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a  b  s  t  r  a  c  t

The  European  red squirrel  (Sciurus  vulgaris)  has  long  been  suspected  to  be  a reservoir  host  of  the agents
of  Lyme  borreliosis,  in  particular  B.  burgdorferi  sensu  stricto  (s.s.).  However,  very  few data  support  this
hypothesis.  Hereafter,  we  investigated  the infections  with  B.  burgdorferi  genospecies  in road-killed  red
squirrels  collected  across  France.  We  also  characterized  the diversity  of  hard  tick  species  collected  from
a subsample  of  hosts.  DNA  of B.  burgdorferi  genospecies  were  detected  and  identified  from  PCR  products
in  ear  biopsies  using  reverse  line  blot  hybridization.  Variation  in prevalence  was  investigated  accord-
ing  to  biogeographic  areas  (Mediterranean,  Atlantic,  Continental,  and  Alpine),  season,  sex,  relative  age,
and body  mass  from  273 squirrels  collected  2003–2010.  Among  the  746  identified  tick  specimens,  no
adult  was  observed,  63%  were  nymphs,  and  37%  were  larvae  all belonging  to  the  species  Ixodes  rici-
nus  except  one  nymph  identified  as  I. trianguliceps.  Overall,  no  squirrels  of  Mediterranean  origin  and  no
unweaned  juveniles  were  found  infested  by  hard  ticks.  Only  season  explained  variation  in  I. ricinus  abun-
dance  on  squirrels,  with  more  ticks present  in  spring  to summer  than  in  autumn  to  winter.  Squirrels  of
Mediterranean  origin  (n =  20)  were  not  found  infected  with  B. burgdorferi  sensu-lato  (s.l.),  which  is  almost
certainly  related  to  the low  occurrence  of I. ricinus  in  this  region.  Based  on individuals  analyzed  in  the

other  regions  of France,  11.5%  (n =  26) unweaned  young  harboured  B. burgdorferi  s.l.,  which  indicates  that
infection  occurred  already  in the  nest.  In adults  (n = 227),  the  prevalence  of infection  with  B. burgdorferi  s.l.
was 27.3%,  with  18.9%  B. burgdorferi  s.s., 11.9%  B. afzelii,  and  3.5%  B. garinii.  The  season  and  the  body  mass,
sex,  and  geographic  origin  of  adults  had  no  effect  on  the  frequency  of infection.  Infection  prevalence  of
S. vulgaris  is among  the highest  found  in  rodents  in  Europe,  particularly  for  B.  burgdorferi  s.s. supporting
the  hypothesis  that  sciurids  are  particularly  suitable  hosts  for this  genospecies.
ntroduction

Lyme borreliosis is the most widespread vector-borne zoonotic
isease in the temperate countries of North America, Europe,
nd Asia (Rizzoli et al., 2011). This disease is caused by several
enospecies of Borrelia burgdorferi sensu lato (Kurtenbach et al.,

006; Stanek and Reiter, 2011) and transmitted by hard ticks, in
urope primarily by Ixodes ricinus.  The maintenance of B. burgdorferi
.l. requires the presence of vertebrates as reservoir hosts, among

∗ Corresponding author. Tel.: +33 1 40 79 32 63.
E-mail addresses: esnm2@mnhn.fr (B. Pisanu), chapuis@mnhn.fr

J.-L. Chapuis), dozieres@mnhn.fr (A. Dozières), franck.basset@onf.fr (F. Basset),
alerie.poux@clermont.inra.fr (V. Poux), gwenael.vourch@clermont.inra.fr
G. Vourc’h).

877-959X/$ – see front matter ©  2013 Elsevier GmbH. All rights reserved.
ttp://dx.doi.org/10.1016/j.ttbdis.2013.07.007
© 2013 Elsevier GmbH. All rights reserved.

which rodents and birds dominate (Gern, 2009). In Europe, the ecol-
ogy of B. burgdorferi s.l. has been extensively studied (Piesman and
Gern, 2004; Rizzoli et al., 2011). However, potential reservoir hosts
have still to be identified, as well as the geographic distribution of
the various genospecies (Humair and Gern, 2000; Gern and Humair,
2002; Derdáková and Lenčáková, 2005).

There are at least 7 genospecies of B. burgdorferi s.l. reported
for Europe (Piesman and Gern, 2004; Gern, 2009), 5 of which are
human pathogenic: B. afzelii, B. bavariensis,  B. burgdorferi sensu
stricto (s.s.), B. garinii,  and B. spielmanii (Stanek and Reiter, 2011).
In mammals, the most common genospecies is B. afzelii and to a
much lesser extent B. burgdorferi s.s. and B. bavariensis (Gern and

Humair, 2002; Huegli et al., 2002; Margos et al., 2009). In North
America, B. burgdorferi s.s. is the dominant genospecies (Hanincová
et al., 2006; Kurtenbach et al., 2006; LoGiudice et al., 2003; Rudenko
et al., 2009), and the most competent reservoir hosts are mice

dx.doi.org/10.1016/j.ttbdis.2013.07.007
http://www.sciencedirect.com/science/journal/1877959X
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eromyscus spp. and Eastern chipmunks Tamias striatus (Mather
t al., 1989; Slajchert et al., 1997; but see Brisson et al., 2008). In
urope, the identity of the reservoir hosts for B. burgdorferi s.s. is
oorly documented (Baranton and de Martino, 2009). In contrast, it

s well known that B. garinii preferentially infects birds and B. afzelii
odents (Gern, 2009; but see Franke et al., 2010) or insectivores (i.e.,
edgehogs Erinaceus spp.; Skuballa et al., 2012). The European red
quirrel Sciurus vulgaris is the only native arboreal sciurid species in
estern Europe (Gurnell, 1987). Although widely distributed across

he European countries, the study of the red squirrel is difficult
ecause it is vulnerable to many threats affecting its habitat, and it
ay disappear locally (Shar et al., 2008). Evidence of its reservoir

ompetence for Lyme borreliosis agents is very poor. Indeed, we
re aware of only 6 red squirrels tested for B. burgdorferi s.l. infec-
ion, 4 of which harboured B. burgdorferi s.s., 2 harboured B. afzelii
ncluding one coinfection with B. burgdorferi s.s., and one harboured
. garinii (Humair and Gern, 1998). B. burgdorferi s.s. and B. afzelii
ere also found to be transmitted to I. ricinus by squirrels (Humair

nd Gern, 1998). More evidence suggesting that B. burgdorferi s.s.
ay  preferentially infect sciurids in Europe is that this genospecies

ominates the diversity in an introduced squirrel originating from
orea (Chapuis et al., 2011; Pisanu et al., 2013), the Siberian chip-
unk Tamias (Eutamias) sibiricus barberi in France (Marsot et al.,

011, 2013).
The main aim of this study was to investigate the potential for

he European red squirrel to act as a reservoir host for B. burgdorferi
.l. To do so, we characterized the species diversity of hard ticks and
f B. burgdorferi genospecies from S. vulgaris collected across the
ntire French mainland. We  analyzed how infestation with ticks,
nd how infection prevalence of Lyme borreliosis agents varied
ccording to geographic area, season, sex, age, and body mass. We
imed to confirm an expected high prevalence of B. burgdorferi s.s.
n S. vulgaris and to illustrate how the identified genospecies of B.
urgdorferi s.l. were distributed in these hosts both at regional and
ost individual scales.

aterials and methods

aterial collection

From 2003 to 2010, a total of 273 squirrels found freshly dead,
ost of them due to road traffic across the entire mainland of

rance, was analyzed. These animals were equally distributed
cross seasons of the year, with an average of 20 ± 3 (SE) individ-
als sampled per month from January to December. These animals
ere collected by many collaborators, including citizens, nature
reservation and veterinary associations, and the network of mam-
alogists of the National Forest Office. All animals were collected

y fully authorized persons by the French Ministry of Ecology
Derogation no. 08/550/DEROG). Animals were individually placed
n a plastic bag and frozen for delayed analyses. The location was
etermined using the latitude and longitude of the centroid asso-
iated with the administrative limits of the villages where a given
quirrel was collected. Each individual was allocated to one of the

 broad biogeographic areas defined according to climatic gradi-
nts (Fig. 1): western Atlantic, east Continental, Mediterranean, or
lpine (Inventaire national du Patrimoine naturel, 2012). The sex
f each squirrel was noted, and full body mass was used as a proxy
or age: an unweaned juvenile weighs less than 150 g, and adults
re above this weight, including subadults (see Lurz et al., 2005;
auters et al., 1993).

Hard ticks were counted on the entire body of a subsample of

37 squirrels (n = 215 adults and 22 juveniles) under close focus
inoculars (6–12× magnification). A sample of ticks was collected
n = 842) for identification to the species level according to the key
Fig. 1. The distribution of the European red squirrel, Sciurus vulgaris, collected in
the  different biogeographic regions in France.

provided by Pérez-Eid (2007). Unfortunately, 96 ticks (mainly lar-
vae) could not be determined because of their state of degradation
and were not included in the analysis.

PCR analyses

DNA from one ear biopsy of squirrel was  extracted using
NucleoSpin® Tissue kit (Machery-Nagel, Düren, Germany). B.
burgdorferi s.l. genospecies were detected in the DNA extracts by
PCR with B5S-Bor and 23S-Bor primers that amplify the variable
spacer region between 2 repeated copies of the 23S and 5S ribo-
somal gene (Rijpkema et al., 1995). Positive controls were included
in each PCR using isolates of B. burgdorferi s.s., B. garinii,  B. afzelii,  B.
lusitaniae,  and B. valaisiana.  Distilled water was used as a blank.
PCR products were identified by reverse line blot hybridization
(RLBH) using 7 different oligonucleotide probes: B. burgdorferi s.l.,
B. burgdorferi s.s., B. garinii,  B. afzelii, B. lusitaniae, and B. valaisiana
as described in previous studies (Gern et al., 2010; Poupon et al.,
2006; Rijpkema et al., 1995). Because samples infected with some
strains of B. afzelii may  cross react with the B. lusitaniae probe
(Gern et al., 2010), samples that hybridized on B. afzelii and B.
lusitaniae probes were considered infected with B. afzelii only. To
differentiate infection with B. bavariensis from infection with B.
garinii, a fragment of the housekeeping gene RPLB was amplified
with a semi-nested PCR adapted from Margos et al. (2008). For
the first PCR, primers RPLB outF (5′-TGGGTATTAAGACTTATAAGC-
3′) and RPLB outR (5′-GCTGTCCCCAAGGAGAYAC-3′) were used.
The second PCR were performed with the first PCR prod-

ucts using the primers RPLB InF (5′-CCTATCCCCTGTGTGCCTT-
GGCAGTCTCAGCGCTATAAGACGACTTTATC-3′) and InR (5′-GCT-
GTCCCCAAGGAGAYAC-3′). Then, PCR products were purified and
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equenced using Sanger DNA Sequencing (Beckman Coulter
enomics, Takeley, United Kingdom).

tatistical analyses

The variation in prevalence of the different genospecies of B.
urgdorferi s.l. was analyzed according to geographic area, sex,
nd body mass of adults, including all possible combination of
-way interactions using generalized linear models with bino-
ial errors and logit link (Venables and Ripley, 2002). We  also

dded a season variable in the models, divided into 2 levels: a
pring–summer period that included individuals collected from
arch to August and an autumn–winter period for those collected

rom September to February. The same combination of factors was
pplied to investigate the variation in I. ricinus loads using gener-
lized linear models with negative binomial errors and a log link
Venables and Ripley, 2002). As a part of data exploration (Zuur
t al., 2009, 2010, 2012), we checked for the absence of (i) spa-
ial and temporal autocorrelation that may  have arisen from data
ollected closely in space and time, (ii) overdispersion in bino-
ial models, and (iii) zero-inflation in negative binomial models.
odels were selected using differences in Akaike Information Cri-

erion corrected for small sample size less than 2 units (Symmonds
nd Moussali, 2011). Analyses were conducted using the software

 2.15.2 (R Core Team, 2012) with the ‘ncf’ package (Bjornstad,
009) for spatial autocorrelation, the ‘MASS’ package (Venables and
ipley, 2002) for binomial or negative binomial GLMs, the ‘glm-
ADMB’ package (Skaug et al., 2013) for zero-inflated negative

inomial GLMs, and the ‘MuMIn’ package (Barton, 2012) for model
election. The means are always followed by ±1SE.

esults

xodid ticks

Among the 237 red squirrels examined for hard tick species,
one of the 22 juveniles were found infested. Additionally, none of
he 15 adults examined from the Mediterranean region was found
nfested (Table 1). Among the remaining 200 squirrels, 112 had
o ticks, and 88 harboured on average 15 ± 5 (range: 1–415) ticks.
nly season significantly explained tick load variation (p = 0.036;
able 2) on 191 individuals for which month of collection was
nown (Table 2). Individuals collected in the spring-to-summer
eriod (n = 127) were infested with 21 ± 4 ticks/host on average,
hereas infestation on those squirrels collected in the autumn-to-
inter period was 4 times lower (5 ± 1, n = 64). Tick load did not

ignificantly vary with body mass according to geographic origin
r sex (Table 2). Among the 746 identified tick specimens, no adult
as observed, 470 were nymphs, and 275 were larvae belonging to

he species I. ricinus.  One nymph was identified as I. trianguliceps.

yme borreliosis agents

Of the 273 squirrels examined (Table 1), none of the 20 indi-
iduals (18 adults and 2 juveniles) collected in the Mediterranean
egion was infested with B. burgdorferi s.l. Additionally, 3 of the
ther 26 juveniles (11.5%) collected in the remaining mainland
ere found infected with B. burgdorferi s.l., 2 with B. burgdorferi

.s., and one with B. afzelii.  Considering the 227 remaining adults
ollected in the Atlantic, Continental, and Alpine regions, 65 (27.3%)
ere infected with B. burgdorferi s.l. Three genospecies were iden-
ified (Table 1): B. burgdorferi s.s. in 45 squirrels (18.9%), B. afzelii
n 28 (11.9%), and B. garinii in 8 squirrels (3.5%). One squirrel was
ound to be coinfected with all 3 genospecies, 2 with B. burgdorferi
.s. and B. garinii,  and 12 with B. burgdorferi s.s. and B. afzelii. The Ta
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Table 2
The selection of models with a difference in AICc of less than 2 units, exploring the variations in the abundance of Ixodes ricinus and in the prevalence of 2 genospecies of
Borrelia burgdorferi s.l., in red squirrels. K, number of model parameters; −LL,  log-likelihood; wi , weight-of-evidence of the models; � averaged estimate of coefficients; LCI
and  UCI, lower and upper 95% confidence interval of the coefficient estimate.

Sources of
variation

K �AICc −LL wi � ± SE LCI UCI p

I. ricinus
Season + Body mass*Geography 8 0.00 477.96 0.32
Season + Geography + Body mass*Sex 8 0.23 478.07 0.29
Season + Geography + Body mass 6 0.39 480.32 0.26
Season + Geography + Body mass + Body
mass*Geography + Body mass*Sex

10 1.84 476.97 0.13

Season(spring–summer) 0.98 ± 0.47 0.06 1.89 0.036
Geography(Atlantic) 4.62 ± 4.81 −4.83 14.08 0.198
Body  mass 0.02 ± 0.02 −0.01 0.05 0.197
Sex(male) 4.51 ± 2.43 −0.29 9.31 0.066
Body  mass*Geography(Atlantic) −0.02 ± 0.02 −0.05 0.11 0.199
Body mass*Sex(male) −0.01 ± 0.01 −0.03 <0.01 0.059

B.  burgdorferi s.s.
Season 2 0.00 105.75 0.35
Body mass + Season 3 1.22 105.33 0.19
Season + Sex 3 1.81 105.63 0.14

Season(spring–summer) −0.08 ± 0.37 −0.81 0.65 0.829
Body  mass <0.01 ± <0.01 −0.01 0.01 0.486
Sex(male) −0.38 ± 1.67 −3.66 2.89 0.919

B.  afzelii
Season 2 0.00 81.39 0.15
Null  1 0.82 82.81 0.10
Body mass + Season 3 0.99 80.85 0.09
Body mass 2 1.38 82.08 0.08
Season + Body mass*Geography 7 1.56 76.93 0.07
Body mass*Geography 6 1.67 78.06 0.07

1.26

p
a

D

B
n
t
s
h

t
o
t
f
o
r
t
p
d

i
A
(
e
I
2
c
l
i
i
t
r

Season + Sex 3 1.81 8
Intercept 

revalence of B. burgdorferi s.s. and B. afzelii in adults did not vary
ccording to geographic origin, season, sex, or body mass (Table 2).

iscussion

We  have shown that S. vulgaris is a particularly suitable host for
. burgdorferi s.l., which has, to date, only be inferred from a small
umber of observations (Humair and Gern, 1998). Together with
he high infestation load of ticks, particularly nymphs, this provides
trong evidence that the red squirrel may  be an important reservoir
ost of Lyme borreliosis.

The quantitative analysis made to investigate tick load varia-
ions and Lyme borreliosis agents may  have been biased because
f a lack of (i) host habitat characterization, and (ii) an uneven spa-
ial and seasonal sampling. Indeed, several squirrels were sampled
rom urban areas where the lack of ungulates (i.e., roe deer Capre-
lus capreolus) has occasioned an absence of infesting stages of I.
icinus. Additionally, autumn and winter seasons may  have reduced
he hosts’ exposure to ticks. Finally, tick abundance must be inter-
reted with caution, as time delay between squirrel recovery and
eath may  have caused ticks to leave from their dead host.

Nevertheless, the high infection prevalence of 27.3% in squirrels
s in accordance with those reported for B. burgdorferi s.s. in North
merican squirrels, which show a prevalence of approximately 30%

i.e., S. griseus in California: 30%, n = 222, Salkeld et al., 2008; Lane
t al., 2005; Nieto et al., 2010; Salked and Lane, 2010; T. striatus in
llinois: 26%, n = 130, Slajchert et al., 1997; see also Hanincová et al.,
006; LoGiudice et al., 2003). In France, the introduced Siberian
hipmunk T. (E.) s. barberi has been found to be infected at a preva-
ence of approximately 20% (i.e., 24%, n = 188 adults; 17%, n = 335

ncluding juveniles; see Marsot et al., 2011). Such a prevalence
s indeed much higher than those usually reported in the litera-
ure for B. burgdorferi s.s. in western Europe, where the prevalence
arely reaches values above 5% in native terrestrial small rodents
0.06
−2.45 ± 3.44 −9.22 4.32 0.478

(Hanincová et al., 2003; Humair et al., 1999; Kurtenbach et al., 1998;
Marsot et al., 2011; Michalik et al., 2005).

The diversity of Borrelia genospecies found in our study is in
agreement with that found locally in a small number of S. vul-
garis in Switzerland (Humair and Gern, 1998) and in the introduced
Siberian chipmunk in France (Marsot et al., 2011): B. burgdorferi
s.s. dominates the spirochaete community infecting these hosts,
followed by B. afzelii and B. garinii,  which are less common. The
very low prevalence of B. garinii indicates occasional acquisition.
This situation is consistent with a lack of suitability of rodent hosts
for these subtypes, which preferentially infect ground-frequenting
birds (Kurtenbach et al., 1998; Gern, 2009). The B. afzelii infection
prevalence in red squirrels in the present study (10%) is closest to
the prevalence observed in wood mice for this genospecies (Humair
et al., 1999; Hanincová et al., 2003; Marsot et al., 2011). The grey
squirrel (Sciurus carolinensis) introduced in the United Kingdom has
been found to be a reservoir for B. afzelii (Craine et al., 1997). Wood
mice are considered more resistant than bank voles to B. afzelii
infection (Kurtenbach et al., 1994), and such differences have also
been detected in varying susceptibility for different strains within B.
burgdorferi s.s. according to rodent host species (Derdáková et al.,
2004; Slajchert et al., 1997). Therefore, the low prevalence of B.
afzelii observed in red squirrels here may  be due to a low suscepti-
bility to infection.

The absence of ticks and infection with B. burgdorferi
genospecies on squirrels originating from Mediterranean areas is in
accordance with the low occurrence of I. ricinus in most dry habi-
tats encountered on this particular bioclimatic region (Gilot and
Pérez-Eid, 1998; Medlock et al., 2013; Pérez-Eid, 2007). We  are
aware, however, that we observed only a small number of individ-
uals from this area (n = 20) and may  have missed individuals with

ticks. Indeed, a small number of localities in southern France may
have a low level of acarological risk of Lyme borreliosis (Estrada-
Peña et al., 2011) because of a locally favourable wetland habitat
for I. ricinus.  Further investigations of infestation with hard ticks



ick-bo

a
M

B
s
(
w
s
w
b
c

C

s
i
E
t
p
a
s
r
a
s
I
t
r
n
b
d
e
L
p

C

A

(
t
t
i
(
f

R

B

B

B

B

C

C

D

B. Pisanu et al. / Ticks and T

nd infections with B. burgdorferi genospecies in sciurids in the
editerranean habitats are required.
A small percentage of young squirrels were found infected with

. burgdorferi s.l. These results are in accordance with the reduced
pace use of unweaned young squirrels weighing less than 150 g
Wauters et al., 1993). Accordingly, these squirrels were infected
ith approximately half the number of B. burgdorferi s.l. than

ubadults and adults. The fact that juvenile squirrels are infected
ith B. burgdorferi s.l. may  also indicate that these individuals

ecome infected by I. ricinus nymphs carried to the nest in the
ourse of rearing activities by their mothers.

onclusion

The overall prevalence of B. burgdorferi s.l. (27.3%) found in red
quirrels collected in France (except in the Mediterranean region),
s among the highest prevalence found in rodent populations in
urope. Our results add compelling evidence for a major role of
he European red squirrel in hosting an important diversity of
athogenic agents of Lyme borreliosis in western Europe (Humair
nd Gern, 1998), among which the rarest genospecies B. burgdorferi
.s. dominates. This result is notable when compared with other
odent species, which are almost entirely infected with B. afzelii
nd to lesser extent with B. garinii (Rizzoli et al., 2011). We  empha-
ized that biogeographic origin linked to the presence/absence of
. ricinus, along with host age-related behaviour in exposure, con-
ributed to the observed B. burgdorferi s.l. prevalence in European
ed squirrels in France. It should be noted that the ratio of I. rici-
us stages on red squirrels was in favour of nymphs, as has already
een noted by Humair and Gern (1998). Such a situation and the low
ensities that characterize red squirrel populations in Europe (Lurz
t al., 2005) indicate a reduced role for this sciurid in disseminating
yme borreliosis agents to the rest of the host community com-
ared with small mammals and ground-feeding passerine birds.
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Derdáková, M.,  Lenčáková, D., 2005. Association of genetic variability within the Bor-
relia burgdorferi sensu lato with the ecology, epidemiology of Lyme borreliosis
in Europe. Ann. Agric. Environ. Med. 12, 165–172.

Estrada-Peña, A., Ortega, C., Sánchez, N., DeSimone, L., Sudre, B., Suk, J.E., Semanza,
J.C., 2011. Correlation of Borrelia burgdorferi sensu lato prevalence in questing
Ixodes ricinus ticks with specific abiotic traits in the Western Palearctic. App.
Environ. Microbiol. 77, 3838–3845.

Franke, J., Moldenhauer, A., Hildebrandt, A., Dorn, W.,  2010. Are birds reservoir hosts
for Borrelia afzelii? Ticks Tick-Borne Dis. 1, 109–112.

Gern, L., 2009. Life cycle of Borrelia burgdorferi sensu lato and transmission to
humans. In: Lipsker, D., Jaulhac, B. (Eds.), Lyme Borreliosis: Biological and Clinical
Aspects. Karger, Basel, Switzerland, pp. 18–30.

Gern, L., Douet, V., López, Z., Rais, O., Morán Cadenas, F., 2010. Diversity of Bor-
relia  genospecies in Ixodes ricinus ticks in a Lyme borreliosis endemic area in
Switzerland identified by using new probes for reverse line blotting. Ticks Tick-
Borne Dis. 1, 23–29.

Gern, L., Humair, P.-F., 2002. Ecology of Borrelia burgdorferi sensu lato in Europe.
In:  Gray, J.S., Kahl, O., Lane, R.S., Stanek, G. (Eds.), Lyme Borreliosis: Biology,
Epidemiology and Control. C.A.B. International, UK,  pp. 149–174.

Gilot, B., Pérez-Eid, C., 1998. Bio-écologie des tiques induisant les pathologies les
plus  importantes en France. Méd. Mal. Infect. 28, 325–334.

Gurnell, J., 1987. The Natural History of Squirrels. Christopher Helm mammal series,
London, Oxford, U.K.

Hanincová, K., Kurtenbach, K., Diuk-Wasser, M.,  Brei, B., Fish, D.,  2006. Epidemic
spread of Lyme borreliosis, northeastern United States. Emerg. Infect. Dis. 12,
604–611.

Hanincová, K., Schäffer, S.M., Etti, S., Sewell, H.-S., Taragelová, V., Ziak, D., Labuda,
M.,  Kurtenbach, K., 2003. Association of Borrelia afzelii with rodents in Europe.
Parasitology 126, 11–20.

Huegli, D., Hu, C.M., Humair, P.-F., Wilske, B., Gern, L., 2002. Apodemus species mice,
reservoir hosts of Borrelia garinii OspA serotype 4 in Switzerland. J. Clin. Micro-
biol. 40, 4735–4737.

Humair, P.-F., Gern, L., 1998. Relationship between Borrelia burgdorferi sensu lato
species, red squirrels (Sciurus vulgaris) and Ixodes ricinus in enzootic areas in
Switzerland. Acta Trop. 69, 213–227.

Humair, P.-F., Gern, L., 2000. The wild hidden face of Lyme borreliosis in Europe.
Microbes Infect. 2, 915–922.

Humair, P.-F., Rais, O., Gern, L., 1999. Transmission of Borrelia afzelii from Apodemus
mice and Clethrionomys voles to Ixodes ricinus ticks: differential transmission
pattern and overwintering maintenance. Parasitology 118, 33–42.

Inventaire national du Patrimoine naturel, 2012. In: Muséum national
d’Histoire naturelle (Ed.), Cartes et information géographique. INPN,
http://www.inpn.mnhn.fr/telechargement/cartes-et-information-geographique
[8 février 2012].

Kurtenbach, K., Dizij, A., Seitz, H.M., Margos, G., Moter, S.E., Kramer, M.D., Wallich,
R.,  Schaible, U.E., Simon, M.M.,  1994. Differential immune response to Borrelia
burgdorferi in European wild rodent species influence spirochete transmission
to Ixodes ricinus L. (Acari Ixodidae). Infect. Immun. 62, 5344–5352.

Kurtenbach, K., Hanincova, K., Tsao, J.I., Margos, G., Fish, D., Ogden, N.H., 2006. Fun-
damental processes in the evolutionary ecology of Lyme borreliosis. Nat. Rev.
Microbiol. 4, 660–669.

Kurtenbach, K., Peacey, M.,  Rijpkema, S.G.T., Hoodless, A.N., Nuttall, P.A., Randolph,
S.E., 1998. Differential transmission of the genospecies of Borrelia burgdorferi
sensu lato by game birds and small rodents in England. Appl. Environ. Microbiol.
64,  1169–1174.

Lane, R.S., Mun, J., Eisen, R.J., Eisen, L., 2005. Western gray squirrel (Rodentia:
Sciuridae): a primary reservoir host of Borrelia burgdorferi in Californian oak
woodlands? J. Med. Entomol. 42, 388–396.

LoGiudice, K., Ostfeld, R.S., Schmidt, K.A., Keesing, F., 2003. The ecology of infectious
disease: effects of host diversity and community composition on Lyme disease
risk. Proc. Natl. Acad. Sci. U. S. A. 100, 567–571.

Lurz, P.W.W., Gurnell, J., Magris, L., 2005. Sciurus vulgaris. Mammalian Species 769,
1–10.

Margos, G., Gatewood, A.G., Aanensen, D.M., Hanincová, K., Terekhova, D., Vollmer,
S.A.,  Cornet, M.,  Piesman, J., Donaghy, M.,  Bormane, A., Hurn, M.A., Feil, E.J.,
Fish, D., Casjens, S., Wormser, G.P., Schwartz, I., Kurtenbach, K., 2008. MLST
of housekeeping genes captures geographic population structure and suggests
a  European origin of Borrelia burgdorferi. Proc. Natl. Acad. Sci. U. S. A. 105,
8730–8735.

Margos, G., Vollmer, S.A., Cornet, M.,  Garnier, M.,  Fingerle, V., Wilske, B., Bormane,
A.,  Vitorino, L., Collares-Pereira, M., Drancourt, M.,  Kurtenbach, K., 2009. A new
Borrelia species defined by multilocus sequence analysis of housekeeping genes.
Appl. Environ. Microbiol. 75, 5410–5416.

Marsot, M.,  Sigaud, M.,  Chapuis, J.-L., Ferquel, E., Cornet, M.,  Vourc’h, G., 2011.
Introduced Siberian chipmunks (Tamias sibiricus) harbor more diverse Borre-
lia  burgdorferi sensu lato genospecies than native bank voles (Myodes glareolus).
Appl. Environ. Microbiol. 77, 5716–5721.

Marsot, M., Chapuis, J.-L., Gasqui, P., Dozières, A., Masséglia, S., Pisanu, B., Ferquel,
E.,  Vourc’h, G., 2013. Introduced Siberian chipmunks (Tamias sibiricus barberi)
contribute more to Lyme borreliosis risk than native reservoir rodents. PLoS ONE
8,  e55377.
Mather, T.N., Wilson, M.L., Moore, S.I., Ribeiro, J.M., Spielman, A., 1989. Comparing
the relative potential of rodents as reservoirs of the Lyme disease spirochete
(Borrelia burgdorferi). Am. J. Epidemiol. 130, 143–150.

Medlock, J.M., Hansford, K.M., Bormane, A., Derdáková, M.,  Estrada-Peña, A., George,
J.-C., Golovljova, I., Jaenson, T.G.T., Jensen, J.-K., Jensen, P.M., Kazimirova, K., Oteo,

http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0005
http://www.r-forge.r-project.org/projects/mumin/
http://www.cran.r-project.org/package=ncf
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0020
http://www.cabi.org/isc
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0030
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0035
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0040
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0045
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0050
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0055
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0060
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0065
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0070
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0075
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0080
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0085
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0090
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0095
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0100
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0105
http://www.inpn.mnhn.fr/telechargement/cartes-et-information-geographique
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0115
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0120
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0125
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0130
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0135
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0140
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0145
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0150
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0155
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0160
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165
http://refhub.elsevier.com/S1877-959X(13)00080-0/sbref0165


6 ick-bo

M

N

P

P

P

P

R

R

R

R

common statistical problems. Methods Ecol. Evol. 1, 3–14.
Zuur, A.F., Ieno, E.N., Walker, N.J., Saveliev, A.A., Smith, G.M., 2009. Mixed Effects
B. Pisanu et al. / Ticks and T

J.A., Papa, A., Pfister, K., Plantard, O., Randolph, S.E., Rizzoli, A., Santos-Silva, M.M.,
Sprong, H., Vial, L., Hendrickx, G., Zeller, H., Van Bortel, W.,  2013. Driving forces
for changes in geographical distribution of Ixodes ricinus ticks in Europe. Parasite
Vector 6, 1.

ichalik, J., Skotarczak, B., Skoracki, M.,  Wodecka, B., Sikora, B., Hofman, T.,
Rymaszewska, A., Sawczuk, M.,  2005. Borrelia burgdorferi sensu stricto in yellow-
necked mice and feeding Ixodes ricinus ticks in a forest habitat of West central
Poland. J. Med. Entomol. 42, 850–856.

ieto, N.C., Leonhard, S., Foley, J.E., Lane, R.S., 2010. Coinfection of Western gray
squirrel (Sciurus griseus) and other sciurid rodents with Borrelia burgdorferi sensu
stricto and Anaplasma phagocytophilum in California. J. Wildl. Dis. 46, 291–296.

érez-Eid, C., 2007. Les tiques: identification, biologie, importance médicale et
vétérinaire. Lavoisier, Paris, France.

iesman, J., Gern, L., 2004. Lyme borreliosis in Europe and North America. Parasito-
logy 129, S191–S220.

isanu, B., Obolenskaya, E.V., Baudry, E., Lissovsky, A.A., Chapuis, J.-L., 2013. Nar-
row phylogeographical origin of five introduced populations of the Siberian
chipmunk Tamias (Eutamias) sibiricus (Laxmann, 1769) (Rodentia, Sciuridae)
established in France. Biol. Invasions 15, 1201–1207.

oupon, M.-A., Lommano, E., Humair, P.F., Douet, V., Rais, O., Schaad, M.,  Jenni, L.,
Gern, L., 2006. Prevalence of Borrelia burgdorferi sensu lato in ticks collected from
migratory birds in Switzerland. Appl. Environ. Microbiol. 72, 976–979.

 Core Team, 2012. R: A Language and Environment for Statistical Comput-
ing. R Foundation for Statistical Computing, Vienna, Austria http://www.
R-project.org/

ijpkema, S.G., Molkenboer, M.J., Schouls, L.M., Jongejan, F., Schellekens, J.F., 1995.
Simultaneous detection and genotyping of three genomic groups of Borrelia
burgdorferi sensu lato in Dutch Ixodes ricinus ticks by characterization of the
amplified intergenic spacer region between 5S and 23S rRNA genes. J. Clin.
Microbiol. 33, 3091–3095.
izzoli, A., Hauffe, H.C., Carpi, G., Vourc’h, G.I., Neteler, M.,  Rosà, R., 2011. Lyme
borreliosis in Europe. Eurosurveillance 16, 1–8.

udenko, N., Golovchenko, M.,  Lin, T., Gao, L., Grubhoffer, L., Oliver Jr., J.H., 2009.
Delineation of a new species of the Borrelia burgdorferi sensu lato complex
Borrelia americana sp. nov. J. Clin. Microbiol. 47, 3875–3880.
rne Diseases 5 (2014) 1– 6

Salkeld, D.J., Lane, R.S., 2010. Community ecology and disease risk: lizards, squirrels,
and the Lyme disease spirochete in California, USA. Ecology 91, 293–298.

Salkeld, D.J., Leonhard, S., Girard, Y.A., Hahn, N., Mum,  J., Padgett, K.A., Lane, R.S.,
2008. Identifying the reservoir hosts of the Lyme disease spirochete Borrelia
burgdorferi in California: the role of the Western gray squirrel (Sciurus griseus).
Am.  J. Trop. Med. Hyg. 79, 535–540.

Shar, S., Lkhagvasuren, D., Bertolino, S., Henttonen, H., Kryštufek, B., Meinig, H., 2008.
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