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ABSTRACT

A comprehensive study was conducted in the Sečovlje Salina Nature Park, one of the largest coastal 
brackish areas in Slovenia, to investigate the habitat requirements of the European Pond Turtle (Emys orbicu-
laris). During 2019-2020, five female turtles were monitored using GPS solar-powered telemetry transmitters. 
Based on the high-resolution LiDAR data and spatial analysis, the study aimed to compare the activities 
of individual turtles on a monthly and hibernation basis across two ecologically distinct but neighbouring 
areas within the park. The data collected over such a short (monthly) period provides valuable insights into 
habitat requirements, seasonal spatial dynamics, and the contrasting environmental conditions. The findings 
contribute essential baseline information for understanding and developing future conservation strategies 
for this endangered species in coastal brackish wetlands, which tend to be locally specific and vulnerable to 
numerous human-induced pressures.

Key words: European Pond Turtle, Emys orbicularis hellenica, GPS-telemetry, LiDAR, habitat use, conservation 
management, coastal wetland 

APPROFONDIMENTI SULL’HABITAT DELLA TESTUGGINE PALUSTRE EUROPEA (EMYS 
ORBICULARIS) NELL’AREA UMIDA COSTIERA DEL PARCO NATURALE DELLE SALINE DI 

SICCIOLE, SLOVENIA

SINTESI

Gli autori hanno condotto uno studio approfondito nel Parco naturale delle Saline di Sicciole, una delle 
più grandi aree costiere salmastre della Slovenia, per indagare i requisiti di habitat della testuggine palustre 
europea (Emys orbicularis). Durante il periodo 2019–2020, cinque femmine di tartaruga sono state moni-
torate mediante trasmettitori GPS a energia solare. Sulla base di dati LiDAR ad alta risoluzione e di analisi 
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spaziali, lo studio ha avuto l’obiettivo di confrontare le attività dei singoli individui su base mensile e durante 
il periodo di ibernazione, in due aree ecologicamente distinte ma confinanti all’interno del parco. I dati 
raccolti in un periodo relativamente breve (mensile) forniscono informazioni preziose sui requisiti di habitat, 
sulle dinamiche spaziali stagionali e sulle condizioni ambientali contrastanti. I risultati contribuiscono con 
informazioni di base essenziali per la comprensione e lo sviluppo di future strategie di conservazione per 
questa specie minacciata negli ambienti umidi costieri salmastri,

Parole chiave: testuggine palustre europea, Emys orbicularis hellenica, telemetria GPS, LiDAR, uso dell’habitat, 
gestione della conservazione, zona umida costiera

INTRODUCTION

Knowledge of habitat distribution across space, 
including changes over time, is crucial to man-
agement and conservation initiatives in times of 
massive biodiversity loss (Böhm et al., 2013). Land-
scape composition across space has wide-ranging 
effects on species because it determines the right 
climatic, elevation, or soil conditions suitable for 
the physiological requirements of species (Böhm & 
Popescu, 2016). Habitat loss is one of the leading 
causes of biodiversity loss. Thus, habitat assess-
ments delineating a critical habitat for the protec-
tion or improvement of habitat quality for a species 
are crucial to conservation.

Compared to other vertebrates, reptiles, espe-
cially freshwater turtles, are scarcely represented in 
landscape ecology (Böhm & Popescu, 2016). While 
freshwater turtles tend to have narrower habitat re-
quirements than other vertebrates, they still require 
a relatively large area to meet their diverse needs 
(Ficetola et al., 2004; Rogner, 2009; Böhm et al., 
2013; Lovich et al., 2018). Comparative studies on 
habitat use (Slavenko et al., 2016) indicate that the 
required area for normal activity, known as home 
range (Burt, 1943), of freshwater turtles (species 
that spend most or a significant amount of time in 
water), can range from 0.013 ha (Kinosternon acu-
tum; Iverson & Vogt, 2011) to up to 327.6 ha (Tra-
chemys scripta; Jaeger & Cobb, 2012). Semi-aquatic 
behavior, which is one of the main characteristics of 
the genus Emys, indicates the need for larger areas 
based on specific aquatic, riparian, and terrestrial 
habitat requirements (Ficetola et al., 2004; Mitrus, 
2010). Both a location switch and consistent fidel-
ity to specific locations have been observed during 

daily and seasonal cycles while analysing the main 
turtle behaviors, such as sun-basking, feeding, mat-
ing, egg-laying, overland migrations and hiberna-
tion (Lebboroni & Chelazzi, 1991; Kotenko, 2000; 
Zuffi, 2000; Dall’Antonia et al., 2001; Meeske & 
Muhlenberg, 2004; Novotný et al., 2004; Ottonello 
et al., 2005; Ficetola & De Bernardi, 2006; Rogner, 
2009; Vignoli et al., 2015; Erdélyi et al., 2019; 
Marchand et al., 2021). In addition to the behavio-
ral aspects, the complementarity of the habitat use 
is also strongly correlated with the developmental 
stage of a species (Lebboroni & Chelazzi, 1991; 
Cadi et al., 2004; Meeske & Muhlenberg, 2004) 
and is associated with biotic or physical constraints 
(Cadi et al., 2004; Meeske & Muhlenberg, 2004; 
Slavenko et al., 2016), which can vary in the dis-
tribution area of a species. Information on habitat 
requirements for the endangered European Pond 
Turtle, Emys orbicularis (Linnaeus, 1758), is very 
limited, especially for coastal brackish habitats 
(Lebboroni & Chelazzi, 1991; Liuzzo et al., 2023). 
This deficit in information is surprising, as ongoing 
conservation efforts in coastal wetlands are urgently 
needed. Conservation management constantly faces 
numerous conflicts of interest related to humans, 
especially habitat destruction and fragmentation, 
invasive species, and climate change, exacerbating 
challenging conditions during hot and dry summers 
(Moravec, 2003; Fattizzo, 2004; Broggi & Grillitsch, 
2012; Žagar et al., 2013; Standfuss et al., 2016; 
Ivajnšič et al., 2017).

In Slovenia, the European Pond Turtle is an 
endangered and fully protected native turtle spe-
cies (Official Gazette of the Republic of Slovenia, 
No. 46/2004, with amendments; Habitat Directive, 
1992; Bern Convention, 1979; Official Gazette of 
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the Republic of Slovenia, No. 82/02, with amend-
ments). According to Vamberger et al. (2015), the 
Slovenian populations match the morphological 
and genetic characteristics of the two subspecies: 
E. o. orbicularis and E. o. hellenica. The nominate 
subspecies E. o. orbicularis inhabits a wide range 
of Slovenia, whereas the subspecies E. o. hellenica 
is more closely restricted to the Mediterranean 
climate and is present in the Slovenian part of Istria 
and its hinterland (Vamberger et al., 2015; Žagar 
et al., 2019). One of the major E. o. hellenica 
populations inhabit the Istrian coastal wetland area 
Sečovlje Salina (Fritz, 2003; Tome, 2003). In 2003, 
the population in Sečovlje Salina with the Dragonja 
River estuary was estimated to represent 1-5 % 
of the Slovenian population according to limited 
findings (Škornik, 1990-1991; Tome, 1996, 2003). 
Despite several recent studies (Škornik, 2005; Vam-
berger, 2009; Torkar, 2012; Budak, 2013; Torkar & 
Ferjančič, 2013; Ferjančič & Škornik, 2018; 2019), 
some biological aspects, such as habitat use, remain 
under-researched across the entire distribution 
range. Furthermore, our knowledge of the habitat 
use of other Slovenian E. o. hellenica populations 
in coastal brackish areas (Leban et al., 2021) or 
internal riverine and marshy plains (Pekolj et al., 
2021; Lipovšek & Vamberger, 2021) remain incom-
plete. This lack of knowledge hinders the adequate 
protection and management of this species.

Telemetry is an essential method for collecting 
data on habitat requirements using tracking devices 
based on various technologies (Joo et al., 2020; 
Crane et al., 2021). VHF (very high frequency) radi-
otelemetry is common in terrestrial reptile research 
and seems to be the predominant tracking method 
for valuable insight into habitat requirements, also 
for freshwater turtles with semi-aquatic behavior 
(Crane et al., 2021). Automated or GPS (Global Po-
sitioning System) logging devices remain relatively 
rare in reptile research despite the growing popu-
larity in the last decade also as a cost- and time-
efficient approach (Joo et al., 2020; Crane et al., 
2021; Čonč et al., 2022). Furthermore, for studying 
the movements of freshwater turtles, GPS-telemetry 
enables more accurate delineation of movement 
paths, reveals the timing of movements between 
habitats, and allows data collection without re-
searcher interference with the turtle’s movements 
(Christensen & Chow-Fraser, 2014). However, all 
recent studies on tracking the movements of Emys 
orbicularis are based on radiotelemetry (Mascort & 
Budo, 2017; Drechsler et al., 2018; Escoriza et al., 
2020; Horváth et al., 2021; Liuzzo et al., 2023), in-
cluding research conducted in Slovenia (Vamberger 
& Kos 2011; Pekolj et al., 2021).

We used GPS telemetry, high-resolution LiDAR, 
and spatial data to gain valuable insights into the 

utilization of aquatic and terrestrial habitats by the 
European pond turtle in the protected coastal wet-
land of Sečovlje Salina. Individual turtle activities 
and habitat use were compared on a monthly basis 
during the active season and during hibernation to 
obtain detailed and accurate information on habitat 
requirements. One of the main objectives of this 
study was also to estimate the differences in the 
spatial ecology of turtles living in different environ-
ments within the protected area. The data collected 
over such a short timeframe (monthly) provides 
valuable insights for understanding and developing 
future conservation strategies for this endangered 
species in coastal brackish wetland environments, 
which are locally specific and vulnerable to numer-
ous human-induced environmental pressures.

MATERIAL AND METHODS

Study area

The field study was conducted in the Sečovlje 
Salina Nature Park (~ 45°29’ N, 13°37’ E; hereafter: 
SSNP), located in the southwestern part of Slovenia, 
the southernmost stretch of the Piran Bay (northern 
Adriatic coast) at the Dragonja River mouth (Fig. 1). 
Based on the physical-geographical classification of 
Europe accounting for climate, rocks, soil character-
istics, the area belongs to the Mediterranean region 
(Perko et al., 2021). The approximately 674-ha large, 
protected area with no settlements or inhabitants was 
established at the state level in 2001. As a typical 
saline ecosystem with marine, hypersaline, brackish, 
and freshwater environments, SSNP hosts numerous 
rare, threatened, and endemic species and is consid-
ered to have significant national and international 
value (Škornik, 2012; Turk, 2019; Official Gazette 
of the Republic of Slovenia, No. 48/04, with amend-
ments; Official Gazette of the Republic of Slovenia, 
No. 111/04, with amendments). Following the Habi-
tat Directive (Habitat Directive, 1992), two Natura 
2000 sites in the SSNP have also been designated 
for conservation of Emys orbicularis: the Sečoveljske 
soline in estuarij Dragonje (site code: SI3000240) 
and the Kanal Sv. Jerneja (site code: SI3000239). The 
base of the Salina is covered with up to a 90-m thick 
layer of sediments (Ogorelec et al., 1981). The hinter-
land of the SSNP is represented by a predominantly 
flat Dragonja river valley, with a simple geological 
structure composed of flysch rocks, limestone, and 
fluvial deposits (Čonč, 2020). Higher altitudes sur-
rounding the SSNP consist of flysch hills in the west 
and northwest and a karst plateau in the east (Čonč, 
2020; Stepišnik, 2022). The climatic conditions are 
coastal sub-Mediterranean, with an average annual 
temperature of 13.8 °C and average annual precipita-
tion of 958 mm (Ogrin et al., 2023). 
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The SSNP is divided arbitrarily into connected Lera 
and Fontanigge areas, with delineated smaller areas 
that primarily represent specific aquatic or terrestrial 
habitats (Škornik, 2012). This study followed the same 
site separation and focused on parts of the SSNP with 
the highest occurrence of Emys orbicularis. These parts 
include the marshy brackish so-called Mining area (also 
known as “Korea”) in the southeastern part of the Lera 
area and the southern Salina edge of the Fontanigge 
area, which has artificial drainage brackish ditches, es-
pecially in the Stojbe, Alto, and Airport areas (Fig. 1). In 
the Mining area (maximum water surface up to 3.5 ha), 
turtles were found in two smaller, mostly open ponds 
or in a larger, densely vegetated marsh. Some shallow 
parts of the marsh can dry out in summer. The upper 
part of the nearby canal Sv. Jerneja is also considered 
as a part of this “pond-like” Lera area (hereafter: Lera 
area). Based on occasional measurements, the salinity 
ranged between 2.00-14.97 PSU, depending on the 
season and water level. The “canal-like” Fontanigge 
area (hereafter: Fontanigge area) consists mostly of 
shallow ditches with well-vegetated banks. The Stojbe 
ditch may dry out during summer, while the Alto and 
Airport ditches have a more stable hydroperiod. The sa-
linity in these two ditches could rise to 40 PSU during 
the summer months. The banks around the Alto ditch 
were repaired multiple times to prevent saltwater intru-
sions, and a new shallow brackish water surface was 

created in 2019 (Škornik, 2012; Ferjančič & Škornik, 
2018; I. Škornik, pers. comm.). Phragmites australis is a 
dominant plant in all areas where turtles mainly occur. 
It usually coexists with other halophytic aquatic (e.g., 
Ruppia cirrhosa) and riparian plant communities (e.g., 
Suaeda maritima, Juncus maritimus, Carex extensa); 
in some places, it is often replaced by Arundo donax 
(Kaligarič, 1990; Jogan, 2001; Škornik, 2012). 

Trapping and GPS tracking

Five females captured during regular monitor-
ing using baited funnel traps were selected for 
telemetry: three in the Lera area and two in the 
Fontanigge area (Ferjančič & Škornik, 2019). The 
sites of the captured turtles were recorded using a 
handheld GPS device (Garmin). All females were 
measured, weighed, photographed, aged (Meeske, 
2006; Vamberger & Kos 2011), and marked by 
marginal notching (Kuchling, 1987). They were also 
palpated to detect the presence of eggs (Vamberger 
et al., 2017). Solar-powered telemetry transmitters 
(Milsar RadioTag-14; Anonymous, 2024b) were 
attached to the anterior upper carapace margin of 
each female using an epoxy plumber (Pattex Epoxy 
Kit). As the weight of the RadioTag-14 transmitter 
was less than 5% of the female body mass, the in-
fluence of the tag was considered minimal (Knapp 

Fig. 1: The number of captured European Pond Turtle (E. orbicularis) in the Sečovlje Salina Nature Park and 
its hinterland (according to Polajnar Hrovat et al., 2022). 1 – Stojbe Ditch; 2 – Alto ditch; 3 – Airport ditch; 
4 – larger marsh in the Mining area; 5 – pond in the Mining area.
Sl. 1: Število ujetih močvirskih sklednic (E. orbicularis) v Krajinskem parku Sečoveljske soline z zaledjem (po 
Polajnar Hrovat in sod., 2022). 1 – kanal Stojbe; 2 – kanal Alto; 3 – kanal Letališče; 4 – večje močvirje na 
območju Rudnika; 5 – bajer na območju Rudnika.
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& Abarca, 2009; Bayrakçı et al., 2021). The tagged 
females were released into the water at the capture 
site within 30 minutes.

The telemetry data was collected from the first 
half of April 2019 until the end of June 2020. Data 
were automatically downloaded on a weekly basis 
using a radio download feature (base station) based 
on Milsar software (Anonymous, 2024b) without 
the need to recapture the turtle. The maximum 
range for downloading data in the line of sight 
(with no obstacles between the base station and 
transmitter) was estimated to be less than 3 km. The 
data collection intervals were set between 5 and 
15 min. The variables recorded by the telemetry 
transmitters with estimated error < 10 m (Milsar, 
pers. comm.) were latitude, longitude, time, and 
date (Appendix 1).

Home range, movements, and habitat use

The analysis of home range, movement, and 
habitat use was based on separate monthly telem-
etry data obtained during the period of activity 
and grouped hibernation months during the period 
of hibernation. These periods were not defined in 
advance based on the observations but rather deter-
mined accordingly to the gathered telemetry data. 
Telemetry data of turtles were not pooled but ana-
lysed separately. All applied analyses were based 
on the same gathered data of cleaned (expert‘s 
decision) tracking locations. Only turtles with avail-
able tracking data for both years, including those 
for hibernation, were considered representative 
and used in all analyses. Information from tracked 
females with less available data was used solely for 
comparison purposes.

Home ranges were calculated using the 
Minimum Convex Polygon (MCP; Mohr, 1947) and 
Kernel Density Estimation (KDE; Worton, 1989), 
which are the most frequently used geometric 
methods in reptile home range studies (Crane et 
al., 2021). The home range sizes for the entire study 
period were calculated using the Minimum Convex 
Polygon (MCP) method, employing both 100% of 
all telemetry records (hereafter: MCP 100%) and 
95% of the records (hereafter: MCP 95%). To allow 
comparison with similar studies, the home range for 
the entire study period was also estimated using the 
95% counter level by the KDE method (hereafter: 
KDE 95%). A fixed bivariate normal KDE with href as 
the smoothing factor (default reference bandwidth) 
was used for the KDE calculation. For monthly and 
hibernation home range size calculations, only the 
MCP 95% method was used, as it has been used 
in the literature for Emys orbicularis (Cadi et al., 
2004; Thienpont et al., 2004; Liuzzo et al., 2023). 
All calculations were conducted in R (version 4.3.1; 

R Core Team, 2023) using the packages “adehabi-
tatHR” and “adehabitatLT” (Calenge, 2006, 2023) 
with sp (Pebesma & Bivand, 2005) and sf (Pebesma, 
2018) for the spatial data processing. As home 
range size estimations did not meet the parametric 
assumptions, the Aligned Rank Transform (ART) 
ANOVA test was used to examine the effect of 
months and to test the difference between areas. 
Furthermore, the interaction between months and 
areas was also investigated (Wobbrock et al., 2011; 
Kay & Wobbrock, 2023). The relationship between 
the number of locations and home range was ana-
lysed using Spearman Correlation (Drechsler et al., 
2018; Liuzzo et al., 2023).

All telemetry data collected for each turtle were 
used to create trajectories, which are defined as 
the paths connecting the relocations of the tracked 
turtles. The daily mean distances traveled were 
analysed based on the distance parameter of the 
created trajectory. The trajectories were created 
in R (version 4.3.1; R Core Team, 2023) using the 
package “adehabitatLT” (Calenge, 2006, 2023; 
Paterson, 2018). The Mann-Whitney test was used 
to evaluate differences in mean monthly/hiberna-
tion movement distances between the Lera and the 
Fontanigge areas.

Turtle habitat use was analysed based on 11 pre-
dictor covariates, which were categorized into two 
groups: topographical and environmental/anthropo-
genic (Appendix 2). All variables were mapped and 
analysed in ArcGIS Pro 3.0.3 (ESRI, Redlands, CA, 
USA). Calculation of topographical predictors was 
based on the spatial analysis of a high-resolution 
digital terrain model (hereafter: DTM; 1 m × 1 m). 
To create a DTM, LiDAR data obtained from aerial 
laser scanning was used, consisting of a cloud of 
ground points (LAS files) provided by the Slovenian 
Environment Agency (ARSO). The aspect, slope, 
solar radiation (SR), Topographic Wetness Index 
(TWI), Terrain Ruggedness Index (TRI), and Vector 
Ruggedness Measure (VRM) were calculated based 
on the LiDAR-derived DTM. Values of topographical 
predictors were categorized into five classes based 
on Jenks‘ natural breaks (1 = very low, 2 = low, 3 = 
moderate, 4 = high, 5 = very high). Environmental/
anthropogenic predictors were also included: length 
of waterway and cycling path, area of lentic and lotic 
water bodies, and land use categories (Appendix 2). 
Data were provided by the Ministry of Agriculture, 
Forestry, and Food (MKGP, 2023), Municipality of 
Piran, and Slovenian Water Agency (DRSV). Habitat 
use was analysed separately for the Lera and the 
Fontanigge areas based on all gathered telemetry 
data for a given turtle (MCP 100 % for the entire 
study period). Each turtle’s location was associated 
with the covariate range/category. Statistically sig-
nificant differences in habitat use were tested on 
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a monthly/hibernation basis. Due to the data not 
meeting parametric assumptions, a non-parametric 
Chi-Square test with post hoc residual analysis and 
Kruskal-Wallis tests with post hoc Mann-Whitney 
tests were used. To account for differences between 
months and compared turtles, a sequentially rejec-
tive Bonferroni test was applied in all post hoc 
analyses (Holm, 1979; Delucchi, 1993). Although 
Chi-square tests were conducted on frequency data, 
the results are presented as proportions to facilitate 
interpretation. All statistical analyses were carried 
out using SPSS (IBM SPSS Statistics 21), with an 
alpha level set at 0.05.

RESULTS AND DISCUSSION

General observations of GPS-telemetry 

During the study, five females in a good state of 
health (no detected physical or locomotory abnor-
malities), with straight-line carapace lengths rang-
ing from 128 to 162 mm and body mass from 383 to 
670 g, were tracked using GPS telemetry (Appendix 
1). A total of 8597 GPS tracking locations were 
collected, with varying tracking frequencies. Some 
tags only produced one location per day or none for 
several consecutive days, presumably because the 
transmitters did not transmit data when the turtles 
were submerged underwater. The locations were 
recorded over at least 414 days for each turtle. The 
tracking frequency ranged from 1 to 48 locations 
per day. Only two turtles with available data for 
both years, including those for hibernation, were 
considered representative and used in all analyses: 
the adult female named Berta (tag number: 999003) 
and the adult female named Nevija (tag number: 
999006). Berta, with an average tracking frequency 
of 16 locations per day with received signal (April 
2019-June 2020; 4038 locations over 193 days 
with received signal) was set as representative for 
the Lera area and Nevija, with an average tracking 
frequency of 20 locations per day with received sig-
nal (May 2019-June 2020; 3440 locations over 155 
days with received signal) was set as representative 
for the Fontanigge area. Data from other tracked 
females (Alta, Loredana, and Rudica), with avail-
able telemetry data for 2-4 months, were used for 
comparison purposes only (Appendix 1).

The months of activity and the hibernation pe-
riod were set based on the GPS telemetry. In the 
Lera area, the end of the activity period was deter-
mined based on the most recent data downloaded 
from Berta in 2019 (19/11/2019), which indicated 
that the activity period concluded around mid-
November 2019. The start of the active period in 
2020 was most likely in the beginning of April (nGPS 
= 313; 3/04/2020-30/04/2020) because only a few 

GPS locations were obtained at the end of February 
(nGPS = 5; 26/02/2020-28/02/2020) and at the begin-
ning of March (nGPS = 4; 3/03/2020-08/03/2020). The 
highest number of locations was obtained in July 
(nGPS = 1,299). In the Fontanigge area, the last datum 
downloaded by Nevija in 2019 was at the beginning 
of September (11/09/2019), while the first received 
signal in 2020 was from the beginning of March 
(03/03/2020). The low number of GPS locations ob-
tained in March (nGPS = 20; 03/03/2020-20/3/2020) 
most likely indicates the start of the active period 
at the beginning of April (nGPS = 515; 05/04/2020-
30/04/2020), similar to the Lera area. The highest 
number of recorded locations was in June (nGPS = 
1189). The results from the telemetry data for both 
the active (from April to the first half of November 
in Lera and from April to August in Fontanigge) and 
hibernation (from the second half of November 
to March in Lera and from September to March in 
Fontanigge) periods are quite different from those 
of the central part of Slovenia. Vamberger & Kos 
(2011) reported that the period of activity of the Eu-
ropean Pond Turtle in Ljubljansko barje starts from 
late February to early March, and the hibernation 
period from around the second half of October to 
the beginning of November. Despite expectations of 
an early end to the hibernation period in 2020 due 
to favorable weather conditions, especially higher 
air temperatures and prolonged sunshine compared 
to the long-term average (1999-2020; Anonymous, 
2024a), it is most likely that the tracked turtle’s 
activity resumed at the beginning of April.

Home range

The calculated home range sizes (Tab. 1) during 
the entire study period were generally larger in 
Fontanigge (26.3 ha according to 100% MCP and 
7.9 ha/5.0 ha according to 95% MCP/KDE) com-
pared to Lera (23.3 ha according to 100% MCP 
and 4.6 ha/4.4 ha according to 95 % MCP/KDE). 
Furthermore, the estimated MCP 95% during the 
activity period was also larger in Fontanigge (2.0 
± 1.92 ha) compared to Lera (1.8 ± 1.36 ha). The 
opposite was observed for the hibernation period, 
with a larger home range estimated in Lera (0.9 ha 
according to 95% MCP) compared to Fontanigge 
(0.1 ha according to 95% MCP). Additionally, the 
monthly MCP 95% based on pooled data from all 
turtles was smaller than the sizes of individual rep-
resentative turtles in both areas. There was no sta-
tistically significant difference in the home range 
size estimates between the two areas (F = 2.51, p 
= 0.139) or among months (F = 2.86, p = 0.063). 
However, the interaction between the area and 
months was statistically significant (F = 3.33, p = 
0.041), indicating that monthly variation in home 
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range size differs between Lera and Fontanigge. 
Post-hoc pairwise comparisons (Holm-adjusted) 
did not identify any statistically significant differ-
ences between specific area–month combinations 
(all p > 0.05), suggesting that the significant inter-
action likely reflects subtle, area-specific seasonal 
trends. The correlation between the size of the 
home range and the number of locations for tur-
tles with >10 locations was positive and strongly 
significant (n = 25; Spearman Correlation Test, R = 
0.88, p < 0.001). 

The difference in home range sizes between areas 
could be attributed to the different habitat features. 
The smaller home ranges based on 95% locations 
(MCP 95%) in the pond/swamp Lera area (Tab. 1) are 
probably associated with a more stable hydroperiod, 
a greater variety of nearby aquatic habitats with pre-
dominant stagnant water bodies, and the possibility 
of retreating in deeper water compared to the ditch/
canal Fontanigge area. Another contributing factor 
could be the lower salinity in the Lera area, with 
a maximum salinity level of 15 PSU (Ferjančič & 
Škornik, 2018). Previous research reports occasions 
with salinity levels as high as 40 PSU in almost all 
ditches in the Fontanigge area, with captured turtles 
found in water with salinity levels up to 30 PSU 
(Ferjančič & Škornik, 2018). These salinity levels 
are among the highest ever recorded for this species 
(Lebboroni & Chelazzi, 1991; Liuzzo et al., 2023). 
However, it is important to note that these obser-
vations were based on limited data within SSNP 
(Ferjančič & Škornik, 2018), and detailed salinity 

monitoring could offer further valuable insights into 
the salinity tolerance of this species. Additionally, 
when considering the mechanism of adaptation to 
brackish or salty environments (Agha et al., 2018), 
it would be beneficial to increase the number of 
tracked individuals or extend the tracking period 
to confirm whether the behavioral pattern of the 
population in SSNP corresponds with recent find-
ings on the behavioral ecology of the Venetian 
Emys orbicularis population, which suggests that 
turtles tend to avoid brackish environments during 
hibernation and prefer higher salinities during ac-
tive periods (Liuzzo et al., 2023). Limited findings 
suggest that turtles in the Fontanigge area prefer the 
same brackish aquatic habitats throughout the year, 
despite the availability of nearby water bodies with 
lower salinity (Dragonja and Drnica canal, Stojbe 
ditch; Ferjančič & Škornik, 2018). Furthermore, the 
estimations based on the KDE 95 % in both areas 
were different from those of the other turtle popula-
tions in Slovenia (6.57 ha; Vamberger & Kos, 2011). 
This result may suggest limited suitable habitat con-
ditions nearby compared to the Ljubljansko barje. 
It is likely that the turtles inhabited a significant 
part of the Dragonja River valley in the past and 
were forced to find smaller secondary habitats on 
the edge of the salt pans after the extensive land 
reclamation interventions. 

Home range estimations indicate that turtle 
Berta in the Lera area utilized a wider variety of 
water habitats compared to turtle Nevija in the 
Fontanigge area. During its active period, Berta 

Tab. 1: Home range size estimations for the representative European Pond Turtles (E. orbicularis) in the Lera (turtle 
Berta) and in the Fontanigge (turtle Nevija) in the Sečovlje Salina Nature Park. Results are presented for the entire 
study period (2019-2020) and monthly/hibernation period based on Minimum Convex Polygon (MCP) and Kernel 
Density Estimation (KDE) methods. *href as the reference default bandwidth. **All tracked females.
Tab. 1: Ocene velikosti domačega okoliša dveh izbranih samic močvirske sklednice (E. orbicularis) na območjih 
Lere in Fontanigg v Krajinskem parku Sečoveljske soline. Rezultati so prikazani za celotno obdobje raziskave 
(2019–2020) ter za mesečno/hibernacijsko obdobje na podlagi metod minimalnega konveksnega poligona (MCP) 
in metode jedrne gostotne ocene (KDE). *href kot referenčna privzeta širina pasu. **Vse sledene samice.

Method Period Lera area Fontanigge area

MCP 100% (ha) entire study period 23.28 26.27

MCP 95% (ha) entire study period 4.62 7.93

KDE 95% (ha)* entire study period 4.40 (href = 14.29) 5.02 (href = 15.27)

Monthly MCP 95% (ha) activity period 1.77 ± 1.36 (0.05-3.92) 1.98 ± 1.92 (0.14-5.21)

Hibernation MCP 95% (ha) hibernation period 0.87 0.11

Monthly MCP 95% - all turtles (ha)** activity period 1.36 ± 1.32 (0.05-3.92) 1.80 ± 1.86 (0.08-5.21)
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was observed in a larger marsh, a smaller pond, 
ditches along the salterns’ edge, and the canal Sv. 
Jerneja. During the hibernation period, Berta was 
primarily seen in the larger marsh and canal Sv. 
Jerneja. In contrast, Nevija in the Fontanigge area 
was active in the ditches of the Alto and Airport re-
gions, as well as in a shallow water pool along the 

Alto’s ditch. During its hibernation period, Nevija 
was found only in the upper part of the ditch in 
the Airport area (Fig. 2). Notably, the home ranges 
of the two turtles did not overlap during either the 
active or the hibernation periods, despite previ-
ous observations of movements between areas 
(Ferjančič & Škornik, 2018).

Fig. 2: Home range areas for the representative European Pond Turtles (E. 
orbicularis) obtained from 95 % of locations calculated with the Minimum 
Convex Polygon method in Lera (turtle Berta) and in Fontanigge (turtle Nevija) 
in the Sečovlje Salina Nature Park.
Sl. 2: Območja domačega okoliša dveh izbranih samic močvirske sklednice (E. or-
bicularis), izračunana iz 95 % lokacij z metodo minimalnega konveksnega poligona 
(MCP), na območjih Lere in Fontanigg v Krajinskem parku Sečoveljske soline.
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Due to the limitations of acquiring tracking data, 
the size and location of the home range during 
hibernation should be carefully interpreted. Only a 
limited number of locations were identified between 
October and March. The estimated home range size 
during hibernation obtained from 95% of locations 
in the Lera area is comparable with estimates from 
France (0.74 ha; Thienpont et al., 2004). On the 
other hand, the estimates in Fontanigge, obtained 
using the same method, are more comparable with 
estimates from Italy (mean ± 1 SD: 0.13 ± 0.11 
ha; Liuzzo et al., 2023). In Lera, the location of 
Bertas’ home range during hibernation coincided 
with its home range during the activity period, like 
the observations of Novotný et al. (2008) observed 
in Slovakia. However, in Fontanigge, turtle Nevija 
migrated at least 300 m away from its active season 
site to hibernate in deeper waters, which resembles 
the findings of Thienpoint et al. (2004) in France (Fig. 
2). Our findings indicate that turtles in SSNP do not 
concentrate only in one area to hibernate, as sug-
gested by Vamberger and Kos (2011) in the Ljubljana 
marsh area. Therefore, identifying both the period 
and the sites selected for hibernation is crucial for 
the species‘ long-term survival, especially due to ob-

served aggregation during hibernation and high site 
fidelity to the overwintering site (Schneeweiss et al., 
1998; Meeske, 2000; Mazanaeva & Orlova, 2004; 
Thienpont et al., 2004; Vamberger & Kos, 2011).

Movement results

The mean distances traveled per day were quite 
similar in both areas (n = 7477; Mann-Whitney 
U = 6920991; p = 0.81). The calculated mean 
daily distances during the entire study period were 
slightly longer for the turtle Berta in Lera (ranging 
from 12.23 ± 8.14 m to 49.63 ± 18.35 m) compared 
to those of the turtle Nevija in Fontanigge (ranging 
from 11.04 ± 12.98 m to 38.67 ± 59.60 m; Fig. 3). 
For both turtles, the longest mean distance traveled 
per day was calculated for March. A slight peak in 
the mean distance traveled per day was observed 
in June (≈ 30 m), followed by a notable increase 
in the autumn for both turtles (>30 m). Turtle Berta 
in Lera exhibited longer daily mean distances in 
October and November, while turtle Nevija in Fon-
tanigge only in September. The maximum distance 
traveled in a day was recorded for turtle Berta in 
June (560.02 ± 45.58 m) and for turtle Nevija in 

Fig. 3: Mean distance traveled per day with standard deviation for European pond turtles (E. orbicularis) in Lera 
and Fontanigge in the Sečovlje Salina Nature Park. 
Sl. 3: Povprečna dnevna prepotovana razdalja s standardnim odklonom pri močvirskih sklednicah (E. orbicularis) 
na območjih Lere in Fontanigg v Krajinskem parku Sečoveljske soline.
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September (585.44 ± 89.35 m). In addition, the 
monthly mean distances traveled per day were 
shorter compared with other turtles for almost all 
months (ranging from 12.10 ± 13.09 m to 29.74 ± 
22.70 m; Fig. 3). 

A comparable mean distance traveled per day 
was calculated in both areas, despite the differences 
in home range (Tab. 2). The longest mean distance 
traveled per day in March should be interpreted 
with caution due to the limited number of loca-
tions during that month, which is still considered 
part of the hibernation period. It is assumed that 
the turtles primarily traveled underwater during this 
time. Our movement results are partly comparable 
with those obtained by Cadi et al. (2004), especially 
when considering the long-range movement in May 
and June obtained for the French population in La 
Serre (maximum: 520 m). Similar longest traveled 
distances were also reported by Liuzzo et al. (2023) 
for the Venetian population in Italy (546.64 m). The 
movements of turtles in our study partly resemble 
those observed in eastern Spain, specifically in the 
Albufera de Valencia Natural Park (Drechsler et al., 

2018), where a peak in movement was observed in 
spring (March and April) and later again in July. 

Habitat use

The analysis of habitat use for both repre-
sentative females in each area revealed differences 
between months of the active season and the hi-
bernation period for almost all topographical and 
environmental/anthropogenic covariates (Appen-
dix 3). In Lera, the most important terrestrial land 
use categories for Berta were fields, uncultivated 
land, and urban land (each with over 1% use in all 
months/hibernation). Among the aquatic catego-
ries, for each month and the hibernation period, 
the highest number of locations was assigned to 
the marsh. Berta was observed every month in both 
lentic and lotic waters, except during hibernation 
(present only in the lotic waters), with the latter 
being predominantly selected. The highest per-
centage of Berta’s locations assigned to waterway 
was recorded in September (11%), whereas in all 
other months, it was lower than 4%. 

Fig. 4: The monthly/hibernation proportions of the covariate categories/range for European pond turtles 
(E. orbicularis) in Lera and Fontanigge in the Sečovlje Salina Nature Park. Aban.f.land - Abandoned farm-
land; LenticW – Lentic Water, LoticW – Lotic water, Watway – Waterway, Cyclep – Cycling path.
Sl. 4: Mesečni in hibernacijski deleži kategorij oziroma razponov kovariat pri močvirskih sklednicah (E. orbicularis) 
na območjih Lere in Fontanigg v Krajinskem parku Sečoveljske soline. Aban.f.land – opuščena kmetijska zemljišča; 
LenticW – stoječe vode; LoticW – tekoče vode; Watway – vodotok; Cyclep – kolesarska pot.
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Berta was occasionally observed near or on 
the cycling path almost every month (0.4-5.6% of 
locations), except in April and during hibernation. 
Most of Berta’s locations were documented in the 
northwest-facing areas during the summer months 
(July-September) and in the southeast-facing areas 
during almost all other months. During hiberna-
tion, the assigned locations mostly faced to the 
southeast and east, and during May to the west (Fig. 
4). Throughout the year, Berta predominantly used 
locations with high solar radiation, very low slope 
and ruggedness, and locations with low potential 
for water accumulation (TWI). However, it is impor-
tant to note that throughout the active season and 
hibernation, a wide range of values was observed 
for all these topographical covariates, ranging from 
very low to very high classes, even for the solar 
radiation (Fig. 5). In Fontanigge, most of Nevija‘s 
terrestrial locations during active months were as-
signed to urban land (>73%). Among the aquatic 
categories, the highest number of locations was 
assigned to water. Almost every month, Nevija was 
observed in both lotic and lentic waters, with the 

latter being predominantly selected. Lentic water 
was the only habitat assigned for hibernation. The 
highest percentage of Nevija‘s locations assigned to 
waterway was recorded in September (7%), whereas 
in all other months, it was lower than 6%. During 
the study, Nevija was not observed near or on the 
cycling path. Nevija‘s locations were mostly in 
the southwest-facing areas, with less variation in 
assigned slope values between months compared 
to Lera (Fig. 4). Some similarities with Lera were 
observed regarding the topographical covariates 
(e.g., solar radiation, slope, and potential for water 
accumulation), although Nevija’s locations were 
more often assigned to even gentler slopes and 
less rugged terrain. Overall, the range of assigned 
values for topographical covariates was narrower 
compared to Lera, with most falling within four 
classes (Fig. 5).

The monthly analysis of habitat use considering 
all females also revealed differences among months 
for almost all topographical and environmental/
anthropogenic covariates in both areas (Chi-Square 
> 4.34 with p < 0.03 and Mann Whitney > 2,136.0 

Fig. 5: Box plots of topographic covariates for European pond turtles (E. orbicularis) in Lera and Fontan-
igge in the Sečovlje Salina Nature Park. 
Sl. 5: Box-ploti topografskih kovariat pri močvirskih sklednicah (E. orbicularis) na območjih Lere in Fon-
tanigg v Krajinskem parku Sečoveljske soline.
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with p < 0.001). Interestingly, the land use catego-
ries assigned in June and July for two other females 
with palpated eggs differed from those of the repre-
sentative females (Fig. 4). 

In both areas, the highest percentage of ter-
restrial locations was assigned to the urban area 
land category. In our study, this category primarily 
consists of the saline system, which includes gravel 
paths, saline fields, and the overgrown or cultivated 
banks of water habitats or embankments next to the 
saline fields. These surfaces within urban areas are 
believed to be very important for Emys orbicularis, 
as previous observations have also shown egg 
laying in some parts (Ferjančič & Škornik, 2018; 
2019). However, the available data for this land use 
category do not accurately distinguish between the 
saline system and other infrastructure types also 
included in this category, such as airports, tourist 
areas, or other concrete surfaces. Therefore, the 
results should be interpreted with caution. Based 
on our results, we suggest that a more detailed 
delineation (e.g., remote detection based on high-
resolution aerial imagery) of land categories within 
the saline system (e.g., gravel paths, reedbed) would 
substantially improve the understanding of the 
turtles‘ habitat requirements. Furthermore, such de-
tailed identification would allow for more targeted 
management and protection measures.

All terrestrial locations assigned to Berta and 
Nevija, along with urban land, can be considered as 
potential egg-laying sites (Fig. 4), especially field, 
uncultivated land, and meadow land use categories 
in Lera, as well as the abandoned farmland in Fon-
tanigge. Although only a few of Berta‘s locations 
were tracked in the vineyard land category, nesting 
of Emys orbicularis was confirmed there in one of 
the previous years. The locations of other females 
with palpated eggs were also assigned to the land 
categories: trees and uncultivated land (Fig. 4). 
Nesting sites similar to those suggested for egg-
laying in our study were also observed in Slovakia 
(Novotný et al., 2004). It seems that the closeness of 
fields and uncultivated land categories, besides ur-
ban land, is significant for turtles during short-term 
reactivation, either immediately after hibernation, 
most likely between February and March, or even 
earlier. In addition to analysing terrestrial habitats, 
Berta was often (1% of locations; n = 35) observed 
on the cycling path (Fig. 4). Furthermore, our 
analysis showed that turtles use suitable habitats 
also outside the SSNP, including agricultural areas 
on the other side of the road. Both lotic and lentic 
waters are considered important in both areas. As 
shown in this study, turtles can be observed cross-
ing the cycling path, exposing them to bicycles 
and other small vehicles that may cause injury or 
mortality. Frequent daily use of the cycling path by 

visitors, tourists, and locals can also disturb turtles 
during basking, migration, or egg-laying. Because 
the cycling path represents one of the intensively 
used tourist infrastructures within or near the SSNP, 
we highlight the need to assess its potential negative 
impact and to compare it with other infrastructure 
types, such as gravel paths.

The analysis based on topographical factors 
indicated that both turtles tended to prefer areas 
with high solar radiation, low or very low slope 
and ruggedness, as well as low potential for water 
accumulation. However, a wide range of values for 
these characteristics was observed on a monthly 
basis and during hibernation, indicating the need 
for a diverse range of habitat features. Similarly, a 
significant diversity was also documented for the 
assigned aspect during the study period. No specific 
pattern could be identified for the assigned values 
for any of the topographical factors, whereas the 
most similar values between months/hibernation 
period was observed for solar radiation (Fig. 5 ). The 
assigned values for some topographical covariates 
(e.g., aspect and slope) can mostly be compared 
only to values obtained from the presence records 
of Emys orbicularis and no particular deviation from 
those was observed (Kornilev et al., 2017). 

CONCLUSIONS

As already pointed out by Liuzzo et al. (2023), 
quantitative data on the habitat requirements of 
the threatened European Pond Turtle in saline 
ecosystems are urgently needed to evaluate which 
areas are indispensable for the species and what 
measures can improve habitat suitability. Our 
research focused on the predominantly brackish 
habitats in the SSNP, where the subspecies Emys 
o. hellenica lives (Vamberger et al. 2015). Recent 
data have shown a low number of younger individu-
als (Ferjančič & Škornik, 2018; 2019; 2021) and 
highlighted several threats, including the intensive 
use of agricultural land, park visitors deviating 
from marked paths (Škornik, 2016; 2017; 2018; 
2019; 2020), the introduction of alien turtle spe-
cies (Trachemys scripta; Krofel et al., 2009; Torkar, 
2012; Ferjančič & Škornik, 2018; 2019; Žagar et 
al., 2019), and inappropriate timing of management 
measures in aquatic habitats. Due to limited fund-
ing and the observation that males and females in 
similar habitats do not show significant differences 
in movement distance and home range (Slavenko et 
al., 2016; Liuzzo et al. 2023), our research focused 
only on females living in the Fontanigge and Lera 
areas, where turtles are most abundant in the SSNP 
(Fig. 1), which also allowed us to study reproduc-
tive behavior, as successful long-term reproduction 
is crucial for species conservation (Zuffi, 2000; 
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Ficetola et al., 2004; Fritz & Chiari, 2013). Based 
on a comprehensive literature review, our study is 
among the first to use GPS transmitters on this semi-
aquatic turtle species (Cadi et al., 2004; Meeske & 
Muhlenberg, 2004; Novotný et al., 2004, 2008; 
Thienpont et al., 2004; Vamberger & Kos, 2011; 
Perez-Santigosa et al., 2013; Mignet et al., 2014; 
Mascort & Budo, 2017; Drechsler et al., 2018; 
Escoriza et al., 2020, Horváth et al., 2021; Liuzzo 
et al., 2023). A comprehensive dataset of locations 
was gathered using solar-powered GPS telemetry 
(Appendix 1). Due to limited GPS signals when the 
turtles are underwater, this dataset does not provide 
a complete understanding of their habitat require-
ments throughout the year. To address this issue, it 
is recommended to use a solar-powered GPS system 
that is supplemented with an additional source of 
energy (for example, batteries), especially during 
the hibernation period, to enhance data collec-
tion. Furthermore, high-resolution LiDAR-derived 
topographic covariates (1 m × 1 m) were used to 
maximize spatial precision and minimize poten-
tial bias in habitat-use analysis, even considering 
minor inaccuracies (estimated errors are <10 m, 
depending on habitat type; Anonymous, 2024b) 
in GPS data. The high-resolution spatial data were 
retained rather than generalized, as this approach 
better corresponds to reality and reflects fine-scale 
habitat relationships (Čonč et al. 2024). Given the 
flat and homogeneous terrain of the SSNP, the small 
GPS error was considered acceptable (Cochrane et 
al., 2019). While acknowledging these strengths, 
the study also recognizes the need to address GPS 
telemetry limitations in future analysis (Čonč et al. 
2024). Temporal inconsistencies in solar-powered 
transmitter data (e.g., when submerged underwater) 
and the limited number of tracked turtles were 
identified as the main issues, rather than spatial 
inaccuracy. Although the chosen method provided 
valuable insights into turtle habitat use, a habitat 
selection analysis (e.g., Krupiński et al., 2021) could 
offer a more detailed understanding of environmen-
tal preferences, if consistent data become available.

Our results, based on 95 % of locations, clearly 
show that the European Pond Turtle E. o. hellenica 
in SSNP requires around 4 ha in the Lera area and 
at least 5-8 ha in the Fontanigge area of diverse 
suitable aquatic and adjacent terrestrial sites to 
fulfil all its main biological needs. It is important 
to note that the method chosen to estimate home 
range size can impact the results (Walter et al., 
2015; Silva et al., 2020). Therefore, to ensure com-
parable results, outcomes from multiple method 
datasets are considered. Our results not only show 
the difference on a monthly/hibernation basis 
regarding the required area for normal freshwa-
ter turtle activity (home range), movements, and 

habitat use, but also highlight the need for distinct 
conservation management on a smaller scale. This 
conclusion is evident in the two adjacent but dif-
ferent Lera and Fontanigge areas inside SSNP. 

The data collected by month during the active 
season and during the hibernation period is extreme-
ly important for avoiding any invasive mechanical 
interventions, such as mulching machines, in the ter-
restrial areas inside the SSNP and its surroundings, 
especially because turtles were also observed outside 
the park (Fig. 2). It is essential to prevent or minimize 
any disturbances (MESP, 2024), particularly during 
the nesting season (until the eggs hatch). Based on 
our findings and previous observations, this nesting 
period is expected to occur from late June to the 
end of July and again from late August until early 
November. Furthermore, it is important to avoid the 
use of heavy machinery during the suggested hiber-
nation months, from September/October until April, 
when the end of hibernation is suggested. The period 
should be extended until the end of April due to the 
confirmed spring emergence of hatchlings (Budak, 
2013; Ferjančič & Škornik, 2021). Limitations during 
this time frame are particularly important because 
it is suggested that turtles in SSNP do not hibernate 
in just one area; other hibernation areas still need 
to be discovered. The long-term continuity of such 
a study, including also males and younger individu-
als, is crucial for preserving all hibernation areas. It 
would be essential to incorporate the preservation 
of suitable hibernation areas into the Natura 2000 
Management Program as another key management 
strategy for species conservation (MESP, 2024). Dur-
ing the active months when turtles spend the most 
time in aquatic habitats, it is important to perform 
maintenance works on banks (mowing, clearing, or 
thinning of vegetation) and interventions (dredging 
and silting) according to the mosaic principle. Any 
interventions in water habitats during the suggested 
hibernation period should be prevented. Moreover, 
our research emphasizes the significance of placing 
information boards and road signs along the cycling 
path in the SSNP, which will help to notify park visi-
tors and hikers about the presence of the European 
Pond Turtle and the potential for turtles crossing the 
road. Given the presence of turtles on the SSNP’s 
opposite side of the road (Fig. 2), it is crucial to 
create a safe passage to reduce injuries and fatali-
ties caused by vehicles. These incidents have already 
been documented. Additionally, the lower part of the 
Dragonja River valley, which is represented by the 
floodplains of both the Dragonja and Drnica rivers, 
could also play a crucial role in conserving the Euro-
pean Pond Turtle within the SSNP’s hinterland. In this 
unprotected lowland area (approximately 758 ha), 
extending nearly to the village of Dragonja and the 
western border of the Natura 2000 area Slovenska 
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Istra (site code: SI3000212), turtles could be found 
in the main channel of the Dragonja River (Budak, 
2013; Tome, 2003). Additionally, the channeled bed 
of the Drnica River, along with the larger canals and 
smaller ditches on reclaimed land, may also represent 
potential habitats. Although data on turtle presence 
have not yet been systematically collected, gathering 
this information will be essential for the successful 
long-term conservation of the species. It would also 
be important to follow the proposed management 
requirements of the species (MESP, 2024) and the 
suggested use of machinery in this area of the park‘s 
hinterland.

Our findings can strengthen the existing manage-
ment (MESP, 2024) and guide conservation efforts 
to protect not only the European Pond Turtle but 
also other endangered species, thereby preserving 
essential ecological processes and components 
of biodiversity in SSNP. The role of the European 
Pond Turtle in SSNP should be seen as a potential 
symbol of sustainable development (Polajnar et al., 
2022). Its existence emphasizes the significance of 
connecting aquatic and terrestrial habitats (Bodie 

& Semlitsch, 2000; Cadi et al., 2004) and contrib-
utes to ecosystem services, such as seed dispersal, 
nutrient cycling, and carbon storage (Lovich et al., 
2018). The intention of the study was also to point 
out the importance of wetland conservation and to 
encourage sustainable management based on a par-
ticipatory approach to link the conservation goals 
with the social aspect and local economic develop-
ment (Polajnar et al., 2022; Smrekar et al., 2022).
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Appendix 1: Summary of telemetry data of European Pond Turtles (E. orbicularis) tracked in the Sečovlje Salina 
Nature Park. *Minimum time interval. / No data.
Priloga 1: Povzetek telemetričnih podatkov močvirskih sklednic (E. orbicularis), sledenih v Krajinskem parku 
Sečoveljske soline. *Minimalni časovni interval. / Ni podatkov.

Information/Turtle name Rudica Berta Alta Loredana Nevija 

Id of telemetry tag 999001 999003 999004 999005 999006

Straight-line carapacial length (mm) 133.17 162.00 128.07 148.14 137.30

Body mass (g) 403 670 383 526 426

Age 4.class 4. class 3. class 5. class 4. class

Sex Female Female Female Female Female

Eggs presence yes no yes no no

Deployment date 11.06.2019 18.04.2019 11.06.2019 24.05.2019 26.05.2019

Last downloaded data 13.07.2019 04.06.2020 14.09.2019 18.06.2019 29.06.2020

Telemetry time interval 120*min  15 min 5 min   5 min 10 min

Number of locations 31 4038 832 256 3440

Number of locations in 2019 31 3419 832 256 1796

Number of locations in 2020 / 619 / / 1644

Number of tracking days with data 18 193 36 12 155

Number of tracking days in 2019 18 129 36 12 61

Number of tracking days in 2020 / 64 / / 94
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Appendix 2: Characteristics of predictor covariates used for the habitat use analysis by the European Pond 
Turtle (E. orbicularis) in the Sečovlje Salina Nature Park. *Values of covariates where categories are listed 
were defined based on Jenks natural breaks (1 = very low. 2 = low. 3 = moderate. 4 = high. 5 = very high). 
**A) Slovenian Environment Agency (ARSO - Agencija RS za okolje), B) Slovenian Water Agency (DRSV), C) 
Ministry of Agriculture, Forestry and Food (MKGP), and D) Municipality of Piran.
Priloga 2: Značilnosti kovariat, uporabljenih pri analizi rabe habitata močvirske sklednice (E. orbicularis) v 
Krajinskem parku Sečoveljske soline. Vrednosti kovariat, kjer so podane kategorije, so bile določene z metodo 
Jenksovih naravnih prelomov (1 = zelo nizko; 2 = nizko; 3 = zmerno; 4 = visoko; 5 = zelo visoko).A) Agencija 
Republike Slovenije za okolje (ARSO), B) Direkcija Republike Slovenije za vode (DRSV), C) Ministrstvo za 
kmetijstvo, gozdarstvo in prehrano (MKGP) in D) Občina Piran.

Covariate Range or category* Description Data source**

Topographical

Aspect

North: 337.5 - 22.5
Northeast: 22.5 - 67.5
East: 67.5 - 112.5
Southeast: 112.5 - 157.5
South: 157.5 - 202.5
Southwest: 202.5 - 247.5
West: 247.,5 - 292.5
Northwest: 292.5 - 337.5

Area [m2] of aspect categories in each 
HR indicating the compass direction the 
surface faces at that location.

A)

Slope [°] 

1: 0.00 - 2.68
2: 2.684 - 7.77
3: 7.77 - 14.74
4: 14.749 - 24.39
5: 24.395 - 68.35

Area [m2] of steepness of the slope 
categories in each HR.

A)

Solar radiation [kwh/m2]

1: 366.49 - 818.70
2: 818.71 - 949.34
3: 949.344 - 1,029.74
4: 1,029.74 - 1,096.73
5: 1,096.73 - 1,220.67

Area [m2] of incoming solar radiation from 
a raster surface category in each HR.

A)

Topographic Wetness 
Index (TWI)

1: 0.20 - 3.72
2: 3.72 - 5.03
3: 5.03 - 6.34
4: 6.34 - 8.00
5: 8.00 - 15.39

Area [m2] of topographic wetness categories 
as an estimation of water accumulation 
locations in an area with elevation 
differences in each HR.

A)

Terrain Ruggedness 
Index (TRI)

1: 0.00 - 0.12
2: 0.12 - 0.39
3: 0.39 - 0.77
4: 0.77 - 1.33
5: 1.33 - 6.16

Area [m2] of terrain ruggedness categories 
as measure of the difference in elevation 
values from a center cell and eight cells 
directly surrounding it in each HR.

A)

Vector Ruggedness 
Measure (VRM)

1: - 0.00 - 0.0007
2: 0.0007 - 0.003
3: 0.003 - 0.006
4: 0.006 - 0.01
5: 0.01 - 0.05

Area [m2] of terrain ruggedness categories 
as the variation in 3-D orientation of grid 
cells within a neighborhood calculated in 
each HR.

A)

Environmental/ 
anthropogenic

Waterway [m] 0 - 839.89 Length of waterways in each HR. B)

Lentic water [m2] 0 - 40,088.71 Area [m2] of waterways in each HR. B)

Lotic water [m2] 0 - 13,053.33 Area [m2] of waterbodies in each HR. B)

Land use 

1100 - Field 
1190 - Greenhouse
1211 - Vineyard 
1221 - Intensive orchard
1222 - Extensive orchard 
1230 - Olive orchard 
1300 - Meadow
1410 - Abandoned farm land
1500 - Trees
1600 - Uncultivated land
3000 - Urban land
4220 - Marsh
7000 - Water

Area of land use categories in each HR. C)

Cycling path [m] 0 - 237.24 Length of cycling paths in each HR. D)
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Appendix 3: The percentages/average values of the covariate categories/range during the entire study period (2019-
2020) of the representative European Pond Turtle (E. orbicularis) in the Lera (turtle Berta) and in the Fontanigge 
(turtle Nevija) in the Sečovlje Salina Nature Park. n = number of locations assigned to environmental/anthropogenic 
or topographical covariate range/category. *Pearson Chi-Square/Mann Whitney. / No data
Priloga 3: Odstotki/povprečne vrednosti kategorij/razponov kovariat v celotnem obdobju raziskave (2019–2020) za 
izbrani samici močvirske sklednice (E. orbicularis) na območju Lere (želva Berta) in Fontanigg (želva Nevija) v Krajin-
skem parku Sečoveljske soline. n = število lokacij, dodeljenih posameznim okoljskim, antropogenim ali topografskim 
razponom oziroma kategorijam kovariat. Pearsonov hi-kvadratni test/Mann-Whitneyjev test. / Ni podatkov.

Covariate
Lera Fontanigge 

2019-2020 n Statistics* Significance (p) 2019-2020 n Statistics* Significance (p)

% of Land use category

Field 9.41 380

1273.464 < 0.001

0.00 0

1395.361 < 0.001

Vineyard 0.20 8 0.00 0

Meadow 0.47 19 0.00 0

Abandoned farm land 0.02 1 0.06 2

Trees 0.02 1 0.00 0

Uncultivated land 10.75 434 0.00 0

Urban land 11.22 453 90.50 3113

Marsh 54.93 2218 0.73 25

Water   12.98 524 8.71 300

% of all locations

Lentic water 18.20 64 109.342 < 0.001 3.80 132 368.645 < 0.001

Lotic water 64.60 736 843.248 < 0.001 74.20 2550 99.223 < 0.001

Waterway 1.60 2600 75.040 < 0.001 4.60 158 5.718 0.456

Cycling path 0.99 35 16.527 0.021 / 0 / /

% of Aspect range

East 13.22 534

260.360 < 0.001

10.74 368

110.982 < 0.001

North 8.59 347 6.09 210

Northeast 9.91 400 13.78 474

Northwest 21.47 867 7.92 272

South 5.94 240 8.18 281

Southeast 18.13 732 8.39 289

Southwest 8.30 335 28.32 975

West 14.44 583 16.57 571

Mean value

Slope (°) Low (3.90) 4038 312.997 < 0.001 Very low 
(2.63) 3440 99.89 < 0.001

Solar radiation (kwh/
m2)

High 
(1053.21) 4038 49.594 < 0.001 High 

(1063.89) 3440 32.634 < 0.001

Topographic Wetness 
Index Low (4.59) 4038 117.898 < 0.001 Low (4.88) 3440 75.57 < 0.001

Terrain Ruggedness 
Index Low (0.180) 4038 348.054 < 0.001 Low (0.122) 3440 107.95 < 0.001

Vector Ruggedness 
Measure

Low 
(0.00055) 4038 329.952 < 0.001 Very low 

(0.00029) 3440 76.425 < 0.001
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POVZETEK

V Krajinskem parku Sečoveljske soline (KPSS), enem največjih obalnih somornih mokrišč v Sloveniji, smo 
izvedli obsežno raziskavo habitatnih zahtev (območje razširjenosti, premike in rabo habitata) sladkovodne 
vrste želve močvirske sklednice (Emys orbicularis). V letih 2019- 2020 smo opremili pet samic z GPS-od-
dajniki na sončno energijo. Z uporabo visoko-ločljivih LiDAR podatkov ter podrobne prostorske analize 
smo primerjali aktivnosti posameznih želv na mesečni ravni in v času hibernacije, in sicer na dveh ekološko 
različnih sosednjih območjih znotraj parka, kjer je vrsta prisotna v največjem številu. Podatki, zbrani v tako 
kratkem (mesečnem) obdobju, zagotavljajo dragocen vpogled v habitatne zahteve, sezonsko dinamiko rabe 
prostora ter razlike v okoljskih razmerah. Rezultati predstavljajo pomembno izhodišče za oblikovanje ciljno 
usmerjenih naravovarstvenih ukrepov za ohranjanje te ogrožene vrste želve v obalnih somornih mokriščih, ki 
so pogosto krajevno specifična in izpostavljena številnim vplivom človeka.

Ključne besede: Močvirska sklednica, Emys orbicularis hellenica, GPS-telemetrija, LiDAR, raba habitata, 
naravovarstveni ukrepi, obalno mokrišče 
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