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Can we identify European snakes by color patterns?
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Abstract. We investigated to what extent European snakes can be identified by using their color, pattern and location. We
coded these criteria for all 84 snake species of Europe, including European Russia, Ukraine, and Turkey as their eastern
border. Brown and blotched snakes are most common, followed by dark (brown, black) and uniformly colored species.
Some highly variable species can have a dozen or more color patterns. However, in 96% of localities (grid cells) these three
criteria are sufficient to narrow down the number of possible species to no more than 10, and in most cases proper identification is possible with a few photos for comparison. Given that about two dozen European vipers (and a few other species)
are venomous, accurately identifying snakes is also of medical importance. In addition to identifying snakes, we provide
color and pattern data for future phylogenetic and for future phylogenetic and ecological studies.
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Introduction
More than 4,600 different snakes are recognized today,
including ~3,800 species and ~780 subspecies, distributed over all five continents (Uetz et al. 2020). Europe currently has 84 snake species most of which are either colubrids (52 species) or vipers (24) and the rest belong to other
families (7 species). While the world’s ~800 venomous species cause an estimated 94,000 deaths per year (Chippaux
1998, Kasturiratne et al. 2008), Europe has relatively few
medically important snakes (Longbottom et al. 2018).
Nevertheless, members of the genus Vipera (and a few other genera) can cause serious pain and other complications
(Schroth et al. 2003, Hermansen et al. 2019) that account
for hundreds of snakebite envenomings but only very few
fatalities every year (Currie 2000), hence it is important
that venomous snakes can be identified quickly and easily.
While the snake body plan is simple (essentially a tube),
snakes occur in a great variety of colors, patterns, and sizes. Although most European snakes display a limited set
of brownish or grayish colors, some can be blue, green, or
purple. Snake patterns also show a great diversity, with the
most common patterns being longitudinal striping, regular and irregular crossbands, neck rings, rings on the body,
chain or zigzag marking, longitudinal rows of dorsal blotches or saddles, longitudinal rows of diamond-shaped markings, and spots and checkers on the venter (Bechtel 1978).

We wondered if we can use simple descriptions of color
and pattern to identify snakes or at least possible species.
In other words: is it possible to identify a snake species by
simply recording its color and pattern in a given locality?
If not, to how many species can we narrow it down to and
what other information do we need for a reliable identification? A sub-problem of this question is whether a particular snake is venomous or not. Although numerous field
guides and other snake books have been published, it is often cumbersome to search them. Thus, a goal of this project
was to compile data that would allow also inexperienced
users to identify a snake or a least narrow down possible
species, eventually using a website or mobile app for confirmation. While an app was outside the scope of this project we provide a spreadsheet that fulfills a similar purpose.
In order to classify colors and patterns of European snakes, we collected more than 600 published photographs of all terrestrial species and coded their color and
pattern. We then mapped these color patterns to geographic maps to find the frequency of patterns in each grid cell.
This would tell us, for instance, how many uniform brown
snakes are expected in one cell and thus which species they
likely are. Although we did not expect precise identifications from such a simplified approach, our goal was to provide a tool to identify a shortlist of possible species that can
then be verified with additional data such as photographs
or scalation data.
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In this study we excluded slow worms and glass lizards
(Anguidae), although they can be easily confused with
snakes by lay people. However, our dataset can easily be extended by such data (as well as additional snake patterns)
and eventually we plan to implement the data of this study
in a searchable online database at which time anguids will
be included.
Materials and methods
Image and character collection
First, we collected a list of all European snake species from
the Reptile Database, which was cross-checked with the recent literature, with Geniez (2018) as our main reference
list (Supplementary Table S1). Next, in order to collect pattern data, we collected ~350 published images from books
and papers (Gruber 2009, Tuniyev et al. 2012, Sindaco et al. 2013, Hofmann et al. 2018, Tuniyev et al. 2018a,
Jablonski et al. 2019), 270 images from the Reptile Data-

base, and about a dozen photos from various websites if the
aforementioned sources were insufficient (Supplementary
Table S2). This approach was preferred over relying on online searches, given that such images are often much less
reliably identified and often fleeting (web pages can disappear or their URLs change). While we attempted to have at
least 2 images of live specimens per species, 6 rare species
are represented by only one photo (e.g. Eirenis hakkariensis or Vipera walser). A complete list of images and their
sources is provided in Supplementary Table S3.
The images were then used to code the patterns and colors. We initially used 15 colors but then simplified them
to six color codes (whitish, light, brown, dark, purplish
and greenish) (Fig. 1) and seven basic patterns (blotched,
banded, anterior-posterior, spotted, uniform, striped and
zigzag) (Fig. 2). For most patterns this was straightforward
but some patterns are intermediate between patterns, e.g.
some Natrix helvetica are intermediate between blotched
and banded. These cases were coded with both patterns,
so they can both be found when searching a list. For col-

Figure 1. Color terminology used in this study: Original color scheme with 15 colors that were reduced to a simpler scheme with
six colors (A), and examples of species (B). Photos courtesty of Philipp Wagner, Daniel Jablonski, Augusto Cattaneo, Vlad
Cioflec, Peter Uetz, Riyad Sadek (top left to bottom right).
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ors, we coded the dominant 1–3 colors, so if a black-andwhite banded snake has a few yellow dots somewhere, they
were usually ignored unless they are big enough to be easily seen from a distance. Given that brown is the most common color among European snakes, we initially differentiated light brown, brown and dark brown, but eventually
merged them into a single ‘brown’, given that light conditions or variation among specimens may make it nearly impossible to pick the ‘correct’ hue. Similarly, rare colors such as purple or orange were merged into ‘purplish’
which is found in less than a dozen species, even when applied generously. This approach is still imperfect but simplifies data analysis and utility, and thus should be acceptable for our goals.
Mapping colors and patterns
All categorical traits were classified in binary terms, by
presence or absence of each trait, although traits could
adopt multiple values, e.g. black and white for color (Supplementary Table S4). We excluded the size variable from
our analysis, given that size is not necessary for most identifications. Similarly, we initially considered including other characters in our analysis, such as scale type or pupil
shape, but these traits are difficult to see without handling
a snake.
We refer to each combination of traits as ‘morphotype’.
Several species may share the same morphotype, for example, Coronella austriaca, Dolichophis caspius and Eirenis aurolineatus can all be uniform brown. On the other
hand, a species may also have numerous morphotypes,
such as the Smooth Snake (Coronella austriaca) which can

be ‘whitish’ (i.e. very lightly colored), brown or dark and be
spotted, blotched or uniform. Hence, the number of morphotypes in a particular grid cell refers to the number of
different combinations of colors and patterns. A grid cell
with low species richness may therefore still have a high
number of morphotypes, and a cell with high richness may
have a low number of morphotypes.
Distribution maps and spatial analysis
To map the colors and patterns of the 84 European snake
species, we intersected the species ranges to a 50 by 50 km
grid of Europe, excluding Russia. The species ranges were
obtained from Roll et al. (2017) and supplemented by
manually digitizing missing species from Šmíd et al. (2015),
Ghielmi et al. (2016), Kindler et al. (2017), Mizsei et al.
(2017), Salvi et al. (2018) and Tuniyev et al. (2018b). Note
that the maps in Roll et al. (2017) are somewhat different and more complete than those in Sillero et al. (2014),
which is why we have not used the latter. The georeferencing of the distribution maps was done in QGIS ver. 3.6
and the remaining analysis were conducted in R (ver. 3.5.1)
(R Core Team 2018), using the packages 'sf ' (ver. 0.7-1) (Pebesma 2018), 'raster' (ver. 3.0-7) (Hijmans et al. 2015), ggplot2 (ver. 3.1.0) (Wickham 2016), and 'rnaturalearth' (ver.
0.1.0) (South 2017).
Results
Europe has a relatively small number of snakes, given its
size and climate (countries such as Mexico or India have

Figure 2. Snake patterns used in the study. A total of seven snake patterns were used to differentiate between all snakes, namely uniform,
banded, blotched, zigzag, spotted, anterior-posterior, and striped. The anterior-posterior pattern represents snakes that have different
colors anteriorly and posteriorly. Blotches are large spots and spots are small (less than 3 scales in diameter). When all scales show
the same pattern, they are classified as uniform. Some species may show a combination of patterns, such as both blotches and spots,
or different patterns in different individuals. Dolichophis schmidti is a juvenile. Photos courtesy of Peter Uetz (2), David Jandzik,
Daniel Jablonski, Patrick Prévost, Daniel Jablonski (2), Omid Mozaffari (top left to bottom right).
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many more). Hence, the number of different species in any
particular area is also moderate with about 1 to 25 species
per area unit (here: ~ 50 × 50 km, Fig. 3A). By combining a
single color and pattern, 42 unique morphotypes are possible (6 colors × 7 patterns), of which 39 were recorded in
Europe. The range of possible snake morphotypes per grid
cell observed across the continent was between 7 and 30
(Fig. 3B, with Vipera berus being often the only species in
a grid cell, having 7 different morphotypes in our data set).
We wondered how many different morphotypes can be
found in any particular grid cell. More importantly, how
does the number of species relate to the number of morphotypes in a grid cell? The latter number would give the number of species that share a particular morphotype and thus
indicate how difficult it is to identify a species. We find that
no grid cell had more than 18 species of the same morphotype (i.e. when all colors and patterns are combined, Fig. 3).
Very few snakes are purplish or greenish, while the majority are whitish, light, brown and dark (Fig. 4). Regarding
patterns, blotched is the most common pattern, followed
by uniform and spotted snakes (Fig. 4).
When color and pattern combinations are taken into account, this reduces the number of possible combinations
per grid cell even further (Fig. 5). For instance, the most
common color/pattern combination are whitish or dark
blotched snakes, and even though half of the snakes in Europe have this morphotype, no grid cell has more than 18
species with the same combination of traits and only 4%
of the grid cells have more than 10 species with the same
morphotype. All other combinations are much rarer (e.g.
Fig. 5). For instance, green uniform snakes do not occur in
most grid cells at all, and if they occur, no more than 2 such
species are found in any grid cell (Fig. 5).
This suggests that we can narrow down possible species by simply recording their color, pattern and locality.

The correct species can usually be identified by comparing
a specimen with photos of the candidate species with the
same characters (Fig. 6), even though in some cases additional data such scalation will be required for an unambiguous ID.
Supplementary Table S4 contains the color and pattern
data that we compiled. It can be directly used as an ID tool
by using the filters in Excel. If this data does not lead to
correct IDs, we encourage readers to send us additional
photos and/or color pattern data, so we can add that for
future releases.
Discussion
Photos as data source
We have used an average of ~7 photos per snake species to
extract color and pattern information. Photos have many
limitations, including variable lighting, color distortion
during image processing and the often-subjective interpretation of colors by the person who codes a color. For instance, dark brown snake may easily appear as black in a
photo if the photo was taken under poor light conditions,
making it look like black. We have tried to address this by
using multiple photos.
Natural variation
Another source for errors is natural variation. Some rare
species are known from only a few specimens and many
publications illustrate only one specimen, thus ignoring
sexual dimorphism or ontogenetic variation. In fact, many
juveniles are strikingly different from the adults, e.g. in
Elaphe quatuorlineata, in which juveniles are blotched and

Figure 3. Species and morphotype richness among European snakes: species richness (A), morphotype richness (B), maximum number
of species with the same morphotype across European snakes (C), total number of species per country (D). The maximum number
of species in a grid cell was 25, while some grid cells have up to 30 different morphotypes. The maximum number of species with the
same morphotype in a cell was 18, which referred to brown blotched snakes.
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Figure 4. Number of species per color trait across Europe. See Figure 1 for an explanation of colors.
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adults are striped (13 species with ontogenetic variation are
indicated in Supplementary Table S1, but most are much
less dramatic than in E. quatuorlineata).
In addition, some species are highly variable by nature
(e.g. Eirenis persicus) or may have rare color variants or mutations. Hence it is practically impossible to describe every
single variant and thus to identify every single snake using our approach. In addition, snakes can also show combinations of pattern types, either by having co-occurring
patterns along the snake such as in Platyceps najadum that
are typically blotched anteriorly and uniform posteriorly.
In this analysis we only considered common morphotypes
as documented in the cited books or papers, thus excluding combinations not in our photo library. If a species was
observed to be green spotted in one specimen and brown
uniform in another, we excluded other random combinations, such as brown spotted or green uniform. This approach is likely to cause an underestimation of possible
morphotypes but will avoid an overestimation by inferring
all possible combinations.

Geographic localities
Using range maps is often critical to identify species and
dramatically narrows down the number of species when
combined with colors and patterns. However, polygons are
incomplete descriptions of ranges, often ignoring habitat,
elevation, or abundance data. While such data can be integrated in niche models (Elith & Leathwick 2009), this is
rarely done with polygons. In addition, ranges are often incompletely known as shown by the numerous range extensions that are published regularly. Projects such as citizen
science programs can improve this situation to some extent
although they have their own limitations such as erroneous
identifications (Bird et al. 2014). Most importantly, polygons are impossible to search by simple text searches, requiring more sophisticated search algorithms. Hence, we included a list of (200 × 200 km) grid cells and the species occurring in each cell in Supplementary Table S5. We are also
working on an implementation of an online search tools for
our data but this was beyond the scope of this study.

Figure 5. Species richness of particular color patterns: Number of species by morphotype (A), brown and uniform species (B), purplish
and uniform species (C), brown and spotted species (D), and greenish and spotted species (E).
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Figure 6. Species identification using color and pattern (A) and geography (B), and possible snake species (C). Hemorrhois ravergieri
matches the pattern in (A) best but Natrix tessellata (here a somewhat untypical specimen from Israel) or Dolichophis schmidti are
possible alternatives. Photos in (C) courtesy of Peter Uetz, Daniel Jablonski, David Jandzik, Peter Uetz, Patrick Prévost,
David Jandzik (2), Riyad Sadek, Omid Mozaffari (top left to bottom right).
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Outlook: other applications of color pattern data
Our data should be useful for many other applications,
such as phylogenetic or ecological studies. Many colors
and patterns have a strong phylogenetic signal (data not
shown), given that similar species are usually related (although processes such as mimicry may obscure such relationships). Good examples are the species of Vipera which
all display some zigzag pattern. However, while there are
some studies illuminating the role of color patterns in ecology (e.g. (Allen et al. 2013)) it often remains unclear what
the selective pressures and adaptations are that certain color pattern combinations provide in nature. More studies
are required to illuminate their role in a larger number of
species. Finally, while species identification may be automated by artificial intelligence and machine learning (as in
iNaturalist’s Seek app), these tools do not provide any way
to export traits for other applications or analyses.
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Supplementary Figure S1. 200 × 200 km grid cells used in Table
S5.
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Supplementary Table S3. All images used in this study, with
their source.

Supplementary Table S4. All species with their color and pattern combinations and map source.

Supplementary Table S5. Snake species and their traits mapped
to grid cells (Figure S1).
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