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Ecological modeling of the Grass snake (Natrix natrix) and Dice snake (N. tessellata)
in Bulgaria confirms their wide-ranging distribution
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Abstract. We developed Environmental Niche Models (ENMs) for the two species of semi-aquatic snakes from the genus Natrix
occurring in Bulgaria (N. natrix, N. tessellata). The Maxent-generated ENMs had high AUC values (>0.86). Three variables common
between the two models contributed 73.7% for N. natrix and 70.6% for N. tessellata: ‘distance to (the nearest natural) flowing water’
(28.1% for N. natrix and 32% for N. tessellata), ‘distance to (the nearest) standing water’ (25.5% and 14.4%), and “elevation” (20.1% and
24.2%). Natrix natrix has a wider ecological niche, potentially comprising 15% of Bulgaria, compared to 8% for N. tessellata; the
niches overlap to a large extent (Shoener’s D = 0.708). These ENMs are especially helpful for guiding future surveys, especially in

under-sampled areas.
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Introduction

The Common grass snake Natrix natrix (Linnaeus, 1758) and
the Dice snake N. tessellata (Laurenti, 1768) are widely
distributed across the Palearctic, where they inhabit a range
of terrestrial and aquatic habitats, and can be easily
observable, also due to their often high local densities
(Speybroeck et al. 2016). In Bulgaria (SE Europe), these two
natricine semi-aquatic snakes are common, abundant, and
occur throughout at elevations from the sea level up to 2,000
m for N. natrix and 1,420 m for N. tessellata, although
observations are typically below 1,000 m (Tzankov et al.
2014). They are associated with lotic and lentic aquatic
habitats ranging from freshwater small semi-temporary
waters to rivers and the sea coast, with N. natrix also
occurring in gardens, open woodlands, rough grasslands
(Speybroeck et al. 2016). Natrix natrix has a diverse diet often
connected to prey items linked to aquatic habitats and
consisting predominantly of amphibians and fish, with
subadults also consuming invertebrates, while N. fessellata is
a fish specialist (Sukalo et al. 2014, Speybroeck et al. 2016).
Natrix tessellata can also attain potentially high densities
locally (5,800 individuals/~18 ha island) and have a
number of avian and mammalian predators (Ajti¢c et al.
2013); some predators might be of conservation importance.
Ecologically, coupled with their ectothermic biology, these
characteristics make them an important component of the
food web and the transfer of energy from aquatic to
terrestrial environments.

The genus Natrix is extensively studied in many parts of
its range. However, at least in Bulgaria, the limited financial
and man-power resources have hindered research on their
biology, their
requirements. This can be ameliorated by prioritizing both
general and specific sampling areas, based on increased
understanding of the eco-physiological drivers of their
distribution. Environmental niche modeling (ENM) based on
real observations is one such solution (Mizsei et al. 2016).
Locally, models using a similar method as the one we apply

including distribution and ecological

here were generated for both Natrix species for the Vitosha
Mountain (Tzankov et al. 2014).

The main aim of this study was to generate the first
models of the potential distribution of the two Natrix species
in Bulgaria, which would be among the few for the genus
overall. We set ourselves the following tasks: 1) Create
ENMs representing the potential their
distribution; 2) Identify and compare major eco-geographical
factors contributing to the ENMs; 3) Identify understudied
areas; 4) Estimate the niche overlap between the two species,
to confirm/refute if the models produce the expected
differences between the ecological niches based on our
expert knowledge.

robust for

Materials and methods

Study species
Natrix natrix has a ubiquitous distribution, predominantly at lower

elevations but even up to 2,000 m a.s.l. (Buresch & Zonkow 1934,
Naumov & Tomovi¢ 2005). It inhabits all types of freshwater
wetlands (e.g. streams and river courses, temporary and permanent
ponds, spills, natural and artificial lakes, reservoirs, marshes, canals),
but also may be observed in brackish waters, such as river mouths at
the Black Sea (Tzankov et al. 2014). Natrix natrix can move up to 2
km from its active season habitats to reach wintering dens or up to
several kilometers in search of suitable egg laying sites (Biserkov &
Naumov 2007b, Tzankov et al. 2014, Speybroeck et al. 2016). The diet
consists of adult amphibians and their larvae (predominantly
anurans, but also urodelans) and fish, occasionally small mammals,
birds, and lizards.

Natrix is widespread in diverse water bodies
throughout Bulgaria. About 85% of the known localities are at 0-500
m, with only two records above 1,100 m, with the highest being at
1,420 m from Rila Mountain (Naumov et al. 2011, Tzankov et al.
2011). It withstands highly elevated blood plasma sodium levels
(Brischoux & Kornilev 2014, Brischoux et al. 2017), partially
explaining why it is very common along the Black Sea and in
brackish waters. It feeds predominantly on fish, but its diet includes
frogs and their larvae, newts, and small rodents (Beshkov 1978,
Beshkov & Nanev 2002). While it could venture up to 5 km from the
shore within shallower waterbodies, on land it is usually located
within 20 m of water (Biserkov & Naumov 2007a).

tessellata
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Study site
The territory of Bulgaria covers ca. 111,000 km? and encompasses

diverse eco-physiographic conditions and habitats. Elevation ranges
from 0 to 2,925 m a.s.l, with highly diverse relief, stretching from
extensive plains and lowlands to subalpine and alpine mountains.
Five hypsometric belts consist of lowlands (0-200 m, 31.4% of the
territory), hills (200-600 m, 41.0%), low mountains (600-1,000 m,
15.3%), mountains of average height (1,000-1,600 m, 9.8%) and high
mountains (> 1,600 m, 2.5%) (Simeonov & Totzev 1997). The climate
is dominated by Mediterranean, Oceanic and Continental influences,
combining 12 Koppen-Geiger climate classes (Beck et al. 2018).

Within the hydrographic resources of Bulgaria, rivers represent
the highest volume and are most widely distributed throughout the
country; overall, over 1,200 rivers run for about 19,700 km, but most
of these are small and many dry annually (Varbanov 2002). The
small area and the diverse relief limit the number of large internal
rivers - only 30 rivers are longer than 100 km (Varbanov 2002).

Ecological niche modeling

For manipulation, visualization, and analysis of the digital layers
and the observations data we used ArcGIS v.10.3 (ESRI, Redlands,
CA, USA). We generated the model using the software Maxent
v.3.4.4 (Phillips et al. 2006, 2017), which uses a machine-learning
technique called maximum entropy modeling and is based on
species presence. We used a similar methodology to model on a
national level other semi-aquatic species in Bulgaria: the Alpine newt
Ichthyosaura alpestris (Naumov et al. 2020), the European pond turtle
(Emys orbicularis) and the Balkan terrapin (Mauremys rivulata)
(Kornilev et al. 2017), and locally the herpetofauna of Vitosha
Mountain (Tzankov et al. 2014).

The modeling was based on actual observations due to the
practical impossibility of proving absences. Using published
literature and personal unpublished observations provided by users
of the data collection system SmartBirds.org with the integrated
SmartBirds Pro Android application, we compiled into a Geographic
Information System (GIS) database over 2,150 observations (1,520
with coordinates, post-2000) for N. natrix and 1,690 (1,042) for N.
tessellata; overall, data were collected mostly opportunistically by
multiple observers until 2022. About 90% of records are post-2010.
This temporal distribution should accurately
correlations with the available climatic and habitat data and should
improve the accuracy of the localities due to the increased use of
handheld Global Positioning System (GPS) units and Android
devices with precise geolocation capabilities.

To minimize spatial autocorrelation, we subsampled the
observations to be used for modeling by using a randomly generated
sample where the minimum distance between adjacent locations was
200 m. This distance was based on recorded mean movements for
the more mobile species N. natrix (Madsen 1984). This also reduces
sampling bias through the use of systematic sampling, showing
better results than other methods especially in cases where bias is
unknown (Fourcade et al. 2014). The data distribution covers the
whole country, thus it likely includes the range of environmental
factors (e.g. elevation, temperatures) experienced by the species.

To avoid selecting unrealistic background locations, we used a

reflect more

mask to exclude areas above the maximum known elevations where
it is unlikely to find the species and added a buffer of 100 m (thus,
2,100 m for N. natrix and 1,520 m for N. tessellata).

Given the mobility of the species, the error of specialized
handheld and mobile GPS sensors (min. 3 m, but can be as high as 15
including due to human error), the resolution of the existing layers
(40 m for DEMs, ~1 km for climatic variables), and the size of the
water bodies, we modeled with a pixel size of 40 m. Layers with
original pixel size greater than 40 m (WorldClim, Global Aridity
Index & Global Potential Evapotranspiration) were unified to 40 m
resolution by "cubic convolution". Such resolution matches the
recommendation to fit models with the finest possible analysis grain
that is also closely related to the response grain even if occurrence
data suffer from some minor positional errors (Gébor et al. 2022).
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Layers with categorical data were converted to continuous using the
Euclidean distance of each grid cell to the closest type cell using the
“Euclidean distance” tool in ArcGIS (Vale et al. 2016).

The following set of continuous environmental factors (layers)
were used: 1) the 19 climate variables from WorldClim v.2 (averaged
over 1970-2000) (Fick & Hijmans 2017); 2) Global Aridity Index &
Global Potential Evapotranspiration (CGIAR-CSI Global-Aridity and
Global-PET Geospatial Database) (Trabucco & Zomer 2009); 3)
elevation (40-m Digital Elevation Model) and derived from it aspect,
slope, and annual solar radiation; 4) the Euclidean distance to three
types of water bodies: standing water bodies (e.g. dams, ponds,
lakes), natural flowing water courses (e.g. rivers, streams, creeks)
and artificial canals mostly used for irrigation. The layers with types
of water bodies were based on data and categories from the GIS
databases of OpenStreetMap and the study on integrated water
management (MoEW, JICA). Canals may be locally abundant in
many parts of the country and were separated from the natural
waters because they are managed for agricultural purposes, resulting
in different habitats.

We used the same method and settings to generate all ENMs.
The following settings were used in Maxent: replicates with "cross-
validate" resampling, 25% of observations used for verification in
replicate, 100,000 background points, logistic output,
regularization multiplier = 1.

To minimize collinearity we used the "Absolute value of
correlation coefficients (|r|)" method (Dormann et al. 2013). For this
purpose, 100,000 random geographic points (falling within the
modeled territory, excluding the high elevations, and with a
minimum distance of 200 m from each other) were assigned the
corresponding values of all variables. Spearman Rank Order
Correlations were calculated using Statistica v.10 (StatSoft, Tulsa,
OK, USA) for the environmental factors, with |r| = 0.7 being the
cutoff value for correlation. A preliminary model was run with 10
replicates and all environmental factors included. For the final
model, environmental factors were retained or removed according to
the following scheme: the factor with the highest percent
contribution (PC) was retained and all correlated factors were
removed; of the remaining factors, the one with the second highest
PC was retained and all factors correlated with it were removed, and
SO on.

The final ENMs were generated with the remaining factors
determined from the previous step, through 100 iterations. Pixels
with values below those calculated by Maxent for the "Maximum test
sensitivity plus specificity logistic threshold" (maxSSS, as one of the
best methods; Liu et al. 2005, 2016) were excluded from the ENM.
For visualization and analysis purposes, the remaining pixels were
classified as "Low", "Medium", and "High" suitability using Jenks
Natural Breaks in ArcGIS.

To further assess the real-world predictive power of the
produced ENMs, we used previously unused observations from
SmartBirds.org (from 2022) and from GBIF (with accuracy <40 m;
GBIF 2023a,b).

To compare the ecological niche overlap, we used Schoener's D
(Schoener 1968), I statistic (Warren et al. 2008), and relative rank (RR;
Warren & Seifert 2011), calculated using the Niche Overlap tool of
ENMTools 1.4.4.

each

Results

We produced robust ENMs for Natrix natrix and N. tessellata
for the territory of Bulgaria (Fig. 1). The ENMs have a high
degree of predictability, based on the high AUC values
(>0.86). The ENMs for N. natrix and N. fessellata were
generated based on 12 and 13 variables, respectively,
partially overlapping for both species (Table 1). Variables
linked to the presence of aquatic habitats contributed
extensively to both ENMs. Three variables explained a total
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Figure 1. Maxent average Ecological Niche Models for Natrix natrix and Natrix tessellata in Bulgaria. Original model predictions were
categorized into three suitability categories: Low, Medium, and High (0.316-0.453, 0.453-0.640, 0.064-1 for N. natrix and 0.254-0.407,
0.407-0.618, 0.618-1 for N. fessellata).
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of 73.7% for N. natrix and 70.6% for N. tessellata: “distance to
(the nearest natural) flowing water’ (28.1% for N. natrix and
32% for N. tessellata), ‘distance to (the nearest) standing
water’ (25.5% and 14.4%), and ‘elevation” (20.1% and 24.2%).
The next variables in terms of their percent contribution
were the ‘warmest quarter’ (Biol8; 8.4%) for N. natrix and
‘driest quarter’ (Biol7; 10.9%) for N. tessellata. The remaining
variables had very low contributions to the ENMs.

The importance of these variables for our ENMs were
corroborated by the jackknife results, specifically the
differences in average training and test gain and area under
the curve (AUC) on test data between models built without
and only with a given variable (Fig. 2). Differences closer to
zero denote variables that contribute more to the ENMs - for
both species these include ‘distance to flowing water’,
‘distance to standing water’, and “elevation’.

Expectedly, both ENMSs predict habitats
throughout the country, linked to the presence of water
bodies. Common major areas with suitable habitat include
the proximity to the Danube River and its tributaries in the
Danube plain, Struma River in the SW, the Thracian plain
around Plovdiv city, Eastern Rhodopes Mountains,
Strandzha Mountain, and the Black Sea coast (but see
discussion) (Fig. 1). However, N. natrix has a wider

suitable

ecological niche, considering the potentially larger suitable
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territory predicted by the ENMs 15% of Bulgaria,
compared to 8% for N. tessellata (Table 2). The two species
have similar niches (0, no overlap; 1, complete overlap)
based on two indexes we calculated: Shoener’s D (0.708),
Warren’s I (0.928); the third index (Relative rank = 0.785)
suggests that wherever the two species are likely to co-occur
their niches are similar.

Based on the major changes in curvature of the marginal
response curves, the predicted probability of presence for N.
natrix remains high up to 2.5 km from flowing waters, while
it drops off much faster for N. tessellata shortly after the zero
(Fig. 3). Similarly, N. natrix is more likely than N. tessellata to
be further away from standing waters (up to 1 km) and is
likely to be found at much higher elevations, while N.
tessellata is unlikely to be found above 500 m.

To assess the real-world predictive power of the ENMs,
we obtained 507 observations not used in generating the
ENMs (N. natrix: 112 from GBIF, 178 from SmartBirds.org; N.
tessellata: 101 from GBIF, 116 from SmartBirds.org) (Fig. 4).
Overall, only 16.6% of the new observations for N. natrix and
13.4% for N. tessellata were outside of the predicted suitable
territories; within the low, medium, and high suitability
categories were 14.8%, 16.6%, and 52.1% of the records for N.
natrix and 12.9%, 13.4%, and 60.4% for N. tessellata,
respectively.

Table 1. Average Percent contribution (%) and Permutation importance (PI) of uncorrelated variables, estimated by Maxent in
Ecological Niche Models (ENMs) for Natrix natrix and N. tessellata in Bulgaria. The average test Area Under Curve (AUC) is
presented with the Standard Deviation (SD) following the species names. Models were based on 1,040 and 548 training samples,

respectively.
Natrix natrix Natrix tessellata
AUC (SD) 0.86 (0.05) 0.93 (0.03)
Variable % min-max PI min-max % min-max PI min-max
Aspect 0.5 0.2-1.9 0.5 0.2-0.8 1.2 0.2-1.7 0.2 0-0.5
Slope 43 2.7-5.1 5.2 3.7-6.3 3.4 24-52 6 5-7
Elevation 20.1 17-21.5 17.9 16.1-20.1 24.2 22.1-26.8 21.8 19.3-24.7
Canals, distance to 3.3 29-3.7 3.2 24-3.7 1.1 0.9-1.5 2.3 1.6-2.8
Standing water, distance to 25.5 24.6-26.8 11.8 10.2-13.1 144 12.3-16.2 44 3.9-5
Flowing water, distance to 28.1 27.2-29.7 27.2 25.2-28.9 32.0 30.9-33.6 25.1 23.4-27
Pot. evapotranspiration - - - - 3.4 2-4.9 3 1.7-4.8
Solar radiation - - - - 2.6 21-34 12.8 11.4-14.2
Temperature (BioX)
Mean diurnal range (02) - - - - 1.0 0.7-1.5 1.1 0.6-1.9
Isothermality (03) 1.4 1.1-1.8 57 44-73 - - - -
Min., coldest month (06) - - - - 1.1 0.7-1.6 0.8 0.5-14
Annual Range (07) 0.5 0.3-0.8 7.8 6.4-9.6 - - - -
Precipitation (BioX)
Seasonality (15) 3.6 2.6-4.1 7.8 5.7-10.2 21 1.4-3.2 45 3.2-55
Driest quarter (17) 3.2 24-44 3.5 2.3-5.6 10.9 9.7-12.5 15.5 13.1-17.8
Warmest quarter (18) 8.4 7.6-9.9 6.1 4.8-8.2 - - - -
Coldest quarter (19) 1.2 0.8-1.6 3.2 2.3-4.6 25 1.8-3.5 2.5 19-34

Discussion

We developed the first robust ENMs for N. natrix and N.
tessellata in Bulgaria. Overall, we chose settings for the ENMs
that should result in models that do not over- or
underestimate the niche breadth. This provides the
background for two future steps in increasing our
understanding of the biology of Natrix in Bulgaria. First, we

identified broad areas of potentially suitable habitat, where
more sampling should be carried out. Second, we identified
major ecological and physico-geographical variables that
predict the occurrence of the species that should be the focus
of further targeted studies. The marginal response curves
matched what we know about the biology of the species,
especially in relation to their dependence on water bodies
and limits in their altitudinal distribution.
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Figure 2. Jackknife results for Maxent ENMs for Natrix natrix and
Natrix tessellata in Bulgaria. Differences are shown in average
training, test gain and area under the curve (AUC) on test data
between models built without and only with a given variable.
Values closer to 0 denote variables more strongly related to the
distribution of each species.

Table 2. Area (in km?) of three classes of suitability, based on
Maxent Ecological Niche Models for Natrix natrix and
Natrix tessellata for Bulgaria (110,878.9 km?).

N. natrix N. tessellata
Low 8,810.0 7.9% 4,808.6 4.3%
Medium 5,254.9 4.7% 2,672.4 2.4%
High 2,529.7 2.3% 1,459.9 1.3%

Areas requiring further field sampling

Clear sampling bias is observable, focused around areas
with active herpetologists or ones that are of higher interest
due to their higher overall diversity (e.g. Vitosha Mountain
near the capital Sofia, Plovdiv and Burgas cities; Struma
Valley in the SW, Eastern Rhodopes and Strandzha
Mountains in the SE, the Black Sea Coast). Although the
observations obtained after the generation of the ENMs fell
mostly within the predicted suitable territories, subsequent
acquisition of observations, especially from areas that are
either with presumed absence or high suitability, could
further improve updates of the models and aid in filling out
missing atlas-level data, especially at grids <10x10 km. Some

specific areas that warrant more extensive surveying for
both species include most of the tributaries of the Danube in
the Danubian lowlands, Dobrudzha and Ludogorie in the
NE, and the lowlands between Stara Zagora and Burgas in
the SE. The NE is particularly interesting, as it remains
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Figure 3. Response curves of major variables contributing to
the ENMs for both Natrix natrix (-) and N. tessellata (- -).

among the least sampled herpetological lowland regions in
the country. Few observations for both species have been
made there. Although no national mapping has been
published for N. natrix so far, no records for N. tessellata were
published for the NE in its latest mapping (Naumov et al.
2011). Lack of sampling and limited rivers to serve as
dispersal corridors between the existing numerous small
ponds (often man-made and used for watering livestock)
were identified as likely reasons for these results (Naumov
etal. 2011).

ENMs and model contributing factors

The results support our understanding of the closer
association of both species to aquatic habitats and their
importance. Interestingly, canals seem to have a lower
importance for both species (3.3% and 1.1%). We presume
this is based on the deteriorated canal irrigation system post-
1990 (Varbanov 2002) combined with the fact that typically
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water is released in the canals only temporarily.

Since most water bodies (especially the standing ones
and flowing ones at lower elevations) are situated on mostly
flat terrains, the aspect and slope had low contribution.
Variables related to temperature (Bio2-7, solar radiation,
potential evapotranspiration) likely correlate with elevation
and were thus weaker predictors. Also, within the study
area elevation seems to account for most of the variation in
the climatic conditions suitable to the ecology of the study
species. Therefore, variables related to temperature and
precipitation contribute so little to ENMs, similar to the
results we obtained for two semi-aquatic turtles within
Bulgaria (Emys orbicularis and Mauremys rivulata) (Kornilev
etal. 2017).

Natrix natrix

Natrix tessellata

A

Figure 4. Indicative distribution of observations used in the
generation and the subsequent validation of the Ecological Niche
Models of Natrix natrix and Natrix tessellata in Bulgaria.

Observations 50
® Validation ® Modeling

Especially for N. tessellata, the ENM likely
underestimates the potential habitats situated along the
coast of the Black Sea. Based on personal observations and
published studies (Brischoux & Kornilev 2014, Brischoux et
al. 2017), likely major part of the immediate coastline could
be suitable, if there is a source of freshwater nearby.
However, some of the layers (e.g. Bioclim) do not cover
completely the whole coastline and thus, this area could not
be properly included in the model.
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The local ENMs for Vitosha mountain presented in
Tzankov et al. (2014) were created using a similar method,
the major difference being the use of land cover instead of
distance to water. For N. natrix, land cover contributed
60.3%, precipitation of the driest month (Biol4) -7.6%,
elevation - 6.4%, and solar radiation - 6.3%; for N. tessellata,
land cover was 44.2%, elevation was 24.4%, precipitation of
the driest month (Bio14) was 19.7%, and aspect was 5.4%.

We identified three studies that produced ENMs for
Natrix species. A study on N. natrix covered Europe at a
resolution of 50-km cell and combined models including
both Dbiotic and abiotic factors; temperature and
isothermality were significant predictors, but prey species
richness was the most important when included in models
(Michailidou et al. 2021). A study on N. natrix cypriaca, a
subspecies limited to small areas on the island of Cyprus,
was done at 250-m and 1-km resolutions using a comparable
method and environmental variables (Zotos et al. 2022). In
their combined envelope Maxent model, distance to main
rivers had the highest importance (33%), followed by
distance from wetlands (16%), very similar to our results.
Their response curve for distance to main river shows a 50%
reduction after 450 m and a near zero probability after 5 km,
also similar to our results. A Maxent ENM for N. fessellata
across Ukraine was created at a 10’ or 30" resolution based on
CliMond bioclimatic variables, where ‘Annual mean
temperature’ (19.1%; Bio01), ‘Mean diurnal range’ (13.8%;
Bio02), and ‘Radiation of warmest quarter’ (12.7%)
contributed the most to the model (Nekrasova & Tytar 2014);
however, potentially autocorrelation between the 35
variables was not considered.

Future directions for modeling

We have aimed at creating more conservative models on a
national level that should be most useful in identifying
broad eco-geographical characteristics for the potential
distribution of the studied species. Although Bulgaria
provides diverse eco-physico-geographic conditions, our
results need to be treated carefully, considering the ENMs
cover small parts of the extensive distribution of species
with high plasticity, whose true niches are broader.
Comparisons with ENMs from other territories may suggest
different local drivers for their distribution. Future
modeling, especially of smaller territories, could benefit
from improved characterization of waters, including
parameters such as flow speed, contamination, presence and
type of aquatic and riparian vegetation. Another key
component for future modeling should include the
abundance of prey, especially amphibians and fish, used by
Michailidou et al. (2021) and suggested as an important
factor by Zotos et al. (2022).

Acknowledgments

We thank Vasil Popov for providing suggestions to an earlier draft
of the manuscript. We are grateful to Marton Szabolcs and an
anonymous reviewer for comments that improved the manuscript.
We are indebted to the friends and colleagues that contributed
observations personally or through the SmartBirds.org database.
Partial funding to Y.V.K. was provided through the Osterreichischer
Forschungsfonds fiir Herpetologie (OFFH).



146

References

Ajti¢, R, Tomovi¢, L., Sterijovski, B., Crnobrnja-Isailovi¢, J., Djordjevié, S.,
Djurakié, M., Golubovi¢, A., Simovi¢, A., Arsovski, D., Andjelkovié, M.,
Krsti¢, M., Sukalo, G., Gvozdenovi¢, S., Aidam, A., Michel, C.L., Ballouard,
J.-M., Bonnet, X. (2013): Unexpected life history traits in a very dense
population of Dice snakes. Zoologischer Anzeiger 252(3): 350-358.

Beck, H.E., Zimmermann, N.E., McVicar, T.R., Vergopolan, N., Berg, A., Wood,
E.F. (2018): Present and future Képpen-Geiger climate classification maps at
1-km resolution. Scientific Data 5(1): 180214.

Beshkov, V. (1978): Biological and ecological studies of the snakes in
Maleshevska Mountain. Ph. D. dissertation. Institute of Zoology, BAS.

Beshkov, V., Nanev, K. (2002): Amphibians and reptiles in Bulgaria. Pensoft,
Sofia-Moscow.

Biserkov, V., Naumov, B. (2007a): Dice snake Natrix tessellata (Laurenti, 1768).
pp. 125-127. In: Biserkov. V. (ed.). A field guide to amphibians and reptiles
of Bulgaria. Green Balkans, Sofia.

Biserkov, V., Naumov, B. (2007b): Grass snake Natrix natrix Linnaeus, 1758. pp.
124-125. In: Biserkov, V. (ed.). A field guide to amphibians and reptiles of
Bulgaria. Green Balkans, Sofia.

Brischoux, F., Kornilev, Y.V. (2014): Hypernatremia in Dice snakes (Natrix
tessellata) from a coastal population: Implications for osmoregulation in
marine snake prototypes. PLoS ONE 9(3): €92617.

Brischoux, F., Kornilev, Y.V., Lillywhite, H.B. (2017): Physiological and
behavioral responses to salinity in coastal Dice snakes. Comparative
Biochemistry and Physiology Part A: Molecular & Integrative Physiology
214:13-18.

Buresch, I, Zonkow, J. (1934): Untersuchungen iiber die Verbreitung der
Reptilien und Amphibien in Bulgarien und auf der Balkanhalbinsel. II Teil:
Schlangen (Serpentes). Mitteilungen Koéniglichen
Naturwissenschaftlichen Instituten in Sofia 7: 106-188.

Dormann, C.F., Elith, J., Bacher, S., Buchmann, C., Carl, G., Carré, G., Marquéz,
J.R.G., Gruber, B., Lafourcade, B., Leitdo, P.J., Miinkemiiller, T., McClean, C.,
Osborne, P.E., Reineking, B., Schréder, B., Skidmore, AK. Zurell, D.,
Lautenbach, S. (2013): Collinearity: a review of methods to deal with it and a
simulation study evaluating their performance. Ecography 36(1): 27-46.

Fick, S.E., Hijmans, RJ. (2017): WorldClim 2: new 1-km spatial resolution
climate surfaces for global land areas. International Journal of Climatology
37(12): 4302-4315.

Fourcade, Y., Engler, J.O., Rédder, D., Secondi, J. (2014): Mapping species
distributions with Maxent using a geographically biased sample of presence
data: a performance assessment of methods for correcting sampling bias.
PL0S ONE 9(5): €97122.

Gabor, L., Jetz, W., Lu, M., Rocchini, D., Cord, A., Malavasi, M., Zarzo-Arias,
A., Bartak, V., Moudry, V. (2022): Positional errors in species distribution
modelling are not overcome by the coarser grains of analysis. Methods in
Ecology and Evolution 13(10): 2289-2302.

Kornilev, Y.V., Popgeorgiev, G., Naumov, B., Stoyanov, A., Tzankov, N. (2017):
Updated distribution and ecological requirements of the native freshwater
turtles in Bulgaria. Acta zoologica bulgarica Supplement 10: 65-76.

Liu, C, Berry, P.M., Dawson, T.P., Pearson, R.G. (2005): Selecting thresholds of
occurrence in the prediction of species distributions. Ecography 28(3): 385-
393.

Liu, C., Newell, G., White, M. (2016): On the selection of thresholds for
predicting species occurrence with presence-only data. Ecology and
Evolution 6(1): 337-348.

Madsen, T. (1984): Movements, home range size and habitat use of radio-
tracked grass snakes (Natrix natrix) in southern Sweden. Copeia 1984(3):
707-713.

Michailidou, D.-E., Lazarina, M., Sgardelis, S.P. (2021): Temperature and prey
species richness drive the broad-scale distribution of a generalist predator.
Diversity 13(4): 169.

aus den

Y. V. Kornilev et al.

Mizsei, E., Uveges, B., Vagi, B, Szabolcs, M., Lengyel, S., Pfliegler, W.P., Nagy,
Z.T., Téth, ].P. (2016): Species distribution modelling leads to the discovery
of new populations of one of the least known European snakes, Vipera ursinii
graeca, in Albania. Amphibia-Reptilia 37(1): 55-68.

Naumov, B., Tomovi¢, L. (2005): A case of melanism in Natrix natrix (Linnaeus,
1758) (Reptilia: Colubridae) in Bulgaria. Acta Zoologica Bulgarica 57(2): 253~
254.

Naumov, B., Tzankov, N.D., Popgeorgiev, G.S., Stoyanov, A., Kornilev, Y.V.
(2011): The Dice snake (Natrix tessellata) in Bulgaria: distribution and
morphology. Mertensiella 18(1): 288-297.

Naumov, B.Y., Popgeorgiev, G.S., Kornilev, Y.V., Plachiyski, D.G., Stojanov,
AlJ., Tzankov, N.D. (2020): Distribution and ecology of the Alpine newt
Ichthyosaura alpestris (Laurenti, 1768) (Amphibia: Salamandridae) in Bulgaria.
Acta Zoologica Bulgarica 72(1): 83-102.

Nekrasova, O.D., Tytar, V.M. (2014): Bioclimatic modeling and analysis of
home range changes in the Dice snake Natrix tessellata (Reptilia, Colubridae)
in Ukraine. Proceeding of the Ukranian Herpetological Society 5: 80-83.

Phillips, S.J., Anderson, R.P., Schapire, R.E. (2006): Maximum entropy modeling
of species geographic distributions. Ecological Modelling 190(3-4): 231-259.

Phillips, S.J.,, Dudik, M., Schapire, R.E. (2017): Maxent software for modeling
species niches and distributions (Version 3.4.1).

Schoener, T.W. (1968): Anolis lizards of Bimini: resource partitioning in a
complex fauna. Ecology 49: 704-726.

Simeonov, Y., Totzev, M. (1997): Morphometrics. pp. 49-54. In: Jordanova, M.,
Donchev, D. (eds.), Geography of Bulgaria. Physical Geography. Socio-
economic Geography. “Prof. Marin Drinov” Academic Publishing House,
Sofia.

Speybroeck, J., Beukema, W., Bok, B., Van Der Voort, J., Velikov, L. (2016): Field
guide to the amphibians and reptiles of Britain and Europe. Bloomsbury
Publishing, London.

Sukalo, G., DPordevi¢, S., Gvozdenovié, S., Simovié, A. Andelkovié, M.,
Blagojevi¢, V., Tomovi¢, L. (2014): Intra- and inter-population variability of
food preferences of two Natrix species on the Balkan peninsula.
Herpetological Conservation and Biology 9(1): 123-136.

Trabucco, A., Zomer, RJ. (2009): Global Aridity Index (Global-Aridity) and
Global Potential Evapo-Transpiration (Global-PET) Geospatial Database.
CGIAR Consortium for Spatial Information. http://csi.cgiar.org/aridity/
(last accessed 18 Nov 2016).

Tzankov, N., Grozdanov, A., Peshev, D., Vasilev, A. (2011): Vertical distribution
of the amphibians and reptiles in Rilska River basin (Rila Mountains,
Southwest Bulgaria). Annuaire de 1'Université de Sofia “St. Kliment
Ohridski”, Faculte de Biologie, Livre 1 - Zoologie, Tome 99: 103-110.

Tzankov, N., Popgeorgiev, G.S., Naumov, B., Stojanov, A., Kornilev, Y.V.,
Petrov, B., Dyugmedzhiev, A., Vergilov, V., Dragomirova, R., Lukanov, S.,
Westerstrom, A. (2014): Identification guide to the amphibians and reptiles
of Vitosha Nature Park. Directorate of Vitosha Nature Park, Sofia.

Vale, C., Campos, J., Silva, T., Gongalves, D., Sow, A., Martinez-Freiria, F.,
Boratyniski, Z., Brito, J. (2016): Biogeography and conservation of mammals
from the West Sahara-Sahel: an application of ecological niche-based models
and GIS. Hystrix, the Italian Journal of Mammalogy 27(1).

Varbanov, M. (2002): Part 3. Waters. 3.1. Hydrographic characteristics. pp. 183-
187. In: Kopralev, I (ed.), Geography of Bulgaria: Physical and socio-
economic geography. ForKom, Sofia.

Warren, D.L.,, Glor, RE., Turelli, M. (2008): Environmental niche equivalency
versus conservatism: quantitative approaches to niche evolution. Evolution
62(11): 2868-2883.

Warren, D.L., Seifert, SN. (2011): Ecological niche modeling in Maxent: the
importance of model complexity and the performance of model selection
criteria. Ecological Applications 21(2): 335-342.

Zotos, S., Stamatiou, M., Vogiatzakis, I.N. (2022): Elusive species distribution
modelling: the case of Natrix natrix cypriaca. Ecological Informatics 71:
101758.




	Introduction
	Materials and methods
	Study species
	Study site
	Ecological niche modeling

	Results
	Discussion
	Acknowledgments

