Published by Associazione Teriologica Italiana

Volume 25 (1): 9–13, 2014

Hystrix, the Italian Journal of Mammalogy

Available online at:
http://www.italian-journal-of-mammalogy.it/article/view/9496/pdf

doi:10.4404/hystrix-25.1-9496

Research Article

Will an ancient refuge become a modern one? A critical review on the conservation and research
priorities for the red squirrel (Sciurus vulgaris) in the Iberian peninsula
Rita Gomes Rochaa,∗, Lucas A. Wautersb,c , Maria da Luz Mathiasd , Carlos Fonsecaa,e
a
Departamento de Biologia and CESAM, Universidade de Aveiro, Campus de Santiago, 3810-193, Aveiro, Portugal
Dipartimento di Scienze Teoriche e Applicate, Università degli Studi dell’Insubria, Varese, Via J.H. Dunant 3, I-21100 Varese, Italy
c
Evolutionary Ecology Group, Department of Biology, University of Antwerp, Groenenborgerlaan 171, B-2020 Antwerp, Belgium
d
Departamento de Biologia Animal and CESAM, Faculdade de Ciências da Universidade de Lisboa, Campo Grande, 1749-016 Lisboa, Portugal
e
Universidade Lúrio, Campus de Marrere, Nampula, Mozambique
b

Keywords:
Portugal
recolonization
Rodentia
Sciuridae
Spain
Article history:
Received: 27 February 2014
Accepted: 5 April 2014
Acknowledgements
We thank Bianca Vieira who kindly provided the geographic distribution map of red squirrel in the Iberian Peninsula. We also thank Rita
Torres, Craig Shuttleworth and another anonymous reviewer for critical
reading and valuable comments on a previous version, which help us
to improve this manuscript. This work was co-supported by the Italian
Ministry of Education, University and Research (PRIN 2010-2011, 20108
TZKHC to Università degli Studi dell’Insubria, Varese), and by European
Funds through COMPETE and by National Funds through the Portuguese
Science Foundation (FCT) within project PEst-C/MAR/LA0017/2013.

Abstract
Mediterranean peninsulas are well-known glacial refugia for several mammal species. For Eurasian
red squirrel (Sciurus vulgaris), a forest-dwelling rodent, there is some evidence that population
diversification was influenced by these refugia. Here, we review the poorly known history of the red
squirrel in the Iberian Peninsula, and discuss current threats to this species, suggesting conservation
guidelines and exploring several research lines for forthcoming studies.
Red squirrel populations suffered several bottlenecks in Iberia, but recently, after four centuries of absence, this species is expanding throughout the Portuguese territory. Although S. vulgaris
taxonomic and genetic status needs further investigation, molecular data support the occurrence of
a possible distinct cluster in the Iberian Peninsula. Additionally, a distinct and endemic population
was recorded to the Sierra de Espuña, in Spain, which was probably the result of Quaternary climatic and vegetation fluctuations. Two major threats for red squirrels in Europe were identified: (i)
habitat deterioration; and (ii) competition with the invasive Eastern grey squirrel (S. carolinensis).
Conservation actions should focus on the conservation, restoration and appropriate management
of suitable forested habitats. Although to date no grey squirrels occur in the wild in the Iberia,
the trade and release of this invasive sciurid species is already forbidden by national conservation
agencies in both Iberian countries and awareness campaigns are suggested.
An integrated research approach using both molecular and ecological data, and a large dataset containing samples from the entire Iberian Peninsula, should be followed to better understand
historical, contemporary and future factors that may affect squirrel distribution.

A refugium is defined as “an area in which climate and vegetation
type have remained relatively unchanged while areas surrounding it
have changed markedly, and which has thus served as a refuge for species requiring the specific habitat it contains” (Lomolino et al., 2006).
Climatic and vegetation fluctuations that occurred during the Pleistocene have shaped the distribution and population structure of several
species (e.g. Haffer 1969; Hewitt 1996, 2000; Sommer and Nadachowski 2006). According to Refuge model of diversification, forest areas
suffered an extensive fragmentation during Pliocene and Pleistocene,
isolating populations in forested refuges, that later expanded their distribution ranges (Haffer, 1969). In the European context, Iberian,
Italian and Balkan peninsulas are well-known refugia (e.g. Randi et
al. 2004; Sommer and Nadachowski 2006; Grill et al. 2009; Sommer et
al. 2009). Several mammal species have been restricted to these refugia during the Last Glacial Maximum, and later, during the Holocene,
expanded their geographic distribution range to colonize central and
northern Europe (Randi, 2007).
The Eurasian red squirrel, Sciurus vulgaris Linnaeus, 1758 (Rodentia, Siuridae), is a forest-living species and its distribution range is
closely linked with the distribution of forests and woodland habitats
(Lurz et al., 2005). Although phylogeographic studies on this widely
distributed species are scarce (but see Hale et al. 2004; Grill et al. 2009;
Dozières et al. 2012), there is evidence that red squirrels have rapidly
expanded from a forested refuge in the Mediterranean region (Grill et
∗
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al., 2009). In some Mediterranean areas, such as Calabria in SouthItaly and Sierra Espuña in Southeast Spain, monomorphic and genetically distinct populations are reported (Grill et al., 2009; Lucas and
Galián, 2009). The differentiation of these populations probably occurred during the Quaternary climatic and vegetation fluctuations as
suggested by Valverde (1967) and Grill et al. (2009). For S. v. meridionalis from the Calabria region, Grill et al. (2009) stated that it forms
an endemic evolutionary unit and a study combining genetic and morphological data is currently exploring the possibility that this unit may
represent a distinct squirrel species (Wauters et al. in prep). For S. v.
hoffmanni from the Sierra Espuña, Lucas and Galián (2009) suggested
that this population should be considered as a management unit (MUs),
defined by Moritz (1994) “as populations with significant divergence
of allele frequencies at nuclear or mitochondrial loci, regardless of the
phylogenetic distinctiveness of the alleles”.
Here, we review the history of the Eurasian red squirrel in the Iberian
Peninsula, considering distribution and taxonomic knowledge of this
species. Additionally, we discuss current status and threats to red squirrels throughout Europe, mainly due to the presence of an invasive alien
species, the Eastern grey squirrel (S. carolinensis). Fortunately, the
Iberian Peninsula is still free from this invader; therefore, and aiming to maintain this scenario, we discuss conservation guidelines to the
current and future maintenance of the red squirrel in the Iberian Peninsula. Furthermore, considering that little is known on the ecology of
red squirrel in Iberia, we explore several research lines for forthcoming
studies in order to provide an agenda to better understand historical,
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contemporary and future factors that may affect squirrel distribution
and population size.

Brief history of the red squirrel in the Iberian
Peninsula
Although present in central Europe since middle Pleistocene (Jánossy,
1986), the earliest red squirrel fossil record in Portugal dates from only
5000–6000 years ago, and was found in Cabeço de Arruda (Santarém,
central Portugal, Telles-Antunes 1985). Red squirrel abundance and
distribution in the Iberian Peninsula is virtually unknown until the
Middle Ages. However, Telles-Antunes (1985) suggested that this species was probably widely distributed in Portugal from the Middle Ages
until the 16th century.
During the 16th century, red squirrel populations suffered dramatic
population declines, resulting in the extinction of the species in Portugal by the end of this century (Mathias and Gurnell, 1998). The
combination of intense farming and tree logging for the naval industry,
resulting in habitat destruction and fragmentation, have been suggested
as the main causes for the decline and extinction of the red squirrel in
Portugal (Petrucci-Fonseca and Mathias, 1987; Mathias and Gurnell,
1998). Similar declines in the 15th and 16th centuries have been reported for the British Isles, especially in Ireland, where red squirrel
went extinct during this period and only recovered in early 19th century, when a series of reintroduction programs took place (Bosch and
Lurz, 2012). Fast and wide-scale deforestation, resulting from agricultural clearings, sheep-grazing and iron-industry, was also the main
cause of this decline in the British Isles (Bosch and Lurz, 2012).
Although the red squirrel was always present in Spain in the last
centuries, this species also suffered range contractions in the Spanish
territory (Telles-Antunes, 1985; Lucas and Galián, 2009). Lucas and
Galián (2009) suggested that the red squirrel population in the Sierra
Espuña went through a bottleneck, which might have occurred at the
end of the 19th century, due to massive deforestation of this area. Bottleneck events are known to greatly reduce the genetic diversity (e.g.
Allendorf and Luikart 2008), and red squirrel population in the Sierra
Espuña is monomorphic for the control region of the mitochondrial
DNA (Lucas and Galián, 2009). Local demographic collapses of red
squirrel populations related to the 19th century massive deforestation
were also recorded in the Italian Alps (Trizio et al., 2005). In more recent times, reforestation of these areas, increasing habitat connectivity,
resulted in an increase in the numbers of red squirrels and in gene-flow
between different populations (Trizio et al., 2005; Lucas and Galián,
2009). Currently, the red squirrel presents a discontinuous distribution in Spain (Fig. 1), being present in almost all forested areas with
exception of the southwest region (Blanco, 1998; Purroy, 2002).
The recent expansion of the red squirrel into the Portuguese territory
dates back only to the 1980s, when the first individuals were seen in the
north of the country, near the border with Spain (Mathias and Gurnell,
1998). Large areas of pine woods became available through reforestation in northwest of the Iberian Peninsula, allowing the expansion of
red squirrel from Galiza, Spain, to the north of Portugal (Mathias and
Gurnell, 1998; Purroy, 2002). Such expansion was quite rapid, occurring within an area of 11700 km2 from the Spanish border in the north
and northeast of Portugal until the Douro River (Fig. 1) in about two
decades (Ferreira et al., 2001; Purroy, 2002). Furthermore, occasional
sightings were recorded in some areas southwards of the Douro River
(e.g. Matos et al. 2007). This suggests that this species is currently expanding throughout the Portuguese country in landscapes with suitable
habitat. Despite apparent good dispersal capabilities of red squirrels
(e.g. Delin and Andrén 1999; Wauters et al. 2010), human activities,
such as tree logging, road network expansion, hunting and wildfires
may reduce habitat availability and suitability for this species.
Additionally, recent reintroductions took place in several sites in
the Iberian Peninsula, especially in urban parks (Mathias and Gurnell,
1998; Purroy, 2002). Reintroductions are often considered as a conservation measure to increase the viability of endangered populations
or to restore extinct populations (Bosch and Lurz, 2012) and studies
in Belgium and Italy have defined clear guidelines for successful rein10

troduction of this species in both semi-natural and urban park habitats
(Fornasari et al., 1997; Wauters et al., 1997a,b). Moreover, as red squirrels are attractive rodents, well accepted by humans, they are often used
as a symbol for tourism (Bosch and Lurz, 2012). In Spain, reintroductions took place in the urban parks Retiro and Casa do Campo, Madrid
(Purroy, 2002), and in Laujar de Andarax, Almería (Blanco, 1998). In
Portugal, recent red squirrel reintroductions were also documented in
urban parks: Parque Biológico de Gaia, Gaia; Jardim Botânico, Coimbra; and Parque Florestal de Monsanto, Lisboa (Mathias and Gurnell,
1998). Released individuals came from captive populations from other
localities in the Iberian Peninsula, but, unfortunately, also from other
European countries. In some cases, offspring of these non-Iberian
squirrels dispersed and colonized neighboring areas (Palomares, 1988;
Blanco, 1998; Mathias and Gurnell, 1998). As the genetic proximity
with the local subspecies was not adequately considered in some of
these reintroductions (e.g. Parque Biológico de Gaia), genetic admixture with local populations should be evaluated. Furthermore, the degree of success and/or failure of these reintroductions in the long term
also needs proper evaluation.

Taxonomic status
Currently, two subspecies of red squirrel are recognized to the Iberian
Peninsula (Lurz et al., 2005; Wilson and Reeder, 2005; Bosch and Lurz,
2012): S. v. fuscoater Altum, 1876; and S. v. infuscatus Cabrera, 1905,
including its synonym S. v. hoffmanni Valverde, 1967. Sciurus v. fuscoater is common throughout Europe, and also occur in the most northern part of the Iberian Peninsula, including the Pyrenees, while S. v.
infuscatus is restricted to the Iberian Peninsula (Mathias and Gurnell,
1998; Bosch and Lurz, 2012).
Grill et al. (2009) examined the genetic structure of S. vulgaris in
Europe. Although mitochondrial data do not support geographical differentiation (with exception of a lineage, S. v. meridionalis, from Calabria, southern Italy), microsatellite data supported clusters congruent with their geographic localization (Grill et al., 2009). The Iberian
group, which authors named S. v. infuscatus, was clearly differentiated
from the remaining clusters (S. v. fuscoater and S. v. meridionalis).
The authors argued that the difference between mutation rate of mtDNA
and microsatellites could be one of the explanations for this discrepancy
(Grill et al., 2009).
The recognition of red squirrel specimens from Sierra Espuña, in
the southeast of the Iberian Peninsula, as a distinct subspecies, S. v.
hoffmanni, dates to 1967 (Valverde, 1967; Lucas and Galián, 2009).
Subsequent studies included this subspecies as a synonym of S. v. infuscatus (Lurz et al., 2005; Wilson and Reeder, 2005; Bosch and Lurz,
2012). Nonetheless, Lucas and Galián (2009) reported a single mitochondrial haplotype to the population of Sierra Espuña, which is not
shared with the remaining analyzed populations. Apparently, this genetic differentiation corroborates previous analysis based on morphological and ecological aspects of specimens from Sierra Espuña (Valverde, 1967; Lucas and Galián, 2009). Furthermore, Lucas and Galián
(2009) suggested that this population should be treated as a management unit.
A clear definition of S. vulgaris subspecies and evolutionary significant units or management units, based on both morphological and
genetic tools, and on a large dataset containing specimens from localities throughout the entire Iberian Peninsula (but also in its remaining
range), can trigger proper conservation steps to preserve the genetic
pool of this species, its subspecies and some valuable populations.

Conservation, current threats and future strategies
The Eurasian red squirrel is found across most forested areas of Eurasia,
and it is classified as Least Concern by International Union for the Conservation of Nature (IUCN) (Shar et al., 2008). Nonetheless, there have
been well-documented population declines and range contractions in
several countries (for review see Lurz et al. 2005; Shar et al. 2008;
Bosch and Lurz 2012). Therefore red squirrel conservation status var-
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Figure 1 – Estimated distribution of the Eurasian red squirrel Sciurus vulgaris in the Iberian Peninsula. Geographic distribution data adapted from Ferreira et al. (2001) and Purroy (2002).
Known reintroductions are shown in black squares.

ies according to regional and national laws, being under protection in
countries such as Germany, Switzerland, France, Belgium, Italy and
Great Britain (Bosch and Lurz, 2012). In the Iberian Peninsula, red
squirrel is currently classified as Least Concern (Blanco and González,
1992; Cabral et al., 2005). Despite previously classified as Rare in Portugal, the recent range expansion of this species in the country supported the current classification (Cabral et al., 2005).
Major threats for red squirrel populations comprise habitat destruction and/or fragmentation and potential interspecific competition with
introduced invasive tree squirrels (e.g. Bosch and Lurz 2012). As mentioned above, habitat loss and fragmentation have led to red squirrel
population declines and consequent extinction in the Iberian Peninsula
(Petrucci-Fonseca and Mathias, 1987; Mathias and Gurnell, 1998; Lucas and Galián, 2009), as well as in many other places within the range
of the species (e.g. Wauters et al. 1994a,b; Koprowski 2005; Verbeylen
et al. 2009; Rima et al. 2010). Nevertheless, red squirrels do occur in
isolated urban parks, and in many fragmented habitats patchy populations thrive if seed production in woodland patches is sufficiently high
and some degree of connectivity exists (e.g. Wauters et al. 1994a,b;
Mathias and Gurnell 1998; Verbeylen et al. 2009; Wauters et al. 2010).
Currently, the increase of natural and human-induced fires in forests
and the pine processionary moth (Thaumetopoea pityocampa), one of
the main pine pests (Hódar et al., 2003; Arnaldo and Torres, 2005),
are two important threats that can either cause direct habitat loss, or
affect the viability of conifer forests reducing seed food supply to red
squirrel populations in the Iberian Peninsula. The impact of pathogenic
tree diseases on red squirrel conservation has been emphasized also in
Great Britain (Shuttleworth et al., 2012). Appropriate forest management, with the creation of natural corridors and restoration of large

forest areas (Gurnell and Pepper, 1993; Gurnell. et al., 2002), but also
effective pest mitigation actions and fire control are essential to the conservation of this species in the Iberian Peninsula. Currently, national
plans for protection against forest fire include prevention, surveillance,
combat, and also restoring and rehabilitation of the ecosystems (e.g.
Decreto-Lei n. 17/2009, Portugal), which are helpful to reduce the impact of this threat.
Additionally, interspecific competition with the invasive Eastern
grey squirrel is currently a major threat to red squirrel in the British
Isles and in parts of Northern Italy (e.g. Gurnell et al. 2004; Martinoli
et al. 2010; Bosch and Lurz 2012; Bertolino et al. 2014). The grey
squirrel is a very successful colonizer in European countries and tends
to rapidly increase its range, having all the characteristics of an invasive species (e.g. Gurnell et al. 2001; Di Febbraro et al. 2013; Bertolino
et al. 2014). Several authors have suggested that the ecological dominance of grey over native red squirrels is related to its higher body mass
and more diverse foraging patterns, resulting in a more efficient exploitation of food resources, at least in mixed and broadleaved forests
(Gurnell and Pepper, 1993; Kenward and Hodder, 1998; Wauters et
al., 2001, 2002a,b). Moreover, in Great Britain, the grey squirrel is
a healthy carrier of a squirrel poxvirus (SQPV) which causes disease
in native red squirrel. The invasive squirrel is a reservoir host with, in
general, no clinical signs of infection, but the virus is highly pathogenic
in red squirrels, causing mortality in most cases (Rushton et al., 2000;
Thomas et al., 2003; Tompkins et al., 2003). A juvenile red squirrel infected with poxvirus was recorded in the northeast of Spain; however
this virus was different from UK poxvirus (Obon et al., 2011). This
newly discovered poxvirus could represent a new emerging disease in
red squirrel populations, which still has to be further studied to un11
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derstand its relation with the one found in UK, and also to identify its
prevalence in Iberian squirrel populations, since so far only one case
has been recorded (Obon et al., 2011).
Contrarily to scenarios in Great Britain and Italy, where red squirrels
are rapidly decreasing due to expansion of the introduced Eastern grey
squirrel, in the Iberian Peninsula, where the congener is not present
in the wild, red squirrel populations are expanding. However, it must
be underlined that predictive models of expansion rates of the Eastern
grey squirrel suggest that this species will expand throughout central
Europe in the coming decades, unless severe management actions will
be taken (Rushton et al., 1997; Lurz et al., 2001; Bertolino et al., 2008;
Di Febbraro et al., 2013; Bertolino et al., 2014). Furthermore, although
grey squirrel is not found in the wild in the Spanish territory, this species was already traded as pet and is catalogued as exotic invasive species in the Aragon Region (Real Decreto 1628/2011, Spain). In Portugal, there is no record of this species, but it is also mentioned in the
list of exotic species, which constitute a list of species of high known
ecological risk (Decreto-Lei n. 565/99, Portugal). Considering experience in Great Britain and Italy, once the Eastern grey squirrel is introduced, it becomes difficult or even impossible to control (e.g. Martinoli
et al. 2010; Bosch and Lurz 2012; Bertolino et al. 2014), and effective control actions after introductions are often delayed due to logistic,
legal, economic and social reasons (e.g. Bertolino 2008). Currently,
the trade and release of these species is forbidden by national conservation agencies in both Iberian countries (Decreto-Lei n. 565/99, Portugal; Real Decreto 1628/2011, Spain). Additionally, awareness campaigns are also suggested to avoid grey squirrel releases, considering
that in the past this species was already traded as pet in Spain (Real
Decreto 1628/2011, Spain).

Identifying gaps and proposal of a new research
agenda
Studies concerning Iberian squirrel populations have focused on some
basic aspects of geographic distribution, genetic characterization, and
taxonomic and conservation status, but only at a local scale (e.g. Valverde 1967; Palomares 1988; Mathias and Gurnell 1998; Ferreira et al.
2001; Purroy 2002; Moleón and Gil-Sánchez 2003; García and Mateos
2008; Lucas and Galián 2009; Talegón 2009). Some phylogeographic
studies also included Iberian samples (Hale et al., 2004; Grill et al.,
2009; Dozières et al., 2012), but only a proper sampling collection
will better elucidate the evolutionary scenarios occurring in the Iberian
Peninsula. Therefore, molecular tools should be used to uncover these
events and to generate a genetic characterization at a fine-scale of the
red squirrel in the Iberian Peninsula. Molecular markers with different evolution rates (e.g. mitochondrial DNA, nuclear introns and microsatellites) should be considered in order to clearly decouple historical and contemporary processes (Randi, 2007; Zellmer and Knowles,
2009; Wang, 2010). Additionally, a clear definition of subspecies and
evolutionary significant units or management units within the Iberian
Peninsula (but also in the rest of its range), using a multidisciplinary
approach, will be useful to preserve the genetic pool of this species and
that of specific populations with high conservation value.
Concerning the present situation of the red squirrel in the Iberian
Peninsula, detailed studies on biology and ecology should be undertaken to increase the basic knowledge about this species and support its
conservation. Field surveys should be conducted to investigate species
distribution trends, and to identify environmental factors that may influence distribution and relative abundance. Additionally, integrated ecological studies should include ethology, veterinary, and trophic ecology
to determine population viability. A systematic collection of roadkills
can be easily organized and detailed post-mortem analysis including
screening for known dangerous viral infections should be carried out
(e.g. Everest et al. 2013; Romeo et al. 2013, 2014). Furthermore, conservation actions such as reintroductions and translocations must be
carefully planned, using only founders of local and known genetic origin, in order to protect endemic populations (as those occurring in the
Sierra Espuña). A monitoring plan, including screening for adenovirus
12

(Everest et al., 2012), should be established to evaluate the degree of
success and/or failure of these actions.
Ecological modelling has been widely applied to predict geographic
distribution of suitable conditions (e.g. Gurnell. et al. 2002; Pearson
et al. 2006). Available information on red squirrel distribution and environmental variables prone to affect this distribution can be used to
create environmental niche models (e.g. Di Febbraro et al. 2013). This
approach will help to define abiotic and biotic conditions within which
squirrel populations can be sustained in the Iberian Peninsula. Additionally, simulations of future landscapes under climate and land use
changes will help to anticipate detrimental effects of habitat loss and
fragmentation on red squirrel populations. This information will be
very useful to provide guidelines to promote priority conservation actions to allow the persistence of the red squirrel in Iberia.

Conclusions
The Iberian Peninsula represents the western limit of the geographic
distribution of the Eurasian red squirrel (Shar et al., 2008). In spite of
populations living at the edge of their species distribution being particularly susceptible to small variations in ecological factors (Romeo
et al., 2010; Rodrigues et al., 2010), red squirrel populations in the
Iberian Peninsula are currently expanding their range. Studying marginal populations can help to understand species responses to climate
and habitat changes (Thomas et al., 2001). Therefore, filling knowledge
gaps on red squirrel populations in the Iberian Peninsula by meeting
the research agenda proposed in this review will not only help to uncover historical and contemporary patterns of these populations in the
Iberia, but will also contribute to understand squirrel responses to future global changes. We attempted to highlight the need to direct public
and scientific attention to regions that may become a stronghold for the
Eurasian red squirrel, such as the Iberian Peninsula which was in the
past a refuge for several mammal species. Such attention will help to
avoid that alien squirrels can be introduced and that effective conservation measures to guarantee the survival of the Iberian native squirrel
will be implemented.

References
Allendorf F.W., Luikart G., 2008. Conservation and the Genetics of Populations. Blackwell
Publishing, Oxford, UK.
Arnaldo P.S., Torres L.M., 2005. Spatial distribution and sampling of Thaumetopoea
pityocampa (Den. & Schiff.) (Lep. Thaumetopoeidea) populations on Pinus pinaster
Ait. in Montesinho, N. Portugal. Forest Ecol.Manag. 2005: 1–7.
Bertolino S., 2008. The introduction of the American grey squirrel (Sciurus carolinensis)
in Europe: a case study in biological invasion. Curr. Sci. 95(7): 903–906.
Bertolino S., Lurz P.W.W., Sanderson R., Rushton S.P., 2008. Predicting the spread of
the American grey squirrel (Sciurus carolinensis) in Europe: A call for a coordinated
European approach. Biol. Conserv. 141(10): 2564–2575.
Bertolino S., Cordero di Montezemolo N., Preatoni D.G., Wauters L.A., Martinoli A., 2014.
A grey future for Europe: Sciurus carolinensis is replacing native red squirrels in Italy.
Biol. Invasions 16: 53–62.
Blanco J.C., 1998. Mamíferos de España II, Guia de Campo. GeoPlaneta, Barcelona, España. [in Spanish]
Blanco J.C., González J.L., 1992. Libro Rojo de los Vertebrados de España. Ministério de
Agricultura, Pesca y Alimentación, ICONA, Madrid, Espanha. [in Spanish]
Bosch S., Lurz P.W.W., 2012. The Eurasian red squirrel: Sciurus vulgaris. NBB English
Edition, Westarp Wissenschaften, Germany.
Cabral M.J., Almeida J., Almeida P.R., Dellinger T., Ferrand de Almeida N., Oliveira M.E.,
Palmeirim J.M., Queiroz A.I., Rogado L., Santos-Reis M., 2005. Livro Vermelho dos
Vertebrados de Portugal. Instituto da Conservação da Natureza, Lisboa, Portugal. [in
Portuguese]
Delin A.E., Andrén H., 1999. Effects of habitat fragmentation on Eurasian red squirrel
(Sciurus vulgaris) in a forest landscape. Landsc. Eco. 14: 67–72.
Di Febbraro M.D., Lurz P.W.W., Genovesi P., Maiorano L., Girardello M., Bertolino S.,
2013. The use of climatic niches in screening procedures for introduced species to evaluate risk of spread: a case with the American eastern grey squirrel. PloS One 8(7):
e66559. doi:10.1371/journal.pone.0066559
Dozières A., Chapuis J.L., Thibault S., Baudry E., 2012. Genetic structure of the French
red squirrel populations: implication for conservation. PLoS ONE 7(10): e47607. doi:
10.1371/journal.pone.0047607
Everest D.J., Shuttleworth C.M., Grierson S.S., Duff J.P., Jackson N., Litherland P., Kenward R.E., Stidworthy M.F., 2012. Systematic assessment of the impact of adenovirus
infection on a captive reintroduction project for red squirrels (Sciurus vulgaris). Vet.
Rec. 171: 176–176.
Everest D.J., Butler H., Blackett T., Simpson V.R., Shuttleworth C.M., 2013. Adenovirus
infection in red squirrels in areas free from grey squirrels. Vet. Rec. 173: 199–200.
Ferreira A.F., Guerreiro M., Álvares F., Petrucci-Fonseca F., 2001. Distribución y aspectos
ecológicos de Sciurus vulgaris en Portugal. Galemys 13: 155–170. [in Spanish]
Fornasari L., Casale P., Wauters L.A., 1997. Red squirrel conservation: the assessment of
a reintroduction experiment. Ital. J. Zool. 64: 163–167.

Red squirrel in the Iberian peninsula
García P., Mateos I., 2008. Datos sobre el estatus de la ardilla roja Sciurus vulgaris Linnaeus, 1758 en la Sierra de Gata (Salamanca). Galemys 20(2): 35–44. [in Spanish]
Grill A., Amori G., Aloise G., Lisi I., Tosi G., Wauters L.A., Randi E., 2009. Molecular
phylogeography of European Sciurus vulgaris: refuge within refugia. Mol. Ecol. 18:
2687–2699.
Gurnell J., Pepper H., 1993. A critical look at conserving the British red squirrel Sciurus
vulgaris. Mammal Rev. 23(3/4): 127–137.
Gurnell J., Wauters L.A., Preatoni D., Tosi G., 2001. Spacing behaviour, kinship, and population dynamics of grey squirrels in a newly colonized broadleaf woodland in Italy. Can.
J. Zool. 79(9): 1533–1543.
Gurnell J., Clark M.J., Lurz P.W.W., Shirley M.D.F., Rushton S.P., 2002. Conserving red
squirrels (Sciurus vulgaris): mapping and forecasting habitat suitability using a geographic information systems approach. Biol. Conserv. 105: 53–64.
Gurnell J., Wauters L.A., Lurz P.W.W., Tosi G., 2004. Alien species and interspecific competition: effects of introduced eastern grey squirrels on red squirrel population dynamics. J. Anim. Ecol. 73(1): 26–35.
Haffer J., 1969. Speciation in Amazonian forest birds. Science 165(3889): 131–137.
Hale M.L., Lurz P.W.W., Wolff K., 2004. Patterns of genetic diversity in the red squirrel
(Sciurus vulgaris L.): footprints of biogeographic history and artificial introductions.
Conserv. Genet. 5: 167–179.
Hewitt G., 1996. Some genetic consequences of ice ages, and their role in divergence and
speciation. Biol. J. Linn. Soc. 58: 247–276.
Hewitt G., 2000. The genetic legacy of the Quaternary ice ages. Nature 405(22): 907–913.
Hódar J.A., Castro J., Zamora R., 2003. Pine processionary caterpillar Thametopoea
pityocampa as a new threat for relict Mediterranean Scot pine forests under climatic
warming. Biol. Cons. 110: 123–129.
Jánossy D., 1986. Pleistocene vertebrate faunas of Hungary. Elsevier, Amsterdam, Netherlands.
Kenward R.E., Hodder K.H., 1998. Red squirrels (Sciurus vulgaris) released in conifer
woodland: the effects of source habitat, predation and interactions with grey squirrels
(Sciurus carolinensis). J. Zool. 244: 23–32.
Koprowski J.L., 2005. The response of tree squirrels to fragmentation: a review and synthesis. Anim. Conserv. 8: 369–376.
Lomolino M.V., Riddle B.R., Brown J.H., 2006. Biogeography, third edition. Sinauer Associates, Sunderland, USA.
Lucas J.M., Galián J., 2009. Análisis molecular de Sciurus vulgaris hoffmannin Valverde,
1967 (Rodentia: Sciuridae) e implicaciones para su conservación. Anales de Biologia
31: 81–91. [in Spanish]
Lurz P.W.W., Rushton S.P., Wauters L.A., Bertolino S., Currado I., Mazzoglio P., Shirley M.D.F., 2001. Predicting grey squirrel expansion in North Italy: a spatially explicit
modelling approach. Landsc. Ecol. 16: 407–420.
Lurz W.W., Gurnell J., Magris L., 2005. Sciurus vulgaris. Mammalian Species 769: 1–10.
Martinoli A., Bertolino S., Preatoni D.G., Balduzzi A., Marsan A., Genovesi P., Tosi G.,
Wauters L.A., 2010. Headcount 2010: The multiplication of the grey squirrel introduced
in Italy. Hystrix 21: 127–136.
Mathias M.L., Gurnell J., 1998. Status and Conservation of the Red Squirrel (Sciurus vulgaris) in Portugal. Hystrix 10(2): 13–19. 10.4404/hystrix-10.2-4126
Matos M., Soares A., Morgado F., Fonseca C., 2007. Mastofauna del Bosque Nacional de
Buçaco, centro de Portugal. Galemys 19: 45–59. [in Spanish]
Moleón M., Gil-Sánchez J.M., 2003. Distribución, vías de introducción, expansión y
apuntes sobre la taxonomía de las poblaciones de ardilla roja (Sciurus vulgaris) en la
provincia de Granada (SE de España). Acta Granatense 2: 45–54. [in Spanish]
Moritz C., 1994. Defining “Evolutionary Significant Units” for conservation. Trends Ecol.
Evol. 9(10): 373–375.
Obon E., Juan-Sallés C., Everest D.J., 2011. Poxvirus identified in a red squirrel (Sciurus
vulgaris) from Spain. Vet. Rec. 168: 86.
Palomares F., 1988. Notas sobre la introducción y expansión de la ardilla común en Sierra
Nevada, sureste de España. Doñana. Acta Vertebrata 15: 254–259. [in Spanish]
Pearson R.G., Thuiller W., Araújo M.B., Martinez-Meyer E., Brotons L., McClean C.,
Miles L., Segurado P., Dawson T.P., Lees D.C., 2006. Model-based uncertainty in species range prediction. J. Biogeogr. 33: 1704–1711.
Petrucci-Fonseca F., Mathias M.L., 1987. On the occurrence of the red squirrel Sciurus
vulgaris Linnaeus, 1758 in Portugal (Rodentia, Sciuridae). Mammalia 51: 613–615.
Purroy F.J., 2002. Sciurus vulgaris Linnaeus, 1758. In: Palomo L.J., Gisbert J. (Eds.). Atlas de los Mamíferos terrestres de España. Dirección General de Conservación de la
Naturaleza, SECEM, SECEMU, Madrid, España. 350–353. [in Spanish]
Randi E., 2007. Phylogeography of South European mammals. In: Weiss S., Ferrand N.
(Eds.). Phylogeography of Southern European refugia: evolutionary perspectives on the
origins and conservation of European biodiversity. Springer, Dordrecht, Netherlands.
101–126.
Randi E., Alves P.C., Carranza J., Milosevic-Zlatanovic S., Sfougaris A., Mucci N., 2004.
Phylogeography of roe deer (Caprealus capreolus) populations: the effects of historical
genetic subdivisions and recent nonequilibrium dynamics. Mol. Ecol. 13: 3071–3083.
Rima P.C., Cagnin M., Aloise G., Preatoni D., Wauters L.A., 2010. Scale-dependent environmental variables affecting red squirrel (Sciurus vulgaris meridionalis) distribution.
Ital. J. Zool. 77: 92–101.
Rodrigues D., Wauters L.A., Romeo C., Mari V., Preatoni D., Mathias M.L., Tosi G., Martinoli A., 2010. Living on the edge: can Eurasian red squirrels (Sciurus vulgaris) persist
in extreme high-elevation habitats? Arct. Antarct. Alp. Res. 42(1): 106–112.

Romeo C., Ferrari N., Rossi C., Everest D.J., Grierson S.S., Lanfranchi P., Martinoli A.,
Saino N., Wauters L.A., Hauffe H.C., 2014. Ljungal virus and an adenovirus in Italian
squirrel populations. J. Wildlife Dis. 50(2): 409–411. doi:10.7589/2013-10-260
Romeo C., Pisanu B., Ferrari N., Basset F., Tillon L., Wauters L.A., Martinoli A., Saino
N., Chapuis J.L., 2013. Macroparasite community of the Eurasian red squirrel (Sciurus
vulgaris): poor species richness and diversity. Parasitol. Res. 112: 3527–3536.
Romeo C., Wauters L.A., Preatoni D., Tosi G., Martinoli A., 2010. Living on the edge:
space use of Eurasian red squirrels in marginal high-elevation habitat. Acta Oecol. 36:
604–610.
Rushton S.P., Lurz P.W.W., Fuller R., Garson P.J., 1997. Modelling the distribution of the
red and grey squirrel at the landscape scale: a combined GIS and population dynamics
approach. J. Appl. Ecol. 34: 1137–1154.
Rushton S.P., Lurz P.W.W., Gurnell L.J., Fuller R., 2000. Modelling the spatial dynamics
of parapoxvirus disease in the red and grey squirrels: a possible cause of the decline in
the red squirrel in the UK? J. Appl. Ecol. 37: 997–1012.
Shar S., Lkhagvasuren D., Bertolino S., Henttonen H., Kryštufek B., Meinig H., 2008.
IUCN Red List of Threatened Species. Version 2013.1. Sciurus vulgaris. Available from
http://www.iucnredlist.org/ [06 February 2013].
Sommer R.S., Nadachowski A., 2006. Glacial refugia of mammals in Europe: evidence
from fossil records. Mammal Rev. 36(4): 251–265.
Sommer R.S., Fahlke J.M., Schmolcke U., Benecke N., Zachos F.E., 2009. Quaternary
history of the European roe deer Capreolus capreolus. Mammal Rev. 39(1): 1–16.
Shuttleworth C.M., Lurz P.W.W., Geddes N., Browne J., 2012. Integrating red squirrel
(Sciurus vulgaris) habitat requirements with the management of pathogenic tree disease
in commercial forest in the UK. Forest Ecol.Manag. 279: 167–175.
Talegón J., 2009. Aproximación a la distribución de la ardilla roja (Sciurus vulgaris Linnaeus, 1758) en la provincia de Zamora (NO de España). Galemys 21(1): 51–64. [in
Spanish]
Telles-Antunes M., 1985. Sciurus vulgaris no Cabeço da Arruda, Muge. Presença e extinção
em Portugal. Arqueologia 12: 1–16. [in Portuguese]
Thomas C.D., Bodsworth E.J., Wilson R.J., Simmons A.D., Davies Z.G., Musche M., Conradt L., 2001. Ecological and evolutionary processes at expanding range margins. Nature
414: 577–581.
Thomas K., Tompkins D.M., Sainsbury A.W., Wood A.R., Dalziel R., Nettleton P.F.,
Mclnnes C.J., 2003. A novel pox virus lethal to ted squirrels (Sciurus vulgaris). J. Gen.
Virol. 84: 3337–3341.
Tompkins D.M., White A.R., Boots M., 2003. Ecological replacement of native red squirrels by invasive greys driven by disease. Ecol. Lett. 6: 189–196.
Trizio I., Crestanello B., Galbusera P., Wauters L.A., Tosi G., Matthysen E., Hauffe H.C.,
2005. Geographical distance and physical barriers shape the genetic structure of Eurasian red squirrels (Sciurus vulgaris) in the Italian Alps. Mol. Ecol. 14: 469–481.
Valverde J.A., 1967. Notas sobre Vertebrados. III. Nueva ardilla del S.E. español y consideraciones sobre las subespecies peninsulares. Boletin de la Real Sociedad Española de
Historia Natural 65: 222–248. [in Spanish]
Verbeylen G., Wauters L.A., Bruyn L.D., Matthysen E., 2009. Woodland fragmentation
affects space use of Eurasian red squirrels. Acta Oecol. 35: 94–103.
Wang I.J., 2010. Recognizing the temporal distinctions between landscape genetics and
phylogeography. Mol. Ecol. 19: 2605–2608.
Wauters L.A., Casale P., Dhondt A.A., 1994b. Space use and dispersal of red squirrels in
fragmented habitats. Oikos 69: 140–146.
Wauters L.A., Casale P., Fornasari L., 1997a. Post-release behaviour, home range establishment and settlement success of reintroduced red squirrels. Ital. J. Zool. 64: 169–175.
Wauters L.A., Somers L., Dhondt A.A., 1997b. Settlement behaviour and population dynamics of reintroduced red squirrels Sciurus vulgaris in a park in Antwerp, Belgium.
Biol. Conserv. 82: 101–107.
Wauters L.A., Gurnell J., Martinoli A., Tosi G., 2001. Does interspecific competition with
introduced grey squirrels affect foraging and food choice of Eurasian red squirrels?
Anim. Behav. 61(6): 1079–1091.
Wauters L.A., Gurnell J., Martinoli A., Tosi G., 2002a. Interspecific competition between
native Eurasian red squirrels and alien grey squirrels: does resource partitioning occur?
Behav. Ecol. Sociobiol. 52: 332–334.
Wauters L.A., Hutchinson Y., Parkin D.T., Dhondt A.A., 1994a. The effects of habitat fragmentation on demography and on the loss of genetic variation in the red squirrel. Proc.
Royal Soc. B Lond. 255: 107–111.
Wauters L.A., Tosi G., Gurnell J., 2002b. Interspecific competition in tree squirrels: do introduced grey squirrels (Sciurus carolinensis) deplete tree seeds hoarded by red squirrels
(S. vulgaris)? Behav. Ecol. Sociobiol. 51: 360–367.
Wauters L.A., Verbeylen G., Preatoni D., Martinoli A., Matthysen E., 2010. Dispersal and
habitat cuing of Eurasian red squirrels in fragmented habitats. Popul. Ecol. 52: 527–536.
Wilson D.E., Reeder D.A., 2005. Mammal Species of the World: a geographic and taxonomic reference, 3rd edition. John Hopkins University Press, Baltimore, USA.
Zellmer A.J., Knowles L.L., 2009. Disentangling the effects of historical vs. contemporary
landscape structure on population genetic divergence. Mol. Ecol. 18: 3593–3602.
Associate Editor: D. Russo

13

