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Colour and pattern variation in animals 

holds diverse ecological and evolutionary 

significance (Stuart‐Fox ӕ Moussalli, 

2009). This can be categorised into several 

key aspects, including communication 

(Galan, 2000; Ligon ӕ McGraw, 2013), 

camouflage (Marshall et al., 2016; Trosci‐

anko et al., 2016), and thermoregulation 

(Vences et al., 2002; Clusella‐Trullas et 

al., 2007). Similar to numerous other taxa, 
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Variation in animal colouration, which holds ecological and evolutionary significance, is evident in 

snakes, including the polytypic and highly polymorphic asp viper Vipera aspis. This species, cur‐

rently acknowledged with four subspecies, features three of them (V. a. aspis, V. a. francisciredi and 

V. a. hugyi) within the Italian territory, each displaying distinct dorsal patterns. Analysing 143 

georeferenced photos from personal surveys and citizen science, the present study explores transi‐

tion areas between V. a. francisciredi and V. a. hugyi, revealing the coexistence of three dorsal 

pattern phenotypes (i.e. francisciredi, hugyi, and intermediate) across central‐southern Italy. The 

outcome of the work reveals occurrences of francisciredi phenotypes considerably beyond the 

southern limit indicated in recent literature. Remarkably, intermediate phenotypes cover a signifi‐

cant portion of southern Italy, including Apulia (three records), Basilicata (six records) and Cam‐

pania (three records) regions, and overlapping with both hugyi and francisciredi ranges. These find‐

ings suggest asymmetrical gene flow from northern to southern populations, resembling patterns 

observed in other reptiles. The intricate distribution of colour phenotypes underscores the necessi‐

ty for molecular investigations to comprehend the genetic context and evolutionary history of V. 

aspis populations from central‐southern Italy. 
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polychromatism is a recurring phenome‐

non among snakes (Bechtel, 1978, and 

references therein; Wolf ӕ Werner, 1994; 

Regnet et al., 2022) and is often considered 

an evolutionary advantage associated with 

a broad array of adaptive options 

(Pizzatto ӕ Dubey, 2012; Forsman, 2016). 

Intraspecific colour and pattern variations 

may manifest within populations (Duarte 

et al., 2015; Reynolds et al., 2020; Di Nicola 

et al., 2023) and between populations, po‐

tentially exhibiting a geographic pattern 

(Sweet, 1985; Zuffi, 2008; Lattanzio ӕ 

Buontempo, 2021; Storniolo et al., 2023). 

The intraspecific geographical variation in 

colour among snakes has traditionally con‐

tributed to taxonomic implications over 

time (Cope, 1900; Cattaneo, 1985; Geniez 

et al., 2006). In several cases, these implica‐

tions have been supported by molecular or 

phylogenetic approaches (e.g. Fritz ӕ Ih‐

low, 2022; Storniolo et al., 2023), while in 

other contexts no correspondences have 

emerged (e.g. Ursenbacher et al., 2006; 

Faraone et al. 2020). 

The asp viper Vipera aspis (Linnaeus, 

1758) is a polytypic and highly polymor‐

phic species and four subspecies are cur‐

rently recognised, both supported by mor‐

phological (Zuffi ӕ Bonnet, 1999; Zuffi, 

2014) and genetic inferences (Ursenbacher 

et al., 2006; Barbanera et al., 2009): Vipera 

aspis aspis (Linnaeus, 1758); Vipera aspis 

francisciredi Laurenti, 1768; Vipera aspis 

hugyi Schinz, 1833; and Vipera aspis zinni-

keri Kramer, 1958. The three former sub‐

species are present in Italy (Zuffi et al., 

2011; Di Nicola et al., 2021; Sindaco ӕ 

Razzetti, 2021) and their distributional 

ranges and general dorsal colour variation 

patterns are detailed below.  

Vipera aspis aspis (formerly known as 

ssp. atra, Meisner, 1820 in its Italian popu‐

lations) is widespread in the Italian, 

French and Swiss western Alps, as well as 

in a large part of France (Zuffi, 2002; 

Ursenbacher et al., 2006). Vipera a. aspis 

exhibits a highly variable dorsal pattern 

(Mebert et al., 2011; Dubey et al., 2015), 

which can include transverse bars, round‐

ed blotches or none of these designs, par‐

ticularly in patternless and melanic speci‐

mens (Mebert et al., 2011; Tessa, 2016). 

Vipera aspis francisciredi is widespread 

from central Italy to the central‐eastern 

Italian Alps, with some populations in 

Switzerland and Slovenia (Kumar, 2009; Di 

Nicola et al. 2021). The predominant dor‐

sal pattern of V. a. francisciredi consists of 

four transverse series of dark bars, offset 

from each other, with two on the back and 

two on the sides (Bruno, 1985; De Smedt, 

2006). Melanic individuals of V. a. francis-

ciredi have been documented in central 

Italy (Di Nicola et al., 2024). 

Vipera aspis hugyi is endemic to south‐

ern Italy and Sicily, being prevalent in 

Campania, Apulia, Basilicata, Calabria and 

Sicily as well as on Montecristo Island 

(Tuscan Archipelago), where it was intro‐

duced in historical times (Masseti ӕ Zuffi, 

2011; Di Nicola et al., 2021). The dorsal 

pattern of this subspecies is highly distinc‐

tive, characterised by a vertebral series of 

rounded blotches and offset series of dark 

circles on the flanks (Zuffi et al., 2011). 

Patternless and melanic individuals of V. a. 

hugyi have been documented (Di Nicola ӕ 

Meier, 2013; Di Nicola ӕ Faraone, 2020). 

The examination of intergradation or 

contact zones between different taxa re‐

quires substantial sampling efforts and the 
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management of extensive datasets. Despite 

the challenges involved, such endeavours 

frequently yield compelling results. This 

holds true also for snakes, including vi‐

pers, where investigations at both interspe‐

cific and intraspecific levels have revealed 

the presence of intermediate phenotypes 

and varying degrees of gene flow (e.g. 

Martínez‐Freiría et al., 2009; Guiller et 

al., 2017; Salvi et al., 2017; Schultze et al., 

2019; Asztalos et al., 2020; Zwahlen et al. 

2022; Meier et al., 2023). The delineation of 

V. aspis subspecies boundaries in Italy has 

been a focal point of study, approached 

with varying degrees of specificity. The 

transition area between V. a. aspis and V. a. 

francisciredi in northern Italy has been spe‐

cifically described using morphological 

criteria (Bruno, 1985; Zuffi ӕ Bonnet, 

1999; Zuffi et al., 2002), and subsequently 

confirmed by mitochondrial markers 

(Ursenbacher et al., 2006; Barbanera et al., 

2009). It roughly corresponds to the border 

between Lombardy and Piedmont. The 

transition area between V. a. francisciredi 

and V. a. hugyi is currently defined as a 

line that approximately extends from the 

Mount Vesuvius (central Campania, Tyr‐

rhenian coast) to the northern slopes of the 

Gargano promontory (Apulia, Adriatic 

coast) (Lanza ӕ Vanni, 1989; Zuffi ӕ Bon‐

net, 1999; Barbanera et al., 2009). Alt‐

hough without providing specific data or 

mapping, Bruno (1985) previously assert‐

ed that V. a. francisciredi extends even far‐

ther south, encompassing the Cilento 

mountains in southern Campania. Bar‐

banera et al. (2009) provided genetic sup‐

port for the existence of V. a. francisciredi 

and V. a. hugyi morphotypes. Barbanera et 

al. (2009) showed that nuclear markers 

(microsatellites) fully support V. a. francis-

ciredi and V. a. hugyi morphotypes, while 

mitochondrial markers highlight the pa‐

raphyletic status of the latter morphotype, 

probably due to ancient, asymmetrical in‐

trogression processes between these sub‐

species. However, the sampling coverage 

in that study was insufficient to precisely 

define the transition area between these 

two subspecies. 

Currently, citizen science represents a 

significant opportunity for collecting a 

large amount of high‐quality data. As a 

result, it is widely employed in zoology 

and ecology (Faraone et al., 2017; Hacklay 

et al., 2021), including various studies on 

snakes (e.g. Fritz ӕ Ihlow, 2022; Di Nicola 

et al., 2022, 2023; Storniolo et al., 2023). In 

this study, we adopted the citizen science 

approach to achieve two main objectives. 

Firstly, we employed a colour phenotype‐

based methodology to deduce the transi‐

tion area between V. a. francisciredi and V. 

a. hugyi subspecies in southern Italy. This 

approach aimed to compare our findings 

with those traditionally reported in the 

literature, expecting a more comprehen‐

sive spatial coverage and aiming to estab‐

lish a more accurate depiction of this con‐

tact area. Subsequently, our focus turned 

to identifying the distribution of interme‐

diate phenotypes and examining the ex‐

tent of their overlap with the geographic 

ranges of the two subspecies. The out‐

comes of our study are expected to con‐

tribute to a clearer understanding, encour‐

aging further examination through de‐

tailed morphological analysis and bio‐

molecular surveys specifically targeted at 

the intergradation zone between V. a. fran-

cisciredi and V. a. hugyi. 
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Materials and Methods 

Data collection and pattern evaluation 

The central‐southern Italy range where 

to investigate the contact and admixture 

among Vipera aspis phenotypes approxi‐

mately coincides with the territories of 

central and southern Campania, Basilicata 

and northern Apulia. This area was identi‐

fied based on our own experience and the 

boundaries between V. a. francisciredi and 

V. a. hugyi subspecies as indicated in the 

literature (Zuffi ӕ Bonnet, 1999; Zuffi, 

2002). Additionally, the genetic data pro‐

vided by Barbanera et al. (2009), i.e. the 

contact zone between clades B and D 

shown in Fig. 2 of that study, were consid‐

ered, despite their sample coverage was 

very limited in the territories potentially 

affected by the contact of the two subspe‐

cies.  

The precise distribution limits of V. a. 

francisciredi towards the south and V. a. 

hugyi towards the north are not definitive‐

ly established (Golay et al., 2008). Conse‐

quently, two northern and southern 

“buffer” areas were incorporated into the 

investigated range, where only the pres‐

ence of the expected dorsal pattern pheno‐

type was ascertained. This approach al‐

lowed to avoid the exclusion of any eligi‐

ble records outside the initially hypothe‐

sised range. The designated area was arbi‐

trarily delimited to the north by a straight 

line between the coordinates 42.4301°N, 

14.2779°E and 41.3821°N, 12.9193°E (in the 

southern sectors of Lazio and Abruzzo) 

and to the south by the coastal borders of 

mainland Apulia and Calabria.   

Georeferenced photos of Vipera aspis 

within the established range (n = 143) were 

obtained from personal (8%; n = 12) and 

third‐party (92%; n = 131) contributions. 

Third‐party photos were obtained in No‐

vember 2023 through direct request to col‐

laborators and members of the Facebook 

group Identificazione Anfibi e Rettili (https://

www.facebook.com/

groups/283231695476830) (49%; n = 70). 

Additional pictures were retrieved from 

the citizen science social network iNatural‐

ist.org (43%; n = 61). Personal or directly 

requested records were considered eligible 

if they included exact coordinates, photos 

of sufficient quality (i.e. in which the dor‐

sal pattern of at least half of the animal’s 

anterior half was visible), and information 

about the observation period. Records ob‐

tained from iNaturalist.org were consid‐

ered eligible if they met the criteria for re‐

search‐grade observations, which includes 

having photos, date, and coordinates (with 

an accuracy of 5 km), and receiving com‐

munity consensus on identification. 

An expert‐based assessment of dorsal 

patterns through photographs was con‐

ducted to discriminate between the francis-

ciredi (barred, Fig. 1A), hugyi (blotched, 

Fig. 1B), and intermediate (Fig. 1C) pheno‐

types. The phenotypes were assessed as 

either francisciredi or hugyi based on the 

literature (e.g. Bruno, 1985; De Smedt, 

2006; Zuffi et al. 2011; Di Nicola, 2019; Di 

Nicola et al. 2021). The classification as 

intermediate was assigned when the dor‐

sal pattern exhibited, for over half the 

length of the animal, a design considered 

intermediate between the first two pheno‐

types (i.e. quadrangular dorsal blotches 

showing a geometric shape with marked 

angles, which therefore are clearly distin‐

guished from the rounded ones typical of 
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hugyi phenotypes and from the transversal 

bars —albeit of varying thickness and, in 

some cases, more or less fused together— 

of francisciredi; Fig. 1). The dorsal ground 

colour was not considered, as it is not ade‐

quately indicative of a given phenotype. 

Additionally, it may vary based on the 

moulting state and is not reliably measura‐

ble without standardised photographs. 

Each of the four authors independently 

assessed the 143 pictures according to dor‐

sal pattern phenotypes, and not knowing 

any information about the geographical 

location of each record; by doing so we 

limited any a priori bias in image classifica‐

tion associated with the source of records 

(i.e. putative association between pheno‐

type and mitochondrial lineage). A collec‐

tive evaluation was then carried out to ad‐

dress any discordant data until consensus 

was reached for all records. 

Mapping and spatial analysis 

After classification, all photos were 

matched with their coordinates a posteriori 

to avoid any bias in phenotypic assign‐

ment induced by geographic location of 

each record. Subsequently, for each pheno‐

type, we computed the convex hull to con‐

tain all points and estimated the covered 

area via the chull function of grDevices base 

R package. These hulls were then used to 

build georeferenced spatial polygons via 

the spPolygons function of the raster pack‐

age (Hijmans, 2023a). Upon visual inspec‐

tions, polygons overlapped with marine 

areas, so we restricted the polygons to 

mainland via the intersect function of the 

raster package.  

We intersected polygons and calculated 

the percentage and area of overlap be‐

tween distributional ranges of phenotypes. 

Figure 1: Examples of dorsal patterns in (A) Vipera aspis francisciredi, (B) V. a. hugyi, and (C) in an 

individual with an intermediate phenotype. Photo credits: Matteo Riccardo Di Nicola (A, B); 

Laura Ricci (C). 
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Figure 2: Maps of central and southern mainland Italy with the distribution of the 143 Vipera aspis 

individuals included in the study, differentiated by phenotype. (A) Spatial distribution of records 

of each V. aspis phenotype in southern Italy, including boundaries between the subspecies V. a. 

francisciredi and V. a. hugyi reported by previous studies. (B) Convex hulls computed to encom‐

pass all records from each phenotype (see legend in part A for colour coding), including intersec‐

tions between hulls shaded in grey (intermediate and francisciredi phenotypes in the left panel; 

hugyi and intermediate phenotypes in the right panel). Map credit: Google Earth [Data SIO, NO‐

AA, U.S. Navy, NGA, GEBCO Image Landsat / Copernicus], modified. 
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It must be noticed, however, that because 

the study was restricted to central‐

southern Italy, the range sampled for fran-

cisciredi and hugyi did not correspond to 

their whole distribution, which spreads 

beyond the area considered in the present 

study. Areas of convex hulls and polygons 

were calculated using the area function of 

the terra package (Hijmans, 2023b). All 

spatial analyses were performed in the R 

version 4.2.2 (R Core Team, 2022). 

Results 

From the dorsal pattern evaluation of 

the 143 photos, 75 francisciredi phenotypes 

(52.4%), 56 hugyi phenotypes (39.2%), and 

12 intermediate phenotypes (8.4%) were 

identified. The distribution of records, sep‐

arated by phenotype, is shown in Fig. 2A 

and regionally summarised in Table 1. De‐

tails for each record are shown in Table S1. 

The distribution of phenotypes was 

checked against the distributional range of 

the respective subspecies, namely V. a. 

francisciredi and V. a. hugyi. While the dis‐

tribution of hugyi phenotypes generally 

aligned with its distributional range, with 

the exception of six records in the northern 

portion of Gargano peninsula 

(representing 10.7% of the records from 

this phenotype; Fig. 2A), a significant por‐

tion of the observed records of francisciredi 

phenotypes (26 out of 71, 34.6%; Fig. 2A) 

extended beyond the putative contact zone 

between subspecies in central and south‐

ern Campania, where all phenotypes oc‐

curred simultaneously. 

After constructing the convex hulls for 

each phenotype, the areas were calculated. 

Firstly, the area of intersection between 

francisciredi and hugyi within the region 

considered in the present study (i.e. central

‐southern Italy) covered 8348.04 km2. Sec‐

ondly, we focused on the distribution 

range of intermediate phenotypes, which 

encompassed an area of 15 777.8 km2 in 

southern Italy and occurred within the 

regions of Apulia, Basilicata, Campania 

and Calabria (Fig. 2B). This range partially 

overlapped with that of francisciredi pheno‐

types in an area of 5456.03 km2, corre‐

sponding to 34.6% of the total distribution 

range of intermediate phenotypes, and 

largely overlapped with that of hugyi phe‐

notypes in an area of 15 749.31 km2, which 

corresponded to 99.8% of the total inter‐

mediate phenotype range. Lastly, we cal‐

culated the area where only the two non‐

intermediate phenotypes overlapped by 

subtracting the area of overlap among the 

Region 
N of 

records 
francisciredi  hugyi  intermediate 

Abruzzo  3 (2.1%)  3 (100%)  0  0 

Apulia  18 (12.6%)  1 (5.6%)  14 (77.8%)  3 (16.7%) 

Basilicata  42 (29.4%)  6 (14.3%)  30 (71.4%)  6 (14.3%) 

Calabria  9 (6.3%)  0  9 (100%)  0 

Campania  35 (24.4%)  29 (82.8%)  3 (8.6%)  3 (8.6%) 

Lazio  27 (18.9%)  27 (100%)  0  0 

Molise  9 (6.3%)  9 (100%)  0  0 

Table 1: Vipera aspis pheno‐

types divided by region. 

Percentages in the column 

of total count of records are 

relative to the distribution 

of records by regions, 

whereas percentages in the 

phenotype columns are 

relative to the distribution 

by phenotypes within each 

region. 
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three phenotypes from the area of overlap 

of francisciredi and hugyi, obtaining a sur‐

face area of 2892 km2.  

Discussion 

The analyses conducted in this study 

revealed the coexistence of three distinct V. 

aspis dorsal pattern phenotypes in central‐

southern Italy (see Fig. 2A). In detail, the 

francisciredi phenotype occurred mainly in 

the northernmost part of the survey area in 

the regions of Lazio, Molise, Marche and 

Campania; nevertheless, a cluster of fran-

cisciredi phenotypes was detected in south‐

ern Campania (central‐west of the study 

area), where all phenotypes occurred. 

Meanwhile, hugyi phenotypes were lim‐

ited to Apulia, Basilicata and Calabria, as 

expected. Interestingly, 8.4% of total rec‐

ords were intermediate phenotypes; their 

range covered a remarkable portion of 

southern Italy (15 777.8 km2) and largely 

overlapped with that of hugyi phenotypes. 

A small portion of Campania coast and 

inland areas showed a mixture of pheno‐

types that included only non‐intermediate 

ones.  

From the phylogenetic perspective, the 

investigation by Barbanera et al. (2009) 

showed a discordance between mitochon‐

drial and nuclear DNA in the delimitation 

of morphological subspecies. As regards to 

southern Italy, only the nuclear markers 

aligned with the morphological identity of 

the subspecies, while the mitochondrial 

ones indicated a large, ancient introgres‐

sion.  

Dorsal colourations in the asp viper are 

markedly variable among clades as well as 

among populations, especially in the aspis 

and francisciredi subspecies (Bruno, 1985; 

Zuffi ӕ Bonnet, 1999; Zuffi et al., 2011; Di 

Nicola et al., 2021). The ecological signifi‐

cance of dorsal colouration in reptiles has 

been extensively investigated, particularly 

in vipers. The evolution of colourations 

and patterns in these snakes is frequently 

attributed to selective forces such as preda‐

tor avoidance (Niskanen ӕ Mappes, 2005) 

or thermoregulation (Andrén ӕ Nilson, 

1981). For instance, dorsal patterns often 

consist of disruptive ornamentations that 

allow snakes to be concealed by back‐

ground matching (Santos et al., 2014) and 

thus boost fitness in terms of long‐time 

survivorship. On the other hand, survivor‐

ship in squamates is also favoured by ther‐

mal efficiency, which is hypothesised to 

depend on increased melanisation 

(Thermal Melanism Hypothesis as in 

Clusella‐Trullas et al., 2007). Martínez‐

Freiría et al. (2020) showed the ecological 

benefits associated with the darkening of 

dorsal patterns in vipers. The authors 

found that darkening was evolutionarily 

related to colder climatic conditions and 

thus were favoured to compensate sub‐

optimal conditions. Additionally, thermal 

efficiency significantly affects performance 

(Zamora‐Camacho et al., 2015) and immu‐

nocompetence (Huyghe et al., 2010), hence 

an increase in dorsal darkening is expected 

to be positively selected over time. The 

hugyi phenotype is characterised by broad 

dark dorsal blotches that might therefore 

boost thermal efficiency and thus be under 

positive selection. However, the potential‐

ly favoured phenotype occurred only in 

southernmost Italy, where climatic condi‐

tions are expected to be less stringent to‐

wards ectotherms, with higher average 

temperatures and less seasonality com‐
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pared to other parts of the country 

(Fratianni ӕ Acquaotta, 2017; Pinna, 

2017). Furthermore, under this hypothesis, 

melanistic phenotypes should have been 

more frequent in the northernmost portion 

of the species range, where instead melan‐

ic vipers occur sporadically, mainly clus‐

tered in some mountain areas of central 

and northern Italy, and never predominant 

compared to standard phenotypes 

(Castella et al., 2013; Di Nicola et al., 

2024). Hence, the thermal melanism hy‐

pothesis in this geographic context seems 

unsuitable to justify the spatial distribu‐

tion of phenotypes.  

Irrespective of climate and geography, 

V. aspis phenotypes are always cryptic and 

disruptive as they are normally character‐

ised by geometric shapes such as blotches 

or bars (as it commonly occurs in V. berus 

for instance; Andrén ӕ Nilson, 1981) that 

increase background matching against 

predators alongside secretive behaviours, 

suggesting that the major driving force of 

dorsal ornamentations in this species is 

predator avoidance by camouflage (e.g. 

Andrén ӕ Nilson, 1981; Santos et al., 2014; 

Pizzigalli et al., 2020). Consequently, the 

occurrence of francisciredi phenotypes be‐

yond the contact zone between the two 

subspecies hypothesised in the works of 

Zuffi and colleagues (e.g. Zuffi, 2002; Bar‐

banera et al., 2009), as well as the occur‐

rence of intermediate ones, should reason‐

ably be addressed to an alternative phe‐

nomenon to either camouflage or thermal 

ecology. For instance, the evolutionary 

history of a species, namely the divergence 

between different lineages over time, is 

often tightly related to phenotypic differ‐

entiation (Pfennig et al., 2010; Derryberry 

et al., 2011; Lee et al., 2016; Zamudio et al., 

2016). In our case, the secondary contact 

between the two lineages might be causing 

multiple gene flow events that results in 

admixed populations showing phenotypes 

differing from those typically observed for 

hugyi, according to what was already stat‐

ed by Barbanera et al. (2009). Interesting‐

ly, no hugyi and intermediate phenotypes 

were detected north to the contact zone, 

suggesting that gene flow, if any, might be 

asymmetrical from northern to southern 

populations of V. aspis as showed by Bar‐

banera et al. (2009). Similar patterns of mi‐

to‐nuclear discordance are known in other 

species (e.g. Yang et al., 2020; Meier et al., 

2023), and have taken place also in the area 

considered here, sometimes with asym‐

metric introgression in opposite direction 

(Bisconti et al., 2018; Schultze et al., 2020). 

In conclusion, the evidence we collect‐

ed concerning the spatial distribution of 

dorsal pattern phenotypes in the asp viper 

from southern Italy described a complex 

geographical pattern compared to that of 

mtDNA lineages, so that multiple pheno‐

types were detected across the contact 

zone between V. a. francisciredi and V. a. 

hugyi subspecies. In detail, hugyi pheno‐

types almost exclusively occurred within 

the traditional range of their subspecies, 

while francisciredi ones were also found 

beyond the contact zone, expanding up to 

southern Campania. Another relevant 

finding revealed the occurrence of inter‐

mediate phenotypes that overlapped with 

both francisciredi and hugyi ones, and al‐

most entirely southward of the contact 

zone. The area in Campania where both 

non‐intermediate phenotypes occurred 

without the detected presence of interme‐
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diate phenotypes, which encompassed an 

extension of 2892 km2, must be considered 

a focal area for future investigations to 

confirm the apparent absence of intermedi‐

ate phenotypes, or alternatively to detect 

currently undetected individuals showing 

this phenotype. In this context, acknowl‐

edging that the phenotypic variability in 

dorsal patterns of V. aspis is marked, and 

that an approach based on citizen science 

data provides only preliminary infor‐

mation on such variability, a field investi‐

gation implementing a photographic 

standardised data collection, analysed un‐

der a quantitative approach, appears nec‐

essary to broaden the scope of our work. 

Additionally, in depth molecular investi‐

gations on individuals exhibiting each dor‐

sal pattern phenotype seem crucial to as‐

sess whether the spatial pattern we ob‐

served concerning phenotypes reflects the 

genetic history of V. aspis populations at 

both the nuclear and mitochondrial level. 

This approach should aim to reconstruct 

the evolutionary history that has shaped 

the current distribution of phenotypes 

among these populations. 
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