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Abstract
Western European vipers are well-deﬁned species with parapatric distributions that
reﬂect contrasting thermal niches and climatic adaptations. Contact zones are usually narrow, coincide with steep ecological gradients and are associated with clear
habitat segregation. Natural hybridization has been demonstrated between several
species but has not been detected in others. The cold-adapted adder (V. berus,
subgenus Pelias) is not known to hybridize with the warm-adapted aspic viper
(V. aspis subgenus Vipera). For over 12 years, we have monitored sympatric populations of V. berus and V. aspis in western France where the two species exhibit
very similar life cycles. We tested for possible hybridization because individuals
with intermediate morphological traits have been reported in the past and were
recently detected in the study population. Our results demonstrate that hybridization
actually occurs and is directional since it involves females V. aspis viper and male
V. berus in all analyzed cases. We discuss our results in the frame of previous
ﬁndings on contact zones to evaluate in which conditions hybridization may occur.

doi:10.1111/jzo.12431

Introduction
According to the Biological Species Concept (BSC) proposed
by Mayr (1963), a species is deﬁned as ‘actually or potentially
interbreeding natural populations, which are reproductively isolated from other species’. The lack of fertile (or with altered
ﬁtness) F1-hybrids is frequently associated with species delimitation. This traditional species concept is currently profoundly
challenged (Mallet, 2005; Rubtsov, 2015). Empirical evidence
demonstrates that hybridization is not only frequent in closely
related taxa but also among well-deﬁned species (Rubtsov,
2015). Genetic introgression is frequent in plants but may be
more common than previously considered among animals
(Mallet, Besansky & Hahn, 2016). Species radiation and diversiﬁcation can occur over short time scales and may not involve
genomic incompatibilities (Mallet et al., 2016). Low fertility or
viability of hybrids is frequent but does not prevent signiﬁcant
gene ﬂow among species through backcrosses that can lead to
reticulated phylogenies (Arnold et al., 1999; Mallet et al.,
2016). Consequently, introgression should be considered an
important evolutionary process for the understanding of adaptation and speciation (Mallet et al., 2016).
Parapatric distributions are found when two species have
non-overlapping contiguous distributions with minor or no
overlap (Bull, 1991). This pattern has been described in a wide
variety of living organisms (Bull & Possingham, 1995; Werner
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et al., 2013) and encompasses a large diversity of situations.
Parapatry can involve hybridization at the contact edges resulting in a narrow band of hybridization (Bull, 1991; Mallet,
2005). However, the intensity of this phenomenon is variable
depending on different factors such as the degree of divergence
and ecological interactions between species. Hybridization can
be pronounced in closely related taxa with recent divergence
history (see Mallet, 2005). On the other hand, chromosome
rearrangements or the accumulation genetic incompatibilities
can result in reproductive isolation in the contact zone
(Navarro & Barton, 2003; Basset et al., 2006). Reproductive
isolation (either pre- or post-zygotic) can also be reinforced
(assortative mating) when hybridization alters reproductive performance (Bull & Possingham, 1995). Despite these variations,
recent studies suggest that hybridization is frequently observed
in contact zones (Jiggins et al., 1996; Mallet, 2005). The
genetic introgression can differentially involve mitochondrial
and nuclear genomes (Dufresnes et al., 2015; Mitchell, Muehlbauer & Freedberg, 2016). Furthermore, genetic introgression
can be asymmetric and occur preferentially in one of the two
species in contact (Mallet, 2005; Dufresnes et al., 2015, 2016).
In order to better understand parapatric distribution, it appears
critical to focus on contact zones to examine possible
hybridizations and genetic introgressions (Dufresnes et al.,
2015). In this context, both mitochondrial and nuclear markers
provide useful tools to detect potential barriers between species
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or quantify the amount and directionality of gene ﬂow (Mitchell et al., 2016).
In western Europe, the different viper species of the genus
Vipera display a typical parapatric distribution with contrasting
climatic niches ranging from boreal to Mediterranean climate
(Saint Girons, 1980). The phylogeny of this group is well
known with clearly deﬁned species (Garrigues et al., 2005;
Joger & St€umpel, 2005; Alencar et al., 2016), even if newly
detected taxa could throw into question the phylogenetic relationships between species (Ghielmi et al., 2016). Based on the
fossil data, the subgenus Vipera seems to be older that the
more cold-adapted Pelias (Szyndlar & Rage, 2002). Contact
zones where two or more species have been observed mainly
occur on climatic transition regions (Saint Girons, 1975; Luiselli, Filippi & Di Lena, 2007; Martınez-Freirıa et al., 2008;
Martinez-Freiria et al., 2010; Scali et al., 2011; Tarroso et al.,
2014; Mebert et al., 2015). Previous studies have demonstrated
the existence of natural hybrids in contact zones, notably
between V. seoanei and V. latastei (Tarroso et al., 2014),
V. aspis and V. latastei (Tarroso et al., 2014), V. ammodytes
and V. aspis (Bagnoli, Capula & Luiselli, 2014) and V. ammodytes and V. berus (reviewed in Schweiger, 2009). Hybrids
have also been observed between V. aspis and V seoanei in
captivity (Saint Girons, 1990). However, hybrids involving the
cold-adapted adder (V. berus) and the aspic viper (V. aspis)
have never been found. The adder belongs to the more recent
Pelias subgenus while V. aspis belongs to the ancestral Vipera
subgenus. They diverge in a number of traits including, for
example, number of chromosomes (N = 42 for V. aspis and
N = 36 for V. berus; Saint Girons, 1977). They also diverge in
their ecophysiology with contrasting thermal adaptations (Lourdais et al., 2013).
Contact zones between the two species have already been
investigated in France (Saint Girons, 1975; Naulleau, 1986),
Switzerland (Monney, 1996), Italy (Scali et al., 2011) and
Slovenia (Mebert et al., 2015). The lack of hybrids recorded
by these studies suggest that complete barriers to hybridization
exist, especially in mountain populations where temporal isolation exists in mating seasons (Monney, 1996). However, in
lowland contact zones such as in western France, the timing of
the reproductive season largely overlaps (Guiller, Legentilhomme & Lourdais, 2014) and hybridization has been suspected (Saint Girons, 1975). Over the past 10 years, we
monitored a narrow contact zone between Vipera aspis and
Vipera berus in Loire-Atlantique (Guiller, Legentilhomme &
Lourdais, 2012; Guiller et al., 2014). Several individuals with
mixed morphological traits were recently detected (G. Guiller
pers obs). The aims of this study were to:
(1) test the hybrid status of morphologically intermediate individuals using genetic markers;
(2) test the direction of the putative gene ﬂow by comparing
mitochondrial DNA and nuclear markers.
Our results demonstrate the lack of intrinsic genetic barrier
between the two species and bring new insights on hybridization in Eurasian vipers.
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Materials and methods
Studied species
The Aspic viper (Vipera aspis) and the adder (Vipera berus) are
related viviparous snakes of the western Palearctic region with
parapatric ranges. The phylogeography of the two species is well
documented (Ursenbacher et al., 2006a,b) and the split between
them occurred during the Miocene around 10–15 million years
ago (see Szyndlar & Rage, 2002; W€
uster et al., 2008). V. berus is
a boreal specialist with an extensive Eurosiberian geographic
range while V. aspis is a Para-Mediterranean species with a more
restricted range in France, Spain, Switzerland and Italy (Saint
Girons, 1980). The two species have been intensely studied, notably their phylogeny (Garrigues et al., 2005; Ursenbacher et al.,
2006a,b), ecophysiology and reproduction (H€
oggren & Tegelstr€
om, 2002; Guiller et al., 2012; Lorioux et al., 2013). Both are
relatively small (mean SVL ≤ 55 cm), rely on sit-and-wait foraging, and accumulate vast amounts of energy before reproduction
(capital breeding) resulting in low reproductive frequency (Lourdais et al., 2002b). During pregnancy, thermal needs are elevated
and females actively bask.
Narrow contact zones with local sympatry exist in western
France (Saint Girons, 1974, 1975), Switzerland (Monney,
1996) and northern Italy (Scali et al., 2011). As their trophic
niches are very similar in their contact zone (Monney, 1995),
both species are assumed to be in competition when sympatric
(Monney, 1996). At a ﬁne local scale, speciﬁc physiological
adaptations are, however, important factors for the altitudinal/
latitudinal delimitation (Guillon, 2012), as well as for microhabitat use (Guillon et al., 2014). Notably, V. berus thermoregulates more efﬁciently and beneﬁts from a higher standard
metabolic rate to exploit cold habitat (Lourdais et al., 2013).

Population monitoring and sampling
A contact zone of the two species has been previously
described in western France in the Loire-Atlantique department
(Saint Girons, 1975; Naulleau, 1986). We have been conducting population monitoring in this area (47° 290 N; 1° 440 W)
for 12 years. The study site is c. 1.35 km² and composed of a
mosaic of pastures and cultivated ﬁelds separated by a network
of hedgerows. More details about this location can be found in
Guiller et al. (2012). The two species are not spatially segregated on the study site. We used a standardized searching
method to patrol the hedges. Each year between February and
November, we patrolled hedgerows during favorable sunny
days to detect viper in basking position. Each observed snake
was captured, measured in length (SVL), weighed (BM) and
individually marked by scale clipping. A total of 544 V. berus
and 549 V. aspis have been individually marked since 2004.
The two species are easy to distinguish using simple morphological traits, (Saint Girons, 1980; Joger & St€
umpel, 2005)
including head scalation, eye color and dorsal patterns (Fig. 1).
However, several individuals (N = 10) with mixed traits were
captured since 2004 (Fig. 1 and Table 1). Thus, we wanted to
examine them for possible hybridization using genetic markers.
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Figure 1 Illustration of three hybrid vipers (individuals n 8, 4 and 6 on Table 1) and typical V. berus and V. aspis found in the vicinity of the study
€tan Guiller).
site in the Loire-Atlantique department, France (© Gae

For that, DNA samples have been collected in these 10 intermediate individuals, as well as in additional samples of
V. berus (N = 20) and V. aspis (N = 20), from individuals
showing typical morphological traits. These reference samples
were taken from locations where both species are not currently
in contact, c. 10 km from the contact zone. We also counted
the number of ventral scales and of labial rows, and we collected the detailed head scalation of eight intermediate individuals. These measurements were compared to typical head
scalation of V. berus and V. aspis (based on Saint Girons,
1980) and to the number of ventral scales in the studied population. Furthermore, we recorded the reproductive output of
two morphologically intermediate pregnant females that were
captured during summer and from one female V. aspis that
was found copulating with an intermediate male.

DNA extraction and amplification
Total DNA was extracted using QIAamp DNA Mini Kits (Qiagen). We ﬁrst ampliﬁed a portion of cytochrome b following
the protocol described in Ursenbacher et al. (2006a) and the
sequences were compared to sequences that were deposited in
GenBank using BLAST in order to assign maternal lineage. In
order to evaluate the level of gene ﬂow between both studied
Journal of Zoology  (2016) – ª 2016 The Zoological Society of London

species, several microsatellite makers were ampliﬁed. We used
nine markers speciﬁcally developed for Vipera berus (Vb-A8,
Vb-A11, Vb-B’2, Vb-B’9, Vb-B10, Vb-B’10, Vb-B18, VbD’10 and Vb-D17; see Ursenbacher et al. 2009) and 11 for
Vipera aspis (VA-P8, VA-P20, VA-P25, VA-P26, VA-P20,
VA-P35, VA-P51, VA-P69, VA-P70, VA-P70, VA-P91; see
Geser et al. 2013) following the ampliﬁcation conditions
described in the previously mentioned publications. PCR products were analyzed on an ABI 3130xl automated sequencer
(Applied Biosystems) and all sizes were determined using the
program PeakScanner 3.1 (Applied Biosystems).

Statistical analyses
Previous studies demonstrated that these microsatellites do not
present null allele occurrences for their speciﬁc species. Lack
of ampliﬁcation or ampliﬁcation with a high proportion of
homozygotes (which is a signal of null alleles) were detected
for the second species (VA-P70 for Vipera berus, Vb-D’10,
Vb-B18 for Vipera aspis). Because the aims of this study were
to detect possible hybrids between both species, a Structure
v2.3.4 analysis (Pritchard et al. 2000) was conducted with the
all samples (20 of both V. berus and V. aspis, as well as 10
putative hybrids, see above). An admixture model was used
3

4
20
AD

24
AD

Vipera aspis
Backcross with
Vipera berus
NA

1.5

2

Vipera aspis
Backcross with
Vipera berus
Copulated with
a V. aspis that
produced one
stillborn and nine
undeveloped ova

Male
149

Individual 2
26/03/2011

Male
153

Individual 1
14/03/2008

Vipera aspis
F1 or backcross
with Vipera berus
NA

22
AD

1.5

Male
144

Individual 3
14/10/2011

Vipera aspis
Backcross with
Vipera berus
Produced seven
undeveloped ova;
mate unknown

25
AD

1.5

Female
151

Individual 4
10/06/2012

Vipera aspis
Backcross with
Vipera berus
Produced two
undeveloped ova,
two offspring;
mate unknown

25
AD

1.5

Female
149

Individual 5
10/06/2012

NA

Vipera aspis
F1

29
N

1.5

Female
151

Individual 6
28/10/2012

Vipera aspis
F1 or backcross
with Vipera berus
NA

31
N

2

Female
153

Individual 7
28/10/2012

NA

Vipera aspis
F1

22
SUB < 1 year

2

Male
150

Individual 8
12/04/2013

IC, intercanthal scales, IS, intersupraocular scales, AD, adult, SUB, subadult, N, neonate.
The nuclear assessments were conducted using both principal coordinate analyses conducted with GenAlEx (Peakall & Smouse, 2006) and Structure (Pritchard et al., 2000). The morphological characteristics were not recorded for two putative hybrids.

Reproductive output

mtDNA
Hybridization level

Sex
Number of
ventral scales
Number of
subocular scales
Number of IC+IS
Age
Head scalation: IC
and IS scales
are shaded

Trait

Table 1 Morphological traits and genetic assignments based on mitochondrial and nuclear DNA of the putative hybrids.

Hybridization in viperid snakes
G. Guiller, O. Lourdais and S. Ursenbacher

Journal of Zoology  (2016) – ª 2016 The Zoological Society of London

G. Guiller, O. Lourdais and S. Ursenbacher

and 10 independent runs for K between 1 and 4 with 600 000
iterations (200 000 removed as burnin) were performed. Information about the distribution of the individual assignment was
gathered in order to evaluate the 90% conﬁdence intervals
(1000 simulations were retained) for each assignment. The best
K value was tested using the method described by Evanno,
Regnaut & Goudet (2005). Tests were conducted with and
without the loci displaying lack of ampliﬁcations and results
were similar. Consequently, only results with the complete
dataset are presented. Additionally, the identiﬁcation of possible hybrids was conducted with the software NewHybrids 1.1b
(Anderson & Thompson, 2002) using the Uniform priors and
1 000 000 iterations (10 000 removed as burnin). Finally a
principal coordinate analysis (PCoA) was conducted with GenAlEx v6.5.01 (Peakall & Smouse, 2006) on the whole dataset.
This approach, based on the genetic differentiation, explores
and displays similarities and dissimilarities in the data. In such
analysis, hybrids are expected to be situated in between the
pure individuals.

Results
Genetic analyses
The mtDNA of individuals with intermediate characters were
analyzed and all belong to Vipera aspis with the same haplotype
of the reference population (GenBank No: KX781250). Analyses
conducted with Structure indicated that the best number of clusters for K = 2, with all individuals assigned morphologically to
V. aspis belonged to the ﬁrst cluster, whereas all individuals
assigned morphologically to Vipera berus belonged to the second
cluster (Fig. 2a). The morphologically intermediate individuals
were assigned to at least 50% V. aspis, and one (out of the 10
putative hybrids) was completely assigned to this species. The
Structure analysis suggested that at least two (ﬁve if we take into
account the 90% conﬁdence interval) were 50/50 individuals,
whereas others are hybrids at different levels (Fig. 2a). The analysis with K = 3 conﬁrmed these results, with all hybrid individuals but one (the same as previously assigned to V. aspis) assigned
to a single cluster (Fig. 2b). Some traces of hybridization were
also detected in one V. berus of the reference location.
The analyses conducted with Newhybrids conﬁrmed the previous results, with one sample of the intermediate individuals
assigned to pure V. aspis, whereas the other was considered to
be F2-hybrids (mean of the assignment of the nine remaining
samples: 67%) or V. aspis backcrosses (18%). The PCoA also
attested the hybrid status of the selected individuals with an
intermediate position between V. aspis and V. berus. Graphically, all groups are very homogeneous (Fig. 3), except one
individual, who presented an intermediate position between
V. aspis and the hybrids. It is likely that this individual is a
backcross between an F1-hybrid and V. aspis.

Morphological traits and reproductive
output
Details on scalation were available for eight of the putative
hybrids. We found that morphological traits were in
Journal of Zoology  (2016) – ª 2016 The Zoological Society of London
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intermediate positions between the two species (Table 1).
Notably, head scalation (means  SE number of intercanthals + intersupraocular scales see Table 1) was 25.12  3.76
while Saint Girons (for a nearby population) provided an average value of 13 for V. berus and 39 for V. aspis. We found
that ﬁve of the eight hybrids displayed an intermediate number
of subocular scale rows. The number of ventral scale of intermediate individuals (150  2.88 range: 144–153) was close to
V. aspis (149  2.28 range: 147–154) and higher than
V. berus (144.87  3.13 range: 139–152) in the studied population. Although data on reproduction were anecdotal, the two
hybrids females caught while pregnant produced an important
proportion of non-viable elements (individual 4 and 5 in
Table 1). Furthermore, the female V. aspis that was found copulating with a hybrid male (individual 1 in Table 1) produced
only non-viable elements.

Discussion
While the contact zones between V. berus and V. aspis have
been intensely studied, evidence of hybrids between these two
species has never been found (Monney, 1996; Mebert et al.,
2015). Our study in Loire-Atlantique provides unequivocal evidence of hybridization. We discuss our results below.
During 12 years of population monitoring, 544 V. berus and
549 V. aspis were captured, but only 10 individuals presented
intermediate morphology and their species assignment was
problematic. Our genetic analysis combining mitochondrial and
nuclear markers conﬁrmed the hybrid status of most of the
intermediate individuals and the NewHybrids analyses suggested the occurrence of several V. aspis-backcrosses or F2
individuals. The number of individuals found with intermediate
morphology is rather low, compared for example, with the
contact zone studied by Tarroso et al. (2014). These authors
reported an important gene ﬂow between sister species V. aspis
and V. latastei with frequent backcrosses. In our case, low
hybridization rates between species belonging to different subgenera likely reﬂect more pronounced genetic divergences. For
instance, the different chromosome number reported for
V. berus and V. aspis may constitute an important barrier
(Saint Girons, 1977). Similar to our study, Tarroso et al.
(2014) found only one hybrid between the more phylogenetically distant V. seoanei and V. latastei. Furthermore, we report
a high number of unfertilized eggs from pregnant hybrid
females and from a female that copulated with and hybrid
male, although this evidence was anecdotal. These observations
suggest that reproductive performance is altered in hybrids (but
not null) between the two species.
Apart from intrinsic limits, ecological differences may limit
species interaction and hybridization in the contact zone
(Luiselli, 2006). For example, marked habitat segregation is a
well-established fact for vipers in contact zones and has been
previously demonstrated in high altitude situations (Monney,
1996; Scali et al., 2011; Mebert et al., 2015). In this context,
V. berus selects more humid microhabitats because this species
is more exposed to water loss than V. aspis (Monney, 1996;
Guillon et al., 2014). Contrasting phenology may also pose a
signiﬁcant barrier, including different mating periods, as
5
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Vipera berus

Putative hybrids

Vipera aspis

Vipera berus

Putative hybrids

(b) 100%
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75%

50%

25%

0%

Figure 2 Results of the Structure analysis (Pritchard et al. 2000) for the best simulations with (a) K = 2 and (b) K = 3. The different colors
correspond to the different clusters. The first 20 samples correspond to individuals assigned as V. aspis, the next 20 samples to V. berus and
the last 10 samples to putative hybrids (the first eight are in the same order as in Table 1).

demonstrated by Monney (1996) in the Alps. Such temporal
and spatial isolations may preclude interspeciﬁc mating and
explain the lack of hybrids in mountain contact zones (Mebert
et al., 2015). On the other hand, signiﬁcant overlap in reproductive phenology and habitat use in the studied lowland contact zone has been demonstrated (Guiller et al., 2014; Guillon
et al., 2014). Hybridization may be locally related to anthropogenic disturbance that may reduce ecological barriers by
reducing habitat heterogeneity (Seehausen et al., 2008). Notably, the hedgerow network landscape in western France has
been profoundly degraded (hedges removed, wet soils drained)
over the past 60 years due to agricultural intensiﬁcation (Burel
et al., 1990, 2004). Recent habitat alteration may reduce
microhabitat partitioning and facilitate interactions between the
two species studied here (Seehausen et al., 2008). However, it
6

is noteworthy that Saint Girons (1975) already mentioned the
observation of an immature female as a putative hybrid and
described mixed neonates (two typical V. aspis, four ‘intermediates’, one typical V. berus) from a pregnant V. aspis captured
at about 10 km from the studied location. Finally, ViaudGrand-Marais (1867) also suggested possible hybridizations
about 100 km south of our study site in an area where relict
V. berus populations were known, but disappeared early in the
XX century (Duguy & Saint Girons, 1989; Naulleau, 2003).
Combining mitochondrial and nuclear markers provided signiﬁcant insight into natural hybridization between V. berus and
V. aspis. For all hybrids, mtDNA was assigned to the aspic viper
and we can thus conclude that mating resulted in all observed
cases from a male V. berus and a female V. aspis. This asymmetry is somewhat puzzling and several hypotheses can be
Journal of Zoology  (2016) – ª 2016 The Zoological Society of London
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Coord. 2

Putative hybrids
Vipera aspis
Vipera berus

Coord. 1

Figure 3 Principal component analysis calculated with GenAlEx
(Peakall & Smouse, 2006) conducted on 20 Vipera aspis, 20 Vipera
berus and 10 putative hybrids from the same region.

formulated. Female vipers reproduce at low frequency (Prestt,
1971; Madsen & Shine, 1992; Monney, 1996), on average every
2 or 3 years, because they face important energy costs of reproduction, with a similar frequency between both species (GG,
pers. obs.). Consequently, the operational sex ratio is often low
(<30% of female breeding in a given year) (Madsen & Shine,
1993; Lourdais et al., 2002a) and intense competition among
males is suspected. Body size is well known to inﬂuence reproductive success in male snakes and notably vipers that engage in
ritual ﬁghts. A body size advantage in male V. berus could
explain the observed pattern with superior performances to
defeat male V. aspis as a possible competitor and breed with
female V. aspis. However, this hypothesis does not appear supported in our population since males V. berus tend to be smaller
than V. aspis (mean SVL  SE: 47.5  4.54 cm [N = 65] and
51.22  5.35 cm [N = 65] for V. berus and V. aspis, respectively). Directional hybridization may also involve sex differences in habitat use favoring selective encounters between male
adders of female aspic viper. During mating, male vipers are
very active and exploit a diversity of habitats. In this context,
males V. berus may venture in warmer and dryer microhabitats
(more favorable to V. aspis) while males V. aspis may avoid
colder and wetter microhabitats. Finally, intrinsic constraints
may also exist and either (1) preclude mating between male
V. aspis and female V. berus or (2) result in non-viable offspring. A combination of these aspects is possible and further
enquiries are required to test the generality of this pattern and
causal mechanisms.
Our study extends previous ﬁndings describing hybridization
in European vipers (Schweiger, 2009; Tarroso et al., 2014;
Zinenko et al., 2016). We provide evidence of introgression
between species separated by about 13 millions years (Alencar
et al., 2016), which demonstrate a lack of complete intrinsic
genetic barriers even between species isolated for a long time.
In western Europe, hybridization appears extremely localized
as no signiﬁcant introgression occurs a short distance from the
contact zone, as found here and in Spain (Tarroso et al.,
2014). Tarroso et al. (2014) demonstrated that hybridization
between V. aspis and V. latastei (separated for c. 7 million
Journal of Zoology  (2016) – ª 2016 The Zoological Society of London

years) coincides with a steep ecotone and this ecological gradient is the main barrier to gene ﬂow across taxa. Hybridization
seems a limited process conﬁned to the edge of a speciﬁc climatic niche as demonstrated in other taxa such as snails (Davison et al., 2011). In this context, different habitat and thermal
specializations in vipers may provide a parsimonious explanation to understand (1) large-scale parapatric distributions and
climatic niches and (2) microhabitat partitioning in contact
zones, resulting in limited gene ﬂow. However, the situation
appears slightly different in easternmost Europe (i.e. Ukraine
and Caucasus region) where species delimitation is much more
recent (about 4 million years) and complex, especially within
the Pelias groups (Zinenko, 2004; Pavlov et al., 2011; Zinenko
et al., 2016). Multiple contact zones or distribution overlap
between related species have been described and a high level
of introgression in Caucasus vipers was detected (Zinenko,
2004; Zinenko et al., 2016). For instance, a recent study
demonstrated that the rare V. magniﬁca and V. orlovi result
from the contact and hybridization between two species complexes (V. kaznakovi and V. renardi) (Zinenko et al., 2016).
These variable levels of hybridization among Eurasian vipers
may reﬂect different degrees of genetic differentiation between
related taxa induced by the last glacial oscillations or habitat
ﬂuctuation (Zinenko et al., 2015, 2016).
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Western European vipers are well-deﬁned species with parapatric distributions that reﬂect contrasting climatic adaptations. The
cold-adapted adder (V. berus, subgenus Pelias) is not known to hybridize with the warm-adapted aspic viper (V. aspis subgenus
Vipera). Our results in a contact zone in western France demonstrated that hybridization actually occurs and is directional since it
involves females V. aspis viper and male V. berus.
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