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Abstract Arboreal squirrels of the Asiatic genus
Callosciurus have shown high likelihood of establish-
ment from few released animals, in particular, C.
erythraeus has established wild populations in Ar-
gentina, Belgium, France, Hong Kong, Japan, and The
Netherlands. We report the invasion process of C.
erythraeus in Argentina in the last four decades and
suggest management actions for each foci. Between
February 2011 and November 2014 we conducted
field surveys and interviews in nine sites in central
Argentina to confirm the presence of C. erythraeus,
describe their history of introduction, and estimate
range expansion and squirrel relative abundance. We
report a two decades lag-phase until the onset of
translocations of C. erythraeus within national bound-
aries that resulted in a constant increase of the
cumulative number of releases. We confirm nine
new release events between 1995 and 2012 and six

M. L. Guichén (BX)) - V. V. Benitez - A.

C. Gozzi - M. Hertzriken - M. Borgnia

Ecologia de Mamiferos Introducidos, Departamento de
Ciencias Basicas, Instituto de Ecologia y Desarrollo
Sustentable (INEDES), Universidad Nacional de Lujan,
Rutas 5y 7, 6700 Lujan, Buenos Aires, Argentina
e-mail: mlguichon@unlu.edu.ar

Present Address:

M. L. Guichén

Instituto de Investigaciones en Biodiversidad y
Medioambiente (INIBIOMA, UNCo—-CONICET), Centro
de Ecologia Aplicada del Neuquén (CEAN),

Junin de los Andes, Neuquén, Argentina

new invasion foci that yields a total of 13 deliberate
releases and 10 invasion foci established in rural and
urban areas of Argentina. Spread rate ranged from
0.12 to 0.66 km/year. An intermediate relative density
of squirrels (2-7 ind/ha) was found close to release
sites except in one case. All introduction events
involved squirrels translocated from the first, 40 years
old invasion focus, occasionally involving illegal
trade. The rate of introduction events in the last
decades and the translocation-lag phase described in
this study should call the attention in all countries
dealing with charismatic, introduced species. Translo-
cation disruption requires urgent attention to slow
down the invasion of this and other species.

Keywords Animal translocation - Callosciurus
erythraeus - Introduced squirrels - Lag phase

Introduction

New records of introduced species into novel areas are
still being reported every year, even though the
knowledge and awareness regarding their actual and
potential impacts have largely increased in the last
decades. Economic profit and cultural conceptions of
wildlife play a key role in the ongoing trade and
deliberate releases of individuals outside their native
range (McNeely 2001). Several invasive species with
known negative effects continue travelling across
countries hand in hand with ornamental plant and pet
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trade. As a consequence, large investment and long-
term management plans are then needed to mitigate
their impacts and control or eradicate their populations
(see case studies in Wittenberg and Cock 2001).

Squirrels are successful invaders as they combine
their charismatic appeal with high reproductive po-
tential and probability of establishment from few
founding individuals (Palmer et al. 2007; Wood et al.
2007; Bertolino 2009). Several squirrel species are
also able to inhabit modified and urbanized habitats.
Consequently, introduced squirrel populations of 18
species have already been reported in 23 countries
over five continents (Bertolino 2009; Jessen et al.
2010). The long-studied case of introduction of the
grey squirrel Sciurus carolinensis in Europe illustrates
their invasive potential, their impact on native fauna
and plantations, and how social support may deter-
mine the failure or success of a control program
(Bertolino and Genovesi 2003; Gurnell et al. 2004,
Bertolino et al. 2014). Arboreal squirrels of the Asiatic
genus Callosciurus have shown a particularly high
likelihood of establishment from few released animals
(Bertolino 2009). C. finlaysonii has been introduced in
Italy, Singapore and Japan, while C. erythraeus has
established wild populations in Argentina, France,
Hong Kong, Japan, and The Netherlands, and also in
Belgium where it has been successfully eradicated
(Bertolino and Lurz 2013). Another Callosciurus sp.
population has been reporded in Italy though taxo-
nomic identification is still pending (Bertolino and
Lurz 2013). In all countries of introduction, only one
or two Callosciurus populations have been reported
with the exception of Argentina and Japan where
several invasion foci have been described (Benitez
etal. 2013; Bertolino and Lurz 2013). Native habitat in
Southeast Asia includes tropical and subtropical
evergreen forests and also conifer forests, while
various arboreal habitat types are inhabited by C.
erythraeus in introduced ranges such as natural
forests, fruit and timber plantations, and parks and
gardens in rural and urbanised areas; its highly
arboreal habits relates to nesting on trees and feeding
on vegetable matter mainly obtained from trees and
shrubs (Lurz et al. 2013).

Range occupancy of an introduced squirrel species
within a country can be explained by a combination of
one or multiple introduction events into a country,
translocations from an already established population
in the country, and short and long-distance individual
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dispersal (Palmer et al. 2007; Bertolino 2009). While
long-distance dispersal of squirrels, i.e. extraordinary
long dispersal distances covered by individual squir-
rels, may play a key role at the invasion front
determining the spread rate of an established popula-
tion, the number and location of all invasion foci will
be determined by human mediated transport, either
multiple introductions or translocation events. Con-
tinuous monitoring of the occurrence of new invasion
foci provides necessary information to identify inva-
sion pathways, understand the first steps of the
invasion process, and evaluate the need and feasibility
of an early warning-rapid response (Simberloff 2014).
In this study we aimed to evaluate the rate and
pathways of introduction events of red-bellied squir-
rels C. erythraeus within Argentina and confirm the
existence of new invasion foci that have been recently
reported by local residents. We estimated squirrel
relative abundance and range expansion whenever a
new foci was confirmed.

Methods

Between February 2011 and November 2014 we
surveyed nine sites where squirrels have been ob-
served by residents that were located in parks of the
city of Buenos Aires and in rural and urban areas of the
provinces of Buenos Aires and Santa Fé, Argentina
(Fig. 1). The Pampas region has been largely modified
by agricultural activities and urban-industrial devel-
opment. Suitable arboreal habitat for red-bellied
squirrels is highly fragmented and mainly composed
of exotic tree species in small patches, wind curtains
and tree lines along roads and railways, and in
residential areas and urban parks and streets (Guichon
and Doncaster 2008). Arboreal vegetation of the study
sites was mainly composed of introduced species such
as Cupressus spp., Eucaliptus spp., Ligustrum spp.,
Morus spp., Pinus spp., Populus spp., and Quercus
spp- The climate is moist and temperate with a mean
annual temperature of 15-19 °C and annual precipita-
tion averaging 453-800 mm (SIGA 2014).

The nine study sites were located at 43—415 km
from the first release site of squirrels within Argentina
(Aprile and Chicco 1999), in the district of Lujan in the
province of Buenos Aires (Fig. 1). Two sites were
located within the city of Buenos Aires: (1) an urban
park named San Martin square (34°35'43"S,
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Fig. 1 a Location of the area of interest in Argentina (white
quare) and b of the nine study sites (black dots) in the city of
Buenos Aires (Agronomy School and San Martin square), in the
province of Buenos Aires (25 de Mayo, Arrecifes, Capitan

58°22'34"W) and (2) the university campus of the
Agronomy School of the University of Buenos Aires
(34°35'26"S, 58°28'55”"W). Six other sites were locat-
ed in rural and urban areas of the province of Buenos
Aires: (3) an urbanised area that includes two contigu-
ous localities named Bella Vista and Muihiz
(34°10'16"S, 58°41'25"W), which are mainly residen-
tial neighbourhoods and suburban areas within the
district of San Miguel, (4, 5) a rural area that included
the towns of 25 de Mayo (35°25'57"S, 60°10'17"W)
and Daireaux (36°35'57"S, 61°44’31”W) and sur-
rounding ranches mainly used for agriculture and
extensive farming within the district of 25 de Mayo
and Daireaux, respectively, and (6, 7, 8) a rural area
that included the cities of Capitan Sarmiento
(34°10'16"S, 59°47'37"W) and Salto (34°17'30.43"S,
60°15'15.98"W) and surrounding ranches used for
agriculture and bull and horses studs within the
districts of Arrecifes, Capitdn Sarmiento, and Salto.
The last study site was located in the province of Santa
Fé: (9) a rural area that included the city of Rafaela

Sarmiento, Daireux, Salto and San Miguel), and in the province
of Santa Fé (Rafaela). Province borders (grey lines) and
previously described invasion foci (grey dots, Benitez et al.
2013) are also shown

(31°15’10”S, 61°29'28"W) and surrounding ranches
used for agriculture, extensive farming and dairy farms
within the district of Rafaela.

In each site, we conducted field surveys and
interviews with residents to confirm the presence of
red-bellied squirrels, describe their history of intro-
duction, and estimate their abundance and range
expansion, as previously done in similar sites
(Guichon et al. 2005; Benitez et al. 2013). Red-bellied
squirrels are diurnal and no native squirrels inhabit the
study region. No habituation to people has been
observed by this species in Argentina, even in the
>40 years old invasion focus. We made direct
observations of squirrels using binoculars, analysed
photographs, inspected dead animals found by resi-
dents, and recorded activity signs (e.g. nests and
debarking on tree branches) to corroborate the pres-
ence of squirrels and whether they belonged to the
same species established in the other invasion foci
described in Argentina (Benitez et al. 2013). To
estimate the invaded area at each site, we also
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interviewed local residents and people working or
visiting the area on a daily basis (e.g. a park) asking
whether they have observed squirrels, the place and
date of observation, and data about the introduction
history such as date and place, origin and number of
squirrels released, and the person or entity responsible
for the introduction. We initiated interviews and
observations at the points where residents have
reported their records, and then continued expanding
outwards until we obtained consistent data on the
absence of squirrels. We mapped each point in Google
Earth to calculate the invaded area as the minimum
convex polygon that contained all positive records
(Earth Point, Clark 2014). Expansion rates were
estimated as the square-root of the average square of
the shortest and longest radial increases of the
minimum convex polygon encompassing the invaded
area over time (Andow et al. 1993).

We estimated relative abundance of squirrels using
time-area counts based on previous squirrel studies
(Bayne and Hobson 2000; Parker and Nilon 2008;
Benitez et al. 2013). Our aim was not to estimate
absolute population size but to compare relative
abundances reached since squirrel release in each site.
We used a stratified design based on habitat type (i.e.
arboreal areas) close or within properties (i.e. ranches
or private parks) where squirrels had been released to
increase chance of observing squirrels. In each site, we
placed 7-25 points in arboreal areas of 9-119 ha. We
started from a randomly selected first point and placed
the other points every 100-200 m. We recorded the
maximum number of squirrels seen together within a
radius of 20 m throughout 10 min of observation
conducted between 7:00 and 11:00 h in clear days
without rain or strong winds. We searched for squirrels
heard but not seen during the 10 min period to confirm
their presence and reduce bias in points where tree
cover could reduce visibility. We calculated confi-
dence intervals for estimates of relative abundance
using a Poisson distribution (Zar 1996).

Results

Information obtained from interviewed residents
(n = 539) and observations (n = 124) in all sites
indicated the occurrence of nine translocation events
of red-bellied squirrels between 1995 and 2012
(Table 1). Therefore, taking into account the four
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invasion foci previously described (Benitez et al.
2013), a total of 13 deliberate releases of squirrels
have been recorded in Argentina (Fig. 1). After
>20 years’ lag period since the first introduction in
the 1970s, we recorded a constant increase of the
cumulative number of new releases, yielding a rate of
1.3 releases every 2 years between 1995 and 2014
(Fig. 2).

The two introduction events that occurred within
the city of Buenos Aires failed to initiate permanent
populations (Table 1). Solitary squirrels have been
occasionally observed between 2004 and 2010 in
these two sites, however, we found no squirrels or
activity signs in our survey in agreement with
interview reports. We did confirm six new invasion
foci in the provinces of Buenos Aires and Santa Fé
that were originated by deliberate releases in private
properties, both in rural and urban areas (Fig. I;
Table 1). The two translocation events to Arrecifes
and Capitan Sarmiento, 24 km apart from each
other, have now overlapped ranges so we consider
this site as one invasion focus originated by two
independent releases. Spread rate ranged from 0.12
to 0.66 km/year in these six invasion foci (Table 1).
An intermediate relative density of squirrels
(2-7 ind/ha) was found close to release sites except
for a high relative density at Arrecifes (Table 1). No
squirrels were observed in abundance surveys in
Daireaux, the most recent site.

Discussion

The first invasion focus that has established in
Argentina subsequently functioned as a source of
squirrels translocated to the other three invasion foci
previously described (Benitez et al. 2013), as was
corroborated by genetic studies (Gabrielli et al. 2014).
The introduction events reported in this study also
involved squirrels captured in the first invasion focus
in Lujan, occasionally involving illegal trade. The
constant increase of the cumulative number of releases
supports the reports indicating only one source of
individuals that may well turn into an exponential
increase of translocation events as soon as other
invasion foci start acting as a source of squirrels. The
two decades lag-phase until the onset of translocations
within national boundaries indicates the occurrence of
a lag in the rate of invader appearance (Crooks 2005).
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Table 1 Year of introduction and number of red-bellied
squirrels released at nine sites located in the city of Buenos
Aires, and the provinces of Buenos Aires and Santa Fé,
Argentina (see Fig. 1). For successful releases, we indicate the
invaded area (year of estimation), spread rate since liberation,
percentage of positive points (with squirrels) in time-area count

surveys, relative abundance [95 % confidence interval] (year of
estimation), and estimated relative density. At present we
cannot distinguish the invaded area that initiated at Arrecifes
release site from the invaded area initiated at Capitan
Sarmiento, therefore, we treat them as a single invasion focus
resultant from two independent releases

Year Release site Founding Invaded area Spread rate Positive Relative abundance  Relative density
number (km?) (km/year) points (%)*  (squirrel/point) (squirrel/ha)®
1995  Arrecifes 30 317 (2014) 0.53°¢ 71 1.9 [0.6-3.0] (2014) 14.8 [4.5-23.8]
1997 25 de Mayo Unknown 122 (2012) 0.66 44 0.9 [0.5-1.2] (2012) 6.7 [3.9-9.4]
2001 Capitan Sarmiento 2 See Arrecifes See Arrecifes 42 0.9 [0.5-1.5] (2014) 7.3 [3.9-12.2]
2004  San Martin square  Unknown Not established
2005 Agronomy School  Unknown Not established
2005  Salto 4 16 (2014) 0.41 14 0.3 [0.1-0.8] (2014) 2.3 [0.5-6.3]
2007  San Miguel Unknown 7 (2012) 0.53 38 0.6 [0.2-1.3] (2012) 4.9 [1.9-10.2]
2008 Rafaela 20 3 (2014) 0.33 56 0.8 [0.5-1.5] (2014) 6.2 [3.6-11.6]
2012  Daireaux Unknown 0.2 (2014) 0.12¢

* Percentage of points with squirrels records within a 20 m radius that were used to calculate relative abundance

® Calculated from relative abundance data obtained in a 20 m radius circular area

¢ Estimated as the average radial distance per year assuming symmetric spread (Andow et al. 1993)

Fig. 2 Cumulative number 15
of successful (black dots)
and failed (grey dots) release »
events of red-bellied 8 40
squirrels recorded in g
Argentina per year, taking o
into account the four G g
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described (Benitez et al. -g
2013) =]
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Apart from a lag in population growth or range
expansion of each new invasion focus (Guichén and
Doncaster 2008), we now describe a lag-phase in the
foundation of new populations that could be explained
by increased vector activity over time through translo-
cations (Crooks 2005). Similarly, the introduction

T T T T T T 1
1985 1990 1995 2000 2005 2010 2015
Date of release

events listed by Bertolino and Lurz (2013) for red-
bellied squirrels in Japan also indicate the occurrence
of 17 new introductions after a lag period of
approximately 20 years, though we cannot dis-
criminate between multiple introductions and translo-
cations within the country.
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Fig. 3 Invasion stage of all
invasion foci of red-bellied
squirrels detected in
Argentina indicating for
each site the invaded area
after establishment and
recommended management
actions, which increase in
cost as the invasion process
proceeds. The transport
stage (Blackburn et al. 2011)
results from the first
importation into the country
and successive
translocations within
national borders. At present
we cannot distinguish the
invaded area that initiated at
Arrecifes release site from
the invaded area initiated at
Capitan Sarmiento,
therefore, we treat them as a
single focus resultant from
two independent releases
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The spread rate described in these new invasion foci
is comparable to the expansion rate observed through-
out the first 30 years in the main invasion focus in
Lujan (0.53 km/year) that increased to 1.66 km/year
between 2004 and 2009 (Guichon et al. 2005; Benitez
et al. 2013). The total invaded area in Argentina now
exceeds 2100 km? though densities are quite variable.
The high relative density of squirrels at Arrecifes
release site, which was similar to densities reached in
the main invasion focus in Lujan (Benitez et al. 2013),
could be explained by the large number of founding
individuals, the time elapsed since release, and the
highly fragmented habitat surrounding the ranch (M
Borgnia and M Hertzriken, personal observation).
Habitat fragmentation may not only affect squirrel
abundance in a forested patch (Koprowski 2005) but
may influence expansion rate (With 2002; Bridgman
et al. 2012), which could also be modified by habitat
carrying capacity (Guichén and Doncaster 2008).
Processes involved in the successful squirrel estab-
lishment in each invasion focus still need more studies
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though at present the propagule pressure hypothesis
that has broad consensus in invasion ecology (Lock-
wood et al. 2005; Jeschke 2014) does not seem to play
an important role while the enemy release hypothesis
(Heger and Jeschke 2014) cannot be discarded (Gozzi
et al. 2013, 2014).

Lags associated with invaders, their impacts and
vector activity can affect decision-making processes
and the implementation of invasion control, which in
turn can experience a lag in the form of delayed
reactions (Crooks 2005). The absence of any coordi-
nated plan in Argentina indicates difficulties in recog-
nizing specific invasion threats and taking steps toward
invasion management, mainly due to a lack of political
commitment and social support (Borgnia et al. 2013).
Invasion foci of red-bellied squirrels in Argentina can be
placed at different stages of the invasion process
(Blackburn et al. 2011), which should be taken into
account to establish management priorities (Fig. 3). To
this scenario, we must overlap the social context of each
region given that resident’s support and involvement
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could be obtained in rural areas, e.g. Rafaela or Cafiada
de Gomez (Fig. 3), but opposition to control actions is
stronger in tourist and urban areas such as La Cum-
brecita and Escobar (Fig. 3), even if the latter site has
high conservation priority (Guichén and Doncaster
2008; Benitez et al. 2013; Borgnia et al. 2013).
Prevention of new releases, which are illegal, should
be a first national action that must prioritise areas of high
conservation value and where native squirrels Sciurus
aestuans and S. ignitus are present (Cassini and Guichén
2009; Borgnia et al. 2013). Red-bellied squirrels can
establish in natural or implanted small and large forests.
Within a framework for vector management (Ruiz and
Carlton 2003), vector interruption consists of those
actions designed to disrupt and reduce the flow of
propagules to the recipient environment. Disrupting
translocation would not only slow down the invasion of
red-bellied squirrels but will also reduce deliberate
movement of individuals of a large number of species,
either for economic profit or recreational or aesthetic
issues (McNeely 2001; Ruiz and Carlton 2003).

Social perception and attitude towards charismatic
introduced species play a key role in determining
vector activity. The role of people must be seriously
taken into account to understand the process of
invasion and decide management actions (Estévez
et al. 2014; Jacobs et al. 2014). In the case of red-
bellied squirrels, cuteness is their pathway and their
shield. Their appeal to humans is the reason of
repetitive transport and release into new sites, and also
the reason of lack of support to control actions by
various social groups (Borgnia et al. 2013). Their
charismatic appeal adds to their ability to cope with
modified environments showing high invasive poten-
tial, as observed in Argentina, Japan and several
European countries (Bertolino and Lurz 2013). Far
from being a picture of the past, we face a major and
increasing problem due to the number of recent and
potential future introductions.

Acknowledgments We thank A. Troyelli, B. Baguette Pereiro
and C. Lallana Ovejero for fieldwork assistance. Local support
in each site: V. Dell Arciprete and H. Feigros in 25 de Mayo; R.
Gallardo, T. Cristie and J. Gachet in San Miguel; G. Consoli, G.
Facello and P. Heredia in Capitan Sarmiento; S. Ballina, P.
Siroski and E. Mosso in Rafaela. Hundreds of residents and
personnel of ranches and rural institutes collaborated with our
interviews and in some cases also allowed us to survey within
their properties. F. Milesi provided several constructive
suggestions. This study was supported by the Universidad
Nacional de Lujan.

References

Andow DA, Kareiva PM, Levin SA, Okubo A (1993) Spread of
invading organisms: patterns of dispersal. In: Kim KC,
McPheron BA (eds) Evolution of insect pests. John Wiley,
New York, pp 219-242

Aprile G, Chicco D (1999) Nueva especie exética de mamifero
en la Argentina: la ardilla de vientre rojo Callosciurus
erythraeus. Mastozoologia Neotropical 6:7-14

Bayne E, Hobson K (2000) Relative use of contiguous and
fragmented boreal forest by red squirrels (Tamiasciurus
hudsonicus). Can J Zool 78:359-365

Benitez VV, Almada Chavez S, Gozzi AC, Messetta ML,
Guichén ML (2013) Invasion status of Asiatic red-bellied
squirrels in Argentina. Mamm Biol 78:164-170

Bertolino S (2009) Animal trade and non-indigenous species
introduction: the world-wide spread of squirrels. Divers
Distrib 15:701-708

Bertolino S, Genovesi P (2003) Spread and attempted eradica-
tion of the grey squirrel (Sciurus carolinensis) in Italy, and
consequences for the red squirrel (Sciurus vulgaris) in
Eurasia. Biol Conserv 109:351-358

Bertolino S, Lurz PWW (2013) Callosciurus squirrels: world-
wide introductions, ecological impacts and recommenda-
tions to prevent the establishment of new invasive
populations. Mammal Rev 43:22-33

Bertolino S, Cordero di Montezemolo N, Preatoni DG, Wauters
LA, Martinoli A (2014) A grey future for Europe: Sciurus
carolinensis is replacing native red squirrels in Italy. Biol
Invasions 16:53-62

Blackburn TM, Pysek P, Bacher S, Carlton JT, Duncan RP,
Jarosik V, Wilson JRU, Richardson DM (2011) A proposed
unified framework for biological invasions. Trends Ecol
Evol 26:333-339

Borgnia M, Benitez V, Gozzi C, Guichén ML (2013) La ardilla
de vientre rojo en Argentina y el manejo de especies in-
troducidas como un problema bioldgico y social. Ecologia
Austral 23:147-155

Bridgman LJ, Benitez VV, Grana Grilli M, Mufato N, Acosta
D, Guichén ML (2012) Short perceptual range and yet
successful invasion of a fragmented landscape: the case
of the red-bellied tree squirrel (Callosciurus erythraeus)
in Argentina. Landsc Ecol 27:633-640

Cassini G, Guichén ML (2009) Variaciones morfoldgicas y diag-
nosis de la ardilla de vientre rojo, Callosciurus erythraeus
(Pallas, 1779), en Argentina. Mastozoologia Neotropical
16:39-47

Clark B (2014) Earth Point, tools for Google Earth. http://www.
earthpoint.us/. Accessed 25 Sep 2014

Crooks JA (2005) Lag times and exotic species: the ecology and
management of biological invasions in slow-motion.
Ecoscience 12:316-329

Estévez RA, Anderson CB, Pizarro JC, Burgman MA (2014)
Clarifying values, risk perceptions, and attitudes to resolve
or avoid social conflicts in invasive species management.
Conserv Biol. doi:10.1111/cobi.12359

Gabrielli M, Cardoso Y, Benitez V, Gozzi AC, Guichén ML,
Lizarralde M (2014) Genetic characterization of Cal-
losciurus Asiatic squirrels introduced in Argentina. Ital J
Zool 81:328-343

@ Springer


http://www.earthpoint.us/
http://www.earthpoint.us/
http://dx.doi.org/10.1111/cobi.12359

2604

M. L. Guichén et al.

Gozzi AC, Guichén ML, Benitez VV, Lareschi M (2013)
Arthropod parasites of the red-bellied squirrel Callosciurus
erythraeus (Rodentia: Sciuridae) introduced into Argenti-
na. Med Vet Entomol 27:203-208

Gozzi AC, Guichén ML, Benitez VV, Troyelli A, Navone GT
(2014) Gastro-intestinal helminths in the red-bellied
squirrel introduced into Argentina: accidental acquisitions
and lack of specific parasites. Hystrix 25:97-102

Guichén ML, Doncaster CP (2008) Invasion dynamics of an
introduced squirrel in Argentina. Ecography 31:211-220

Guichén ML, Bello M, Fasola ML (2005) Expansion pobla-
cional de una especie introducida en la Argentina: la ardilla
de vientre rojo Callosciurus erythraeus. Mastozoologia
Neotropical 12:189-197

Gurnell J, Wauters LA, Lurz PWW, Tosi G (2004) Alien species
and interspecific competition: effects of introduced eastern
grey squirrels on red squirrel population dynamics. J Anim
Ecol 73:26-35

Heger T, Jeschke JM (2014) The enemy release hypothesis as a
hierarchy of hypotheses. Oikos 123:741-750

Jacobs MH, Vaske JJ, Dubois S, Fehres P (2014) More than fear:
role of emotions in acceptability of lethal control of
wolves. Eur J Wildl Res. doi:10.1007/s10344-014-0823-2

Jeschke JM (2014) General hypothesis in invasion ecology.
Divers Distrib 20:1229-1234

Jessen RR, Merrick MJ, Koprowski JL, Ramirez O (2010)
Presence of Guayaquil squirrels on the central coast of
Peru: an apparent introduction. Mammalia 74:443-444

Koprowski JL (2005) The response of tree squirrels to frag-
mentation: a review and synthesis. Anim Conserv
8:369-376

Lockwood JL, Cassey P, Blackburn T (2005) The role of
propagule pressure in explaining species invasions. Trends
Ecol Evol 20:223-228

Lurz PWW, Hayssen V, Geissler K, Bertolino S (2013) Cal-
losciurus erythraeus (Rodentia: Sciuridae). Mamm Species
45:60-74

@ Springer

McNeely JA (2001) An introduction to human dimensions of
invasive species. In: McNeely JA (ed) The great reshuf-
fling: human dimensions of invasive alien species. IUCN,
Gland, pp 5-20

Palmer GH, Koprowski J, Pernas T (2007) Tree squirrels as
invasive species: conservation and management implica-
tions. In: Witmer GW, Pitt WC, Fagerstone KA (eds)
Managing vertebrate invasive species. USDA National
Wildlife Research Center Symposia, University of Ne-
braska, Lincoln, p 273-282

Parker T, Nilon C (2008) Gray squirrel density, habitat suit-
ability, and behavior in urban parks. Urban Ecosyst
11:243-255

Ruiz GM, Carlton JT (2003) Invasion vectors: a conceptual
vector for management. In: Ruiz GM, Carlton JT (eds)
Invasive species: vectors and management strategies. Is-
land Press, Washington DC, pp 459-504

SIGA (2014) Sistema de informacion y gestion agrometeoroldgico.
Instituto Nacional de Tecnologia Agropecuaria, Argentina.
http://siga2.inta.gov.ar/en/datoshistoricos. Accessed 25 Aug
2014

Simberloff D (2014) Biologial invasions: what’s worth fighting
and what can be won? Ecol Eng 64:112-121

With KA (2002) The landscape ecology of invasive spread.
Conserv Biol 16:1192-1203

Wittenberg R, Cock MJW (eds) (2001) Invasive alien species: a
toolkit of best prevention and management practices. CAB
International, Wallingford

Wood DJA, Koprowski JL, Lurz PWW (2007) Tree squirrel
introduction: a theoretical approach with population via-
bility analysis. ] Mammal 88:1271-1279

Zar JH (1996) Biostatistical analysis, 3rd edn. Prentice Hall,
Englewood Cliffs


http://dx.doi.org/10.1007/s10344-014-0823-2
http://siga2.inta.gov.ar/en/datoshistoricos

	From a lag in vector activity to a constant increase of translocations: invasion of Callosciurus squirrels in Argentina
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References




