by the intro-
duced congener. We thus have the responsibility to do all we can to save 
this wonderful animal, so well-adapted to our forest ecosystems but not to 
the presence of a heavier, faster-growing and introduced competitor, from 
wide-scale extinction in europe. 
let’s hope that this book will reach readers throughout europe and con-
vince them of the uniqueness and beauty of our red squirrel and of our 
duty to do all we can to save it, so that also the future generations, while 
having their sunday walk, can remain surprised and spellbound by a red 
squirrel jumping around and hiding its precious hazelnut.  

Dr luc Wauters
Varese, italy
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Introduction

every book has its history and the history of our book began in 1956. in that 
year the ‘Neue Brehm-Bücherei’ published a monograph on the red squir-
rel. it encompassed 56 pages, 51 images and 28 literature sources and was 
written by Dr Wolfgang gewalt (1928–2007), a well known zoologist and 
director of the Duisburg Zoo. this was followed by two landmark publica-
tions on squirrels in 1987 by Dr John gurnell and Dr Jessica holm respec-
tively. since then there has been a huge and world-wide interest in squir-
rels, with research into their ecology, behaviour, conservation and compe-
tition, providing a wealth of new information on these fascinating forest 
animals. in particular, research on red squirrels in Belgium, the uK and 
italy applying new methodologies such as radio-tracking, genetics, com-
puter modelling and geographic information systems have revolutionised 
our understanding of this species and its role in forest ecosystems. April 
2011 therefore saw the publication of a revised red squirrel monograph in 
germany (Westarp Verlag), which thanks to the interest of the publishers 
in an english language edition will now be accessible to english-speaking 
readers. this seemed an obvious way to go, given that one of the authors 
has spent the last 20 years living and ‘chasing’ squirrels in the British isles.
the book tries to give a comprehensive overview of our current knowl-
edge and published scientific research on red squirrels and includes, for 
example, details and images of red squirrel anatomy and behaviour that 
have never been published before. Advances over the last 25 years in our 
understanding of red squirrels were especially made with respect to their 
space use, activity patterns, population dynamics, dispersal behaviour and 
the complex ecological interactions and interdependencies between squir-
rels and the plant and animal species community that comprise forest eco-
systems. 
it is not possible to write a book about the eurasian red squirrel without 
mentioning the eastern gray squirrel, which has been released in the uK, 
ireland and italy, and its devastating impact on native red squirrel popu-
lations. 125 years after its first release in the uK, mainland england and 
Wales are almost completely ‘grey’. red-gray squirrel interactions and 
how eastern gray squirrels compete with and replace red squirrels have 
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10  introduction

therefore been the focus of research in the uK and ireland, highlighting the 
initially undetected but critical role of wildlife diseases in competition and 
decline. the book attempts to explain the range of factors that contribute 
to red squirrel populations going extinct and stresses the dangers posed 
by expanding gray squirrel populations in northern italy to red squirrel 
populations in neighbouring switzerland, France, and central and south-
ern europe beyond. the problem is made worse by continuing and irre-
sponsible releases of bought North American or Asian squirrels in parks or 
woodlands which in many cases lead to the establishment of new popula-
tions and range increases of these alien squirrels. Both the eastern gray 
squirrel or the Pallas squirrel, which have been introduced to a number of 
european countries, are linked to extensive tree damage as well as dam-
age to agricultural crops and impacts on native wildlife. they illustrate the 
complex issues posed by non-native species introductions and the need for 
management decisions that are based on conservation and economic, legal, 
and ethical considerations.
the book contains a large number of references to the eastern gray squir-
rel, as it is imperative to understand the ecological requirements of both 
gray and red squirrels in order to develop an effective conservation strat-
egy. Where it helped to illustrate tree squirrel specific behaviours, we have 
made reference to squirrels in general or to particular squirrel species. 
readers should not be surprised to see a number of red squirrel colour 
morphs that may be unfamiliar to them. coat colour variation of the red 
squirrel varies tremendously across its eurasian range and this is well il-
lustrated by the images taken at different altitudes in montane forest near 
Davos (switzerland), showing red, grey and dark-coated individuals.
red squirrels are amazing and incredible animals and we would like to 
encourage readers to see and use this book as a window into the life of this 
unique rodent species and see the world from its perspective. to echo the 
sentiment of thorington & Ferrell (2006): ‘think like a squirrel’.

stefan Bosch
Peter W. W. lurz
sternenfels and edinburgh, April 2012
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taxonomy  17

1.2		 Squirrels	(Sciuridae)
the classification of related kinds or forms of animals into families, sub-
families, genus and species is made on the basis of observed characteristics 
of examined specimens (e.g. morphological traits). this process is ultimate-
ly a subjective judgement made by the individual taxonomist that is by no 
means absolute (corbet 1978) and classifications are subject to change, as 
novel analytical techniques, for example DNA analysis, allow new inter-
pretations. A comprehensive and detailed history of rodent classification is 
given by carleton & musser (2005). 
Within the order Rodentia, and the suborder sciurognathi (tullberg 1899), 
squirrels are grouped in the family sciuridae (see table 1). related fami-
lies within the suborder are: mountain beavers (Aplontidae), beavers (cas-
toridae), mice and rats (muridae), pocket gophers (geomyidae), kangaroo 
rats (heteromyidae) and jerboas (Dipodidae). An alternative classifica-
tion includes a different suborder of sciuromorpha (squirrel-like-rodents, 
Brandt 1855) with three families, 61 genera and 307 species (see carleton 
& musser 2005). in both classifications the family sciuridae contains two 
subfamilies (Nowak 1999): Petauristinae (Flying squirrels) and sciurinae 
(tree and ground squirrels). however, new molecular research supports 
a revised classification of squirrels and recognition of five rather than 
two distinct subfamilies: sciurinae (eurasian, North and south American 
tree squirrels and all flying squirrels), callosciurinae (southern Asian tree 
squirrels), ratufinae (giant tree squirrels), sciurillinae (south American 
pygmy squirrels) and Xerinae (African bush and tree squirrels and eura-
sian, North American and African ground squirrels) with a total of 51 gen-
era and 278 species (thorington & hoffmann 2005). the calibration of a 
molecular clock also suggests that the divergence of the five groups took 
place in the late eocene and early oligocene periods at a time of marked 
climatic change (mercer & roth 2003, steppan et al. 2004, thorington & 
Ferrell 2006). 

Table	1: eurasian red squirrel classification (lurz et al. 2005).

class: mammalia (mammals)
order: rodentia (rodents)
sub-order: sciurognathi
Family: sciuridae (squirrels)
sub-family: sciurinae (tree and ground squirrels)
tribe: sciurini (tree squirrels)
genus: Sciurus
species: eurasian red squirrel (Sciurus vulgaris linnaeus 1758)
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18  chapter 1

	
Fig.	1: eurasian red squirrel (Sciurus vulgaris). Photo: Bosch.

	
Fig.	2: the eastern gray squirrel (S. carolinensis) was originally introduced from North 
America and it competes with and replaces the native eurasian red squirrel. the left im-
age shows a gray squirrel in its native North American range (New York) and the right a 
gray squirrel in london’s hyde Park. Photos: haas (left), Bosch (right).

	
Fig.	3: the North American pine squirrel (T. hudsonicus) is also referred to as the North 
American ‘red squirrel’ but is in fact a different species. similarly to the eurasian red 
squirrel, coat colour is variable. left: a pine squirrel. right: a pine squirrel with Ponde-
rosa pine cone (Pinus ponderosa). Photos: howie (left), larsen (right).
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Fig.	 4: geographic distribution of described red squirrel subspecies in eurasia (based 
on sidorowicz 1971). individual subspecies are numbered and their approximate range 
indicated by dotted lines: (1) S. v. fuscoater, (2) S. v. leucourus, (3) S. v. infuscatus, (4) S. v. 
italicus, (5) S. v. meridionalis, (6) S. v. balcanicus, (7) S .v. vulgaris, (8) S. v. baschkiricus, (9) S. 
v. anadyrensis, (10) S. v. argenteus, (11) S. v. exalbidus, (12) S. v. jenissejensis, (13) S. v. altaicus, 
(14) S. v. jacutensis, (15) S. v. fusconigricans, (16) S. v. rupestris, (17) S.v. mantchuricus. map: 
Bosch.

2		 Distribution

2.1		 The	red	squirrel,	Eurasia’s	tree	squirrel
the eurasian red squirrel has the largest distribution of all tree squirrels. 
its range stretches from the Atlantic coast of ireland across the whole of 
eurasia to china, Korea and northern Japan (e.g. sidorowicz 1971, lurz 
et al. 2005; Fig. 4). it is found wherever there is suitable woodland habitat. 
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Distribution  23

Fig.	 5: examples of different woodland 
habitat types in europe:
a) boreal conifer forest in sweden, b) 
scots pine forest in scotland, c) produc-
tion spruce forest in northern england, d) 
coniferous forest on the northern edge of 
the schwäbische Alb, southern germany, 
e) forested island Amrum, North sea, ger-
many, f) forest landscape in northern italy. 
Photos: a–c, f) lurz, d–e) Bosch.

a

bc

d

f

e
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24  chapter 2

Table	2: red squirrel subspecies (based on sidorowicz 1971, lurz et al. 2005).

European	Subspecies
Sciurus vulgaris geographic region

balcanicus heinrich 1936
Balkans, eastern Balkan mountains, Bulgaria
synonyms: ameliae cabrera, croaticus Wettstein, istrandjae 
heinrich, lilaeus miller und rhodopensis heinrich

fuscoater Altum 1876

central and eastern europe; Pyrenees to urals and Den-
mark to switzerland and northern italy.
synonyms: alpinus Desmarest, var. brunnea Altum, car-
pathicus Pietruski, cinerea hermann, fedjushini ognev, var. 
fuscoatra Altum, var. gothardi Fatio, kessleri migulin, ognevi 
migulin, rufus Barrett-hamilton, rufus trouessart, 
russus miller, rutilans miller, subalpinus Burg, vilnensis 
udziela, and ukrainicus migulin

italicus Bonaparte 1838 italy, except northern italy and calabria

infuscatus cabrera 1905
iberian Peninsula; spain (Provinces of madrid, soria, 
Avil). synonyms: baeticus cabrera, numantius miller and 
segurae miller

leucourus Kerr 1792 British isles and ireland

meridionalis lucifero 1907
southern italy, calabria, sila. 
synonyms: alpinus costa and silanus hecht

vulgaris linnaeus 1758

Northern europe; Norway, sweden Finland and north-
west russia. type locality uppsala, sweden
synonyms: albus Billberg, albonatus Billberg, europaeus 
gray, formosovi ognev, niger Billberg, rufus Kerr, typicus 
Barrett-hamilton and varius gmelin

Asian	subspecies
Sciurus vulgaris geographic region
altaicus serebrennikov 1928 Altai mountains, Kok-su river, estuary of Yamanuch

anadyrensis ognev 1929 Anadyr region, from 50-60 km north of markovo in forests 
along Anadyr river for approx. 170 km, maina river

argenteus Kerr 1792
ural mountains to left bank of Yenisey river
synonyms: albus Dvigubsky, martensi matschie and nady-
mensis serebrennikov

bashkiricus ognev 1935 Buzuluk-forest, and forests of Bashkiria, to middle reaches 
of Belaya river

exalbidus Pallas 1778
along irtysch river and right bank of ob, pine forests in 
the Kulundin steppe
synonyms: goltzmaieri smirnov and kalbinensis selevin

fusconigricans Dvigubsky 1804 transbaikal, along Barguzin, upper Angara, Vitim, ole-
kma and shilka rivers

jacutensis ognev 1929

upper reaches of lena river, and along olenek, Aldan, 
Khanym, indigirka, Yama, Kolyma and omolon rivers
synonyms: arcticus trouessart, borealis Brass, calotus 
gray and fuscorubens Dvigubsky
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3		 Body	form	and	function

3.1		 Appearance,	body	size	and	weight
the striking ear tufts combined with a distinctive, long and slender body and 
a bushy tail make the red squirrel easily recognisable. Body shape, size and 
weight are of critical importance for an animal that is adapted to live high 
up in the tree crowns and which may need to forage on slender branches.
Body measurements vary distinctly between regions and are influenced by 
a number of different factors such as marked population fluctuations, local 
age structure, season and the type of subspecies present (table 4). head 
and body length in red squirrels ranges from 180–332 mm, tail length from 
130–222 mm and hind foot length from 49–66 mm. the ear is between 20 
and 35 mm long. 
Bergman’s rule would predict an increase of body size with increasing lati-
tude as the ratio of body mass to volume is an important factor in thermo-
regulation. however, gurnell (1987) notes that strict adherence to Berg-
man’s rule has only been demonstrated in a few species and Barnett (1977) 
showed that observed changes in size in four eastern gray squirrel popu-
lations consistent with Bergman’s rule in North America did not include 
skull features related to feeding. he suggested that features linked to for-
aging may be subject to selection pressures which may override selection 
linked to thermo-regulation (Barnett 1977).
Body weight changes seasonally and is influenced by seed food availability. 
reported adult body weights vary between 202 and 484 g (table 4). how-
ever, weights for different age classes may differ with respect to subspecies 
type and what is classed as subadult or adult in different studies. research 
in Belgium, england and germany found no significant differences in body 
mass between the sexes, with the exception of pregnant females (Wauters 
& Dhondt 1989a, lurz 1995, münch 1998).
Body mass tends to be highest in autumn and early winter and lowest in 
early summer. An increase of 10 % of body mass was observed in mixed 
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deciduous forests in england (gurnell et al. 2008a). however, this gain in 
weight is habitat and food dependent and has not been recorded in spruce 
dominated forests (lurz & lloyd 2000). Autumn fat accumulation appears 
less pronounced in coniferous forests where manoeuvrability to forage 
in the canopy is important and winter food supplies (cones visible in the 
crowns) are more predictable (lurz & lloyd 2000).
over the course of the winter red squirrels in Bavaria lost 35 g or almost 
10 % of their pre-winter body weight (münch 1998). squirrel body weights 
also change in relation to the seasonal availability of different types of food 
and the onset of sexual activity (Wauters & Dhondt 1989a, lurz 1995). 
loss of condition and body weight is common in late spring and early sum-

	
Fig.	8:	squirrel skull (Bündner Naturmuseum chur): a)	right side of head, b)	right side of	
skull with top of the spine and ribcage, c)	head from the front, d)	skull with incisors from 
the front, e)	base of skull from below. Photos: Bosch.

a b

c

de
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Fig.	13:	types of locomotion in squirrels: Jump from branch to branch: a)	start phase, 
b–c)	during the jump, d)	just before the landing; e–g)	on the ground squirrels can move 
quickly with large jumps; h)	during foraging they can stretch to reach food at the tip of 
branches; i)	 they can walk or sit on small branches. Photos: a,	b,	d,	h)	haas, c, e–g,	 i)	
Bosch.
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4	 Reproduction	and	development

4.1		 Conditions	for	successful	reproduction
successful reproduction in females is dependent on two important ele-
ments: a good body condition and a high quality home range with suf-
ficient resources in terms of nesting opportunities and available seed food. 
home ranges are defined as the area an animal moves through during the 
course of its daily activity (gurnell 1987). studies tend to distinguish be-
tween the area as a whole and a core area where the animal spends most of 
its time (see also chapter 6). 
Female red squirrels are polyoestrous and in the sexual cycle, oestrous is 
the critical phase. Females are only in heat for one day per cycle (gurnell 
et al. 2008a) and only if their body condition is good. studies in Belgium 
showed that only females that weighed 300 g or more came into oestrous 
(Wauters & Dhondt 1989a). in northern england where local red squirrels 
are smaller in size, this minimum weight was 280 g (lurz 1995). reproduc-
tively active males appear to be able to detect females in heat or their olfac-
tory clues from relatively large distances. At spadeadam Forest, Northern 
england, males from home ranges over a kilometre away, were trapped 
below the drey of a female in oestrous (lurz 1995). 

4.2		 Mating	system
the mating system of red squirrels is described as polygynous-promiscu-
ous (gurnell et al. 2008a). Both males and females may mate with more 
than one individual and there are no permanent or lasting pair-bonds be-
tween the two sexes. 
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During week ten, they take food out of the hand of the keeper and collect 
and bundle together nesting material to take inside. everything is chewed 
intensively and random objects are taken into the nest. Animals engage in 
sexual play with each other and produce chucking calls. From day 60–70 
the young play near the nest including chasing, mock attacks (play fight-
ing) and taking flight. the tenth week marks the end of development, after 
which the young are weaned. At this point, young red squirrels (in central 
europe) weigh approximately 180 g (Figures 4.2 and 4.3).
eibl-eibesfeldt separates mother and young in week 11. the young now 
drink milk from a bowl. on day 75, moans and chirping sounds are heard 
for the first time. By week 12 the young eat a varied diet of solid foods. By 
week 17, small testes become visible and in week 19 the first copulation at-

	
Fig.	33:	Young red squirrels	completely covered in fur (left) and inquisitive young squir-
rel emerging from a nest box (right). Photos: haas.

	
Fig.	32:	Body weight increase in juvenile red squirrels during the first 10 weeks of life 
(based on eibl-eibesfeldt 1951 [green] and rothenheber & Kaus 2010 [yellow and red]). 
graph: Bosch.
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5	 Behaviour

5.1		 Food,	dreys	and	behaviour
red squirrels in the wild appear busy and always full of activity. however, 
there are more sides to red squirrels than meet the eye	and resting animals 
are seldom spotted. their apparent ceaseless activity has an endearing 
quality for many people and adjectives such as alert, eager and industrious 
are synonymous with them. But when by chance our paths cross with red 
squirrels in the local park or woodland, we only witness a brief moment in 
their daily life and glimpse just a fraction of their behavioural repertoire. 
Finding food is one of the key drivers for red squirrels. summer or winter, 
they have to find food and feed each day. red squirrels forage where they 
live: in the tree crowns, on branches and twiggs and on the forest floor. 
the time spent in these different vertical layers varies with the type of for-
est habitat, season and food availability. For example, when beech mast or 
mushrooms are available in autumn, they spend a lot of time on the forest 
floor but most of the time they are arboreal.

5.1.2		Dietary	range	and	food	preferences
the diet of red squirrels is highly var-
ied and linked to the spatial and tem-
poral availability of seeds, fruits and 
other food types. in urban areas poten-
tial food from litter and garbage bins 
is also utilised, and visitors to Parks in 
london or edinburgh can most likely 
attest to the eastern gray squirrel’s 

Fig.	 34: eastern gray squirrel approaching a 
visitor to edinburgh Botanical gardens, uK, 
for a share of her lunch. Photo: lurz.
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Fig.	35: red squirrels feed on a wide range 
of food types. their main diet, however, 
are tree seeds such as a) spruce, b) lodge-
pole pine, c) larch. Depending on avail-
ability they also utilise d) hazel, e) Beech, 
f) Walnut or g) horse chestnut. Photos: a, 
c–g) Bosch, b) lurz.

a b

d

e

g

f

c

Leseprobe © Westarp Wissenschaften 2012



Behaviour  103

	
Fig.	52: grooming sequence. Photos: Bosch.

Leseprobe © Westarp Wissenschaften 2012



6		 Ecology

6.1		 Red	squirrels	are	forest	dwellers

‘What makes a wood good for squirrels? In short, plenty of food, shelter and other 
squirrels.’ Jessica holm 1987

red squirrels are an arboreal forest species whose survival and success 
is dependent on two critical factors: the availability of suitable woodland 
habitat and food (primarily high energy tree seeds). other factors include 
nesting opportunities, cover and the presence of other squirrels of the op-
posite sex (holm 1987, münch 1998). red squirrels are highly flexible in 
their use of woodland habitat and are essentially opportunists. they prefer 
woodlands of mature seed bearing trees with a closed canopy that allows 
movement through the tree tops and provides sufficient cover (gurnell et 
al. 2002, samaras & Youlatos 2010). 
red squirrel evolution was strongly shaped by their holarctic distribution 
and the northern forest ecosystems. the ecology of these woodland en-
vironments has influenced red squirrel life history strategies, behaviours 
and social organisation (e.g. gurnell & Anderson 1996; Fig. 5). typical 
tree species representative of holarctic forest systems are spruce (Pinaceae), 
pine (Pinaceae), birch (Betulaceae), beech (Fagaceae) and willow (Salicaceae). 
Both the mediterranean sea and the Alps acted as barriers to post glacial 
dispersal and recolonisation events by species, and the eurasian part of 
the holarctic as a result tends to contain fewer tree (and squirrel) species 
than the North American region. Despite very strong human influences on 
woodland composition, size and levels of fragmentation, few holarctic tree 
squirrel species are considered endangered. most species at risk as a re-
sult of human impacts, alien species introductions, habitat loss and habitat 
degradation are in the tropical regions with flying squirrel species being 
particularly vulnerable (gurnell 1987, Koprowski & Nandini 2008).
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Birds also benefit from squirrel feeding: seeds discarded or dropped while 
processing conifer cones are taken by coal tits, crested tits (Parus cristatus) 
or chaffinches. squirrels thus provide access to a food resource that would 
still be inaccessible to these species prior to seed shed. Yet squirrels also 
benefit from the birds around them and their vigilance. the birds respond 
to danger or the seemingly careful and quiet approach of researchers and 
can act as an ‘early warning system’ to the squirrels (P. lurz pers. obs.).

e.	Defensive	behaviour
some bird species react with warning displays and mock attacks towards 
red squirrels similar to defensive behaviour to ward off a predator. spe-
cies include: boreal owl, pygmy owl (Glaucidium passerinum), grey-headed 
woodpecker (Picus canus), black woodpecker (Dryocopus martius), robin, 
nightingale, redstart (Phoenicurus phoenicurus), fieldfare, goldcrest, spotted 
flycatcher, red-brested flycatcher, pied flycatcher (Ficedula hypoleuca), blue 
tit, nuthatch (Sitta europaea), golden oriole (Oriolus oriolus), magpie (Pica 
pica), rook (Corvus frugilegus) and house sparrow (Passer domesticus).

a b

c

	
Fig.	58: Woodland birds such as the a) Jay 
or b) the Nutcracker observe red squirrels 
while they cache seeds and then dig up 
them up afterwards,	c) for example caches 
placed next to a tree stump. Photos: Bosch.
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7		 Threats	and	conservation

7.1		 Risk	status
continental populations of the red squirrel are currently not considered to 
be endangered and the international union for the conservation of Nature 
(iucN) lists the red squirrel as ‘least concern’. the red list account does 
note a decreasing population trend and potential hunting impacts in mon-
golia (shar et al. 2008). however, the situation is much more serious on the 
western fringe of the red squirrel’s range in the British isles. Populations in 
ireland and great Britain have declined dramatically and are considered 
to be at risk of extinction in england and Wales as a result of competition 
by the introduced North American eastern gray squirrel (see chapter 6). 
introduced eastern gray squirrels are also causing a relentless regional 
decline in red squirrel populations in northern italy in the provinces of 
liguria, Piedmont and lombardy. Attempts to eradicate the population 
in Piedmont in 1997 were delayed by legal action from an animal rights 
group. the lengthy judicial enquiry led to a 3-year suspension of control 
during which gray squirrels greatly expanded their range. With gray squir-
rels having reached pre-alpine areas, eradication was no longer considered 
feasible due to a lack of political will as well as for economic and logistic 
reasons (Bertolino & genovesi 2003). eastern gray squirrels in northern 
italy will expand into neighbouring countries in the short to medium term 
and colonise large parts of eurasia in the long term. this represents a ma-
jor threat to the endemic eurasian red squirrel and has the potential for 
significant and costly damage to forestry and agriculture in the region (e.g. 
signorile & evans 2007, gurnell et al. 2008b). 
computer models simulating likely rates of expansion of eastern gray 
squirrel populations in northern italy in the absence of control suggested 
that switzerland could be reached within 30 to 40 years and France with-
in 70 to 75 years. A worst case scenario predicted arrival in 2026–2031 in 
France and 2031–2041 for switzerland (lurz et al. 2001, Bertolino et al. 
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7.2.2		Red	squirrel	conservation	in	Great	Britain
red squirrel conservation encompasses several key components: desig-
nation of red squirrel reserves in large conifer dominated forests (termed 
‘strongholds’; e.g. Forestry commission 2012) that reduce or negate the 
competitive advantages eastern gray squirrels have in deciduous wood-
lands (see chapter 6); the monitoring of red squirrel population trends and 
gray squirrel range expansion, public information and education initia-
tives on the threat the introduced gray squirrel poses to the native squirrel; 
research into squirrel pox virus disease epidemiology, transmission and 
vaccine development; and targeted local eastern gray squirrel control to 
prevent or reduce squirrelpox virus disease outbreaks and gray squirrel 
incursion into stronghold areas.
Forestry commission, Kielder Forest District, took a lead and designated 
the first english red squirrel reserve at spadeadam Forest, cumbria, in 
1995 (mcintosh 1995, lurz 1995). this was followed by the launch of the 
Kielder, Kidland and usway Forest in 2003. Following a successful bid by 
the Wildlife trusts to the heritage lottery Fund, these four areas were ex-
panded to a network of initially 16 (later 17) english squirrel reserves (now 
termed ‘strongholds’) with agreed management plans (lurz et al. 1998, 
2003a, b, Parrott et al. 2009). similarly, there are plans for the designa-
tion of 18 red squirrel strongholds in large conifer dominated forests across 
scotland (Parrott et al. 2009, scottish Natural heritage 2006, 2009, For-
estry commission 2012).
habitat management plans for red squirrels focus on:
1. the maintenance of a suitable age structure and conifer species compo-

sition to ensure a dependable seed food supply (see tables 11 and 12); 
2. ensuring that ongoing forest operations minimise detrimental impacts 

on red squirrels; 
3. monitoring to obtain data on population trends, red and eastern gray 

squirrel distribution and to assess changes in response to forest man-
agement; 

4. if necessary, carry out targeted control of gray squirrels in and around 
strongholds to reduce or prevent squirrelpox disease outbreaks and re-
duce competition (lurz et al. 1998, Pepper & Patterson 1998). single 
species management is difficult and may often clash with other biodi-
versity or conservation objectives (as well as economic or amenity ob-
jectives). it is therefore critical that sites for red squirrels are selected 
carefully in order to avoid or minimise conflicts.
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Table	11: overview of tree species with respect to red-gray squirrel competition. species 
are classed based on the utility for the two squirrel species respectively (based on gur-
nell & Pepper 1988, 1993; Pepper & Patterson 1998; lurz et al. 1998).

Favourable	for	red	squirrels Neutral Large-seeded	tree	species	
that	give	grey	squirrels	a	
competitive	advantage

sitka spruce
Norway spruce
serbian spruce (Picea omorika)
Douglas fir (Pseudotsuga 
menziesii)
larch (all species and hybrids)
Yew (Taxus baccata)
scots pine
lodgepole pine

Willow
Alder
Ash
Birch
Poplar (Populus sp.)
elms (Ulmus sp.)
Firs (Abies sp.)
Western hemlock (Tsuga 
heterophylla)
riesen-lebensbaum (Sequoia 
sempervirens)
cypress species

oak*
Beech
chestnut
sycamore
hazel

* Note that oak in particular will give eastern gray squirrels a competitive edge and its presence has 
been linked with red squirrel replacement in oak dominated woodlands (see also chapters 6 and 7).

Table	12: Data on seed crop cycles and seed energy values for selected tree species in 
relation to red squirrel conservation and the provision of a dependable seed food supply 
(data are based on grodzinski & sawicka-Kapusta 1970, gurnell 1987, matthews 1989, 
lurz et al. 2003b).

Tree	species Interval	betwee	seed	
mast	crops	(years)

Age	1st	seed	
crop	(years)

Age	1st	mast	
crop	(years)

Average	energy	
content	(kJ/seed)

scots pine 2–3 (3–4) 5–10 15–20 0.05–0.18
lodgepole pine 2–3 5–10 15–20 0.098
corsican pine 3–5 - 25–30 0.29
Norway spruce 3–5 (3–10) 20–25 30–35 0.07–0.13
sitka spruce 3–5 20–25 30–35 0.04
larch 3–5 10–15 15–20 0.09
Douglas fir 5–7 30–35 30–35 0.26

Note that seed crops and energy values will vary with respect to factors such as local climate, latitude 
and tree species provenance.

Tree	species	composition:	the	right	mix	is	important
the overall aim of forest management actions for red squirrels should be 
to provide a dependable food supply. how this is realised in specific sites 
is likely to vary depending on local factors such as forest objectives, silvi-
cultural systems, climate and soil or fencing needs (and costs) to protect 
vulnerable saplings from browsing damage by deer. table 11 gives an over-
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8		 Methods	and	research

8.1		 Survey	and	monitoring	methods
monitoring and survey techniques have been extensively researched in ita-
ly and the uK as a result of the dramatic spread of introduced eastern gray 
squirrels and their threat to native red squirrel populations. census, survey 
and monitoring have slightly different meanings that relate to the specific 
objectives of a study. A census is the process of obtaining information about 
every member of a population – in other words, it is a complete count. sur-
veys, in contrast, sample from only a subset of a population, whereas moni-
toring is the repeated sampling of a population in order to detect trends in 
numbers and distribution over time (gurnell et al. 2009). 
mammals are monitored for a variety of reasons: determining absolute 
or relative numbers of a population, determining population trends, de-
termining distribution and habitat preference of species, guiding conser-
vation efforts, managing introduced or problem species, setting hunting 
targets for game species, assessing impacts of pollution or road traffic on 
local populations or the effects of land use change or fragmentation (gur-
nell et al. 2007). in the uK, the purpose of monitoring squirrel populations 
predominantly focuses on obtaining information on squirrel distributions 
as well as assessing the impact of grey squirrels and the effects of con-
servation management on local red squirrel populations. gurnell et al. 
(2001, 2009) provide a comprehensive overview and distinguish between 
direct (involving the physical handling of squirrels) and indirect monitor-
ing methods.

8.1.1		Direct	Methods
Any activity that involves handling red squirrels or disturbing them in a 
place of shelter (e.g. trapping or checking a nest box with red squirrels) 
requires a licence in most countries. Advice and permissions should be 
sought from respective country agencies.

Leseprobe © Westarp Wissenschaften 2012



methods and research  159

(to check for hyperventilation). should the animal become stressed, it can 
simply and carefully be laid on the ground and covered with a dark cloth. 
this allows it to calm down before it is released (lurz 1995, münch 1998). 
handling bags are an alternative to cones. this is a much more elegant ap-
proach, but it requires skill and practice. handling bags are cone shaped 
cloth bags with a head-sized opening at the narrow point that can be wid-
ened or closed with the use of Velcro or a zip (see Koprowski 2002 for a 
description of the design).

	
Fig.	68: methods used in red squirrel research: a) live-trapping, b) handling cone to re-
duce stress during handling, c) radio-tracking of radio-collared squirrels using hand-
held antennae and a receiver, d) baited hairtubes to collect squirrel hair for identifica-
tion and e)	blocks covered in sticky tape containing squirrel hair from hairtubes. Photos: 
a,b,d,e) lurz, c) moorman.
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c
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e
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9		 Squirrels	and	people

9.1		 Origin	and	meaning	of	the	word	‘squirrel’
the word squirrel has its origin in ancient greek from ‘skia’ meaning shad-
ow or shade and ‘oura’ meaning tail (see also chapter 9.7). it arrived in the 
english language via the latin word ‘sciurus’ (now the scientific name for 
the genus the red squirrel is assigned to in mammal taxonomy, see chap-
ter 1) and the Anglo-Norman ‘esquirel’. the latter was derived from ‘scu-
riolus’, a diminutive form of ‘sciurus’ in Vulgar latin. etymologically the 
word therefore means ‘little shadow tail’ (lurz et al. 2005, Ayto 1990). in 
continental languages such as german the word for the red squirrel: ‘eich-
hörnchen’ stems from the middle-high german words for ‘eih’ meaning 
oak and ‘hurno’ meaning horn. the suffix ‘-chen’ again is a diminutive to 

Table	14: the names for the red squirrel in different languages across its western range 
(based on corbet & ovenden 1982 and additions).

Language Name
Danish eker, egernet
german eichhörnchen
Finnish orava
French ecureuil d’europe
greek Επίσης
italian scoiattolo rosso
Norwegian eekhoorn
Polish wiewiórka
Portuguese esquilo
swedish ekorrar
spanish ardilla común
czech veverky
hungarian vírushordozó
rhaeto-romanic stgilat
scientific Sciurus vulgaris
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Fig.	73: symbolic forest species: a)	wooden squirrel sculptures at the triberger waterfall 
advertising the nature park ‘südschwarzwald’, b) sign giving directions to the nature 
trail at Brackenheim-Neipperg, c) road sign asking drivers to drive with caution. Photos: 
Bosch.

a

b c

	
Fig.	72: leaflet of the save our squirrels project 
in Northern england with contact details and in-
formation on red squirrel conservation and how 
to get involved. image: Bosch.

	
Fig.	71: squirrels are a symbol in her-
aldry such as in the coat of arms of the 
city titisee-Neustadt, Black Forest, 
southern germany. Photo: Bosch.
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