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Abstract:

The two native freshwater turtles, the European Pond Turtle Emys orbicularis and the Balkan Terrapin

Mauremys rivulata, are locally abundant and widespread in parts of Bulgaria. However, their distribution
and ecological requirements still remain understudied. To ameliorate these issues, we present an up-to-
date distribution, combining 1,833 unpublished field observations of E. orbicularis and 217 of M. rivulata,
supplemented by 270 and 71 localities, respectively, from a literature review. We mapped the locations on
the 10x10 km MGRS grid: 352 squares contain E. orbicularis (roughly 1/3 of the country) and 45 squares
— M. rivulata. 65% and 38% of these squares, respectively, were previously unpublished. We updated the
maximum elevations for Bulgaria: 1,221 m for E. orbicularis and 474 m for M. rivulata. We investigated
the turtles’ potential distributions and ecological requirements within part of their ranges using Maxent.
The Environmental Niche Models had a high degree of predictability (AUC>0.954). We estimated that,
although widely spread, suitable habitats for E. orbicularis comprise only 11.7% of Bulgaria (Medium
[M] and High [H] suitability categories = 5%); suitable habitats for M. rivulata are 1.7% overall M+ H =
0.5%). We calculated that the M and H suitable habitats within the Sites of Community Importance (SCIs)
of Natura 2000 are only 30% and 42% for M. rivulata, and 64% and 71% for E. orbicularis. Our results
will aid any future evidence-based conservation measures for the native freshwater turtles.
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Introduction

Two of the five freshwater turtles native to Europe
occur in Bulgaria. The European Pond Turtle Emys
orbicularis (Linnaeus, 1758) is widespread, while the
Balkan Terrapin Mauremys rivulata (Valenciennes,
1833) is found only in some southern regions. A
third turtle species, the Pond Slider Trachemys scrip-
ta (Thunberg in Schoepft, 1792), is an allochthonous
competitor introduced via the pet trade and conse-
quent releases, both intentional and unintentional
(see Tzankov et al. [2015] for a review).

Several efforts to map the distribution of both
species have been made. The first records for the
species in Bulgaria were provided by HRrisTovicH
(1892) (E. orbicularis) and BURESCH & ZONKOW
(1933) (M. rivulata). The first national distribution
mapping was also done by BURESCH & ZONKOW
(1933). The localities for M. rivulata were later
updated in BESkOv & BERON (1964) and BEsHKOV
(1985). The potential distributions of both spe-
cies were presented through deductive models by
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PeTROV (20072, b) and StosaNoOV et al. (2011). The
most recent maps were based on the 10x10 km UTM
grid, for E. orbicularis by MoLLovV et al. (2013) and
for M. rivulata by Stojanov (2015); however, they
include data only until 2010.

Locally, chelonians face multiple threats, in-
cluding collection for the pet trade, killing by fish-
ermen or road traffic, and loss of (aquatic) habitats.
Therefore, both native species are protected national-
ly (Annexes II, III of Biological Diversity Act, 2016)
and internationally (Annexes II and IV of Council
Directive 92/43/EEC; Appendix II of the Convention
on the Conservation of European Wildlife and
Natural Habitats, BERN). In addition, E. orbicularis
is listed as Lower Risk/Near Threatened (ver. 2.3) in
the IUCN Red List of Threatened Species, but the
assessment is outdated (1996). Mauremys rivulata
is evaluated as Vulnerable (VU) in the national Red
Data Book (Stojanov 2015).

To ensure turtles’ long-term protection through
the implementation of adequate conservation meas-
ures, precise and current data on local distribution
and accurate knowledge of their ecological require-
ments are needed.

Here we present updated maps for the distri-
butions of the two native chelonians, by combining
published and unpublished observations. In addition,
we produced ecological niche models to a) identify
areas of potential occurrence, b) identify the most
important factors predicting the species distribution,
c) estimate the niche overlap, and d) assess the ex-
tent to which the Natura 2000 network matches the
potential distribution of both species.

Materials and Methods

The study area in SE Europe encompassed the ter-
ritory of Bulgaria — ca. 111,000 km?; covering 970
whole and 287 partial squares of the 10x10 km
Military Grid Reference System grid (MGRS). We
combined into a GIS database previously unpub-
lished observations and georeferenced published
data, to update the known distribution of the na-
tive species and produce Ecological Niche Models
(ENMs).

Unpublished locality data

Although the field data collected by the authors and
colleagues span the period 1982-2016, the precise
presence records (collected with a GPS) were ob-
tained after 2000. Overall, the search effort has been
uneven and increased in time and scope. Sampling
was biased, with favoured herpetological regions
and habitats in proximity to roads being visited
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more. However, field work was carried out by mul-
tiple researchers (often independently) through an
extended period and was performed to serve differ-
ent goals. Therefore, we regard the data collection as
semi-haphazard.

We actively searched for individuals, usually
through visual surveys, focusing on suitable macro-
and micro-habitats (e.g. fallen logs in pools of water).
Individuals were also unintentionally captured in
submerged minnow-traps set for newt surveys. Each
recorded individual was identified unambiguously to
the species level. Precise geographic coordinates (er-
ror £10 m) were obtained with dedicated hand-held
GPS units (Garmin, Olathe, Kansas, USA) or with
smartphones with integrated GPS (e.g. by using the
mobile application SmartBirds Pro; POPGEORGIEV
et al. 2015). As an exception, coordinates were ob-
tained through geo-referenced high-quality aerial or
satellite imagery. Overall, we collected 1,833 previ-
ously unpublished presence records for E. orbicula-
ris and 217 for M. rivulata.

Published locality data

We reviewed herpetological publications related to
Bulgaria (~750 publications from 1892-2015) for
turtle presence records. We considered as a sepa-
rate presence record every original description of a
location where an individual was found and which
was different from other descriptions in a publica-
tion. In most sources names of settlements or geo-
graphic objects were given as reference points for
the locations; we assigned these as best as possible
to a UTM 10x10 km grid using the MGRS naming
of cells (UTM zone 35N, datum WGS 1984). Some
presence records were already provided as cells in
the 10, 5, 2, or 1 km UTM/MGRS grid; few had pre-
cise coordinates. Presence records from the litera-
ture were used only for mapping.

Ecological Niche Models (ENMs)

As published observations and our data prior to 2000
lack precise coordinates, we modeled the ecological
niches for both species only using the unpublished
field observations collected post-2000. For manipu-
lation, visualization, and analysis of the digital lay-
ers we used ArcGIS v. 10.3 (ESRI, Redlands, CA,
USA).

Parameters used and transformations of layers

We used 27 continuous variables of three types for
modeling: climatic, topographic, and habitat (dis-
tance to water bodies). The climatic variables were
the 19 bioclimatic parameters of the freely avail-
able WorldClim v. 2 (original resolution = 1 km?
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cell; average for 1970-2000; Fick & Humans 2017).
Although slightly outdated, this is the best climatic
database available for Bulgaria. Additionally, tur-
tles are long-lived, resilient animals, so even if cer-
tain climatic conditions have changed slightly, they
would most likely influence the reproductive capa-
bilities and not survivability; thus, the current distri-
bution should be properly reflected. We also includ-
ed the Global Aridity Index and the Global Potential
Evapotranspiration (CGIAR-CSI Global-Aridity
and Global-PET Geospatial Database; TRABUCCO &
ZOMER 2009). The topographic variables were eleva-
tion (m above sea level), aspect (°) and slope (°),
derived from a 40-m resolution Digital Elevation
Model (DEM) using Spatial Analyst in ArcGIS. We
included yearly solar radiation (in kJ m? day"') by
summing the monthly values from WorldClim v. 2.

We downscaled the original rasters (except the
DEM-based ones) to 40 m cells, using “cubic con-
vulsion” resampling in ArcGIS. We chose to down-
scale for several reasons. First, this resolution fits
known specific ecological requirements of the spe-
cies — they inhabit water bodies, which, based on
our field experience, in most cases are rather small
(< 40 m width and/or length). At lower resolutions
(that is, larger pixel size), these crucial habitats can-
not adequately be included in the model. Second, the
chosen pixel size also includes some terrestrial habi-
tats important for the species (for aerial basking and
egg-laying) bordering the aquatic habitat; thus, we
chose not to include strictly terrestrial habitats in the
model. Third, we are considering a relatively small
territory, with the primary goal to use the results for
future conservation work at the local scale.

The habitat layers were separated into natural
and artificial running waters (e.g. streams, primary
and secondary rivers, canals) and standing waters
(e.g. ponds, lakes, reservoirs). We used JICA (2008)
for the running waters and JICA + Land Parcel
Identification System (LPIS 2016; maintained by
the Ministry of Agriculture, Food and Forestry) for
the standing ones. We converted the categorical data
to continuous by calculating the Euclidian distance
(ArcGIS tool) to each habitat type in the original vec-
tor layers and rasterizing the results to 40 m grids.

Model options selection

To correct sampling bias, we used systematic sam-
pling as it consistently outperforms other methods
(FOURCADE et al. 2014), especially because we do
not know precisely the type of sampling bias in our
data; thus, we matched presence records to a 1x1 km
MGRS grid and randomly sampled one occurrence
per grid cell. Therefore, from the original 1,833

observations for E. orbicularis and 217 for M. rivu-
lata, we used for modeling 700 and 59, respectively
(descriptive statistics based on available GIS layers
available in Appendix 1).

The Ecological Niche Model (ENM) for each
species was generated using software Maxent 3.4.1
(PHILLIPS et al. 2017). We used the projected coordi-
nate system WGS 84, UTM zone 35N. To minimize
collinearity in the ENMs, we utilized the “Absolute
value of correlation coefficients (|r])” method
(DorMANN et al. 2013). In ArcGIS, we generated
100,000 random points and associated to them the
corresponding values from all the variables. We
calculated the Spearman Rank Order Correlations
(Statistica v. 10; StatSoft, Tulsa, OK, USA), setting
[r| = 0.7 as a threshold. We created preliminary ENM
for each species with the following settings: all vari-
ables included, 10 repetitions with ,,Bootstrap*, 25%
of the presence records randomly chosen for verifica-
tion in each repetition, 100,000 background points.
We then kept or removed variables as follows: we
kept the variable with the highest % contribution to
the ENM, and removed all correlating variables; we
kept the remaining variable with the 2™ highest %
contribution and removed all remaining correlating
variables. This continued until all variables were
considered. Thus, 12 variables remained for E. or-
bicularis, and 11 for M. rivulata (Table 1).

For the final ENMs, we ran 100 repetitions
with ,,Bootstrap®, with 25% of the points randomly
chosen for verification in each repetition, 100,000
background points, logistic output. For both ENMs
we used a regularization multiplier = 1 as the results
best reflected our biological knowledge of the spe-
cies (MEROW et al. 2013), after evaluating the prod-
ucts of prior tests with values of 0, 0.5 and 1.

Final models

The resultant “mean values” ENMs were thres-
holded into unsuitable/suitable space using the
“Maximum test sensitivity plus specificity logistic
threshold” calculated by Maxent, as maxSSS is one
of the best threshold selection method for presence/
absence data (Lwu et al. 2005, 2016). The remain-
ing data were assigned to three classes of suitability
(Low, Medium, and High) for data analysis, using
Jenks Natural Breaks.

Niche overlap

We measured overlap of the spatial predictions of the
ENMs using the Schoener’s D (SCHOENER 1968), [
statistic (WARREN et al. 2008), and relative rank (RR;
WARREN & SEIFERT 2011), calculated by the ‘“Niche
overlap” tool of ENMTools 1.4.4 (WARREN et al. 2010).
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Table 1. Average Percent contribution (%) and Permutation importance (PI) of uncorrelated variables, estimated by
Maxent in Ecological Niche Models (ENMs) for Emys orbicularis and Mauremys rivulata. The average test Area
Under Curve (AUC) is presented with the Standard Deviation (SD). Variables excluded from both ENMs due to col-

linearity were: Global Aridity Index; Yearly solar radiation;

and the Bioclim layers (BIOx): Annual mean temperature

[T] (1); T seasonality (4); Max T, warmest month (5); T annual range (7); Mean T, warmest quarter (10); Mean T,
coldest quarter (11); Annual precipitation [P] (12); P, wettest month (13); P, driest month (14); P, wettest quarter (16);

P, coldest quarter (19)

Emys orbicularis Mauremys rivulata
AUC (SD) 0.940 (0.008) 0.994 (0.002)
Variable % min-max PI min-max % min-max PI min-max
Pot. Evapotranspiration 6.0 04-11.4 2.8 0.0-21.0 6.3 0.5-29.9 1.4 0.0-10.9
Elevation 222 12.6-31.4 23.8 11.0-49.0 5.2 1.1-15.2 0.8 0.0-20.1
Aspect 0.6 0.1-1.1 0.5 0.0-1.9 1.0 0.0-3.4 0.1 0.0-0.8
Slope 2.4 0.3-7.9 32 0.7-8.8 1.2 0.0-6.4 0.3 0.0-2.7
Water, flowing 38.1 33.2-43.9 422 28.2-55.1 27.1 16.4-37.8 9.1 1.8-34.1
Water, stagnant 14.5 8.3-22.1 10.3 6.1-17.2 2.2 0.3-9.1 0.7 0.0-2.7
Temperature (BIOx)
Mean, diurnal range (2) 33 1.2-6.2 4.1 1.1-9.1 - - -
Isothermality (3) - - - - 0.9 0.1-2.2 1.7 0.1-5.0
Min, coldest month (6) 2.8 1.1-4.7 3.2 0.5-11.0 - - -
Mean, wettest quarter (8) 1.0 0.2-3.2 1.7 0.4-4.5 3.6 0.0-11.4 0.6 0.0-7.3
Mean, driest quarter (9) 4.1 0.6-7.7 4.4 1.2-9.0 - - -
Precipitation (BIOx)
Seasonality (15) 1.5 0.6-2.9 1.9 0.4-4.9 0.6 0.0-4.2 0.4 0.0-3.1
Driest quarter (17) 3.6 1.3-8.1 1.8 0.0-4.8 1.1 0.0-2.7 0.3 0.0-1.3
Warmest quarter (18) - - - - 50.7 18.4-64.3 84.5 58.6-93.6

Results and Discussion

The accumulation of multiple unpublished records
and a thorough literature review allowed us to com-
pile the most up-to-date distribution maps for E.
orbicularis and M. rivulata. Overall, our knowl-
edge on the distribution of both turtles has increased
greatly after the year 2000. This advance was aided
through the implementation of more funded projects
(often for mapping biodiversity), the increase in the
amount of field work and the number of field work-
ers, as well as improved methods for data collection
and storage.

Distribution mapping: published records

We identified locality records from 82 publications
(listed in Appendix 2). Until 1950 data on E. or-
bicularis were published for 38 MGRS squares and
on M. rivulata for 4 squares; in 1951-2000, 31 and
14 squares were added, respectively, and in 2001—
2015, the dataset was complemented with 53 and 10
squares.

We identified 270 separate localities of E. or-
bicularis, obtained from 75 publications; 253 of
these could be georeferenced to 122 squares in the
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10 km MGRS grid (Fig. 1; Appendix 2). For M.
rivulata we found 71 localities, from 26 publica-
tions (Fig. 2; Appendix 2). We related all the locali-
ties except one to 28 MGRS squares. The locality
»Kurgali“ (= Kardzhali) in BELCHEWA et al. (1992)
relates to the administrative district and not the city;
the specimens were collected around the Arda River,
further east of the city (V. Beshkov, pers. comm.).

In addition, we elaborate here on several tech-
nical errors present in the map in Stojanov (2015).
Square MG31 refers to the locality “The swam-
plets near Svilengrad” (BURESCH & ZONKOW 1933),
which should belong to MG32. Square MG41 is for
the locality “The microreservoir in Toprakdere river”
(BesHkOV 1985), which belongs to MG42. Squares
NG58 and NG68 denote the locality “The road near
Arkutino swamp” (BARTOSIK 1981), but we consider
they should be attributed only to NG68.

Distribution mapping: new records

Overall, we mapped 352 squares (10x10 km) with
localities of E. orbicularis (Fig. 1) and 45 of M. rivu-
lata (Fig. 2); with this publication, we add 230 (65%
of all squares with localities) and 17 (38%) previ-
ously unpublished squares, respectively (Appendix
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Fig. 1. Distribution of Emys orbicularis in Bulgaria, based on a 10 km MGRS grid
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Fig. 2. Distribution of Mauremys rivulata in Bulgaria, based on a 10 km MGRS grid
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3). For E. orbicularis we confirmed 65 squares, and
did not confirm 57; for M. rivulata — 13 and 15, re-
spectively.

In respect to E. orbicularis, the new data con-
firm our understanding that the species is widely dis-
tributed throughout the country except for the high
elevation mountainous areas. The new data for M.
rivulata show that in the Struma valley the species
reaches the city of Kresna (Fig. 2; FM81), which ex-
pands the known local range to the north (for com-
parison see BEsHkOV [1985]; Stosanov [2015]). It
still remains unresolved whether the most northern
localities in the Eastern Rhodopes and the Black Sea
coast (respectively, squares LG74 and NG68, Fig. 2)
reflect the real local range of the species or are a re-
sult of incidental observations — in both cases only
a single roadkill individual was observed (BARTOSIK
1981, PETROV et al. 2001).

New observations could bring local expan-
sions of the range — e.g. in 2017, N. Kolev (pers.
comm.) recorded an adult M. rivulata at an oxbow
of the Sazliyka River north of Haskovo (N42.061,
E25.867, MGO05; data not included in the rest of the
paper); this observation fits the ENM’s prediction.

Altitudinal distribution

Based on all unpublished data, the maximum el-
evations recorded for the two species are 1,221 m
for E. orbicularis (near Zmeitza village, Western
Rhodopes) and 474 m for M. rivulata (near Zhelezino
village, Eastern Rhodopes). However, 95.6% of E.
orbicularis records are below 425 m, and 95.7%
of M. rivulata — below 275 m (Fig. 5). Excluding
the maximums, eight observations of E. orbicularis
were made between 1,013—1,089 m, all from the re-
gion of Vitosha and Plana Mnts.; three observations
of M. rivulata were above 300 m: two in the region
of Ivaylovgrad, Eastern Rhodopes, and one near
Pashovo village, Sakar Mnt.

This altitudinal distribution closely matches
published data. For E. orbicularis, of the 245 pub-
lished observations for which we could estimate a
potential elevation range, 214 (87.4%) were between
0-499 m, 27 (11.0%) were between 500-999 m, and
only 4 (1.6%) were above 1,000 m. Previously, the
highest realistic elevation published for the species
was erroneously given as 1,100 m for a location in
Lozenska Mnt. (neighboring Vitosha and Plana Mts.)
(BURESCH & ZoNkKOW 1933, BESHKOV & NANEV
2002, designated as “Karleva doupka” in STOYNEVA
& MIcHEV 2007); however, the true elevation is 1,054
m. Two other localities are respectively at 1,025 m
near Kladnitsa village and 1,064 m near Iglika hut
(Tzankov et al. 2014). STOYNEVA & MICHEvV 2007
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reported E. orbicularis at 1,350 m (IBW 0675) from
the region of Yundola between Rila and Western
Rhodopes; a “?” was placed after the species name,
with no additional comment. We consider this local-
ity highly questionable and in need of confirmation
because of the extreme elevation, and because it is
from a peatland, a habitat where the species has not
been found until now.

For M. rivulata all 72 published observations
were below 500 m; in PETROV (2007b) and STOJANOV
etal. (2011), all observations were reported as below
250 m.

Therefore, here we increased our knowledge
of the altitudinal distribution of both species in
Bulgaria. Given the geographic location of Bulgaria,
our results are expected. In the southern parts of
their range both species reach higher altitudes: for
example, E. orbicularis up to 1,700 m in Morocco
(PAasTEUR & Bons 1960), and M. rivulata up to 800
m in Greece (VALAKOS et al. 2008).

ENMs: Predictive power

Both final models had very high average test AUC
values (Area Under the Curve): 0.940 (SD = 0.008)
for E. orbicularis and 0.994 (SD = 0.002) for M. riv-
ulata (Table 1), signifying the model’s high degree
of predictability of the potential distribution.

ENMs: Variables contributions

The obtained ENMs identified topographical, cli-
matic, and habitat variables explaining the known
distribution of the turtles and suggesting important
factors related to their biology and ecophysiology
(Table 1, Fig. 6).

For E. orbicularis, the variable’s % contribution
to the ENM clearly confirms the strong dependence
of the species to proximity to open aquatic habitats
(Flowing water, 38.1% and Stagnant water, 14.5).
Since most open waters are situated on mostly flat
and even terrains, the aspect and slope have a low
contribution. Furthermore, other variables suggest
that water bodies need to retain sufficient water dur-
ing the active season (e.g. Pot. Evapotranspiration,
Precipitation in the driest quarter). The Elevation is
the second most important variable (22.2% contri-
bution; see also discussion on Altitudinal distribu-
tion). In Bulgaria, within the environmental niche
of species, elevation seems to account for most of
the variation in suitable climatic conditions. Thus,
temperature and precipitation variables have a small
contribution to the ENM.

For M. rivulata, the climatic factor “Precipitation
of warmest quarter” (50.7%) is the most important
predictor. Along with the small contributions from
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Fig. 5. Histogram of the altitudinal distribution in Bul-
garia of Emys orbicularis and Mauremys rivulata based
on unpublished data (1982-2016)

the other climatic variables, these results fit well to
the known distribution of the species in Bulgaria.
Mauremys rivulata is limited to territories, character-
ized by warm temperatures and low amount of sum-
mer rainfall (Pontic climate at the Black Sea coast, and
Mediterranean in the southern parts of the country).

Distance to water expectedly ranks on the 2
place (Flowing water, 27.1%). Likely distance to
stagnant water is of lower importance (2.2%) be-
cause a) we might have a low number of observa-
tions from such habitats due to sample bias, b) and,
overall, there are fewer major stagnant water bodies
within the known distribution of the species.

Although an important factor for M. rivulata,
too, Elevation only contributes 5.2% to the overall
model, while the other geographically related vari-
ables contribute even less. This is likely linked to the
very narrow altitudinal range of the species.

The profiles of the response curves for major
variables common for both species and related to
their distribution allow an easy comparison between
some of their eco-physiological requirements (Fig. 7).
Emys orbicularis occurs most often between 0-175
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Fig. 6. Jackknife results for Maxent ENMs for Emys
orbicularis and Mauremys rivulata in Bulgaria. Shown
are differences in average gain and area under the curve
(AUC) on test data between models built without and only
with a given variable. Smaller differences both in gain and
in AUC denote variables more highly related to the distri-
bution of each species

m a. s. 1., while M. rivulata — 0-50 m. Both species
are most likely found < 100 m from water. Mauremys
rivulata is much more specific about climatic condi-
tions — preferring mean temperatures of the wettest
quarter close to 10°C, while E. orbicularis tolerates a
much wider range (7-21°C). Mauremys rivulata oc-
curs most often in locations with Precipitation of the
Driest quarter between 80—100 mm, while the range
is extended for E. orbicularis from 80 to 130 mm.
Mauremys rivulata also seems to be more particular
about Precipitation seasonality.

ENMs: Suitability

Although E. orbicularis is widespread in the country,
all three categories of suitable habitats still comprise
only 11.7% of the territory, with the medium and high
suitability only 5% (Table 2). The potential distribu-
tion for M. rivulata is even smaller: 1.7% overall; the
medium suitability and the high comprise only 0.5%.
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Fig. 7. Response curves of major variables contributing to the ENMs for both Emys orbicularis () and M. rivulata (- -)

The obtained ENMs adequately reflect our ex-
pert knowledge on the species (Figs. 3, 4). Important
areas for E. orbicularis include most of the Danube
River Plain and its tributaries, Struma River, the
Thracian Lowlands, and the central-southern Black
Sea Coast. Several regions, however, stand out as
needing additional sampling. We can expect to find
E. orbicularis further upstream at the Mesta River
valley in SW Bulgaria, where we have limited re-
cords only close to the Greek border. In the NE,
especially in Bulgarian Dobrudzha, we also have
limited observations. This region is traditionally
understudied, with isolated aquatic habitats, except
in the most western parts. Some potentially suitable
areas exist around the capital Sofia — although most
herpetologists live in Sofia, we have observed few
turtles. Either the habitat is of low quality overall
and/or the high degree of historical urbanization has
impacted.

Table 2. Area (in km?) of three classes of suitability, based
on Maxent Ecological Niche Models for Emys orbicularis
and Mauremys rivulata for Bulgaria (BG) and within Na-
tura 2000 (SCI). Total BG area = 110,878.9 km?; total SCI
area = 33,196.4 km?

E. orbicularis M. rivulata

BG SCI BG SCI
Low 7,417.2 1,797.0 1,320.2 756.4
Medium 3,669.4 1,113.2 449.1 287.8
High 1,875.8 795.0 144.4 102.7

Based on the ENM, M. rivulata has a much
broader potential niche than the known distribu-
tion. For example, the Mesta River region needs to
be sampled further. Furthermore, the northern ex-
tent of the known range along the Black Sea Coast
is the Ropotamo River, while continuous or patchy,
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isolated suitable habitats are found along the coast
as far north as Nessebar (and even Varna). However,
the continued urbanization and fragmentation along
the coastline is likely an impassable barrier for the
turtle. Still, a possible range expansion may occur
inland. In the region of the Struma valley, the ENM
extends up to the northernmost presence record
(Kresna); however, future climate change might pro-
vide suitable habitats upstream.

Clearly, high-elevation mountains (e.g. Rila
and Pirin in the south-west) serve as barriers for
both species. However, Stara Planina, which crosses
Bulgaria from east to west roughly across the mid-
dle, does not constitute an impassable barrier for the
herpetofauna (BesHkov 1984). Specifically for E.
orbicularis, we support this hypothesis. Although the
ridge of Western and Central Stara Planina through
its substantial elevation (>1,000 m) forms a likely
impassable barrier, it is pierced by the deep valley
of the Iskar River, which serves as a biocorridor. In
addition, the eastern mountain’s ridge is much lower
(only a single small section is >1,000 m) and has a
dense river system which likely facilitates an N—S
exchange of individuals. Future studies can add ad-
ditional insight into a possible genetic separation of
the species across Stara Planina.

ENMs: Overlap

The three niche overlap metrics (0, no overlap — 1,
complete overlap) fit our knowledge of the species.
The Schoener’s D (0.29) and [ statistic (0.57) sig-
nify the large areas of the ENMs that do not over-
lap, matching the extensive range of E. orbicularis
and the much more limited range of M. rivulata.
However, the high Relative Rank (0.71), calculated
conceptually differently, supports our observations
that within the common range the species ecological
niches are similar.

According to BESkov (1987), in Bulgaria M.
rivulata co-exists in almost all its known locali-
ties with E. orbicularis. Generally, such syntopy is
also supported by our field observations. For exam-
ple, we have observations from 30 squares (1 km?,
MGRS grid) where both species co-occur, and 29
squares in which only M. rivulata occurs. We stipu-
late that in some localities in which only M. rivulata
was observed, E. orbicularis was not detected and
not truly absent. This, however, is likely not the case
for the populations in the Eastern Rhodopes, where
M. rivulata is more common in the smaller, drying
up rivulets. For example, in a tributary of the Byala
River, above Meden Buk village, GP has observed
12 M. rivulata and only 1 E. orbicularis; a similar
situation was observed along the tributaries to Luda
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River. Along the Southern Black Sea coast along
Veleka River, E. orbicularis is more common down-
stream, close to the mouth, while M. rivulata is prev-
alent upstream, where the river decreases in width
and the banks are more overgrown (POPGEORGIEV et
al. 2017). However, the precise proximate causes for
such habitat partitioning are yet to be determined.
For example, in Morocco, the congeneric M. leprosa
likely outcompeted E. orbicularis after its arrival,
related to a rapid decrease in the numbers of the lat-
ter (VELO-ANTON et al. 2015).

ENMs: Habitats within designated Sites
of Community Importance (SCIs)

Few publications so far have linked biodiversity (es-
pecially herpetofauna) and the SCIs of the Natura
2000 network in Bulgaria through robust numeric
analyses (but see NIkoLOV et al. 2014 and citations
therein; POPGEORGIEV et al. 2014a, b). Thus, here we
estimated the degree to which the existing SCIs’ en-
compass the potential habitats of the freshwater tur-
tles, as the first step in a future thorough evaluation
of the ecological network. When considering the
ENM only 64% of the Medium suitability, and 71%
of the High suitability territories for E. orbicularis
are within SCIs. For M. rivulata, the area is even
less — 30% of the Medium suitability and 42% of the
High suitability fall within SCIs (Table 2).

Assessing the importance of individual SClIs
needs further studies. For example, for both species,
some possibly very important SCIs with substantial
suitable area based on the ENMs (~80-200 km?) also
tend to be some of the largest SCIs (~1,150-2,170
km?): “Sakar”, “Strandzha”, “Rhodopes — Eastern”.
However, much smaller (~1-8 km?) SCIs such as
“Ostrov Bliznatsi”, “Ostrovi Kozlodui” and “Ostrov
Kutovo” (on the Danube River) exist, with a 100%
of their territory of Medium and High suitability;
whether these sites are sufficient to maintain the long
term viable source populations of E. orbicularis is to
be determined.

These results need to be treated with caution.
The ENMs represent occurrence probabilities for
part of the turtles’ ranges (Bulgaria). Furthermore,
given the turtle’s extensive distribution and their
plasticity, their species niches are likely broader and
the relative importance of biotic and climatic factors
may vary across their range. Continued improve-
ments to the ENMs, the particular threats in different
SClIs, robust local population assessments as a re-
sult of field work, and evaluation of the Natura 2000
connectivity, are just some additional considerations
that need to be made. However, given the continu-
ing lack of management plans for the SCIs and the
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limited biodiversity law enforcement on a national
level, the real threats to the long-term survival of the
species may be greater than expected.
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grid (Military Grid Reference System, UTM zone 35N, datum WGS 1984). Cell names and the X, Y coor-

dinates of the centroids are provided.

A3: Previously unpublished distribution data for Emys orbicularis and Mauremys rivulata, based on
the 1x1 km MGRS grid (Military Grid Reference System, UTM zone 35N, datum WGS 1984). Cell names

and the X, Y coordinates of the centroids are provided.

76



Updated Distribution and Ecological Requirements of the Native Freshwater Turtles in Bulgaria

"TMAX-1 + 9/-G9 (] Juowolddng ‘eoue3|ng ©o130[007 €10V "BLIRI[NG UI SO[1IN} JO)RMYSIJ
dAIIRU A JO SjudwdInbar [80130[009 pue uonnqrusip pajepdn 107 ‘N AOANVZ] ¥ "V AONVAOLS “g AOWNVN “'D) ALIDN0IDdOJ “A ALIINIOY 1)

8°¢C 86810801 L¥91-¢€CS1 G8G1 ¢'1C 9707988 ceel-00¢l 9'1¢1 0 189p[0D d 61
L6 8¥CI-8'L8 0'801-6"C01 'S0l 9'LT 807568 1'er1-0'8¢1 rovi O isounrepm d ‘81
L ['801-8'LL L'S6—0°C6 66 6 6'1€1-9°8L L901-€°S01 0901 Osauq d L]
1'cC 8'L0TF'8E1 CTO681-9°LLI €81 I'L1 TreET0's¢el S08I-6'LLI oLl O 15919M d 91
8 Sye—68l L'9T—T¥C (Y4 e 6'ce—LCl 0CC¢<'I¢ 8'I¢C Ayfeuoseas d S|
0'¢ 0veE—6'1C 0'6Ct'LT (414 €¢ 0'1¥—CCe 6'CEP'CE 9°C¢ N ISOU( ‘d HT
8L 8'8L—60S L'69-LS9 L'L9 9°¢ £V8—8IS ¥'$9-9%9 059 N IsauoM d €1
'Ly S PTo9-1'8Sy 7'8LS—8°€ESS 1'99¢ e 6'0L9-1'8St 9°€96-9'8S¢S 1'19¢ d [enuuy g
'l §'607¢ 6'¢ Ve L'e vl ¢e—ClI- 1'¢6'1 0¢C O 189p[0)) ‘L UBAIA ‘][
L0 0ve-1'IC §ce1ee £ I'1 0'¥C9°¢1 0'CC8'IT 6'1¢C O Isouiep, ‘I, UBSIN 0]
L0 TeT0T 6'1C-¢'I¢C L'1¢ €6 el I'vI-LCl1 vel O 1s91( ‘L UBdA 36
Sl 9'L1—6'9 6=S8 6'8 €S ¥'1C9¢ 8YI-0¥I vyl O 1s910M L UBIIA '8
[ ¥'ee-LST 6'1€-€0¢ I'1e §C 9°9¢€-9°6C 8TE—6C¢E 9°Ce ouey [enuuy I :/
¥'C L'0-L'G 6'C—CV (S |4 L'0-6'8 £6—9°¢- ¥'S- N 389p[0D ‘L UIA 39
01 0°0€-€9¢ 8LTELT 9°'LT el 6'6C90¢C €LTT'LT LT A 3seurep ‘L XEIA 1§
§0s V'Sv8—€'LLY OVLL—L'LYL 6'09L 1499 0'916-L°LLY 8 CI8—S 108 L'808 Ayrreuosess [ :f
vl Lye—T0¢ V' ee—9cCe 0°¢e [ 6'9¢9¥C §TeTTe [ 43 AJITeuIIamos] ¢
vl TTI8'L L0166 €0l 1 €CI—L9 L01-501 901 oguey [ewni(q UeSIA 1T
g0 L' eI-9°11 0°€l-LCl 87l 60 L'E1-CL ['CI=6'11 0Tl L UBS\ [enuuy |
x0l1d
Sy 000200 9'6¥—69C 08¢ eLI '61€1-00 9 1L-TYS 679 191 03 2duesI(q U
8¢ 9°¢1-00 I's-1e 'y e 6'0C00 1'¢-9C 8'C adors
€66 0LTI'T-0°LS6 8°€S0°1-0'ST0°1 ¥'6£0°1 0°¢s 09ZI‘I-0'%18 7'666-5166 G566 uoneridsuenodeaq 104
6'1L9 0'0S¥9-0'8ST‘y 9'708°S—'TSH'S SLT9S 1'€0S 0'SOL'L—0 19T} 1'€L8S—'86L S L'SE8’S xopuy A)NPLIY [8q0[D
PILT'E | 0°SOI8LI-0'THYSI1 T89EVLI-T€99°TLT L'STSELT 8'86£9 0P6L LLI-0'9LTTST TOSTSIT-L'S61v91 6'TLY Y91 AJIBaX ‘uoneIpey Iejos
Lyl 0'18¥-0C 0°SLI—€CII I'svl 9'1L1 0'201°1-0'C- 7' 9L1-6°0S1 L'€91 uoneas[y
6901 8°96¢-0'1- 1'€81-¢'LTI 499! 8801 0°LSE0'1- 7' 091-Cvvl €CSI 1adsy
as XBJA—UIAl 1D %S6 UBIAl as XeA—UIAl 1D %S6 UBIAl dlqeLieA
ppvpnart sQwaanppy S1ID[N21q.10 SAuis

I9uenb = O yuowt = N ‘uonedrooid = g ‘armerodwo) = [ UONRIAID piepuelS = (S {[BAIOIUI 0USPYUO)) = [)) 'SIOAR] STD pue eLE3[Ng Ul (66 = U) DIpjnaLL
sdwaanvpy pue (0L = W) SLIV[NI1GL0 sAug JO sp10d31 doudsaxd woyy (Surpdwes J1jeuIdIsAs I0)Je) paurelqo S9[qeLeA 10j sonsnels aAnduosoq 1 xipuaddy



Kornilev Y, G. Popgeorgiev, B. Naumov, fA. Stoyanov & ¥Nikolay Tzankov

Appendix 2. Published localities for Emys orbicularis and Mauremys rivulata in Bulgaria, 10x10 km
MGRS grid (Military Grid Reference System, UTM zone 35N, datum WGS 1984). Cell names and the X, Y
coordinates of the centroids are provided.

Cite: KORNILEV Y., 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 + i-xvii.

To minimize the text length, the original descriptions were usually shortened while allowing their
identification within the original publications. Settlements (cities, villages, etc.) are provided only as given
names; for all other geographic or other objects after the given name (rarely before) we provide a descrip-
tion, e.g. river, reservoir, swamplet, reserve, etc.; geographic directions are shortened, e.g. NE = Northeast.

Emys orbicularis

FL88: Strumeshnitsa river near Petrich (Buresch & Zonkow 1933), Ivanik place and Kantona place
(Katalan-Gateva & Dimitrov 1961); FL89: Ormana islet (Katalan-Gateva & Dimitrov 1961, Beskov 1987),
the fishponds near Damyanitsa (Geissler & Briihl 1980), fishponds along the Struma river, the pits near the
Kozhuha hill and the main drainage canal (Beskov 1987), IBW 5742 (Stoyneva & Michev 2007), Rupite
(Stojanov et al. 2011); FL98: the thermal springs near Marikostinovo (Beskov 1987), IBW 0970 (Stoyneva
& Michev 2007); FL99: Levunovo (Obst & Geissler 1982, Tzankov & Stojanov 2009), a fishpond near
Kapatovo, pits near Novo Konomladi, the rivulet near Levunovo (Beskov 1987); FM54: Obel (Pulev &
Sakelarieva 2011); FM65: Stoikovtsi reservoir, Zelen dol (Pulev & Sakelarieva 2011); FM67: IBW 5720
(Stoyneva & Michev 2007); FM72: the exit of the Kresna gorge (Petrov & Beshkov 2001); FM73: the en-
trance of the Kresna gorge (Petrov & Beshkov 2001); FM74: a reservoir on the right bank of the Struma
river opposite the Blagoevgrad, SW of Blagoevgrad, the fishponds near Strumsko (Pulev & Sakelarieva
2011); FM75: Blagoevgradska Bistritsa river by the E79 road, NE of Riltsi, Pokrovnik (Pulev & Sakelarieva
2011), Blagoevgrad - city surroundings, sparsely populated and built up areas, the Loven dom Park and the
Zoo (Pulev & Sakelarieva 2013); FM76: zone 1 (Peshev et al. 2005), N42°7°56” E23°9°15.5” (Tzankov et
al. 2011); FM80: swamplets near Sandanski (Beskov 1987); FM86: the fishponds near Eleshnitsa hut,
Zhabokrek place (Peshev et al. 2005), N42°7°0.7” E23°17°46.7”, N42°7°23.5” E23°12°35.9” (Tzankov et al.
2011); FN71: FN7177, FN7185, FN7195 (Tzankov et al. 2014); FN72: IBW 0915 (Stoyneva & Michev
2007); FN74: Vreloto spring (Hristovich 1892), Reka Blato river near Sofia (Beshkov 1955); FN82: the
swamplets near Pavlovo (Buresch & Zonkow 1933), Boyansko Blato swamplet (Beshkov 1955), Dolno
Boyansko Blato swamplet (Kabisch 1966), IBW 5281 (Stoyneva & Michev 2007), near Iglika hut (Tzankov
etal. 2014); FN91: FN9148, near Pancharevo reservoir (Tzankov et al. 2014); FN92: Borisova Gradina park
(Buresch & Zonkow 1933); FN93: Vrazhdebna (Buresch & Zonkow 1933); FN94: IBW 5301 (Stoyneva &
Michev 2007); FN97: Opletnya (2,4 km W), Opletnya (surroundings) (Naumov et al. 2016); FN98: Gorno
Ozirovo (1,0 km E), Gorno Ozirovo (1,4 km SE), Gorno Ozirovo (1,8 km NW) (Naumov et al. 2016); FN99:
Botunya (1,7 km SE), Stoyanovo (0,6 km SE), Stoyanovo (1,4 km NE), Stoyanovo (1,5 km NE), Stoyanovo
(2,0 km NE) (Naumov et al. 2016); FP24: Rabisha swamp (Angelov 1956); FP75: near Lom (Buresch &
Zonkow 1933); GL49: NE of Beslen (Domozetski 2013); GM36: IBW 0675 (Stoyneva & Michev 2007);
GNO1: Lozenska Planina mts. (Beshkov 1955, Beshkov & Nanev 2002), IBW 0746, IBW 5663, IBW 5710
(Stoyneva & Michev 2007); GNO03: Chelopechene (Beshkov 1955); GP02: between Gromshin and Mihaylovo
(Naumov 2005); KGS55: E of Velingrad (Petrov et al. 2006); KG66: Banyata spring, Kalimana spring
(Hristovich 1892); KG86: IBW 5735 (Stoyneva & Michev 2007), KG86C2 (Popgeorgiev et al. 2010),
KG86b1, KG86C1 (Popgeorgiev et al. 2010, 2014), KG86B2, KG86C5, KG86DS (Popgeorgiev et al. 2014);
KG96: Krichimskata Kuria place, Tekira springs (Buresch & Zonkow 1933), Trivoditsi (Baltova et al. 1997),
KG96AS5 (Popgeorgiev et al. 2014); KH60: Panagyurishte (Buresch & Zonkow 1933 after Kovachev 1910);
LGO06: Tsarskia Ostrov islet (Buresch & Zonkow 1933); LG16: Maritsa river near Plovdiv (Buresch &
Zonkow 1933 after Kovachev 1910), Ostrova place (Anguélov 1960), the hydrological station at Maritsa
river near Plovdiv (Russev 1966), LG1607, LG1608, LG1619, LG1629, LG1649 (Mollov & Velcheva 2010);
LG17: Cyprinus Fish Farm at Plovdiv (Kirin 2001), LG1710, LG1720, LG1762, LG1783 (Mollov &
Velcheva 2010); LG36: protected area “Martvitsata” (Vasileva 2005); LG47: IBW 1749 (Stoyneva & Michev
2007); LG63: Kolets (Popgeorgiev & Kornilev 2009); LG82: Balkan, Tsareva Polyana, Zhalti Bryag,
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Zvinitsa (Kirin 2001); LLG89: the park “Krayrechen” and a drainage canal in Stara Zagora (Georgiev 2004);
LGI1: at the fork to Lyaskovets (Petrov et al. 2001); LH14: Cherni Osam (Beshkov 1955); LH61: Tundzha
river near Kazanlak (Buresch & Zonkow 1933 after Kovachev 1910); LH97: Yantra river near Lyaskovets
(Buresch & Zonkow 1933 after Kovachev 1910); LJ53: Belene island (Undjian 2000), IBW 0156 (Stoyneva
& Michev 2007); LJ63: Svishtov (Werner 1898, Bolkay 1924); MF08: Gugutka (Petrov et al. 2001); MF18:
between Lensko and Zhelezari, between Meden Buk and Zhalti Chal (Petrov et al. 2001); MF28: N of
Mandritsa, a tributary of Byala Reka river near Mandritsa (BeSkov 1987), 1.5 km from the bridge over the
Oreshinsko Dere rivulet (Petrov et al. 2001); MF29: Ivaylovgrad (Bachvarov 1969), E of Ivaylovgrad
(Beskov 1987), Drabishna (Kirin 2001); MF39: Slaveevo (Petrov et al. 2001); MGO1: at the fork to Gorno
Pole (Petrov et al. 2001); MG03: Ostar Kamak (Stojanov et al. 2011); MG10: 1.5 km W of Senoklas (Petrov
2004); MG11: between Borislavtsi and Malki Voden, N of Dabovets (Petrov et al. 2001); MG12: Malko
Gradishte (Petrov et al. 2001); MG13: Biser (Kirin 2001); MG22: above Mezek (Petrov 2004); MG30:
IBW 5733 (Stoyneva & Michev 2007); MG32: Maritsa river near Svilengrad (Buresch & Zonkow 1933),
Karchovia Sazlak swamplet (Beskov 1987), Ururdere rivulet (Petrov et al. 2001), Svilengrad (Ayaz et al.
2007), IBW 5739, IBW 5741 (Stoyneva & Michev 2007); MG35: microreservoirs in the tributaries of
Sokolitsa river (Chlebicki 1985); MG42: Toprakdere coomb - the small reservoir and a dam 0.3 km below
the reservoir (Beskov 1987), IBW 2332 (Stoyneva & Michev 2007); MG45: Kara-Bair place (Buresch &
Zonkow 1933), Topolovgrad (Ayaz et al. 2007); MGS57: Drama (Peshev & Mitev 1987); MG74: between
Golyam Dervent and Lesovo (Stoev 2000); MH25: Konstantin (Buresch & Zonkow 1933); MH54: Glogova
Reka river near Kotel (Buresch & Zonkow 1933); MH60: Azmak-dere river near Yambol (Buresch & Zonkow
1933); MH86: Ticha reservoir (Beshkov 1994); MH87: Preslav (Stojanov et al. 2011); MH99: 2 km E of
Shumen (Beshkov 1994); MJ15: Lom river at Ruse (Buresch & Zonkow 1933 after Kovachev 1910), Danube
river at Ruse (Buresch & Zonkow 1933 after Kovachev 1910, Undjian 2000), Ruse port (Undjian 2000);
MJ25: the marsh places near Obraztsov Chiflik (Kovachev 1894), Ruse - Batmishka Dolina coomb
(Kovachev 1905), the fishpond near Obraztsov Chiflik (Kovachev 1912); MJ33: 4 km E of Pisanets (Micev
1968); MJ42: between Tzar Kaloyanovo and Osenovo (Undjian 2000); MJ43: Beli Lom reserve (Boev &
Pchelarov 1982); MJ57: IBW 9000 (Stoyneva & Michev 2007); MJ73: Mahzar-Pasha-Teke place (Buresch
& Zonkow 1933); MJ82: Yasenkovo (Beshkov 1994); MJ88: IBW 0175 (Stoyneva & Michev 2007); MJ92:
Venets (Beshkov 1994); NG39: near the oil refinery in Burgas (Tzankov & Stojanov 2009); NG44: NW of
Malko Tarnovo (Boev et al. 2008); NG49: the mouth of the river near Kraymorie (Néllert et al. 1986),
Kraymorie (Schliiter 2005); NG55: Veleka river near Gramatikovo (Buresch & Zonkow 1933); NGS58: a pit
near Arkutino swamp (Beshkov 1955), Ropotamo river (Bartosik 1981), Arkutino swamp (Nollert et al.
1986, Thieme 1986, Schliiter 2005), Alepu swamp (Thieme 1986, Schliiter 2005, Stojanov et al. 2011), IBW
0187 (Stoyneva & Michev 2007), Velyov Vir reserve (Tzankov & Stojanov 2009); NG59: Sozopol (Buresch
& Zonkow 1933, Lenk et al. 1998, Ayaz et al. 2007), IBW 0177 (Stoyneva & Michev 2007); NG65: Veleka
river near Kosti and Vurgari (Buresch & Zonkow 1933); NG67: Primorsko (Ayaz et al. 2007), IBW 3137,
IBW 9771 (Stoyneva & Michev 2007); NG68: Ropotamo river (Beshkov 1955, Bartosik 1981, Thieme
1986, Ayaz et al. 2007), IBW 0186, IBW 5683 (Stoyneva & Michev 2007); NG75: Veleka river - 1-4 km
before the mouth (Beskov 1987), Veleka river (Schliiter 2005, Rudloff 2007); NG76: Vasiliko (Tsarevo)
(Buresch & Zonkow 1933, Kirin 2001), Ahtopol (Thieme 1986, Ayaz et al. 2007), the rivulet N of Ahtopol
(Beskov 1987); NG84: the lower reaches of the Rezovska Reka river (Buresch & Zonkow 1933); NG85:
Sinemorets (Gvozdik & Snajdr 2001), IBW 0188, IBW 0925, IBW 9772, IBW 9773 (Stoyneva & Michev
2007), the lower reaches of the Veleka river (Tzankov et al. 2015a); NH06: between Kalnovo and Yankovo
(Beshkov 1994); NH18: Markovo (Beshkov 1994); NH20: IBW 0191 (Stoyneva & Michev 2007); NH30:
Burgas (Buresch & Zonkow 1933), IBW 0193 (Stoyneva & Michev 2007); NH48: Devnensko Ezero lake
(Kovachev 1912); NH51: Pomoriysko Ezero lake (Todorov 2010); NH52: Nesebar (Lenk et al. 1998);
NHS58: Gebedzhensko Ezero lake (Buresch & Zonkow 1933 after Kovachev 1910); NH73: the swamplet
near Irakli (Lepsi 1927); NH76: Kamchia river (Schliiter 2005), IBW 0985 (Stoyneva & Michev 2007);
NH?78: Varna (Buresch & Zonkow 1933, Ayaz et al. 2007), NH78d (Tzankov et al. 2009); NH79: IBW 5737
(Stoyneva & Michev 2007); NH88: botanical garden “Varna” (Delov et al. 2005), NH88¢ (Tzankov et al.
2009); NH89: the swamplet along Batova Reka river (Lepsi 1927), Zlatni Pyasatsi (Lindfors 1971), nature
park “Zlatni Pyasatsi” (Trayanov & Filipova 2005), Uzun Kum place (Ayaz et al. 2007), NH89d (Tzankov
et al. 2009); NJO8: Srebarna reserve (Paspaleva-Antonova 1961), Srebarna lake (Undjian 2000), IBW 0208
(Stoyneva & Michev 2007), Srebarna lake (9 points/locations in the given map) (Biserkov & Naumov 2012),
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the W shore of the Srebarna lake (Mollov et al. 2013); NJ17: IBW 3074 (Stoyneva & Michev 2007); NJ28:
Volna (Cilinescu 1931); NJ80: Albena (Ayaz et al. 2007), IBW 0225 (Stoyneva & Michev 2007), NJ8Ob
(Tzankov et al. 2009); NJ90: Balchik (Kabisch & Engelhard 1964); PJ00: the rivulet near Kavarna and the
rivulet near Mihalbey (Lepsi 1927); PJ10: Bolata place (Lepsi 1927), PJ10b, PJ10d (Tzankov et al. 2009);
PJ22: the swamps near Shabla (Buresch & Zonkow 1933 after Kovachev 1910), Shabla lake (Schliiter
2005), IBW 0219 (Stoyneva & Michev 2007), PJ22b, PJ22b (Tzankov et al. 2009); PJ23: the swamps near
Durankulak (Buresch & Zonkow 1933 after Kovachev 1910), Durankulak (Bacesco 1934), IBW 0216
(Stoyneva & Michev 2007), PJ23d (Tzankov et al. 2009).

Unmapped localities: Plovdiv district (Shkorpil 1897); Rezovska Reka river (Buresch & Zonkow
1933); Michurin district (Beshkov 1955); Iskar river, Lom river, Ogosta river, Osam river, Rusenski Lom
river, Skomlia river, Yantra river (Karapetkova 1994); Tundzha river (Stoev 2000); Dyavolska Reka river
(Kirin 2001); Karazite/Primorsko (Ayaz et al. 2007); 25 km from Plovdiv (Dietrich 2008); Sofia (Tzankov
et al. 2015b).

Mauremys rivulata

FL88: Strumeshnitsa River near Petrich (Buresch & Zonkow 1933), Ivanik place and Kantona place
(Katalan-Gateva & Dimitrov 1961), Petrich (Beshkov 1981), a puddle at the Strumeshnitsa river W of the
bridge near Petrich (Beskov 1987); FL89: Ormana islet (Katalan-Gateva & Dimitrov 1961, Beskov 1987),
the fishponds near Damyanitsa (Geissler & Briihl 1980), Starchevo (Beshkov 1981, 1985), fishponds along
the Struma river, the drainage canals near the thermal springs of Rupite, the fishpond near Lebnitsa, the pits
near the Kozhuha hill and the main drainage canal (Beskov 1987), IBW 5742 (Stoyneva & Michev 2007);
FL98: Marikostinovo (Beshkov 1981, 1985, Fritz & Wischuf 1997), the thermal springs near Marikostinovo
(Beskov 1987), IBW 0970 (Stoyneva & Michev 2007); FL99: near Malkia Kozhuh hill (Buresch & Zonkow
1933), Levunovo (Beshkov 1981), a fishpond near Kapatovo, pits near Novo Konomladi, the rivulet near
Levunovo (Beskov 1987), a fishpond near Levunovo (Beshkov 1993); FM80: Swamplets near Sandanski
(Beskov 1987); LG74: Klokotnitsa motel (Petrov et al. 2001); MF08: Vis (Petrov 2004); MF18: between
Meden Buk and Zhalti Chal (Petrov et al. 2001), Meden Buk (Stojanov et al. 2011), protected area “Meandrite
Na Byala Reka” (Stoychev & Petrova 2003); MF28: Mandritsa (Beshkov 1985), N of Mandritsa, Oreshinsko
Dere rivulet - 2 km before the mouth, and a tributary of Byala Reka river near Mandritsa (Beskov 1987),
Odrintsi - Oreshinska Reka rivulet, Oreshinsko Dere rivulet (Petrov et al. 2001); MF29: Ivaylovgrad
(Bachvarov 1969), E of Ivaylovgrad (Beskov 1987); MF39: Slaveevo (Beshkov 1993, Petrov et al. 2001);
MGO04: SW of Harmanli (Obst 1973); MG11: N of Dabovets (Petrov et al. 2001); MG12: Malko Gradishte
(Petrov et al. 2001); MG22: above Mezek (Petrov 2004); MG30: IBW 5733 (Stoyneva & Michev 2007);
MG32: the swamplets near Svilengrad (Buresch & Zonkow 1933), Ururdere rivulet (Beshkov 1985, Beskov
1987, Petrov et al. 2001), Karchovia Sazlak swamplet (Beshkov 1985, 1987), 1 km from the Karchovia
Sazlak swamplet (Beshkov 1993), IBW 5739 and IBW 5741 (Stoyneva & Michev 2007); MG3S5: 3 km of
Hlyabovo (Chlebicki 1985); MG35: a microreservoir 0.2 km of Sokolitsa river (Chlebicki 1985); MG42:
the microreservoir in Toprakdere river (Beshkov 1985), Toprakdere coomb - the small reservoir and a
dam 0.3 km below the reservoir (Beskov 1987), IBW 2332 (Stoyneva & Michev 2007); MG53: Sladunska
Reka river (Stoychev & Petrova 2003); MG57: Drama (Peshev & Mitev 1987); MG64: a small tributary
of Tundzha river (Stoev 2000); NGO08: Sredets (Beshkov & Nanev 2002); NG68: The road near Arkutino
swamp (Bartosik 1981); NG75: Velekariver - 1-4 km before the mouth (Beskov 1987), Veleka river (Schliiter
2005; Rudloff 2007); NG76: Ahtopol (Beshkov 1985; Thieme 1986; Fritz & Wischuf 1997; Rudloff 2007),
the rivulet N of Ahtopol, the mouth of a rivulet 4 km NW of Ahtopol (Beskov 1987), natural monument
“Nakovo Kladenche” (Kamburov 2009); NG84: the lower reaches of the Rezovska Reka river (Buresch &
Zonkow 1933), Rezovska Reka river (Schliiter 2005); NG85: IBW 0188, IBW 0925, IBW 9772, IBW 9773
(Stoyneva & Michev 2007), the lower reaches of the Veleka river (Tzankov et al. 2015a).
Unmapped localities: Kurgali (Belcheva et al. 1992).
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Species Square | X (centroid) |Y (centroid) Emys orbicularis FNOS8 23.399857 43.192608
Emys orbicularis FL88 23.212925 41.395267 Emys orbicularis FN99 23.403393 43.282576
Emys orbicularis FL89 23.215986 41.485275 Emys orbicularis FP24 22.552529 43.7475
Emys orbicularis FL98 23.33245 41.392905 Emys orbicularis FP75 23.176426 43.827355
Emys orbicularis FL99 23.335676 41.482906 Emys orbicularis GL49 23.933891 41.469194
Emys orbicularis FM54 22.869842 41.941754 Emys orbicularis | GM36 23.84198 42.101905
Emys orbicularis FM65 22.993216 42.029739 Emys orbicularis GNO1 23.497273 42.560197
Emys orbicularis FM67 22.998867 42.209759 Emys orbicularis GNO3 23.504487 42.740138
Emys orbicularis FM72 23.105051 41.757556 Emys orbicularis GP02 23.537781 43.54979
Emys orbicularis FM73 23.108 41.847565 Emys orbicularis KG55 24.051918 42.009173
Emys orbicularis FM74 23.110963 41.937572 Emys orbicularis KG66 24.15802 42.101905
Emys orbicularis FM75 23.113939 42.027578 Emys orbicularis KG86 24.399639 42.107639
Emys orbicularis FM76 23.116929 42.117582 Emys orbicularis KG96 24.520473 42.110316
Emys orbicularis FM&80 23.219062 41.575282 Emys orbicularis KH60 24.141791 42.461708
Emys orbicularis FM86 23.23781 42.115287 Emys orbicularis LG06 24.641324 42.112865
Emys orbicularis FN71 23.132086 42.567578 Emys orbicularis LG16 24.76219 42.115287
Emys orbicularis FN72 23.135159 42.657572 Emys orbicularis LG17 24.759015 42.205282
Emys orbicularis FN74 23.141348 42.837557 Emys orbicularis LG36 25.003965 42.119749
Emys orbicularis FN82 23.257079 42.655234 Emys orbicularis LG47 25.122211 42.211805
Emys orbicularis FNO1 23.37556 42.562787 Emys orbicularis LG63 25.373614 41.855397
Emys orbicularis FNO92 23.378983 42.652766 Emys orbicularis LG82 25.616425 41.768513
Emys orbicularis FNO93 23.382422 42.742744 Emys orbicularis LG89 25.602661 42.398784
Emys orbicularis FN94 23.385877 42.83272 Emys orbicularis LGI1 25.73847 41.67985
Emys orbicularis FN97 23.396338 43.102639 Emys orbicularis LH14 24.73638 42.835204
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viii

Emys orbicularis LH61 25.355024 42.575609 Emys orbicularis NHO06 27.061381 43.037672
Emys orbicularis LH97 25.709272 43.120457 Emys orbicularis | NH18 27.184684 43.217637
Emys orbicularis LJ53 25.201871 43.653861 Emys orbicularis NH20 27.304247 42.496957
Emys orbicularis LJ63 25.325826 43.655744 Emys orbicularis NH30 27.425943 42.496569
Emys orbicularis MFO08 25.863333 41.410937 Emys orbicularis NH48 27.554039 43.216444
Emys orbicularis MF18 25.982963 41.412057 Emys orbicularis NH51 27.670288 42.585458
Emys orbicularis MF28 26.1026 41.413053 Emys orbicularis NHS52 27.671255 42.675509
Emys orbicularis MF29 26.101357 41.503117 Emys orbicularis NHS8 27.677151 43.215782
Emys orbicularis MF39 26.221165 41.50399 Emys orbicularis NH73 27.916646 42.763862
Emys orbicularis | MGO1 25.858591 41.681105 Emys orbicularis NH76 27.920656 43.033985
Emys orbicularis | MGO03 25.855394 41.86121 Emys orbicularis NH78 27.923361 43.214059
Emys orbicularis | MG10 25.980141 41.592178 Emys orbicularis NH79 27.924722 43.304095
Emys orbicularis MG11 25.97872 41.682236 Emys orbicularis NHS88 28.046456 43.213
Emys orbicularis | MGI12 25.977293 41.772292 Emys orbicularis NH89 28.047999 43.303031
Emys orbicularis | MG13 25.975859 41.862348 Emys orbicularis NJO8 27.062489 44.118172
Emys orbicularis | MG22 26.097596 41.7733 Emys orbicularis NJ17 27.187181 44.028002
Emys orbicularis | MG30 26.220083 41.594056 Emys orbicularis NJ28 27.31244 44.117762
Emys orbicularis | MG32 26.217905 41.774182 Emys orbicularis NJ80 28.04955 43.393062
Emys orbicularis | MG35 26.2146 42.044361 Emys orbicularis NJ9O 28.173002 43.391862
Emys orbicularis | MG42 26.338219 41.774938 Emys orbicularis PJOO 28.296446 43.390529
Emys orbicularis | MG45 26.335422 42.045125 Emys orbicularis PJ10 28.419882 43.389063
Emys orbicularis | MG57 26.454706 42.225882 Emys orbicularis PJ22 28.547897 43.567485
Emys orbicularis | MG74 26.698337 41.956586 Emys orbicularis PJ23 28.550208 43.657493
Emys orbicularis | MH25 26.080687 42.943945 Mauremys rivulata | FL88 23.212925 41.395267
Emys orbicularis MH54 26.449192 42.85626 Mauremys rivulata | FL89 23.215986 41.485275
Emys orbicularis MH60 26.574058 42.496569 Mauremys rivulata | FL98 23.33245 41.392905
Emys orbicularis | MH86 26.815858 43.03754 Mauremys rivulata | FL99 23.335676 41.482906
Emys orbicularis | MH87 26.815588 43.127589 Mauremys rivulata | FM80 23.219062 41.575282
Emys orbicularis MH99 26.938348 43.307816 Mauremys rivulata | LG74 25.491927 41.947077
Emys orbicularis MIJ15 25.942591 43.843191 Mauremys rivulata | MFO08 25.863333 41.410937
Emys orbicularis MJ25 26.066975 43.844274 Mauremys rivulata | MF18 25.982963 41.412057
Emys orbicularis MIJ33 26.193786 43.665162 Mauremys rivulata | MF28 26.1026 41.413053
Emys orbicularis MJ42 26.318827 43.575935 Mauremys rivulata | MF29 26.101357 41.503117
Emys orbicularis MJ43 26.31781 43.66597 Mauremys rivulata | MF39 26.221165 41.50399
Emys orbicularis MIJ57 26.438469 44.026776 Mauremys rivulata | MG04 25.853784 41.95126
Emys orbicularis MIJ73 26.689905 43.667585 Mauremys rivulata | MG11 25.97872 41.682236
Emys orbicularis MJ82 26.81422 43.577813 Mauremys rivulata | MG12 25.977293 41.772292
Emys orbicularis MIJ88 26.812535 44.118036 Mauremys rivulata | MQG22 26.097596 41.7733
Emys orbicularis MJ92 26.938073 43.577948 Mauremys rivulata | MG30 26.220083 41.594056
Emys orbicularis | NG39 27.425333 42.406512 Mauremys rivulata | MG32 26.217905 41.774182
Emys orbicularis NG44 27.542985 41.955698 Mauremys rivulata | MG35 26.2146 42.044361
Emys orbicularis NG49 27.546852 42.405997 Mauremys rivulata | MG42 26.338219 41.774938
Emys orbicularis | NGS55 27.664578 42.045125 Mauremys rivulata | MGS53 26.457778 41.865634
Emys orbicularis NGS58 27.667413 42.315298 Mauremys rivulata | MG57 26.454706 42.225882
Emys orbicularis NG59 27.668367 42.405353 Mauremys rivulata | MG64 26.577675 41.956205
Emys orbicularis NG65 27.7854 42.044361 Mauremys rivulata | NGO8 27.060676 42.317224
Emys orbicularis NG67 27.787629 42.224474 Mauremys rivulata | NG68 27.788751 42.314527
Emys orbicularis NG68 27.788751 42.314527 Mauremys rivulata | NG75 27.906218 42.043471
Emys orbicularis NG75 27.906218 42.043471 Mauremys rivulata | NG76 27.9075 42.133525
Emys orbicularis NG76 27.9075 42.133525 Mauremys rivulata | NG84 28.025582 41.952401
Emys orbicularis NG84 28.025582 41.952401 Mauremys rivulata | NG85 28.027029 42.042453
Emys orbicularis NGS5 28.027029 42.042453
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Appendix 3. Previously unpublished distribution data for Emys orbicularis and Mauremys
rivulata, based on the 1x1 km MGRS grid (Military Grid Reference System, UTM zone 35N,
datum WGS 1984). Cell names and the X, Y coordinates of the centroids are provided.

Cite: KOrRNILEV Y., POPGEORGIEV G., NauMOV B., StoyaANOV A. & Tzankov N. 2017. Updated
distribution and ecological requirements of the native freshwater turtles in Bulgaria. Acta
Zoologica Bulgarica Supplement 10: 65-76 + i-xvii.

Species Square | X (centroid) |Y (centroid) Emys orbicularis | FL9828 23.303683 41.425008

Emys orbicularis | MH7495 26.749054 | 42.861812 Emys orbicularis | FL8995 23.270006 | 41.488725

Emys orbicularis | LH7988 25.501332 | 43.329529 Emys orbicularis | FL8994 23.269692 | 41.479724

Emys orbicularis | MG9743 26.933366 42.213649 Emys orbicularis | FL8991 23.26875 41.452723

Emys orbicularis | MG9736 | 26.921217 42.24066 Emys orbicularis | FL9839 23.315961 | 41.433768

Emys orbicularis | MG9744 26.933356 42.222655 Emys orbicularis | FL7854 23.099219 41.392895

Emys orbicularis | MH7640 | 26.687165 | 42.996738 Emys orbicularis | FL7845 23.087553 | 41.402114

Emys orbicularis | LH7987 25501553 | 43.320528 Emys orbicularis | FL6873 23.003309 | 41.385599

Emys orbicularis | KH9657 24.489781 | 43.032663 Emys orbicularis | FL7831 23.074453 | 41.366324

Emys orbicularis | MH7186 26.737914 | 42.600627 Emys orbicularis | LG6421 25341995 | 41.913487

Emys orbicularis | MH7196 | 26.750104 | 42.600655 Emys orbicularis | 1G6403 25317415 | 41.931142

Emys orbicularis | MH7184 26.73799 42.582616 Emys orbicularis | LG5483 25.293302 41.930786

Emys orbicularis | MG9666 26.957638 42.150616 Emys orbicularis | 1LG6485 25.413424 41.950522

Emys orbicularis | KH8978 24.379778 43.309326 Emys orbicularis | LG6328 25.342693 41.886478

Emys orbicularis | NG6699 27.841494 42.174556 Emys orbicularis | LG7315 25.451784 41.860981

Emys orbicularis | NG7617 27.865462 | 42.156366 Emys orbicularis | LG7325 25.463828 | 41.861143

Emys orbicularis | NG7635 27.889415 42.13817 Emys orbicularis | LG7305 25.43974 41.860818

Emys orbicularis | NG7645 27.901515 | 42.138075 Emys orbicularis | LG7335 25.475873 | 41.861303

Emys orbicularis | NG7643 27.901259 | 42.120065 Emys orbicularis | LG7365 25.512006 | 41.861777

Emys orbicularis | NG7633 27.889163 42.120159 Emys orbicularis | LG7355 25.499961 41.86162

Emys orbicularis | NG7661 27.925189 42.101861 Emys orbicularis | 1.G7394 25.548344 41.853236

Emys orbicularis | NG7596 27.960787 | 42.056537 Emys orbicularis | LG8304 25.560387 | 41.853387

Emys orbicularis | NG7576 27.936619 | 42.056737 Emys orbicularis | LG8303 25.560589 | 41.844383

Emys orbicularis | NG8532 28.008551 | 42.020101 Emys orbicularis | LG8313 25572631 | 41.844534

Emys orbicularis | NG6680 27.828331 | 42.093595 Emys orbicularis | 1LG8312 25.572831 | 41.835529

Emys orbicularis | NG4439 27.525219 41.996311 Emys orbicularis | MG0460 25.872592 41.910917

Emys orbicularis | NG5790 27.720528 | 42.184386 Emys orbicularis | MG0470 25.884648 | 41.911034

Emys orbicularis | MG4352 26.343545 | 41.842521 Emys orbicularis | MG0347 25.848967 | 41.883662

Emys orbicularis | MG3526 26.184222 42.057659 Emys orbicularis | MG0337 25.836916 41.883541

Emys orbicularis | MG6648 26.570216 42.167831 Emys orbicularis | MG1306 25.921421 41.875359

Emys orbicularis | MG6698 26.630748 42.168042 Emys orbicularis | MG1325 25.945668 41.866578

Emys orbicularis | KG8631 24.382811 42.075737 Emys orbicularis | MG0396 25.909372 41.875245

Emys orbicularis | FL9849 23.327921 | 41.433527 Emys orbicularis | MG0397 25.909219 | 41.884251

Emys orbicularis | NG3989 27.468166 42.446872 Emys orbicularis | MGO0398 25.909066 41.893256

Emys orbicularis | NG7597 27.960923 | 42.065542 Emys orbicularis | MGO0377 25.885118 | 41.884019

Emys orbicularis | NG7587 27.948837 | 42.065643 Emys orbicularis | LG7092 25.554813 41.5651

Emys orbicularis | NG7577 27.936752 | 42.065742 Emys orbicularis | MG3239 26.199354 | 41.814586

Emys orbicularis | FL9876 23.362818 41.405795 Emys orbicularis | MG3331 26.199129 41.832598

X
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Emys orbicularis | MG3347 26.210507 41.886717 Emys orbicularis | KG9689 24.561216 42.151715
Emys orbicularis | MG3355 26.222778 41.868787 Emys orbicularis | KG9698 24.573652 42.142973
Emys orbicularis | MG3369 26.234396 | 41.904892 Emys orbicularis | KG8678 24.428572 42.139811
Emys orbicularis | MG3466 26.233642 41.967934 Emys orbicularis | KG9618 24.476929 42.140885
Emys orbicularis | LH0218 24.577131 42.683363 Emys orbicularis | KG8649 24391936 | 42.147989
Emys orbicularis | LH0292 24.67671 42.631397 Emys orbicularis | LG0668 24.658293 42.144732
Emys orbicularis | LH2111 24.826395 42.535279 Emys orbicularis | LG2679 24911962 | 42.158638
Emys orbicularis | LG2729 24.848427 42.24752 Emys orbicularis | LG2689 24.924059 42.158857
Emys orbicularis | 1LG2812 24.83539 42.274292 Emys orbicularis | LG2699 24.936156 | 42.159076
Emys orbicularis | LG2736 24.861453 42.220747 Emys orbicularis | LG4720 25.093158 42.170799
Emys orbicularis | LG2756 24.885669 42.221196 Emys orbicularis | LG4740 25.11736 42.171199
Emys orbicularis | LG2746 24.873561 42.220972 Emys orbicularis | LG4667 25.142351 42.144589
Emys orbicularis | LG5768 25.260601 42.245508 Emys orbicularis | LG4677 25.154447 42.144784
Emys orbicularis | LG5824 25.210611 42.298774 Emys orbicularis | LG4678 25.154186 42.153786
Emys orbicularis | LG5825 25.210356 42.307776 Emys orbicularis | LG7558 25.495095 42.068704
Emys orbicularis | LG5837 25.221977 42.325968 Emys orbicularis | LG7549 25.482797 42.077548
Emys orbicularis | LG5848 25.233856 42.335158 Emys orbicularis | LG7539 25.470712 42.077387
Emys orbicularis | LG5849 25.233604 42.344159 Emys orbicularis | LG7559 25.494882 42.077707
Emys orbicularis | KG8861 24.411711 42.256502 Emys orbicularis | LG7568 25.507178 42.068861
Emys orbicularis | KG8819 24.348138 42.327092 Emys orbicularis | LG8517 25.5678 42.060628
Emys orbicularis | KG8809 24.336014 42.32681 Emys orbicularis | LG6652 25.373344 42.103067
Emys orbicularis | KG8900 24.335634 42.335807 Emys orbicularis | LG6662 25.385434 42.103238
Emys orbicularis | KG7991 24.323127 42.34452 Emys orbicularis | 1L.G6633 25.348932 42.111724
Emys orbicularis | LG0923 24.601411 42.368694 Emys orbicularis | LG9533 25.713523 42.026329
Emys orbicularis | 1.G0932 24.613886 42.359949 Emys orbicularis | 1.G9552 25.737854 42.017592
Emys orbicularis | LG0942 24.626019 42.360201 Emys orbicularis | LG9523 25.701446 42.026193
Emys orbicularis | 1.G0941 24.626358 42.351203 Emys orbicularis | 1.G9524 25.701263 42.035197
Emys orbicularis | 1LG0924 24.601069 42.377692 Emys orbicularis | LG9580 25.774426 41.999976
Emys orbicularis | KG8921 24.359509 42.345365 Emys orbicularis | 1.G9590 25.786498 42.000104
Emys orbicularis | KG8920 24.359886 42.336368 Emys orbicularis | MG0563 25.870526 42.027981
Emys orbicularis | KG8829 24.360262 42.327371 Emys orbicularis | MG0562 25.870685 42.018976
Emys orbicularis | KG7745 24.268719 42.199152 Emys orbicularis | MGO0571 25.882919 42.01009
Emys orbicularis | KG7755 24.280818 42.19944 Emys orbicularis | MG1348 25.969329 41.893812
Emys orbicularis | KG7754 24.281204 42.190444 Emys orbicularis | MG2344 26.090371 41.858808
Emys orbicularis | KG7764 24.293301 42.19073 Emys orbicularis | MG2343 26.090498 41.849802
Emys orbicularis | KG7774 24.305399 42.191015 Emys orbicularis | MG2342 26.090626 41.840797
Emys orbicularis | KG7735 24.25662 42.198863 Emys orbicularis | MG2351 26.102795 41.831886
Emys orbicularis | KG7707 24.219536 42.21598 Emys orbicularis | MG2335 26.078195 41.867718
Emys orbicularis | KG5880 24.073084 42.23935 Emys orbicularis | MG2325 26.066146 41.867621
Emys orbicularis | KG5789 24.0735 42.230355 Emys orbicularis | MG2316 26.053966 41.876528
Emys orbicularis | KG6810 24.109398 42.240271 Emys orbicularis | MG3232 26.200138 41.751543
Emys orbicularis | KG6739 24.134016 42.231884 Emys orbicularis | MG3251 26.2243 41.742701
Emys orbicularis | KG9679 24.549123 42.151457 Emys orbicularis | MG2370 26.127 41.823065
Emys orbicularis | KG9669 24.537031 42.151198 Emys orbicularis | LH0698 24.661143 43.045299
Emys orbicularis | KG9659 24.524939 42.150937 Emys orbicularis | LH3821 24.939412 43.167709
Emys orbicularis | KG9658 24.525289 | 42.141939 Emys orbicularis | LH2889 24.887753 43.238802
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Emys orbicularis | LH3802 24.914517 43.176263 Emys orbicularis LJ0262 24.605347 43.530369
Emys orbicularis | LH4771 25.12659 43.080883 Emys orbicularis LJ0252 24.592983 43.53011

Emys orbicularis | LH2527 24.82413 42.949465 Emys orbicularis LJ0242 24.580618 43.529848
Emys orbicularis | LH2517 24.81188 42.949231 Emys orbicularis LJ0251 24.593341 43.521113
Emys orbicularis | LH6567 25.36325 42.958447 Emys orbicularis | L1J1343 24.700506 | 43.631366
Emys orbicularis | LH5592 25.278719 42912182 Emys orbicularis LJ1353 24.712892 43.631614
Emys orbicularis | LHS5565 25.241214 | 42.938626 Emys orbicularis | LJ1354 24.712551 43.640611
Emys orbicularis | LH5554 25.229221 42.929436 Emys orbicularis LJ1364 24.724939 43.640859
Emys orbicularis | LH7670 25.497408 | 42.987301 Emys orbicularis | LJ1355 24.712209 | 43.649608
Emys orbicularis | MH1768 25.972989 43.154645 Emys orbicularis | MJ1398 26.001038 43.695154
Emys orbicularis | MH1758 25.960692 43.154534 Emys orbicularis | MJ1386 25.988933 43.67704
Emys orbicularis | MH1759 25.960539 43.163537 Emys orbicularis | MJ1388 25.988631 43.695045
Emys orbicularis | MH1749 25.94824 43.163425 Emys orbicularis | MJ1236 25.928516 43.586449
Emys orbicularis | MH1767 2597314 43.145642 Emys orbicularis | MJ1246 25.940901 43.586565
Emys orbicularis | MH1722 25.924746 43.100173 Emys orbicularis | MJ2343 26.063777 43.650665
Emys orbicularis | MH1712 25.91246 43.100057 Emys orbicularis | MJ2310 26.027017 43.623346
Emys orbicularis | MH1711 25.912619 43.091054 Emys orbicularis | MIJ2344 26.063637 43.659668
Emys orbicularis | MH0696 25.888864 43.045801 Emys orbicularis | MJ2334 26.051237 43.659566
Emys orbicularis | MH3528 26.172186 42.976161 Emys orbicularis | MJ3224 26.164092 43.570406
Emys orbicularis | MH3519 26.159801 42.985076 Emys orbicularis | NG7642 27.901132 42.111059
Emys orbicularis | LH8755 25.592421 43.123582 Emys orbicularis | NG8448 28.020053 41.983973
Emys orbicularis | LH8745 25.580132 43.12343 Emys orbicularis | NG5689 27.708319 42.175456
Emys orbicularis | NG2669 27.320872 42.177194 Emys orbicularis | NG6685 27.828917 42.138623
Emys orbicularis | NG2647 27.296571 42.159247 Emys orbicularis | NG6696 27.841136 42.14754
Emys orbicularis | NG4456 27.549134 41.969179 Emys orbicularis | MG4371 26.367722 41.833649
Emys orbicularis FP3684 22.725181 43.920594 Emys orbicularis | MG4340 26.331688 41.824439
Emys orbicularis FP3674 22.71273 43.920781 Emys orbicularis | MG4372 26.367634 41.842656
Emys orbicularis | FP2623 22.525726 43.914428 Emys orbicularis | MG5385 26.499914 41.870329
Emys orbicularis FP3871 22.717138 44.073772 Emys orbicularis | MG2348 26.08986 41.894831
Emys orbicularis | FM5905 22.828634 42.397217 Emys orbicularis | MG2347 26.089987 41.885825
Emys orbicularis | FM6904 22.949793 42.386215 Emys orbicularis | MG2358 26.101913 41.894926
Emys orbicularis LJ3167 24.977866 43.492548 Emys orbicularis | FM8025 23.189248 41.580357
Emys orbicularis LJ3177 24.990226 43.492766 Emys orbicularis FL8969 23.235334 41.52543

Emys orbicularis LJ3157 24.965506 43.492329 Emys orbicularis | GL0926 23.425938 41.494546
Emys orbicularis LJ3147 24.953146 | 43.492108 Emys orbicularis | MF0886 25.904976 41.424852
Emys orbicularis | LH5929 25.180505 43.333878 Emys orbicularis | MF1805 25.929055 41.416072
Emys orbicularis | LH5919 25.168176 43.333682 Emys orbicularis | MF0895 25.917091 41.41596
Emys orbicularis | LH5908 25.156119 43.324483 Emys orbicularis | MF0885 25.905127 41.415846
Emys orbicularis | LH5909 25.155846 43.333483 Emys orbicularis | MF0867 25.880891 41.433628
Emys orbicularis LJ5020 25.180236 43.342878 Emys orbicularis | MF0877 25.892858 41.433744
Emys orbicularis LJ5010 25.167905 43.342681 Emys orbicularis | FN9857 23.40689 43.214971
Emys orbicularis | KH8892 24.41052 43.16596 Emys orbicularis | MJ6450 26.571719 43.716725
Emys orbicularis | KH8888 24.395936 43.219654 Emys orbicularis | MJ7348 26.683537 43.699081
Emys orbicularis | 1J0274 24.617003 43.548621 Emys orbicularis | MIJ7347 26.683585 43.690077
Emys orbicularis LJ0284 24.629372 43.548878 Emys orbicularis | MJ8536 26.794675 43.861404
Emys orbicularis | LJ0275 24.616649 | 43.557617 Emys orbicularis | NJ6549 27.802959 | 43.885779
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Emys orbicularis | NJ4582 27.603153 43.823982 Emys orbicularis | MF1820 25.953705 41.371261
Emys orbicularis | NJ4581 27.603062 43.814979 Emys orbicularis | MF0871 25.893775 41.379708
Emys orbicularis | NJ5459 27.689889 43.79648 Emys orbicularis | LG6085 25.422276 | 41.590378
Emys orbicularis | NJ5458 27.689785 43.787477 Emys orbicularis | LG3486 25.051377 41.953952
Emys orbicularis | NJ4489 27.602881 43.796972 Emys orbicularis | LG2634 24.865089 | 42.112745
Emys orbicularis | NJ4443 27.552664 43.743203 Emys orbicularis | LG6538 25.350099 42.06671

Emys orbicularis | NJ4453 27.565082 | 43.743142 Emys orbicularis | LG6548 25362182 | 42.066883
Emys orbicularis | FP5356 22.9287 43.665237 Emys orbicularis | LG3498 25.06289 41.97216

Emys orbicularis | FP5357 22.928988 43.674236 Emys orbicularis | LG4500 25.074411 41.990366
Emys orbicularis | FP6470 23.078688 43.698622 Emys orbicularis | LG6651 25.373575 42.094064
Emys orbicularis | FP5562 22.945755 43.809007 Emys orbicularis | LG8505 25.556126 | 42.042469
Emys orbicularis | FP5542 22.920903 43.809428 Emys orbicularis | LG6650 25.373805 42.085061
Emys orbicularis FP6580 23.094226 43.788375 Emys orbicularis | LG4598 25.180957 42.064153
Emys orbicularis FP6419 23.006978 43.780937 Emys orbicularis | LG4577 25.157057 42.054766
Emys orbicularis FP6590 23.106646 43.788147 Emys orbicularis | LG4566 25.14524 42.045569
Emys orbicularis FP6591 23.106963 43.797144 Emys orbicularis | LG3519 24.963236 42.069501
Emys orbicularis | FP6581 23.09454 43.797373 Emys orbicularis | LG3610 24.962948 42.078501
Emys orbicularis FP4569 22.823408 43.87405 Emys orbicularis | LG3620 24.97503 42.078715
Emys orbicularis | KH9068 24.523296 42.502111 Emys orbicularis | LG3631 24.986827 42.087929
Emys orbicularis | KH9078 24.535455 42.502373 Emys orbicularis | LG3651 25.010995 42.088351
Emys orbicularis | KH9079 24.535102 42.51137 Emys orbicularis | 1LG3662 25.0228 42.097561
Emys orbicularis | KH8067 24.402082 42.49042 Emys orbicularis | NH7532 27.900601 42.921581
Emys orbicularis | KH9089 24.547263 42.511632 Emys orbicularis | NG7598 27.961058 42.074547
Emys orbicularis | KH8039 24.364858 42.50758 Emys orbicularis | MH1224 25.932226 42.667996
Emys orbicularis | MG6819 26.532503 42.356815 Emys orbicularis | MH1214 25.920025 42.667881
Emys orbicularis | MG6818 26.53257 42.347809 Emys orbicularis | MH4162 26.348226 42.563051
Emys orbicularis | MG6828 26.54471 42.347858 Emys orbicularis | NH5525 27.643587 42.95033

Emys orbicularis | MG6827 26.544775 42.338852 Emys orbicularis | LH8112 25.556529 42.555812
Emys orbicularis | MG6826 26.54484 42.329846 Emys orbicularis | LH8142 25.593062 42.556266
Emys orbicularis | MG6730 26.557985 42.185798 Emys orbicularis | MH0119 25.798886 42.621648
Emys orbicularis | MG6405 26.523344 41.960496 Emys orbicularis | LH3265 25.004921 42.664601
Emys orbicularis | MG6404 26.523411 41.951489 Emys orbicularis PJ2257 28.554665 43.589903
Emys orbicularis | MG7557 26.703848 42.069183 Emys orbicularis | MH3024 26.178628 42.489914
Emys orbicularis | MG6910 26.532436 42.36582 Emys orbicularis | MH2013 26.044929 42.479872
Emys orbicularis | MG6901 26.520223 42.374776 Emys orbicularis | MH2023 26.057094 42.479973
Emys orbicularis | MG7994 26.750892 42.402527 Emys orbicularis | MH5199 26.506097 42.62688

Emys orbicularis | MG7995 26.750856 42.411533 Emys orbicularis | MH5168 26.469589 42.617711
Emys orbicularis | MG6439 26.559296 41.996666 Emys orbicularis | MH8106 26.762294 42.600681
Emys orbicularis | MG6428 26.547286 41.987613 Emys orbicularis | MH7185 26.737952 42.591622
Emys orbicularis | MG7521 26.667867 42.015045 Emys orbicularis | MH8116 26.774484 42.600705
Emys orbicularis | FP3267 22.690875 43.587969 Emys orbicularis | MG1700 25.916233 42.18153

Emys orbicularis | FN6506 22.967317 42.944236 Emys orbicularis | LG8648 25.601873 42.160117
Emys orbicularis | FN5595 22.954782 42.935446 Emys orbicularis | LG8649 25.601674 42.16912

Emys orbicularis | KH6814 24.065631 43.175637 Emys orbicularis | LG8833 25.586762 | 42.295022
Emys orbicularis | FM5685 22.917583 42.125591 Emys orbicularis | MG0568 25.869728 42.073005
Emys orbicularis | LF9959 25.747179 | 41.540336 Emys orbicularis | MG0567 25.869888 42.064001
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Emys orbicularis | LG7666 25.505487 42.140889 Emys orbicularis | MH7339 26.67589 42.807596
Emys orbicularis | MG3904 26.155504 42.399687 Emys orbicularis | MH6399 26.626968 42.807447
Emys orbicularis | MH2003 26.032764 42.47977 Emys orbicularis | MH3572 26.23417 42.922562
Emys orbicularis | MH1093 26.020599 42.479667 Emys orbicularis | MH3564 26.221691 42.940488
Emys orbicularis | MG3917 26.167297 | 42.426791 Emys orbicularis | MH3584 26.246203 42.940652
Emys orbicularis | LG7886 25.525496 42.321268 Emys orbicularis | MH3594 26.258459 42.940733
Emys orbicularis | MG0670 25.881498 42.091133 Emys orbicularis | MH7314 26.651681 42.762498
Emys orbicularis | LG7775 25.51569 42.222076 Emys orbicularis | MJ5079 26.474843 43.437192
Emys orbicularis | LG7785 25.527803 42.222232 Emys orbicularis | MH2839 26.057551 43.254425
Emys orbicularis | LG8657 25.614171 42.15126 Emys orbicularis | MH9812 26.895384 43.195226
Emys orbicularis | LG8656 25.614367 42.142256 Emys orbicularis | MH9802 26.883077 43.195214
Emys orbicularis | LG8568 25.62802 42.07037 Emys orbicularis | MHS8779 26.846221 43.168156
Emys orbicularis | LG7731 25.46811 42.185426 Emys orbicularis | NH0731 27.043008 43.096212
Emys orbicularis | MGO0579 25.881656 42.082129 Emys orbicularis | MH8769 26.833919 43.168139
Emys orbicularis | MG1710 25.92834 42.181643 Emys orbicularis | NH0722 27.030724 43.105221
Emys orbicularis | MG1665 25.989593 42.137168 Emys orbicularis | MH8757 26.821669 43.150111
Emys orbicularis | MG2625 26.062187 42.137784 Emys orbicularis | NH1405 27.128534 | 42.862015
Emys orbicularis | LG8639 25.589571 42.168972 Emys orbicularis | GP0200 23.480465 43.510531
Emys orbicularis | LG7653 25.49403 42.113721 Emys orbicularis | FP9232 23.394653 43.530369
Emys orbicularis | MH3034 26.190795 42.490001 Emys orbicularis | FP9242 23.407017 43.53011

Emys orbicularis | MHO0853 25.836866 43.198366 Emys orbicularis | FP9251 23.419022 43.520852
Emys orbicularis | LH7806 25.405514 43.22018 Emys orbicularis | FP9109 23.356506 43.504151
Emys orbicularis | LH7815 25.418054 43.211349 Emys orbicularis FP9356 23.424436 43.655794
Emys orbicularis | LH7835 25.442667 43.211687 Emys orbicularis | FP8227 23.260311 43.578125
Emys orbicularis | LH7845 25.454974 43.211854 Emys orbicularis | FP8350 23.298466 43.604375
Emys orbicularis | LH8885 25.627276 43.214052 Emys orbicularis | FP9482 23.463815 43.708973
Emys orbicularis | LH8875 25.614968 43.213903 Emys orbicularis | GP0513 23.505144 43.807113
Emys orbicularis | LH9911 25.663019 43.268502 Emys orbicularis | GP0504 23.493097 43.81638

Emys orbicularis LJ9142 25.695933 43.457974 Emys orbicularis | GP0514 23.50552 43.816108
Emys orbicularis LJ9162 25.720649 43.458254 Emys orbicularis | GP1394 23.720939 43.631109
Emys orbicularis | MHO0727 25.801006 43.143967 Emys orbicularis | GP1395 23.721345 43.640103
Emys orbicularis | MHO0737 25.813301 43.144095 Emys orbicularis | GP2305 23.733729 43.639807
Emys orbicularis | MHO0747 25.825596 43.144222 Emys orbicularis | GP2316 23.746523 43.648504
Emys orbicularis | LH8825 25.55343 43.213142 Emys orbicularis | GP2346 23.783679 43.647605
Emys orbicularis | LH8814 25.541337 43.203983 Emys orbicularis | GP2357 23.796482 43.656296
Emys orbicularis | LH8804 25.529031 43.203826 Emys orbicularis | GP2494 23.849007 43.718022
Emys orbicularis | LH8805 25.528815 43.212828 Emys orbicularis | GP3405 23.861834 43.726705
Emys orbicularis | LH8874 25.615171 43.204901 Emys orbicularis | GP2483 23.836184 43.709338
Emys orbicularis | LH9849 25.70036 43.250924 Emys orbicularis | GP3307 23.858413 43.654762
Emys orbicularis | LH9922 25.675143 43.277648 Emys orbicularis | GP2275 23.816212 43.547768
Emys orbicularis | LH9914 25.662428 43.295509 Emys orbicularis | GP3306 23.857986 43.64577

Emys orbicularis | LH9915 25.66223 43.304511 Emys orbicularis | GP3305 23.857559 43.636777
Emys orbicularis | LH9858 25.712865 43.242061 Emys orbicularis | GP2383 23.83195 43.619407
Emys orbicularis | LH9839 25.688044 | 43.250783 Emys orbicularis | MJ2697 26.121296 43.95725

Emys orbicularis LJ9222 25.669242 43.547709 Emys orbicularis | MI5763 26.457309 44.013361
Emys orbicularis | 1J9164 25.720269 | 43.476258 Emys orbicularis | MIJ5773 26.469784 44.01342
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Emys orbicularis | MIJ5784 26.482181 44.02248 Emys orbicularis | MG3276 26.247825 41.787892
Emys orbicularis | MI5704 26.382366 44.021984 Emys orbicularis | LG9186 25.780256 41.693811
Emys orbicularis | MIJ5735 26.419709 | 44.031183 Emys orbicularis | MG0149 25.851864 | 41.721569
Emys orbicularis | MI5764 26.457227 44.022364 Emys orbicularis | MG1016 25.937932 41.605306
Emys orbicularis | MJ6764 26.581999 | 44.022889 Emys orbicularis | KJ6423 24.05225 43.706512
Emys orbicularis | MJ9812 26.89381 44.095632 Emys orbicularis | GL0828 23.423255 41.422551
Emys orbicularis | MI8830 26.79393 44.077488 Emys orbicularis | GL2983 23.735958 | 41.460566
Emys orbicularis | NJ0865 27.081241 44.122662 Emys orbicularis | NH5223 27.640606 42.662176
Emys orbicularis | NJ0845 27.056244 | 44.122677 Emys orbicularis | NH5105 27.615494 | 42.590268
Emys orbicularis | NJ0856 27.068753 44.131674 Emys orbicularis | NH5106 27.615582 42.599274
Emys orbicularis | NJ0844 27.056235 44.113674 Emys orbicularis | NG5954 27.674394 42.400814
Emys orbicularis | NJ1800 27.131136 44.077599 Emys orbicularis | NG5944 27.662244 42.400885
Emys orbicularis | MG9556 26.945612 42.060546 Emys orbicularis | NG5945 27.662339 42.409891
Emys orbicularis | MG9566 26.957698 42.060551 Emys orbicularis | NG5897 27.722273 42.337481
Emys orbicularis | NG1755 27.187841 42.231527 Emys orbicularis | NG6805 27.734202 42.319393
Emys orbicularis | NG7519 27.864482 42.084322 Emys orbicularis | NG6744 27.781515 42.220012
Emys orbicularis | NG8507 27.973008 42.06544 Emys orbicularis | NG6734 27.7694 42.220094
Emys orbicularis | NG7566 27.924535 42.056835 Emys orbicularis | NG6811 27.745911 42.283293
Emys orbicularis | NG1765 27.199959 42.231506 Emys orbicularis | NH7323 27.885902 42.750596
Emys orbicularis | NG8418 27.983843 41.984289 Emys orbicularis | NH7304 27.861591 42.759787
Emys orbicularis | NG8419 27.983982 41.993295 Emys orbicularis | NH2065 27.322524 42.50141

Emys orbicularis | NG8428 27.995913 41.984185 Emys orbicularis | NH2075 27.334695 42.501375
Emys orbicularis | NG8515 27.984815 42.047327 Emys orbicularis | NH2076 27.334743 42.51038

Emys orbicularis | NG3923 27.394868 42.393112 Emys orbicularis | NH2085 27.346865 42.501339
Emys orbicularis | NG3932 27.406959 42.384064 Emys orbicularis | NG3979 27.456006 42.446921
Emys orbicularis | NG2885 27.345874 42.321221 Emys orbicularis | NG3953 27.431316 42.392981
Emys orbicularis | NG2865 27.321603 42.321292 Emys orbicularis | NG2977 27.334311 42.429328
Emys orbicularis | NG2922 27.273333 42.38446 Emys orbicularis | NH3167 27.444996 42.609069
Emys orbicularis | NG2921 27.273294 42.375454 Emys orbicularis | NH3196 27.4815 42.599915
Emys orbicularis | KJ7161 24.238991 43.423063 Emys orbicularis LJ5346 25.195269 43.667263
Emys orbicularis LJ7101 25.399614 | 43.445206 Emys orbicularis | KH7340 24.247125 42.693912
Emys orbicularis LJ7100 25.399851 43.436205 Emys orbicularis | FM3799 22.691175 42.255236
Emys orbicularis LJ0456 24.584343 43.746016 Emys orbicularis | FN6505 22.96703 42.935236
Emys orbicularis LJ6085 25.376352 43.390853 Emys orbicularis | KG8848 24.384884 42.318931
Emys orbicularis LJ7144 25.448338 43.47289 Emys orbicularis | LG9505 25.67692 42.043925
Emys orbicularis LJ7155 25.460469 43.482059 Emys orbicularis | MJ8863 26.83132 44.10456

Emys orbicularis LJ7166 25.472604 43.491226 Emys orbicularis | NG2864 27.321557 42.312286
Emys orbicularis L7167 25.472377 43.500227 Emys orbicularis | KJ7079 24.252145 43.405372
Emys orbicularis | MG5520 26.426406 42.005086 Emys orbicularis | LG9879 25.755487 42.351013
Emys orbicularis | MG3457 26.221465 41.976859 Emys orbicularis | FN9913 23.359769 43.269978
Emys orbicularis | MG3458 26.221355 41.985865 Emys orbicularis | FMS5758 22.884781 42.243211
Emys orbicularis | MG5412 26.41499 41.932975 Emys orbicularis | GNO0172 23.526791 42.537037
Emys orbicularis | MG3208 26.163355 41.805322 Emys orbicularis | GN0162 23.514626 42.537305
Emys orbicularis | MG3450 26.222231 41.913817 Emys orbicularis | GNO0152 23.50246 42.537571
Emys orbicularis | MGO157 25.864201 41.703678 Emys orbicularis | GN0006 23.439525 42.484898
Emys orbicularis | MGO0175 25.888545 41.685902 Emys orbicularis | KH7391 24307709 | 42.704358
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Emys orbicularis | KH8301 24.319906 42.704644 Emys orbicularis | NH5556 27.68046 42.959122
Emys orbicularis | MG5590 26.510932 42.005477 Emys orbicularis | NG5955 27.674491 42.40982
Emys orbicularis | NG1659 27.187681 42.177489 Emys orbicularis | MG8610 26.77628 42.096367
Emys orbicularis | NG1608 27.127121 42.168566 Emys orbicularis | MG8504 26.764387 42.042303
Emys orbicularis | NG1609 27.127139 | 42.177572 Emys orbicularis | MG6524 26.546903 42.041651
Emys orbicularis | NG0627 27.030263 42.159626 Emys orbicularis | MG7439 26.680035 41.997066
Emys orbicularis | MG9684 26.98185 42.132609 Emys orbicularis | FL9848 23.327599 | 41.424527
Emys orbicularis | LG6307 25.318833 41.877124 Emys orbicularis | MG3407 26.161119 41.976434
Emys orbicularis | LG6335 25.355434 41.859641 Emys orbicularis | MG9674 26.96975 42.132607
Emys orbicularis | LG5428 25.219714 41.974699 Emys orbicularis | NG0699 27.11503 42.177585
Emys orbicularis | LG5467 25.268215 41.966435 Emys orbicularis | NG1742 27.175647 42.204527
Emys orbicularis | LG5466 25.268459 41.957433 Emys orbicularis | GN2654 23.766499 42.999738
Emys orbicularis | LG3470 25.040971 41.899738 Emys orbicularis | NG4927 27.516657 42.428652
Emys orbicularis | KG8641 24.394887 42.076012 Emys orbicularis | NH3070 27.456072 42.455927
Emys orbicularis | KG8633 24.38207 42.093731 Emys orbicularis | KH8051 24.392168 42.436164
Emys orbicularis | MF2873 26.132689 41.399772 Emys orbicularis LJ2362 24.849474 43.625263
Emys orbicularis | MF2864 26.120606 41.408688 Emys orbicularis | GP2325 23.758497 43.639212
Emys orbicularis | FL7800 23.038324 41.357963 Emys orbicularis | NG6803 27.733993 42.301382
Emys orbicularis | LG6316 25.331114 41.868297 Emys orbicularis | NG6804 27.734097 42.310387
Emys orbicularis | MF1881 26.025306 41.380898 Emys orbicularis | NG5883 27.70973 42.301534
Emys orbicularis | MF2892 26.156729 41.390943 Emys orbicularis | NG5896 27.72217 42.328475
Emys orbicularis | LF9786 25.787001 41.333595 Emys orbicularis | NG5970 27.698296 42.364647
Emys orbicularis | MF0851 25.869861 41.379476 Emys orbicularis | NG4799 27.600205 42.266135
Emys orbicularis | LH8430 25.575134 42.808195 Emys orbicularis | NG4789 27.588081 42.266198
Emys orbicularis | MG1482 26.016988 41.930257 Emys orbicularis | NG6708 27.73347 42.256354
Emys orbicularis | MG1493 26.028911 41.939365 Emys orbicularis | NG6718 27.745593 42.256276
Emys orbicularis | MG1494 26.028774 41.948371 Emys orbicularis | NG5779 27.697202 42.265587
Emys orbicularis | MG2357 26.102039 41.88592 Emys orbicularis | NG4897 27.60089 42.338181
Emys orbicularis | MG2356 26.102165 41.876914 Emys orbicularis | NG4896 27.600804 42.329175
Emys orbicularis | MG2359 26.101787 41.903932 Emys orbicularis | NG5805 27.612854 42.320105
Emys orbicularis | MG2349 26.089732 41.903837 Emys orbicularis | NG5804 27.612766 423111

Emys orbicularis | MG2462 26.113468 41.931043 Emys orbicularis | NG5814 27.6249 42.311034
Emys orbicularis | MG2499 26.14881 41.994356 Emys orbicularis | NG5824 27.637033 42.310967
Emys orbicularis | MG4681 26.377139 42.103901 Emys orbicularis | NG6835 27.770605 42.319154
Emys orbicularis | MG5451 26.463312 41.924204 Emys orbicularis | NG6826 27.758579 42.32824
Emys orbicularis | MG5452 26.463237 41.93321 Emys orbicularis | NH4009 27.493193 42.536826
Emys orbicularis | LG7345 25.487917 41.861462 Emys orbicularis | NH4104 27.493548 42.581853
Emys orbicularis | LG7374 25.524258 41.852929 Emys orbicularis | NH4103 27.493471 42.572847
Emys orbicularis | LG8333 25.596714 41.84483 Emys orbicularis | MG6834 26.557104 42.311882
Emys orbicularis | LG8374 25.644692 41.854413 Emys orbicularis | MH3574 26.233947 42.940571
Emys orbicularis | LG8385 25.656548 41.863559 Emys orbicularis NJ1719 27.143603 44.06858
Emys orbicularis | LG8386 25.656359 | 41.872564 Emys orbicularis | NJ1709 27.131116 44.068595
Emys orbicularis | LG8396 25.668407 41.872704 Emys orbicularis NJ1788 27.230978 44.059434
Emys orbicularis | MG6749 26.569544 | 42.266898 Emys orbicularis | NJ0853 27.068722 | 44.104664
Emys orbicularis | MH6557 26.576941 42.969368 Emys orbicularis | MIJ8861 26.831371 44.086553
Emys orbicularis | MH5081 26.49521 42.464728 Emys orbicularis | MJ8862 26.831346 | 44.095556
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Emys orbicularis | MIJ8870 26.843886 44.077567 Emys orbicularis | GP1217 23.61914 43.570463
Emys orbicularis LJ7370 25.481806 43.617405 Emys orbicularis | MG0140 25.853304 41.640521
Emys orbicularis LJ7360 25.469417 43.61724 Emys orbicularis | FL9951 23.340527 41.451284
Emys orbicularis LJ7351 25.456798 43.626074 Emys orbicularis | FM3851 22.64317 42.273945
Emys orbicularis | NH7623 27.889776 | 43.020722 Emys orbicularis | FM6569 23.012604 | 42.069927
Emys orbicularis | NH7613 27.877505 43.020816 Emys orbicularis | KJ7069 24.239809 43.405075
Emys orbicularis | NH6663 27.816147 43.02127 Emys orbicularis | FP4324 22.767009 43.649844
Emys orbicularis | NH5662 27.693326 43.013075 Emys orbicularis | FP4238 22.777811 43.595653
Emys orbicularis | NH5673 27.7057 43.022005 Emys orbicularis | MG6326 26.54805 41.879535
Emys orbicularis | NH5664 27.693529 43.031084 Emys orbicularis | MG4233 26.320314 41.761323
Emys orbicularis | NH5654 27.681255 43.031158 Emys orbicularis | KH6094 24.196659 42.458561
Emys orbicularis | NH6673 27.828419 43.021182 Emys orbicularis | NG5888 27.710237 42.346562
Emys orbicularis | NH5652 27.681056 43.013149 Emys orbicularis | FN8295 23.312104 | 42.658639
Emys orbicularis | NH7620 27.889386 42.99371 Emys orbicularis | FM3780 22.676912 42.174392
Emys orbicularis | MG6907 26.519812 42.42881 Emys orbicularis | FN5584 22.94225 42.926655
Emys orbicularis | MG6843 26.569299 42.302922 Emys orbicularis | FN8211 23.213291 42.624571
Emys orbicularis | MH3553 26.209551 42.9314 Emys orbicularis | GN0314 23.461588 42.736566
Emys orbicularis | NG4861 27.563992 42.284332 Emys orbicularis | GNO0331 23.48492 42.709048
Emys orbicularis | NG5850 27.673049 42.274737 Emys orbicularis | KH8728 24.326069 43.128

Emys orbicularis | NG5841 27.661017 42.283813 Emys orbicularis KJ6050 24.107978 43.320779
Emys orbicularis | NJ1798 27.243464 44.059408 Emys orbicularis | LH9904 25.650103 43.295364
Emys orbicularis | NJ1726 27.15602 44.041554 Emys orbicularis | MG6316 26.535998 41.879487
Emys orbicularis | NJ0863 27.081216 44.104655 Emys orbicularis | MH7192 26.750248 42.564632
Emys orbicularis | NG5882 27.709629 42.292529 Emys orbicularis | MH9319 26.896039 42.808008
Emys orbicularis | NG5873 27.697599 42.301609 Emys orbicularis | NG5980 27.710439 42.364573
Emys orbicularis | NG5851 27.673144 42.283743 Emys orbicularis | NH2504 27.251275 42.942859
Emys orbicularis | NG5861 27.685272 42.283671 Emys orbicularis | NJ4572 27.590717 43.824047
Emys orbicularis | NG5823 27.636942 42.301962 Mauremys rivulata| NG7596 27.960787 42.056537
Emys orbicularis | NG6815 27.746336 42.319314 Mauremys rivulata)| NG7597 27.960923 42.065542
Emys orbicularis | NH4114 27.505733 42.5818 Mauremys rivulata| NG7587 27.948837 42.065643
Emys orbicularis | MG5997 26.507655 42.428759 Mauremys rivulata| NG7577 27.936752 42.065742
Emys orbicularis | MIJ8871 26.843862 44.086571 Mauremys rivulata| NG7576 27.936619 42.056737
Emys orbicularis LJ7350 25.457028 43.617073 Mauremys rivulata| FL8995 23.270006 41.488725
Emys orbicularis | NH6653 27.803875 43.021357 Mauremys rivulata| FL7854 23.099219 41.392895
Emys orbicularis | MH2512 26.038142 42.921083 Mauremys rivulata| FL8983 23.257411 41.470959
Emys orbicularis | MG5534 26.438164 42.04117 Mauremys rivulata| FL7831 23.074453 41.366324
Emys orbicularis | NG1750 27.187707 42.186495 Mauremys rivulata| MG4315 26.295072 41.869254
Emys orbicularis | GN2132 23.721422 42.532577 Mauremys rivulata| NG8507 27.973008 42.06544
Emys orbicularis | GNO157 23.504259 42.582557 Mauremys rivulata| MG4371 26.367722 41.833649
Emys orbicularis | GN0107 23.443383 42.583872 Mauremys rivulata| MG4340 26.331688 41.824439
Emys orbicularis | LG6304 25.319541 41.850115 Mauremys rivulata| MG4372 26.367634 41.842656
Emys orbicularis | MG0105 25.804452 41.685058 Mauremys rivulata| MG5385 26.499914 41.870329
Emys orbicularis | NH8969 28.067199 43.343374 Mauremys rivulata| MG5393 26.5121 41.852367
Emys orbicularis | NG7608 27.85348 42.165462 Mauremys rivulata| MF1805 25.929055 41.416072
Emys orbicularis | NH4102 27.493406 42.563842 Mauremys rivulata| MG6419 26.535149 41.996571
Emys orbicularis | GP0211 23.493195 43.519258 Mauremys rivulata| MF1820 25.953705 41.371261
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Mauremys rivulata)| MF1709 25.929942 41.362035 Mauremys rivulata| MF2893 26.156613 41.39995
Mauremys rivulata)| MF0871 25.893775 41.379708 Mauremys rivulata| MF1887 26.024498 41.434935
Mauremys rivulata| NG7661 27.925189 42.101861 Mauremys rivulata| MG4672 26.364955 42.11284
Mauremys rivulata)| NG7671 27.937282 42.101763 Mauremys rivulata| MG4692 26.389146 42.112972
Mauremys rivulata| NG7556 27.912451 42.056931 Mauremys rivulata| MG5452 26.463237 41.93321
Mauremys rivulata| NG7566 27.924535 42.056835 Mauremys rivulata)| MG6524 26.546903 42.041651
Mauremys rivulata| NG7519 27.864482 42.084322 Mauremys rivulata)| MG6515 26.534755 42.050609
Mauremys rivulata| NG8437 28.007841 41.975075 Mauremys rivulata| FL9848 23.327599 41.424527
Mauremys rivulata| NG8419 27.983982 41.993295 Mauremys rivulata)| MG4207 26.283826 41.797129
Mauremys rivulata| NG8409 27.97191 41.993398 Mauremys rivulata| MG4217 26.295862 41.797204
Mauremys rivulata| NG8418 27.983843 41.984289 Mauremys rivulata)| MG5532 26.438323 42.023158
Mauremys rivulata| MG9726 26.909096 42.240651 Mauremys rivulata)| MG9674 26.96975 42.132607
Mauremys rivulata| MG3450 26.222231 41.913817 Mauremys rivulata)| NG0699 27.11503 42.177585
Mauremys rivulata| MF2945 26.095304 41.507573 Mauremys rivulata)| MG4683 26.376962 42.121913
Mauremys rivulata| MF2954 26.107409 41.49866 Mauremys rivulata| FL8991 23.26875 41.452723
Mauremys rivulata| MF2864 26.120606 41.408688 Mauremys rivulata| FL8982 23.257099 41.461959
Mauremys rivulata| MF2769 26.121213 41.363655 Mauremys rivulata| FL8990 23.268436 41.443722
Mauremys rivulata| MF1881 26.025306 41.380898 Mauremys rivulata| GL0920 23.423925 41.44055
Mauremys rivulata| MF1871 26.013349 41.380796 Mauremys rivulata| MF1912 25.939993 41.479224
Mauremys rivulata| MF1870 26.013485 41.371789 Mauremys rivulata| FM8108 23.169195 41.697821
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