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Abstract
In 1997, the National Wildlife Institute, in co-operation with the University of Turin, produced an action plan to eradicate the
American grey squirrel from Italy, as this introduced species replaces the native red squirrel through competitive exclusion and
damages trees through de-barking. The ﬁrst step, a trial eradication of a small population of grey squirrels at Racconigi (Turin) to
evaluate the eﬃciency of the removal techniques, started in May 1997. Preliminary results showed that eradication was feasible, but
the project was opposed by radical animal rights groups which took the National Wildlife Institute to court in June 1997. This legal
action caused a suspension of the project and led to a lengthy judicial enquiry that ended in July 2000 with the acquittal of the
Institute. Nevertheless, the 3-year suspension of all actions led to a signiﬁcant expansion of the grey squirrel’s range and thus eradication is no longer considered practical. Therefore, in the medium to long term, grey squirrels are likely to expand through continental Eurasia. This constitutes a major threat to the survival of the red squirrel over a large portion of its distribution range and
will have a signiﬁcant impact on forests, with economic damage to timber crops. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Italy plays a key role in conservation of the red
squirrel (Sciurus vulgaris), as the country contains the
only populations of American grey squirrels (Sciurus
carolinensis) in continental Europe (Mitchell-Jones et
al., 1999). The red squirrel is considered threatened in
Europe (Amori and Zima, 1994; Mitchell-Jones et al.,
1999), owing to fragmentation of woodland habitats
(Celada et al., 1994; Wauters, 1997) and competition
with the introduced grey squirrel. In the British Isles,
the grey squirrel has extensively replaced the native
species, which is now restricted to some conifer forests
in Scotland and a few areas in England and Wales
(Gurnell and Pepper, 1993; Gurnell, 1996). A similar
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replacement pattern is being recorded in Italy (Wauters
et al., 1997a). Furthermore, in the UK, grey squirrels
produce signiﬁcant damage to forests and commercial
tree plantations (Kenward, 1983; Rowe and Gill, 1985;
Gurnell, 1996; Currado, 1998; Dagnall et al., 1998).
Bark-stripping activity inﬂicts wounds that can facilitate
the penetration of insects and fungi and severely
degrade timber quality, especially for hardwood (Kenward, 1983, 1989; Rowe and Gill, 1985; Dagnall et al.,
1998).
The threat posed to the red squirrel by the grey
squirrel in Italy has been underlined by several national
and international organisations (e.g. IUCN, the UK
Forestry Commission, WWF) and has been stressed
during international meetings (e.g. the resolution at the
1st European Workshop on Squirrel Ecology; The
Conservation of Red Squirrels, Gurnell and Lurz,
1997). In 1995, with respect to the international obligations of Italy (Bern Convention, Convention on Biological
Diversity), the NWI (National Wildlife Institute) informed
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the relevant authorities (Ministry of Environment,
Ministry of Health, Regional administrations, Provincial administrations) about the potential risks of the
presence of the grey squirrel in Italy and the urgent need
to eradicate the species in the country.
In this paper, we discuss the competition between the
two squirrel species, analyse the patterns of the grey
squirrel’s spread in Italy and describe the action undertaken by the NWI to eradicate the alien species. We
then discuss the risk of future expansion and the related
threat to conservation of the red squirrel in Eurasia.

2. Origin and spread of the grey squirrel in Italy, and
consequences for conservation
2.1. Introduction and spread of the grey squirrel
In Italy, the American grey squirrel was ﬁrst introduced into Piedmont (north-western Italy) in 1948,
when two pairs were imported from Washington, DC
(USA) and released at Stupinigi (province of Turin;
Bertolino et al., 2000). In 1966, ﬁve animals imported
from Norfolk (Virginia, USA) were released into the
park of Villa Groppallo at Genoa Nervi. A third introduction occurred in 1994 at Trecate (province of
Novara; see Fig. 1), when the municipality funded the
release of three pairs of grey squirrels in an urban park;
however, in response to pressure to eradicate this

nucleus, the animals were recaptured two years later
(Bertolino et al., 2000).
The population at Genoa Nervi seems still to be conﬁned to a 2–3 km2 area close to the site of introduction
in a residential district with several private gardens and
parks (Spanò et al., 1999). The site is surrounded by the
sea and by busy roads, and the very limited presence of
wood cover in the surrounding area seems to make
expansion of the population unlikely, at least in the
short term.
The Piedmont population has shown a rapid increase
of its range in recent decades. From its introduction
until 1970, the grey squirrel was only recorded close to
the release site, occupying an area of about 25 km2
(Fig. 2; Wauters et al., 1997a). Subsequently, the species
started to spread into the surrounding area: in 1990, the
species’ range was 243 km2 and in 1997 380 km2. In
1996, 61 of the 125 identiﬁed woodlands and poplar
plantations in the grey squirrel’s range were monitored,
and the species was found in 29 (48%) of them (Wauters
et al., 1997a). Squirrels were more likely to occur in
larger wood plots (plots < 1 ha were avoided) with
many species of large-seed-producing deciduous trees
(Wauters et al., 1997a). After 1997, the range increased
dramatically, and in the winter of 1999 the grey squirrel
was present in an area of 880 km2 (Table 1; Fig. 2).
Although the methods used to assess the species’ presence until 1997 (observation data) could have underestimated its range before 1999 (when presence was

Fig. 1. Woodland cover in the Italian Alps, grey squirrel colonies and possible expansion corridors. 1: main colony (Piedmont); 2: Genoa Nervi; 3:
Trecate (province of Novara).
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assessed using hair tubes), an exponential growth of the
grey squirrel distribution is evident (Fig. 3).
Over the whole 1948–2000 period, the grey squirrel
has colonised at a mean rate of 17.2 km2 per year
(Table 1), similar to a value reported for Great Britain
(18 km2/year, Okubo et al., 1989). However the colonisation of new areas has not been constant. In the ﬁrst
phase (1948–1970), when the spread outside the wooded
area of Stupinigi was hindered by the presence of
extended cultivated ﬁelds with very reduced and fragmented woods, it was only 1.1 km2/year. This increased
to 10–20 km2/year once the species started spreading
along rivers and recently increased to 250 km2/year
when it reached the continuous broadleaf woods of the

Fig. 2. Grey squirrel expansion in the 1970–1999 period. Distribution
in 1970, 1990 and 1997 deﬁned from data published in Wauters et al.,
1997b (modiﬁed). Distribution in 1999 deﬁned on the basis of hairtube data.
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hilly areas of eastern Piedmont and the Po River
(Table 1).
The exponential range increase recorded in Piedmont
(Fig. 3) is consistent with the pattern predicted by Elton
(1927) for the establishment of a species. It is described
by a sigmoid growth curve, characterised by a ﬁrst
phase of settlement, when the possibility of extinction is
high, a phase of rapid increase, and ﬁnally a stabilisation phase. Accordingly, the spread of the grey squirrel
in Italy can be described by a ﬁrst phase of slow increase
and a subsequent rapid population increase in the 1998–
2000 period.
2.2. Eﬀects on the red squirrel and forests
The spread of the grey squirrel in Great Britain and
Ireland—where the species was introduced several times
at the end of the 19th century and the beginning of the
20th century (Gurnell, 1987)—has caused the progressive disappearance of the native red squirrel from a
large part of the two islands (Reynolds, 1985; Gurnell,
1987; Gurnell and Pepper, 1993). This pattern of replacement has also been observed in Italy: a distribution
survey in the area where grey squirrels are present
showed a 46% reduction of the red squirrel’s range
from 1970 to 1990 and a further decrease of 55% from
1990 to 1996 (Wauters et al., 1997a).
The mechanisms by which the grey squirrel replaces
the red squirrel are not yet clear but several hypotheses
have been proposed (Skelcher, 1997). An interference
competition hypothesis was recently tested by Wauters
and Gurnell (1999) and rejected. Recent studies suggest
that red squirrel juvenile recruitment is lower when grey
squirrels are present (Wauters et al., 2000, 2001). A role
of parapoxvirus in the replacement of reds by greys in
the UK has also been hypothesised (Sainsbury et al.,
1997, 2000; Rushton et al., 2000): the grey squirrel is
believed to act as a reservoir host of this virus (Duﬀ et
al., 1996; Sainsbury et al., 1997, 2000).
The impact of the grey squirrel on the forest ecosystem and timber activity through de-barking is also a

Table 1
Area colonised by the grey squirrel in Piedmont, from its introduction
until 1999
Period

Number
of years

Range by
the end of
the period
(km2)

Range increase
during the
period (km2)

Mean annual
colonised area
(km2/year)

1948–1970
1971–1990
1991–1997
1998–1999
Total

22
20
7
2
51

25
243
380
880
880

25
218
137
500
880

1.1
10.9
19.6
250
17.2

Fig. 3. An exponential growth model (from introduction until 2010)
applied to grey squirrel range data (black dots). Model ﬁtting: Range
size=e0.126* years from introduction; regression analysis: Student’s t test,
t=17.1; R2=0.99; P=0.0004.
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major concern. In this regard, it should be noted that
sycamore (Acer pseudoplatanus) and beech (Fagus sylvatica), which are particularly vulnerable to de-barking
in the UK (Rowe and Gill, 1985; Dagnall et al., 1998),
are widely distributed in the Alps and represent the
dominant species in some ecosystems (e.g. Tilio-Acerion,
Aceri-Fagetum, Abieti-Fagetum; Pignatti, 1998).

3. Campaign for eradication of the Piedmont grey
squirrel population
3.1. Piedmont population size
In Stupinigi (6.09 km2 of woodland: 79.5% mixed
deciduous woodland, 20.5% poplar plantation), where
the species was ﬁrst introduced, a drey count in 1996 led
to an estimate of 0.5 squirrels ha 1 (Wauters et al.,
1997b). However, this estimate should be interpreted
with caution, because in the particularly favourable
climate of Italy, not all the squirrels build dreys.
In Racconigi, a density of about ﬁve individuals ha 1
was estimated in a mark-recapture study in 1996,
resulting in a total population of about 350 grey squirrels in the 70 ha of woodland (S. Bertolino, unpublished). When the data from Stupinigi and Racconigi
were combined (see below), an average squirrel density
of 1.27 individuals ha 1 was obtained; considering the
extension of the woodlands in the grey squirrel range,
Wauters and co-authors (1997b) estimated the total grey
squirrel population at about 2500.
To take account of the diﬀerent woodland habitats,
we re-calculated the total population size for the entire
range. We assumed that the lowest density (1.27 individuals ha 1) could be applied to the less suitable habitat
(poplar plantation, covering 1850 ha) and the highest
density (ﬁve individuals ha 1) could be applied to the
most suitable habitat (deciduous woodlands, covering
808 ha). In this way, we obtained a much higher estimate (6390 animals) so in planning the eradication, we
considered a population of 6400 individuals (worst case
scenario).
3.2. Eradication proposal
In 1996, the grey squirrel was conﬁned to the agricultural area of central Piedmont, characterised by a
widespread distribution of small woods located in a
small number of estates and villas. The species’ distribution was thus very patchy, suggesting that an eradication of the population was still feasible. However,
the grey squirrel’s range was only ca. 7 km from the
alpine wood belt and, on the basis of the recorded speed
of dispersial (7 km2/year: Wauters et al., 1997b), the
arrival of the species at the continuous woodlands of
this area was predicted in 1–2 years.

On the basis of the presumed feasibility of an eradication and the urgency to start the control before further expansion, the NWI, in co-operation with the
University of Turin, proposed a management action
plan in late 1996. This consisted of three steps: (1) continuous monitoring of the grey squirrel’s range using
hair-tubes; (2) a trial eradication to assess the feasibility
of total removal; (3) planning and implementation of
the eradication of the entire Piedmont population, if
feasible.
The trial eradication to assess the feasibility of total
removal was prompted by the eradication of coypus
(Myocaster coypus) from the UK (Gosling et al., 1988),
one of the few eradications carried out in Europe.
Indeed the methods used (live trapping and euthanasia)
and the population size (2975 adult females: Gosling
and Baker, 1987) were very similar to those of the
proposed grey squirrel eradication in Italy.
3.3. Trial eradication
3.3.1. Background
The aims of the trial eradication were: (1) to evaluate
the eﬃciency of live-trapping to remove grey squirrels,
(2) to estimate the eﬀort needed to eradicate the
Piedmont population, (3) to assess the presence of
parapoxvirus.
The trial was carried out in the Racconigi estate, a
170-ha park of which 70 ha are covered by mixed
deciduous old growth woodland. Racconigi park was
one of the largest woodland areas within the grey
squirrel’s range. It was surrounded by roads and not
directly connected to other woodlands, so the grey
squirrel population could be assumed to be closed.
In order to improve public acceptance, the programme was sent to the main national non-governmental organisations (NGOs), including animal rights
groups, for their comments in early 1997. Several consultation meetings were also organised to discuss possible alternative techniques. Following the comments
submitted by the NGOs, the guidelines reported in the
‘‘Panel of Euthanasia’’ (AVMA, 1993) were adopted.
After a formal request of one NGO (Legambiente), it
was decided to anaesthetise the squirrels with halothane
(a tranquilliser that speciﬁcally reduces stress in rodents)
and then euthanise them with an overdose of the same
drug.
The trial eradication was oﬃcially presented to all the
parties in April 1997; local authorities and most NGOs
approved the project, and the operative phase started in
May 1997.
3.3.2. Methods
In mid-April 1997, 162 traps (Long Meadow multicapture live-traps) were placed in the park (ca. 2.3 traps/
ha of wood), covered with black plastic sheets, and
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baited with maize. After a pre-baiting session of 2
weeks, the traps were set and checked once a day. The
trapping was to be continued until the total removal of
the population was veriﬁed (expected time > 2 months);
regression analysis of the capture data could then provide an estimate of the eﬀort needed to remove other
populations. Captured animals were placed in a sealed
box, treated with halothane, and monitored by a veterinarian to detect stress indicators and the time needed
for unconsciousness. After euthanasia, a blood sample
was taken and a post-mortem examination was carried
out in the laboratory.
3.3.3. Results
The adopted euthanasia procedure was very eﬀective
in minimising stress in the animals. The squirrels
reached unconsciousness in less than a minute (Scagliarini, unpublished) and were then euthanised in the
ﬁeld.
During the two trapping sessions (a total of eight
trapping days), 188 animals (> 50% of the estimated
population) were trapped; no non-target species were
captured.
3.3.4. Legal aspects
In June 1997, three radical animal rights groups took
the co-ordinator of the trial eradication and the director
of the NWI to court, under the charges of illegal hunting, damage to state property and cruelty to animals.
The trial eradication was thus halted. Under Italian law,
the NWI does not need any authorisation to carry out
research involving the capture of animals, but it cannot
directly carry out pest-control programmes. In the
courts, it was thus debated whether a trial eradication
involving the killing of 200 animals should be considered as research or a pest-control program (Genovesi
and Bertolino, 2001a). The Ministry of Environment
stated that the trial eradication was aimed at protecting
state property, speciﬁcally the native red squirrel, and
was consistent with the Bern Convention and the Convention on Biological Diversity adopted by Italy. The
ﬁrst level of the trial ended in December 1999. The
judge ruled that the two oﬃcers were guilty of illegal
hunting and cruelty to animals. They were acquitted of
the charge of damage to state property. The sentence
was appealed and in July 2000, 3 years after the initial
charges, the two oﬃcers were acquitted by the Appeal
Court (Genovesi and Bertolino, 2001a).
The legal case was reported by the media, including
national television and all the main newspapers, with
very diﬀerent perspectives (Genovesi and Bertolino,
2001a). Several organisations, including the World
Conservation Union (IUCN), the Italian Zoological
Society and the Italian Mammal Society, supported the
trial eradication, indicating that the project carried out
by the NWI was scientiﬁcally and ethically correct.
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The early end of the programme did not permit the
regression analysis to estimate the eﬀort needed to
remove the entire Piedmont population (Fig. 4).

4. Discussion
Biotic invasions are responsible for global environmental changes (Vitousek et al., 1996; Mack et al., 2000)
and are considered a major threat to biodiversity
(IUCN, 2000). Furthermore, the biotic homogenisation
caused by the introduction of alien species is expected to
increase rapidly in the near future, as a consequence of
the increasing level of transport, trade and tourism
related to economic globalisation (Mooney and Hobbs,
2000).
To face this threat, priority should be given to the
prevention of unauthorised introductions. However, it
is evident that even the most eﬃcient framework of
quarantine measures and regulation of species movements cannot prevent all new accidental or intentional
introductions of invasive alien species (Wittemberg and
Cock, 2001). Once prevention has failed and a new
invasive (or potentially invasive) alien species has
arrived in a new environment, the best option is its
rapid and complete eradication. Indeed, only this
measure will prevent future impact on biodiversity and
human activities (Myers et al., 2000; Wittemberg and
Cock, 2001). Moreover, it is a better alternative than
permanent control because the latter strategy cannot
deﬁnitively resolve the problem, is generally more
expensive and, in the long term, requires the killing of
larger numbers of animals (Lodge, 1993; OTA, 1993;
Genovesi, 1999, 2000; Pimentel et al., 2000). Therefore,

Fig. 4. Captures of grey squirrels at Racconigi during the eight days
of the trial eradication. Removal method of estimating population
size: n=354 (y= 0.1053x+37.29); regression analysis: R2=0.1603;
F=1.145; P=0.326.
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eradication of alien invasive species is explicitly
recommended by the IUCN Guidelines for the Prevention of Biodiversity Loss Caused by Alien Invasive
Species (IUCN, 2000) and by the Convention on
Biological Diversity (1992).
Eradications for conservation purposes started
around 1950 and have become a widespread conservation tool in recent decades (Pascal, 1999; Myers et al.,
2000; Simberloﬀ, in press; Aitkinson, in press; see
Veitch and Clout, in press for a review of eradications
on islands). In Europe, there have been successful eradications of the muskrat (Ondatra zybethicus) and
coypu from the UK (Gosling and Baker, 1987; Gosling,
1989; Gosling and Baker, 1989), the brown rat (Rattus
norvegicus) from several islands around Corsica
(France; Thibault, 1992) and from 10 islands in Brittany (France; Pascal, 1999), and the rabbit (Oryctolagus cuniculus) and goat from the Deserta Grande
reserve (Portugal; Oliveira, 1999, also see Genovesi,
2000).
4.1. Feasibility of a grey squirrel eradication in Italy
The results of the trial eradication indicated that the
adopted removal techniques are highly selective and
humane and that, at least at a high-medium density, the
rate of removal greatly exceeds the rate of population
increase. However, the dramatic change in the grey
squirrel’s range, as a consequence of the 3-year suspension of the eradication programme, has strongly aﬀected the feasibility of total removal. While the range of
the grey squirrel was still very limited in 1997, a distribution survey carried out in winter 1999, using transects of hair-tubes (Gurnell et al., 2001), showed that
grey squirrels had reached the edge of the Alps, the hilly
area of Turin and the eastern part of Piedmont, characterised by a hilly landscape with continuous broadleaf
woods and hazelnut plantations (Genovesi and
Bertolino, 2001b).
The expansion of the grey squirrel to the continuous
optimal habitats of the Alps and eastern Piedmont and
its observed ability to establish populations from just a
few pairs of individuals limits the practicability of eradication. This would now require the simultaneous
implementation of removal techniques over the entire
range of the species, with methods maintaining a high
level of eﬃciency even at very low densities. Given our
limited ability to predict the time needed to remove the
population, substantial resources (personnel, traps,
funds) would also be needed over the long term. Furthermore, as the species is now present in many residential parks, where any control program would require
a complex authorisation process, it would be necessary
to provide the relevant bodies with the authority to
carry out the trapping activity in all areas, including
private property.

In conclusion, although biologically feasible, complete eradication of the grey squirrel from Piedmont
appears to be impracticable, requiring extraordinary
legal instruments, the deﬁnition of a clear line of
authority and very substantial resources. However, this
task could be reconsidered in the future if an adequate
political commitment at the highest State levels was
ensured.
4.2. Risks of further expansion
The expansion rates recorded in the 1998–1999 period
and the habitat of the alpine region (Fig. 1) make colonisation of the Alps in the short term very probable.
This prediction is also supported by a model developed
by Lurz et al. (2001): it indicates that the spread of the
grey squirrel is likely to speed up in the pre-alpine forest
because of the more continuous woodland and that the
species will cross the Alps and reach France in 30–50
years. The data collected in the UK and Italy consistently support the conclusion that the species could
rapidly and successfully colonise a wide area of continental Eurasia (potentially including the entire global
distribution range of the red squirrel) in the mediumlong term.
4.3. A strategy for the future
If eradication of grey squirrels is now impracticable,
an alternative is needed to ensure the long-term survival
of the red squirrel in Italy and to delay, as much as
possible, further expansion of the grey squirrel toward
the Alps and Apennines. A scheme has been presented
by the NWI to the Ministry of Environment which has
endorsed it (Genovesi and Bertolino, 2001b). The strategy requires the creation of an ad hoc technical group to
deﬁne key areas for conservation of the red squirrel and
corridors of potential expansion of the grey squirrel in
which local eradication or control of the alien species
are recommended. Re-introduction of red squirrels to
areas where the species has disappeared, after successful
removal of grey squirrels (if this can be achieved), is also
suggested.

5. Conclusions
There have been numerous successful eradications
carried out in the past century, including hundreds of
small-scale programs (see reviews in Pascal, 1999;
Veitch and Clout, in press) but also some large-scale
cases, such as the extirpation of smallpox from the
Earth and of Anopheles gambiae from over 30,000 km2 of
north-eastern Brazil (Davis and Garcia, 1989; Myers et
al., 2000; Simberloﬀ, in press). However, the main limits
to the wider application of this critical management tool
in conservation seem to be the pessimistic view that
eradication is usually an impossible goal (e.g. Bomford
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and O’Brian, 1995) and the opposition by a part of
society, concerned with the costs and/or the undesired
eﬀects of the removal techniques.
The case of the grey squirrel is emblematic of this
general picture: the impact of the species on the native
red squirrel is conﬁrmed by the observations collected in
the UK and Italy; the possible expansion of the alien
species on a continental scale could have a severe impact
on the woodland ecosystems of Eurasia and on timber
production; the biology of the grey squirrel and the data
collected in the trial eradication carried out in Italy
conﬁrm that the species is vulnerable to trapping,
allowing the use of a very humane removal technique.
Thus, although it would require substantial resources,
eradication of the species appears to be a possible
alternative which could prevent huge economic losses
and ecological disaster. Nevertheless, the limited political commitment and the opposition of a few animal
rights groups, which caused the failure of the trial, make
eradication an impracticable option. As far as the general issue of biotic invasions is concerned, the grey
squirrel eradication failure indicates that to reduce the
threat posed by invasive alien species, it is essential to:
(1) disseminate more information on the issue to the
competent authorities and to the general public; (2)
revise the legal framework dealing with wildlife management and animal trade (see Shine et al., 2000 for a
review); (3) deﬁne a clear line of authority at a national
level; and (4) create rapid alert mechanisms and task forces for the eradication of newly established populations
of alien species.
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