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Acta zool. bulg., Suppl. 10, 2017: 3-7Introductory Article

In 1996, a group of herpetologists and con-
servationists working with European Pond Turtles 
met at the Emys Symposium in Dresden, Germany. 
They joined to present their research and, equally 
important, to meet and exchange ideas in person. 
This was the very first international symposium 
devoted to “the European Pond Turtle” (that actu-
ally represents more than one species as we know 
now, see Fritz et al. 2005, 2006, Vamberger et al. 
2015). It was held only 21 years ago but in a time 
hard to imagine today. The Iron Curtain, dissecting 
Europe in a western and an eastern half, with lim-
ited contact possibilities for over 45 years, broke 
down only seven years before. Computers and the 
currently ubiquitous modes of internet communica-
tion were largely absent; even the usage of e-mails 
were not fully established yet. Social media were 
completely unknown. The regular way to commu-
nicate then was to exchange proper letters, to be 

sent physically by mail, now referred to as “snail 
mail”, or at best to communicate by fax messages. 
Especially among nature conservationists, English 
had not yet fully outcompeted national languages 
by 1996 (and still has not now), thus it was a chal-
lenge for most of us to understand publications 
from abroad. Another challenge for the colleagues 
from the former Eastern Block was the adventurous 
journey “to the west” (part of which Dresden had 
become only seven years earlier when US President 
Ronald Reagan’s wish “tear down this wall, Mister 
Gorbatchov” was executed by his Soviet col-
league). Thus, the first Emys symposium was the 
very first opportunity for many researchers to come 
into contact and meet, and it was simply great to do 
so. Close collaborations and true friendships were 
established then, some lasting until today.

Two years after the meeting, the proceedings 
volume was published (Fritz et al. 1998). Further 

The Fifth International Symposium on Emys orbicularis  
and the other European Freshwater Turtles, Kiten, Bulgaria: 
Over Twenty Years of Scientific Collaboration

Uwe Fritz1, Yurii V. Kornilev2,3, Melita Vamberger1, Nikolay Natchev2,4 & Peter Havaš5

1Senckenberg Dresden, Museum of Zoology, A. B. Meyer Building, 01109 Dresden, Germany; E-mails: ufritz@senckenberg.de, 
melita.vamberger@senckenberg.de
2Department of Integrative Zoology, Vienna University, Althanstrasse 14, A-1090 Vienna, Austria
3National Museum of Natural History – Sofia, Bulgarian Academy of Sciences, 1 Tsar Osvoboditel Blvd., 1000 Sofia, Bulgaria; 
E-mail: yurii.kornilev@nmnhs.com
4Faculty of Natural Science, Shumen University, Universitetska 115, 9700 Shumen, Bulgaria;  
E-mail: nikolay.natchev@univie.ac.at
5Fauna Carpatica, Maďarská 5, 04013 Košice, Slovakia

Abstract:  The Fifth International Symposium on Emys orbicularis and the other European Freshwater Turtles was 
held in Kiten, Bulgaria, on 19–21 August 2015. It continued the tradition of international collaboration 
and exchange of knowledge related to the chelonians. The resultant proceedings combine 22 papers pre-
sented in the program of the symposium. They cover a wide range of topics: geographical distribution, 
habitats, life history, population dynamics, reproduction, sex structure of populations, genetics, feeding 
behaviour, diseases and other aspects associated with the biology, ecology and conservation of freshwater 
turtles. In addition, a set of specific recommendations for policy makers with respect to the conservation 
and especially handling of confiscated turtles (“Kiten Protocol”) was devised.
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symposia followed, each with its own proceedings 
volume (Buskirk et al. 2000, Fritz & Havaš 2004, 
Richter Boix & Santos Santiró 2008). The sec-
ond bilingual symposium was held in French and 
English in Le Blanc, France, in 1999 (Buskirk et 
al. 2000). The third symposium, again completely 
in English, was in Košice, Slovakia, in 2002 (Fritz 
& Havaš 2004), and the fourth symposium was in 
2005 in Valencia (Richter Boix & Santos Santiró 
2008). This fourth symposium opened the scope 
also to other Western Palaearctic freshwater turtle 
species. It is a great pleasure for us to write now the 
introductory article for the proceedings volume of 
the fifth Emys symposium, collating the results of 
research presented in Kiten, Bulgaria, August 19th 
to 21st, 2015.

Each symposium aimed to reach additional 
participants. Even though the mission of the first 
symposium was to bring together researchers 
from the entire distribution range of the European 
Pond Turtle, it turned out that, due to financial 
constraints, colleagues from very distant regions 
could not afford to come. Therefore, the second and 
fourth symposia were held in the west and south-
west of the distribution range, whilst the third and 
the fifth symposia aimed at colleagues from the east 
and the southeast. The long period of ten years, 
elapsed between the fourth and fifth symposium, 
however, evinces that times have changed. Part of 
the time gap may be due to the fact that today the 
internet, through its multiple avenues of (almost) 
real-time contact (e.g. e-mail, Voice-over-Internet 
calls, and not least social networks) facilitates rap-
id communication all around the globe, as well as 
the spread of “alternative truths”. Thus, to meet in 
person became less important than approximately 
20 years ago. Nevertheless, the Kiten symposium 
showed that the personal contact remains the best 
means to exchange ideas and establish long-lasting 
collaborations and, most importantly, to create 
friendships – beyond the more or less meaningless 
cyberfriend status of social media, reflecting a vir-
tual world that mocks life but cannot provide live 
feelings, true honesty and proper contacts. For all 
of these reasons, the fifth Emys symposium was a 
much-appreciated milestone that continued the tra-
dition of its predecessors.

This 5th proceedings volume contains 22 sci-
entific manuscripts from 71 authors representing 
13 countries, covering a range of topics related to 
the biology and conservation of aquatic turtles. For 
example, several contributions update our knowl-
edge on the distribution and habitat requirements 
in Albania (Saçdanaku & Haxhiu 2017), Bulgaria 

(Kornilev et al. 2017a, Popgeorgiev et al. 2017), 
Latvia (Pupins et al. 2017), Romania (Bîrsan et 
al. 2017), Serbia (Golubović et al. 2017) as well 
as life history and population dynamics in Sicily 
(Ottonello et al. 2017) and Turkey (Ayaz et al. 
2017, Bayrakci et al. 2017). The mechanics and 
motorics of feeding subadults provide insight on 
some limiting factors in the life history (Kummer 
et al. 2017). Questions related to reproduction were 
explored further through genetic methods for kin-
ship group reconstruction (Dux et al. 2017), mod-
elling the in situ clutch sex ratio (Monsinjon et al. 
2017) and environmental variables related to nest-
ing onset (Horváth et al. 2017) and nest conditions 
(Bona et al. 2017). Conservation aspects include 
road mitigation measures (Stoilova & Natchev 
2017) and a tool for predator exclusion from nest 
sites (Schindler et al. 2017). A novel method for 
data collection through the use of unmanned aer-
ial vehicles (drones) may become common in the 
future (Biserkov & Lukanov 2017). The results 
of long-term starter and reintroduction programs 
in the Czech Republic (Šebela 2017) and Spain 
(Mascort & Budó 2017) bring hope for the future 
of local populations and provide valuable veteri-
nary lessons for the successful raising of hatchlings 
(Martínez-Silvestre et al. 2017). Most studies 
target Emys orbicularis, but the investigation by 
Ottonello et al. (2017) presents life history data of 
the Sicilian endemic Emys trinacris, and the studies 
by Kornilev et al. (2017a) and Popgeorgiev et al. 
(2017) also include Mauremys rivulata. 

In addition, the volume contains the “Kiten 
Protocol”, a set of specific recommendations for 
policy makers with respect to conservation and 
conservational issues of European Pond Turtles 
(Kornilev et al. 2017b). These best practices are 
the direct result of a spontaneous discussion among 
concerned individuals held at the symposium, in-
spired by a recent case of a massive confiscation 
of turtles in Serbia (Nikolić & Golubović 2017).

We would like to think that the symposium it-
self was a fruitful and positive experience for all 
participants (Fig. 1). However, it would not have 
happened without the invaluable aid of our friends, 
colleagues, and volunteers that helped prior, dur-
ing, and after the event. We are deeply indebted to 
them. The venue staff at TD “Kiten” also provided 
us with incredible hospitality and helped us run a 
smooth congress; we thank them wholeheartedly. 
The proceedings themselves would not have mate-
rialized without the professionalism and patience 
exhibited during the editorial process by all the au-
thors; the valuable suggestions and improvements 
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of the manuscripts provided by the external review-
ers (recognized separately in a regular issue of Acta 
Zoologica Bulgarica) as well as the support and ex-
pertise of the AZB editor-in-chief and staff.

The symposium was dedicated to the mem-
ory of the prominent herpetologist Dr Tatiana I. 
Kotenko (1949-2013) of the Institute of Zoology, 
National Academy of Sciences of Ukraine, Kiev, 
in recognition of her contributions to science. 
This said, we are in deep grief that some of the 

organizers, colleagues and friends could not har-
vest the fruits of their efforts. Thus, we dedicate the 
proceedings to all of them. We will remember them 
forever...

We wish that this proceedings volume and, 
hopefully, that of a forthcoming next symposium, 
will continue the success story of the ongoing col-
laborative mood and friendship among colleagues 
sharing a common interest – the biology and con-
servation of pond turtles in Europe and beyond.
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Introduction
Albania is inhabited by two species of freshwater tur-
tles: the more common European Pond Turtle Emys 
orbicularis (Linnaeus, 1758) (family Emydidae) 
and the Balkan Terrapin Mauremys rivulata 
(Valenciennes, 1833) (family Geoemydidae), which 
has a limited distribution (Haxhiu 1998). Emys or-
bicularis has a large distribution area ranging from 
North Africa, most of Europe and the Middle East 
to the Aral Sea, having at least 13 subspecies with 
pronounced morphological and genetic differences 
(Fritz 1996, 1998, 2003, Farkas et al. 1998, Lenk 
et al. 1999, Ayres Fernández & Cordero Rivera 
2001). In Albania, it inhabits permanent water bod-
ies distributed mainly in the western lowlands, from 
the Shkodra Field in the north to the Saranda Field 
in the south (Haxhiu 1998) (Fig. 1a). Emys orbicu-
laris is regarded as Near Threatened in Europe and 
Vulnerable in the EU (IUCN 2016) as a result of sig-

nificant long-term population declines. Habitat loss 
caused by urbanization, road construction, wetland 
drainage, and overexploitation of water resources 
is responsible for the species decline (Gibbons et 
al. 2000). In Albania, the conservation status of E. 
orbicularis is Near Threatened (NT) (Red List of 
Albanian Fauna 2013). 

Although there is a number of ecological stud-
ies about E. orbicularis in many parts of its range 
(Lebboroni & Chelazzi 1991, Rovero & Chelazzi 
1996, Auer & Taşkavak 2004, Cadi et al. 2004, 
Ficetola et al. 2004, Ficetola & Bernardi 2006, 
Vamberger & Kos 2011, Vamberger et al. 2013, 
Velo-Anton et al. 2015, Kaviani & Rahimibashar 
2015, Zuffi & Foschi 2015), studies in Albania 
are scarce, consisting of sporadic surveys or acci-
dental observations, mainly concerning its distribu-
tion (Haxhiu 1985, 1995, 1997, 1998, Haxhiu & 

Distribution, Habitats and Preliminary Data  
on the Population Structure of the European Pond Turtle, 
Emys orbicularis (Linnaeus, 1758), in Vlora Bay, Albania
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Abstract:  This study provides information about the distribution, habitats and population structure of the European 
Pond Turtle (Emys orbicularis) in the understudied area of Vlora Bay, Albania. We monitored two main 
types of habitats – freshwater channels (several channels in different areas) and two different ponds be-
tween June 2014 and October 2015. We observed a high number of E. orbicularis basking aerially and 
in the water; we captured 147 previously unmarked individuals and recaptured 22 of them. All caught 
individuals of E. orbicularis were measured, individually marked, photographed and released again at 
the point of capture. In the sampled population of E. orbicularis in Vlora Bay, the mean curved carapace 
length (CCL) for adult males was 12.8 cm (range 11.1–14.9 cm; n = 40), 15.0 cm (range 12.6–17.1 cm; 
n = 92) for adult females and 7.5 cm (range 4.0–10.6 cm; n = 11) for juveniles. The sex ratio was 2.3 : 1 
(female : male) – 63.8% of all captured E. orbicularis were females, 28.8% were males and 7.7% were 
juveniles.

Key words: Zverneci Pond, sex ratio, juveniles, morphometrics
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Buskirk 2000). Recently, there has been increased 
interest in the population structure of this freshwa-
ter turtle species in Albania (Saçdanaku & Haxhiu 
2015). The present study aims to provide informa-
tion about the distribution, habitats and population 
structure of E. orbicularis in Vlora Bay, Albania.

Materials and Methods
The study was carried out between June 2014 and 
October 2015. The study sites consisted of the 
Zverneci Pond (ca. 0.3 ha) covered with dense veg-
etation, the Narta Lagoon, a wide area (ca. 0.8 ha) of 
the Orikumi Wetland and some artificial and natural 
freshwater habitats (Fig. 1, Table 1).

Dominant plants in the ponds and channels 
included Phragmites australis, Typha angustifolia, 
Juncus sp., Carex sp., Potamogeton sp., while the 
dominant algae species was Chara sp. Turtles were 
observed by binoculars or with naked eyes and cap-
tured using a simple hand net. Each captured turtle 
was individually marked by notching its marginal 
scutes (Cagle 1939), measured with a caliper to 
the nearest 1.0 mm, photographed and released at 
the capture site. The following measurements were 
taken: CCL – curved carapace length (curved dis-
tance between the nuchal shield and the posterior 
margin of the supracaudal), CCW – curved carapace 
width (curved maximal width of carapace), PL – 
plastron length (distance between the gular and cau-
dal shields), PW – plastron width (maximal width 
of plastron), Plas-Clo (distance from the end of the 
plastron to the middle of the cloacal opening), TTL 
– total tail length (the distance from the end of the 
plastron to the top of the tail). Sex was determined 
based on secondary sexual characteristics (Zuffi & 
Gariboldi 1995). The smallest turtle showing clear 
secondary sexual characteristics was a male with a 
CCL of 11.1 cm, while the largest individual, which 
did not show any secondary sexual characteristics, 
had a CCL of 10.6 cm (Table 2); thus, animals under 
CCL of 11 cm were considered juveniles.

Descriptive statistics of the measurements and 
rates were calculated using Excel 2010 (Microsoft, 
USA) software. All of the measurement values were 
summarized to a mean, one standard error (SE) and 
range. The ANOVA Single factor test was applied 
to examine the differences in morphometry (CCL, 
CCW, PL, PW, Plas-Clo and TTL) between the sexes.

Results
A total of 147 European Pond Turtles were captured 
and analyzed. Twenty-two individuals were recap-

tured (six males, fifteen females and one juvenile; 
Table 1). Around 200 individuals were observed 
from the distance (basking, floating and feeding) 
in suitable habitats (Fig. 2). Turtles were observed 
mostly basking out of the water, floating on the sur-
face and feeding on algae.

Fig. 1. (a) Distribution of the European Pond Turtle in Al-
bania (Haxhiu 1998); (b) Locations where surveys were 
conducted
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The sex ratio was 2.3 : 1 (female : male) for 
the whole population of Vlora Bay, while for the 
Zverneci Pond and Panaja Channel it was 2.7 : 1 
and 1.8 : 1, respectively. Female turtles were most 
abundant in the population of Vlora Bay (63.5%), 
followed by males (28.8%) and juveniles (7.7%). 
Female turtles were abundant in Zverneci Pond 
(73.0% females, 27.0% males and no juveniles) 
and Panaja Channel (50.0% females, 28.3% males 
and 21.7% juveniles). We captured the largest 
number of juveniles in Panaja Channel (10 indi-
viduals).

Mean carapace, plastron and tail measurements 
(cm) are provided for the 92 females, 40 males, and 
11 juveniles captured in the Vlora Bay (Table 2).

Adult females had the largest CCL values. In 
general, males had a longer tail than females. The 
Plas-Clo length of females was generally smaller 
than that for males.

Analyses of variance showed that there were 
highly significant differences in the six carapace, 
plastron and tail measurements between females 
and males in the whole population of E. orbicularis 
in Vlora Bay (CCL: F1, 130 = 114.8, p < 0.01; CCW:  
F1, 130 = 168.6, p < 0.01; PL: F1, 130 = 220.0, p < 0.01; 
PW: F1, 129 = 241.3, p < 0.01; Plas-Clo: F1, 123 = 287.1, 
p < 0.01; TTL: F1, 124 = 9.4, p < 0.01; α = 0.05).

Discussion
Emys orbicularis is reported to inhabit a large va-
riety of habitats throughout its European range, 
such as ponds, slow moving streams, ditches, marsh 
lands, also with turbid waters; it prefers mud-stones 
and abundant aquatic vegetation (Street 1979). Its 
abundance is not related to habitat extension, so that 
small pools can support a high numbers of speci-
mens (Rollinat 1934, Fretey 1975). The popu-
lation studied in the Vlora Bay seems to exploit a 
range of quite typical habitats in Albania: lentic and 
lotic habitats, both polluted (Soda forest channel) 
and unpolluted.

The carapace and tail measurements in the pre-
sent study are in line with previous studies, which 
have found that females of the European Pond Turtle 
are larger than males (Ayaz & Çiçek 2011, Kaviani & 
Rahimibashar 2015) and Plas-Clo is larger in males 
than in females (Kaviani & Rahimibashar 2015). 

We are in line with the result of Ayaz & Çiçek 
(2011) who found that the smallest turtle showing 
secondary sex characteristics was a male with SCL 
of 112.0 mm; smaller specimens were considered ju-
veniles.

The amount of captured juveniles in our study 
was rather low. Bury (1978) stated that juvenile 

Table 1. The number of captured individuals of Emys orbicularis in each location of Vlora Bay, Albania

Habitat type Location Coordinates (WGS84) No. of captured individuals

Freshwater ponds with 
dense vegetation domi-
nated by Phragmites 
australis

1. Zvernec N40°30’42.06”; E19°24’23.46” 89

2. Orikum N40°19’19.38”; E19°27’14.10” 1

Freshwater channels 
with vegetation domi-
nated by Phragmites 
australis, Juncus sp., 
Tamarix sp., etc.

3. Near Zverneci Village N40°30’12.72”; E19°25’34.80” 3
4. Panaja N40°34’37.56”; E19°28’15.18” 47

5. Kavalona Park N40°29’23.58”; E19°26’46.26” 0
6. Soda Forest N40°28’18.18”; E19°26’53.52” 0

7. Novosel - Akerni N40°36’54.84”; E19°28’9.84” 3
8. Marmiroi church N40°18’27.54”; E19°26’37.80” 4

TOTAL 147

Table 2. Morphometrics (in cm) of female, male and juvenile Emys orbicularis from Vlora Bay, Albania (mean, stan-
dard error, range).* – p < 0.05; ** – p < 0.01

Females (n = 92) Males (n = 40) Juveniles (n = 11)
CCL 15.0 ± 0.11 (12.6–17.1)** 12.8 ± 0.16 (11.1–14.9)** 7.5 ± 0.80 (4.0–10.6)
CCW 13.7 ± 0.10 (11.5–15.8)** 11.3 ± 0.14 (10.0–12.8)** 6.8 ± 0.65 (4.0–9.5)

PL 13.3 ± 0.11 (11.2–15.9)** 10.4 ± 0.14 (8.9–12.2)** 6.3 ± 0.77 (3.0–9.5)
PW 7.5 ± 0.06 (6.1–8.7)** 5.9 ± 0.08 (5.1–7.0)** 3.6 ± 0.41 (1.9–5.4)

Plas-Clo 0.8  ± 0.03 (0.3–2.0)** 2.0 ± 0.07 (0.7–3.0)** 0.5 ± 0.07 (0.2–0.9)
TTL 6.5  ± 0.12 (3.0–8.6)** 7.2 ± 0.21 (1.5–9.5)** 4.4 ± 0.36 (2.5–6.0)
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Fig. 2. Habitats where Emys orbicularis were observed 
and captured: a) Zverneci Pond; b) Orikumi Pond; c) Pan-
aja Channel covered with Lemna sp.; d) Kavalona Park 
Channel; e) Soda Forest Channel; f) near Zverneci Village 
Channel; g) Marmiroi Church Channel; h) Novosel – Ak-
erni Channel (Photographs by Enerit Sacdanaku)
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proportions of freshwater turtles in different popu-
lations vary between 0 and 70%. He also suggest-
ed that juveniles, in general, appear to comprise a 
variable but low percentage of most populations, in 
contrast to a high proportion of long-lived mature 
individuals. Studies on other populations of E. or-
bicularis in Europe revealed similar results, with 
18.9% (Matzoth 1995), 29% (Keller et al. 1998) 
and 6.8% (Ayaz & Çiçek 2011). In other studies on 
the species, the proportion of juveniles ranged from 
1.9% to 55% (Keller 1997, Servant 1998, Auer & 
Taşkavak 2004, Cadi et al. 2004, Ayaz et al. 2007, 
2008). On the other side, the lack of records of ju-
venile turtles from Zverneci Pond likely does not 
reflect the real situation, but is possibly a result of 
a bias in the detection and capture methods we uti-
lized and possibly specific habitat characteristics. 
Generally, juvenile European Pond Turtles prefer 
small, shallow water bodies with dense vegetation, 
where they can easily find food, shelter and protec-
tion from predators, and live a more cryptic life than 
adults (e.g., Zuffi 2000, Mosimann & Cadi 2004).

The sex ratio in adults observed throughout 
the study was generally female-biased. Differently 

skewed sex ratios were observed in different 
European Pond Turtle populations: female-biased 
(Girondot & Pieau 1993, Matzoth 1995, Mascort 
1998, Servant 1998, Snieshkus 1998, Ayaz & 
Çiçek 2011), balanced (Taşkavak & Ayaz 2006) and 
male-biased (Auer & Taşkavak 2004, Fritz 2001, 
2003, Cadi et al. 2004, Mosimann & Cadi 2004, 
Ayaz et al. 2007, 2008). This variation could also 
be related to environmental temperature, since sex 
is determined in this species by temperature (i.e., 
temperature sex determination, TSD) (Ewert & 
Nelson 1991, Janzen & Krenz 2004), as in all 
other known species of Chelonia (Alderton 1997, 
Moll & Moll 2004). In turtles with TSD, males are 
generally produced at cooler temperatures, ranging 
between 22.5°C and 27°C. Female turtles are pro-
duced at warmer temperatures, around 30°C (Ewert 
& Nelson 1991). Our study site in western Albania 
(Vlora Bay) typically has a Mediterranean climate 
and experiences high temperatures during the breed-
ing period of E. orbicularis. It is therefore probable 
that most of the nests have been producing females 
and our population, therefore, is skewed toward fe-
males.
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Introduction
The European Pond Turtle, Emys orbicularis 
(Linnaeus, 1758) belongs to the family Emydidae 
and nowadays lives in southern and central Europe, 
West Asia and North Africa (Fritz 2003). The turtle 
is a highly polytypic species with nine mitochondrial 
lineages recognized (Fritz et al. 2007). In Poland, 
the existence of two lineages of the subspecies E. 
orbicularis orbicularis were reported (Fritz et 
al. 2005, 2007, 2009, Lenk et al. 1999), albeit the 
distributional data were published only in recent 
years (Prusak et al. 2011). The species inhabits al-
most the entire lowland area of Poland but in many 
sites occurs only locally and is considered as infre-
quent (Najbar 2001). Emys orbicularis is listed as 

NT “Lower Risk/Near Threatened” category in the 
IUCN Red List (Tortoise & Freshwater Turtle 
Specialist Group 1996), and in the Polish Red Data 
Book of Animals as an endangered species (EN) 
(Jabłonski 1992).

Multiple paternity has been reported in many 
taxa, including both invertebrates (Xue et al. 2014) 
and vertebrates (Labrecque et al. 2014). In reptiles, 
the occurrence of the phenomenon has been detected 
in the European Pond Turtle (Roques et al. 2006) 
among several other turtle species (Fitzsimmons 
et al. 1998, Crim et al. 2002, Moore & Ball 
2002, Johnston et al. 2006), and also in the garter 
snake Thamnopis sirtalis (Mccraken et al. 1999). 
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of Kinship Groups in the European Pond Turtle,  
Emys orbicularis (Linnaeus, 1758)

Marta Dux1, Daniel Doktór2, Adam Hryniewicz3& Beata Prusak1*

1Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Postępu 36A, Jastrzębiec, Poland;  
E-mails: martadux@wp.pl, beprusak@gmail.com
2Foundation for Oświn Lake, Wyskok 16, 11-420 Srokowo, Poland; E-mail: daniel_oswin@wp.pl
3City Zoological Garden in Warsaw, Ratuszowa 1/3, 03-461 Warsaw, Poland; E-mail: ahryniewicz7@o2.pl

Abstract:  Multiple paternity has been investigated in many reptile taxa, including Emys orbicularis. In the pres-
ent study, we evaluated a set of eleven microsatellite loci for the detection of multiple paternity and the 
number of potential fathers in the clutches of the European Pond Turtle. We presented paternity analysis 
of hatchlings from six nests (64 samples in total) collected at three locations situated in the Zwolenka 
River Valley, central Poland. We estimated allele frequencies, observed and expected heterozygosities, the 
Power of Exclusion (PE), the Probability of Siblings Identity (PI) and Polymorphism Information Content 
(PIC). In all but one of analyzed clutches, we have identified sibling groups with the number of potential 
fathers from two to five. Detected multiple paternity may increase the effective population size and the 
genetic diversity as well as may decrease the levels of inbreeding. We concluded that the panel of eleven 
polymorphic microsatellite loci used could be applied as an effective and reliable tool for the paternity 
testing in E. orbicularis.
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Coleman & Jones (2011) demonstrated that reptiles 
have significantly higher rates of multiple paternity 
than other vertebrate classes (i.e. birds), though the 
rates in reptiles are not significantly different from 
mammals or parental care class of fishes. Fishes, for 
example, exhibit various mating systems like polyg-
ynandry (when both males and females mate with 
more than one partner, see Parker & Kornfield 
1996), polygyny (when males mate with several 
females but females mate with a single male, see 
Ziadi-Künzli & Tachihara 2016) and polyandry 
(when females mate with multiple males but males 
mate with a single female, see Avise et al. 2002). In 
reptiles, especially in turtles and tortoises, polyandry 
is particularly common (Lee & Hays 2004), although 
single mating is often enough for the fertilization 
and does not limit the reproductive success (Trivers 
1972), promiscuity is quite common in nature and 
it is considered to be biologically favourable (Lee 
& Hays 2004). Moreover, parentage analysis con-
firmed also the sperm storage in short as well as in 
long periods (Pearse & Avise 2001). In females of 
the European Pond Turtle, sperm storage has been 
also detected, though the level of multiple paternity 
was assessed as low (Roques et al. 2006).

In the studies of paternity microsatellite mark-
ers are the most utilized tools (Moore & Ball 2002, 
Ireland et al. 2003, Roques et al. 2004). Due to the 
significant polymorphism, microsatellites are widely 
used in genetic studies in the studies of migration 
(Zeng et al. 2012), kinship and population genet-
ics (Velo-Antón et al. 2008, Prusak et al. 2013, 
Stuckas et al. 2014, Vamberger et al. 2015).

The aim of the present study was to determine 
whether multiple paternity occurs in the examined 
clutches of the European Pond Turtle from Poland 
and to evaluate the usefulness of the used panel of 
microsatellite loci for reconstructing kinship groups.

Materials and Methods
The biological material (tissue samples) was de-
rived from turtles collected from six nests (families), 
at three locations situated in the Zwolenka River 
Valley, central Poland (Borowiec Reserve, Siekierka 
and Zastocze). In total, samples from 64 hatchlings 
of the European Pond Turtle were taken. Family A 
consisted of 19 individuals (Siekierka), Family B of 
10, D of 11, E of 7, F of 5 (Borowiec Reserve) and 
Family C of 12 individuals (Zastocze). The individu-
als collected from a certain breeding chamber were 
identified as belonging to the particular family. We 
analyzed only those hatchlings that were found dead 
in a breeding chamber after wintering.

Total genomic DNA was extracted according to 
the standard organic procedure (Wilson et al. 1995) 
from tissues of the European Pond Turtle hatch-
lings. We used 11 previously published polymor-
phic microsatellite loci: msEo2, msEo21, msEo29, 
msEo4 (Pedall et al. 2009), GmuD107, GmuD16, 
GmuD88, GmuD93 (King & Julian 2004), Emys2, 
Emys6 and Emys11 (Ciofi et al. 2009). Two mul-
tiplex PCRs amplifying seven and four loci were 
performed as described earlier (Prusak et al. 
2013), except loci Emys4 and Emys5 discarded 
from the present analysis due to detection of null 
alleles in previous studies of Polish populations of 
the European Pond Turtles (Prusak et al. 2013). 
Amplified PCR products were resolved on ABI 3130 
Genetic Analyzer (Life Technologies, USA) using 
an internal size standard GeneScan™ 500 LIZ® Size 
Standard (Life Technologies, USA). Fragment sizes 
were determined with the GeneMapper v.4.0 soft-
ware (Life Technologies, USA).

GenAlex 6 program (Peakall & Smouse 2006) 
was used to estimate separately for each family, 
allele frequencies, effective number of alleles, ob-
served and expected heterozygosities, the probabil-
ity of identity (PI), the power of exclusion (PE), 
and the power of the increasing number of loci for 
PI and PE. The polymorphism information content 
(PIC) for each marker was calculated separately for 
the six groups of offspring with PICcalc (Nagy et al. 
2012) from the allele frequencies. The PIC value is a 
measure of polymorphism (Shete et al. 2000), thus 
allowing characterizing genetic variation in a popu-
lation (or in the family, as in the present case). The 
parameter is also defined as the probability that the 
marker genotype of a given offspring will allow to 
determine his parents (Nagy et al. 2012). Paternity 
analysis was performed with Kinalyzer software 
(Berger-Wolf et al. 2007, Ashley et al. 2009). The 
procedure enabled division of examined individu-
als into sibling sets with common progenitor, thus 
reconstructing kinship groups (Berger-Wolf et al. 
2007, Ashley et al. 2009).

Results and Discussion
We observed genetic variability at all analyzed loci 
(from 5 to 11 alleles per locus). The number of ef-
fective alleles ranged between 2.818 and 4.455 
(mean 3.515). The observed heterozygosity (Ho) 
ranged from 0.792 to 0.818, while the expected het-
erozygosity (He) ranged from 0.547 to 0.658 (Table 
1). Maximal probabilities of exclusion, calculated 
for each locus and family, had different values de-
pending on the analyzed index (P1E, P2E or P3E). 
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The maximal probability of exclusion for a single 
locus and with the known both parental genotypes 
(P1Exmax) ranged between 18.75% and 59.52%. The 
maximal probability of exclusion for a single locus 
and with one known parental genotype (P2Exmax) 
had values between 12.50% and 41.60%. The maxi-
mal probability of exclusion of both putative par-
ents for a single locus (P3Exmax) ranged between 
28.13% and 77.18%. Probability of sibling identity 
and probability of exclusion were also calculated for 
the combinations of increasing number of loci (Figs. 
1–4). The use of an increasing number of loci led 
to increasing values of probability of exclusion (ex-
ceeded 99.00% for the cumulation from 3 to 10 loci 
depending on the analyzed family) and decreasing 
values of PICsibs (lower than 0.10% for the cumula-
tion from 9 and to 10 loci depending on the analyzed 
family). The maximal probabilities of exclusion and 

sibling identity for the cumulation of eleven ana-
lyzed microsatellite loci are shown in Table 2. Our 
analyses showed that the number of microsatellite 
loci used and their level of polymorphism are criti-
cal for the reliable reconstruction of sibling relation-
ships, in particular when parental genotypes cannot 
be assigned (are unknown). Obtained results of cu-
mulative values for probability of exclusion proved 
that the error probability in paternity testing for the 
used panel of microsatellites in all analyzed hatch-
lings reached low values. Polymorphic information 
content (PIC), within all investigated individuals, 
had values between 0.269 and 0.759 (Table 3), mean 
0.551.

Kinship analysis showed that offspring of five 
out of six examined nests had more than a single 
father (Table 4). These families were divided into 
2–5 groups of siblings, with different genotypes at 

Fig. 1. Probability of Identity (PI) for each locus and for increasing combinations of the 11 loci: 1 – for one locus, 1+2 
– for two loci, 1+2+3 – for three loci, etc.

Fig. 2. Probability of Exclusion (P1Exc) for each locus and for increasing combinations of the 11 loci – when the other 
parent is known: 1 – for one locus, 1+2 – for two loci, 1+2+3 – for three loci, etc.
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analyzed microsatellite loci. The highest number of 
potential fathers (five) we found in Family A. Family 
F with a single father identified, consisted of a small 
number of tested turtles. In Family B, D and E, a sin-
gle hatchling was assigned to two different sibling 
groups. Although Kinalyzer performs well when 
few loci are sampled or the allelic diversity is low, 
paternity analysis of candidate fathers caught in the 
population or analysis of all hatchlings from the nest 
may further resolve the observed ambiguity.

Considering the available literature on the pa-
ternity analysis in the European Pond Turtle, such a 

comprehensive panel of microsatellite loci as in the 
present study have been used in E. orbicularis for the 
first time. In the previous study (Prusak et al. 2013), 
we have also shown that the microsatellites analyzed 
here were successfully used to assess the genetic 
diversity of Polish populations of E. orbicularis. In 
order to exclude paternity on the basis of inconsist-
ency with Mendelian law, it is necessary to use suffi-
cient number of polymorphic loci to minimize errors 
(Christie 2010). These conditions were fulfilled in 
this study, suggesting that a similar set of microsatel-
lite markers can also be used in other studies on the 

Table 1. Descriptive statistics of 11 microsatellite markers screened on six sibling groups (N – No of individuals in 
particular families, Na – No of alleles, Ne – No of effective alleles, Ho – observed heterozygosity, He – expected hetero-
zygosity, I – Shannon’s information index)

Family code
Diversity indices

N Na Ne Ho He I
FamA 19 4.45 3.181 0.804 0.658 1.226
FamB 10 3.818 2.843 0.797 0.614 1.119
FamC 12 3.633 2.972 0.818 0.614 1.119
FamD 11 3.364 2.726 0.719 0.606 1.041
FamE 7 3.000 2.508 0.792 0.578 0.961
FamF 5 2.818 2.391 0.800 0.547 0.902

Table 2. The maximal probabilities of exclusion and sibling identity for the cumulation of eleven analyzed microsat-
ellite loci: P1Excmax – the maximal probability of exclusion with the known both parental genotypes; P2Excmax – the 
maximal probability of exclusion with one known parental genotype; P3Excmax – the maximal probability of exclusion 
of both putative parents; PICsibs – probability of siblings identity

Family code
Probability indices

P1Excmax P2Excmax P3Excmax PICsibs 
FamA 1.000 0.993 1.000 0.000
FamB 0.998 0.983 1.000 0.000
FamC 0.999 0.978 1.000 0.000
FamD 0.997 0.967 1.000 0.000
FamE 0.993 0.942 1.000 0.000
FamF 0.989 0.925 0.999 0.000

Table 3. Polymorphism information content (PIC) for each marker in each sibling group

Family 
code

PIC/microsatellite locus
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6
FamA 0.704 0.741 0.744 0.647 0.586 0.354 0.495 0.587 0.690 0.567 0.528
FamB 0.442 0.347 0.548 0.587 0.729 0.528 0.759 0.675 0.499 0.512 0.530
FamC 0.536 0.561 0.641 0.583 0.699 0.663 0.683 0.346 0.533 0.547 0.624
FamD 0.526 0.407 0.573 0.422 0.677 0.567 0.555 0.373 0.726 0.672 0.356
FamE 0.523 0.325 0.354 0.567 0.454 0.551 0.703 0.626 0.551 0.354 0.502
FamF 0.703 0.740 0.645 0.499 0.586 0.410 0.548 0.365 0.492 0.365 0.269
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multiple paternity analyses in wild species. It seems 
that the high efficiency of the methodology used in 
the study is confirmed by the high values of PIC. 
The testing of multiple paternity phenomenon may 
be carried out using various tools. We applied the 
analysis on the basis of the offspring genotypes us-
ing Kinalyzer software (Berger-Wolf et al. 2007, 
Ashley et al. 2009). The alternative to determine the 
most likely number of sires consistent with the prog-
eny genotypes may be the use of COLONY (Wang 
2004) or GERUD (Jones 2001) software. However, 
the program’s algorithm requires knowing parental 
genotype, i.e. known mother that is in many cases of 
wild species impossible to determine.

For the majority of similar analyses biological 
material was blood samples from the newly hatched 
individuals and the females-mothers (Fitzsimmons 
1998, Crim et al. 2002). Some sources report that 
analyzed DNA was purified from tissue biopsy, too 
(Moore & Ball 2002, Lee & Hays 2004). For the 

comparison, in forensic medicine analyses the DNA 
is isolated from blood, buccal mucosa or sperm sam-
ples (Weber-Lehmann et al. 2014). For the present 
analysis, we extracted DNA only from the tissue 
samples of hatchlings, which were found dead in a 
breeding chamber. Analysis of all hatchlings from 
the nest may certainly increase the resolution and 
accuracy of our analysis. In humans, in most cas-
es of alleged paternity, a set of 15–20 microsatel-
lite loci is enough for exclusion or acknowledgment 
of paternity (O’Connor et al. 2010). However, in 
some cases, the set of loci used should be extended 
over the additional genetic markers to increase the 
power of discrimination (O’Connor et al. 2010). 
For example, in humans in the case of monozygotic 
twins, ultra-deep next generation sequencing (NGS) 
is used to identify extremely rare mutations (Weber-
Lehmann et al. 2014). In case of wild species, the 
microsatellite markers are often not easy available 
and the analyses have to be performed with the use 

Fig. 3. Probability of Exclusion (P2Exc) for each locus and for increasing combinations of the 11 loci – when genotype 
of one parent is missing: 1 – for one locus, 1+2 – for two loci, 1+2+3 – for three loci, etc.

Fig. 4. Probability of Exclusion (P3Exc) for each locus and for increasing combinations of the 11 loci – excluding a 
putative parent pair: 1 – for one locus, 1+2 – for two loci, 1+2+3 – for three loci, etc.
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of a limited number of loci or supplementary set 
have to be adopted from other related species, as 
in the case of E. orbicularis (Pedall et al. 2009). 
It should also be pointed out that the major disad-
vantage of using microsatellite markers is the risk of 
wrong alleles typing (Ingvarsson et al. 2000). In the 
present study, amplification of all eleven microsatel-
lite markers gave the clear readable PCR products 
and we did not observe any typical problems with 
the identification of the individual alleles.

The significance of polyandry results from a 
number of phenomena like fertilization assurance, 
the sperm selection, and also shows the direct adapta-
tion benefits arising from an increasing genetic vari-
ability of the offspring (Birkhead 2000). According 
to Lee & Hays (2004), a female mating with multi-
ple partners “makes the best of a bad job”. Previous 
studies showed that multiple paternity occurred in 
the Italian populations of E. orbicularis (Roques et 
al. 2006), while results of the present study proved 
the occurrence of this phenomenon in the European 
Pond Turtle in central Poland. Earlier, multipaternity 

has been also shown in other turtle species (Pearse & 
Avise 2001, Ireland et al. 2003, Lee & Hays 2004). 
The results also confirmed observations of Rovero 
et al. (1999) on the reproductive behaviour in the 
Italian populations of E. orbicularis, i.e. that females 
may mate with more than one male during the same 
season. Our results have shown that the number of 
used microsatellite loci and their level of polymor-
phism are critical for the reliable reconstruction of 
sibling relationships. In our case, the use of an in-
creasing number of loci led to increasing and high 
values of PE, and decreasing and low values of PI 
showing that the maximal values obtained for eleven 
microsatellite markers gave reliable assessment of 
sibling groups.
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Introduction
The European Pond Turtle, Emys orbicularis 
(Linnaeus, 1758) (Testudines: Emydidae) is a rep-
tile with a large distribution area ranging from North 
Africa over most of Europe and the Middle East to 
the Aral Sea (Fritz 2003). Like many chelonians 
throughout the world, the species is endangered and 
protected in many European countries (e.g. Fritz 
& Chiari 2013). At the international level, it is pro-
tected by the Bern Convention (1979) (Appendix II) 
and ANNEX II of the European Habitat and Species 
Directives (1992). Besides, The European Pond 
Turtle is regarded as Near Threatened in Europe and 
Vulnerable in the EU as a result of significant long-
term population declines (Cox & Temple 2009). 
European populations of the species are threatened 
with degradation and loss of habitats, communal, 
industrial and agricultural water pollution, destruc-
tion of eggs though plowing, and occupying of 
their natural habitats by allochthonous freshwater 

turtles (Fritz & Chiari 2013). Thus, many popu-
lations seriously declined or they became extinct 
(Velo-Antón et al. 2008). Populations in Italy 
(Gariboldi & Zuffi 1994, Chelazzi et al. 2000), 
France (Cheylan & Poitevin 1998, Gay & Lebraud 
1998), Poland (Mitrus & Zemanek 2004), Germany 
(Hanka & Joger 1998, Schneeweiss 2009), former 
Soviet Union (Shcherbak 1998, Kotenko 2000) 
and Turkey (Atatür 1995, Taşkavak & Reimann 
1998, Ayaz et al. 2007, 2008) are endangered, espe-
cially because of habitat destruction. In recent years, 
morphology and phylogeography of the species have 
been studied in detail (e.g. Fritz 2001, 2003, Fritz 
et al. 2007, 2009), and studies of its biology and 
ecology picked up the pace. However, almost all of 
these studies were about the southern, central and 
northern European E. orbicularis populations. 

The European Pond Turtle is distributed almost 
throughout Turkey (Baran & Atatür 1998, Fritz 
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Abstract:  For two consecutive years (2012 and 2013), studies on reproductive ecology of Emys orbicularis were 
conducted at seven localities in the Mediterranean region of Turkey. Our findings show that individuals 
usually emerge from hibernation between the end of February and early March. Depending on latitude 
and elevation, mating occurred between March and May, and egg-laying lasted between May and July. 
Hatchlings were first observed between June and August. Average fecundity in females was 7 (5–10) eggs, 
and incubation period was determined to last between 80 and 110 days. Average size of eggs was 33.55 × 
20.32 mm, and only a weak correlation between numbers of eggs and female body sizes (straight carapace 
length, SCL) was found. Average measurements of hatchlings were: SCL was 20.6 mm (18–23 mm), 
plastron length (PL) was 19.6 (17.6–22.4 mm) and weight was 3.6 g (2.9–4.3 g). These were compared 
to previously published results obtained for E. orbicularis from other parts of its range. Also, factors that 
affect reproductive success were discussed.
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2001) except in the east Black Sea region. The pop-
ulations of the species in Central Anatolia are par-
ticularly dense (Ayaz, unpubl. data). Reproductive 
biology of the species has been a subject to analy-
sis in various European populations and the current 
knowledge on reproduction of E. orbicularis was 
summarized by Fritz (2001, 2003). The status of 
populations of E. orbicularis is well known in many 
parts of Turkey (Ayaz, unpubl. data) and it has been 
a target species of conservation projects (Ayaz et al. 
2013). In contrast, reproductive biology of E. or-
bicularis has not been well studied in the southern 
areas of the species’ range (Ayaz & Çiçek 2011). 

The present study provides data on clutch size, 
egg size, body size/clutch sizes relationship as well 
as nest site characteristic of E. orbicularis from 
Mediterranean region of Turkey.

Materials and Methods
The study was conducted in seven localities from 
the Mediterranean region of Turkey: (1) Kocagöl 
(Muğla), (2) Lake Gölhisar (Burdur), (3) Lake 
Eğirdir (Isparta), (4) Lake Suğla (Konya), (5) 
Anamur (Mersin), (6) Akgöl (Göksu River Delta, 
Mersin), and (7) Asi River Delta (Hatay) (Table 1, 
Fig. 1). The study covered three types of habitats: 
lake (1, 2, 3, 4), channel (5) and delta (6, 7) from the 
sea level (1, 5, 6, 7) to 1000 m a.s.l. (2, 3, 4).

The field studies were conducted in 2012 
and 2013 (from beginning of February and to late 
November). In order to determine the reproductive 

phenology of the species, information about its re-
productive behaviour, egg laying period and hatch-
lings were obtained during field studies. We at-
tempted to determine the exact point of hibernation 
ending, the period of reproduction, and the periods 
of laying and hatching of the eggs. Clutch sizes were 
determined by direct observations in nests and with 
x-ray examination (15 mA, 70 kV, at 1 m distance) 
of females to determine presence of eggs and clutch 
sizes (Gibbons & Greene 1979). Furthermore, po-
tential nesting sites were surveyed to determine 
nests position and the status of the nests were noted 
(vegetation, shape and slope). The captured turtles 
were marked individually by notching their mar-
ginal scutes (Ernst et al. 1974), and we measured: 
their weight (W) by a scale with 1 g accuracy; their 
straight carapace length (from the anterior edge of 
the carapace to the tip of the last posterior marginal 
scute, SCL); plastron length (from the outermost 
edge of the gular scute to the posterior end of the 
anal scute, PL); carapace height (CH) by a tortom-
eter with 1 mm accuracy. Secondary sexual char-
acters such as plastron concavity and tail length 
were used for distinguishing the sexes (Zuffi & 
Gariboldi 1995).

Normality of the SCL and PL distributions for 
sexes was tested with the Kolmogorov-Smirnov 
D test. Since they were normally distributed  
(p ≥ 0.05), parametric t-test was used for their com-
parisons. The non-parametric Spearman’s rank cor-
relation was used to estimate the relationship be-
tween SCL, PL, and clutch size, as the data were 

Fig. 1. Location of the surveyed localities: Kocagöl (1), Lake Gölhisar (2), Lake Eğirdir (3), Lake Suğla (4), Anamur 
(5), Akgöl (6), Asi River Delta (7)
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not normally distributed (p ≤ 0.05). The alpha level 
was set at 0.05, and mean values are provided with 
their standard deviations. All statistical analyses 
were performed by the PAST statistical package 
(Hammer et al. 2001).

Results
Individuals generally emerge from hibernation at the 
end of February – beginning of March and, depend-
ing on the locality (latitude and altitude), mate be-
tween March and May; they lay eggs between May 
and July and hatchlings were first observed between 
June and August (Table 2). The earliest reproduc-
tion was observed in the Asi River Delta (Antakya) 
in early March and the latest at lakes Suğla (Konya) 
and Eğirdir (Isparta) in April–May. 

According to our observations, females make 
nests in areas 5–200 meters away from water. They 
generally prefer areas near the shoreline. Nests are 
made at sites with slopes less than 45°, and are more 
often located near the roots of plants. Normally, 
places with vegetation consisting of Nerium ole-
ander, Vitex agnus agnus, Tamarix sp., Carex sp., 
Juncus sp., and Poaceae members were preferred 

as oviposition sites. There were usually 1–3 nests 
near a plant root. The soil texture in the nesting area 
is sand, silt and clay areas; however, nests dug in 
harder soils were also observed. Females generally 
lay their eggs after sunset and at night, but some-
times they do this in the morning. During our study 
in Akgöl, only one individual was observed when 
laying eggs in the morning. The female first releases 
the cloacal waters in order to soften the ground, and 
then digs a hole with her hind limbs.

As females dig nest holes with their hind 
limbs, the opening of the nest is narrow, the base 
is wider and the nest is pear shaped (Fig. 2). The 
depth of a nest is approximately 8 cm and its width 
is app. 6 cm (n = 36). By taking the nesting time into 
consideration, the incubation period was estimated 
at 80–110 days. The shortest incubation period was 
observed in the Asi River Delta and the longest was 
at Lake Suğla. 

In 2012, females from lakes Gölhisar (n = 10) 
and Eğirdir (n = 10) were radiographed in order to 
determine clutch sizes. Four individuals from Lake 
Gölhisar and two individuals from Lake Eğirdir 
had eggs (Fig. 3). The clutch size in these females 
counted between 5 and 9 eggs with an average of 

Table 1. Surveyed localities

Locality Province Geographic position 
(coordinates)

Elevation 
(m a.s.l.)

Type of 
habitat

Number of processed 
turtles

Kocagöl (1) Muğla N 36°40’55.02”
E 28°49’35.35” 8 Lake –

Lake Gölhisar (2) Burdur N 37°6’57.17”
E 29°35’56.99” 971 Lake 30

Lake Eğirdir (3) Isparta N 38°9’3.22”
E 30°46’4.95” 1018 Lake 23

Lake Suğla (4) Konya N 37°19’31.31”
E 32°0’18.18” 1092 Lake 17

Anamur (5) Mersin N 36°4’53.86”
E 32°53’41.79” Sea level Channel –

Akgöl (6) Mersin N 36°18’15.04”
E33°57’3.63” Sea level Delta 5

Asi River Delta (7) Hatay N 36°3’45.40”
E 35°58’48.03” 4 Delta 5

Table 2. Breeding phenology of E. orbicularis in the Mediterranean region of Turkey

Locality Mating Egg-laying Hatching
Kocagöl (1) March May June–July
Lake Gölhisar (2) March–April June July–August
Lake Eğirdir (3) April–May June–July July–August
Lake Suğla (4) April–May June–July July–August
Anamur (5) March May–June June–July
Akgöl (6) March May–June June–July
Asi River Delta (7) March May–June June–July
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7 (SD = 1.67). In 2013, 60 females captured from 
Lake Gölhisar (n = 20), Lake Eğirdir (n = 13), Lake 
Suğla (n = 17), Akgöl (n = 5) and Asi River Delta (n 
= 5) were radiographed. Eggs were observed only 
in 23 of these females (Lake Gölhisar = 10, Lake 
Eğirdir = 7, Lake Suğla = 5, Asi River Delta = 1). 
Numbers of eggs observed in these females were 
5–10 with an average of 7 (SD = 1.71). 

During the whole study, eggs have been ob-
served in 29 females (Lake Gölhisar: 12, Lake 
Eğirdir: 11, Lake Suğla: 5, Asi River Delta: 1). 
Mean SCL was 152.4 mm (range 132–171 mm, 
SD = 12.22), mean PL was 149.7 (128–165 mm, 
16.14), and mean CH was 68.1 (62–72 mm, 4.09). 
We found that the number of eggs per female was 
between 5 and 10, calculated average was 7.3 (SD 
= 1.72). Average size of the eggs was calculated 
to be 33.55 mm (n = 46, SD = 2.61) and average 
width was calculated to be 20.32 mm (SD = 1.76). 
Weak positive correlation was determined between 
female body dimensions (SCL, PL, CH) and clutch 
size (Spearman’s correlation coefficient, r = 0.62, p 
< 0.05 for SCL, r = 0.52, p ≤ 0.04 for PL, r = 0.63, 
p < 0.05 for CH).

In hatchlings, mean SCL was 20.6 mm (n = 8, 
range = 18–23), mean PL was 19.6 mm (17.6–22.4) 
and mean weight was measured as 3.6 g (2.9–4.3) 
(Fig. 4).

During our studies we observed that nests 
were often plundered by predators like Vulpes 
vulpes, Meles meles, Martes foina, and Lutra lutra. 
Furthermore, some nests were destroyed near the Asi 
River Delta, Lake Gölhisar, Lake Eğirdir and Lake 
Suğla by agricultural activities like plowing. It is 
not possible to determine the destruction rate of the 
nests; however, it can be assumed that 50% of nets 
are destroyed at the studied localities in some years.

Discussion
The European Pond Turtle, E. orbicularis, is threat-
ening throughout its range but the situation is strong-
ly expressed on European populations. The species 
is faced with intensive habitat fragmentation and 
destruction especially due to urbanization pres-
sure and agricultural activities in Anatolia. Besides, 

Fig. 2. Nests from Lake Eğirdir (left) and Lake Gölhisar (right) (Photographed by Kerim Çiçek)

Fig. 3. Radiographed females from Lake Gölhisar [A. 
SCL = 17 cm, B. SCL = 13.8 cm, C. SCL = 15.1 cm, D. 
SCL = 17.1 cm]. There were no eggs in B
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ecological data on Asian populations are only anec-
dotal and inadequate for constructing effective con-
servation and management plans. 

In Europe, E. orbicularis generally lays eggs 
between late May and mid-July. After approximately 
74–117 days of incubation, hatchlings emerge, from 
August to late October, depending on latitude as well 
as on seasonal conditions (Lebboroni & Chelazzi 
1991, Andreas & Paul 1998, Rössler 1999, 
Schneeweiss & Steinhauer 1998, Schneeweiss 
& Jablonsky 2000, Servan 1998, Fritz 2001, 
Novotný et al. 2004).

Geographic position and environmental condi-
tions were shown to be the most important factors 
that determine body size and thus the reproduc-
tive ecology of E. orbicularis (Fritz 2001, 2003). 
Carapace length is generally used as the main pre-
dictive variable associated with clutch size and 
clutch mass variability (e.g. Gibbons 1982, Zuffi et 
al. 1999). Zuffi et al. (1999) reported that body size 
(especially CH) and clutch size are positively corre-
lated. Body size is positively correlated with latitude; 
therefore, it is expected that females from northern 
populations are larger and produce larger clutches, 
while females from southern populations are smaller 
and thus have smaller clutches (Zuffi et al. 1999). 
Chelonians generally follow Bergmann’s rule (body 
size is increasing with latitude, while decreasing 
with temperature) converse to squamates (Ashton 
& Feldman 2003). From the observed specimens, 
weak correlation was determined between the SCL, 
PL and CH with clutch size.

Clutch sizes were reported as following: 8–17 in 
Austria (Rössler 2000a), 4–11 in Hungary (Marián 
& Szabó 1961), 12 (6–16) in Slovakia (Novotný et 
al. 2004), 6–9 rarely 12 (Shcherbak & Shcherban 
1980), and average 9–11 eggs (6–22) in Ukraine 
(Zinenko 2004). In Poland, average clutch sizes 
were 11 (5–17) (Najbar & Szuszkiewicz 2005), 15 

(9–19) (Jablonski & Jablonska 1998) and the larg-
est known clutch had 23 eggs (Mitrus & Zemanek 
2000). In Mediterranean Turkey, clutches were gen-
erally smaller than in northern populations. Clutch 
sizes were 5–10 and the average was 7 eggs. The 
clutch size shows high variation in terms of latitude. 
Also, Schneeweiss (2004) emphasized that hatching 
success and sex ratio are affected by soil temperature 
and insolation duration at the nest site.

In some regions only one clutch is produced 
per season, e.g. Germany (Fritz & Günther 1996), 
Poland (Mitrus & Zemanek 2000) and Ukraine 
(Kotenko 2000). On the other hand, in some cen-
tral and northern populations females usually have 
a second or even third clutch, e.g. in Hungary 
(Marián & Szabó 1961), Austria (Rössler 2000a, 
2000b), Slovakia (Novotný et al. 2004), Belarus 
(Drobenkov 1999), Dagestan (Russian Federation) 
(Mazanaeva & Orlova 2004) and Poland (Najbar 
& Szuszkiewicz 2007). We were unable to deter-
mine whether females in our study localities lay eggs 
more than once per year.

Females generally lay eggs from near coastline 
(Shcherbak & Shcherban 1980, Mazanaeva & 
Orlova 2004) to 4 km away from water (Jablonski 
& Jablonska 1998). Mitrus (2006a) reported that 
the majority of turtle nests were located less than 150 
meters from water bodies in central Poland. Females 
generally do not exhibit nesting site fidelity but few 
females lay eggs in particular nesting sites for long 
periods of time, thought fluctuations in environmen-
tal conditions (Mitrus 2006a, 2006b). The sex ratio 
may have male-biased due to the fact that vegetation 
grows and nesting areas become more shaded in cen-
tral Poland (Mitrus 2006a).

Emys orbicularis shows successful embryonic 
development between 18 and 33°C (Pieau & Dorizzi 
1981). Under laboratory conditions with constant 
incubation temperatures, the embryos develop male 

Fig. 4. Captured hatchlings from Lake Eğirdir (Photographed by Kerim Çiçek)
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characteristics at temperatures below 28°C and fe-
male characteristics above 29.5°C (Pieau & Dorizzi 
1981, Schneeweiss 2004). Females predominate 
in Northeast Germany despite temperatures rarely 
exceeding 28.5°C in nests (Schneeweiss 2004).
The incubation period was 74–89 days in Slovakia 
(Novotný et al. 2004), 75–90 days in Ukraine 
(Shcherbak & Shcherban 1980), 90–117 days in 
Austria (Rössler 2000a, 2000b), 85–113 days in 
Poland (Mitrus & Zemanek 2000), and 90–110 day in 
Dagestan (Mazanaeva & Orlova 2004). Incubation 
in Mediterranean Turkey completed in 80–110 days.

Most of the hatchlings emerge in August – 
September (Rössler 1999). In some populations 
hatchlings can overwinter in nest chambers and leave 
nests in the next spring (e.g. Mitrus & Zemanek 
2000, Novotný et al. 2004). In our previous studies, 
we also observed overwintering behavior in some 
western Anatolian populations (Ayaz et al. 2007, 
Ayaz & Çiçek 2011). However, overwintering was 
not observed for Mediterranean populations.

Numerous terrestrial predators such as L. lutra, 
V. vulpes, M. meles, M. foina, M. martes and P. lotor 
occasionally predate upon European Pond Turtles, 

mainly their eggs (Fritz 2001, 2003, Lanszki et al. 
2006). Mediterranean populations suffer from L. lu-
tra, V. vulpes and M. meles. Besides ploughing and 
irrigation, other agricultural activities may destroy 
eggs. Especially, the E. o. eiselti population in Asi 
River Delta is strongly impacted by land cultivation.

In summary, the specimens of the Mediterranean 
Turkey population of the European Pond Turtle are 
smaller than the turtles in the northern regions of the 
geographical range of the species. The females from 
the investigated populations have smaller clutch size 
and the hatchlings do not overwinter. Agricultural 
activities and predators are the main threats for the 
nests of E. orbicularis. In conclusion, this study pre-
sents the first information about reproductive ecol-
ogy of Anatolian populations of the European Pond 
Turtle E. orbicularis.
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Introduction 
Emys orbicularis (Linnaeus, 1758) (Testudinata: 
Emydidae) is one of the freshwater turtle species 
having a wide distribution range (Fritz & Andreas 
2000); however, it is rare in many countries (e.g. 
Bona et al. 2012). Although the declines in popu-
lations of E. orbicularis are well documented, the 
reasons of this decline are still debated. The most 
important reasons can be listed as hunting for food, 
habitat loss caused by wetland draining for agricul-
ture, water pollution and introduced alien species 
into their habitats (Ficetola et al. 2004). Due to 
habitat destruction, 46–57% of the freshwater turtles 
are endangered (Böhm et al. 2013).

In many countries, conservation studies on E. 
orbicularis have been carried out. This species is list-
ed as Near Threatened (NT) in the IUCN Red List of 
Threatened Species (Fritz & Chiari 2013). As part 
of these studies, in order to determine the status of 
the species in Turkey, we monitored Mediterranean 
populations for three years. The current article gives 
information about the population inhabiting the Lake 
Eğirdir, which has been the largest permanent station 
in our project.

Materials and Methods
Lake Eğirdir is located in Isparta Province in the 
Mediterranean region of Turkey. This lake is the 
fourth largest lake in Turkey, having a surface 
area of 468 km2. The study area (sampling site, 
N38°8’19.14” E30°46’0.69”, 910 m a.s.l) is nearly 
9.5 ha, with depths of 1–4 m (Fig. 1).

In the scope of this study, 12 field surveys 
were conducted in Lake Eğirdir in 2011–2013. 
Turtles were captured using fyke nets placed 
15–20 m away from the shore and 5–10 m away 
from each other. Twenty-six pairs of fyke nets 
were baited and set up at night and were collected 
early in the morning. Capture effort was the same 
for every sampling period. The captured turtles 
were marked individually by notching marginal 
scutes according to Ernst et al. (1974). Then, the 
individuals were released where they were cap-
tured. Straight carapace length (SCL) and plastron 
length (PL) of each individual were measured to 
the nearest 0.1 mm using a calliper. Body mass 
was recorded to the nearest 0.1 g using digital 
scales. Sex was determined by carapace concavity 
and iris coloration.

Population Dynamics of the European Pond Turtle,  
Emys orbicularis (L., 1758) (Testudinata: Emydidae)  
from Lake Eğirdir (Isparta, Turkey)
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Abstract:  The Lake Eğirdir is the fourth largest lake in Anatolia, with an area of 468 km2. By using a mark-recapture 
method, the population of Emys orbicularis was monitored for three consecutive years (2011–2013) and 
data regarding their population size, sex ratio and information about habitats used was gathered. During 
the whole sampling period, 4 juveniles, 105 males and 98 females were captured and marked. According 
to the POPAN model, the three-year super-population size of Lake Eğirdir was calculated as 460 individu-
als. Capture rate and survival rate was calculated as 0.17 and 0.61, respectively. Sex ratio was determined 
nearly equal (males : females = 1.07). The Lake Eğirdir population is the only one showing increasing 
trend among the Mediterranean populations of E. orbicularis in Turkey.
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As the sampling period covered three years, it 
was assumed that the population was open (i.e. indi-
viduals enter into the population by birth and immi-
gration and leave the population by death and emi-
gration). With the data set formed from the captured 
and recaptured individuals, POPAN (Schwarz & 
Arnason 1996) and MARK (Lebreton et al. 1992, 
Cooch & White 2016) programs were used for gen-
erating models. Akaike’s information criteria (AICc) 
were used for selecting the most suitable model. 
With the suitable model, the capture rate (p), surviv-
al rate (ɸ), annual change rate (ʎ), annual popula-
tion size (N) and the super-population size (Ň) were 
estimated. The approximate population density (d) 
was calculated with the formula d = N/a by dividing 
the mean population size (N) by the sampling area 

(a, ha). All statistical analyses were performed using 
SPSS, Version 10.0.

Results and Discussion
During the study, 207 (105 males, 98 females, and 
4 juveniles) individuals of European Pond Turtle 
were marked and 48 of them were recaptured. 
The average straight carapace length (mm) was 
92.25±4.73 (79–100) for juveniles, 133.51±1.12 
(120–147) for males and 150.1±1.75 (124–166) 
for females. The average plastron length (mm) 
was 83±4.85 (69–90) in juveniles, 118.8±1.21 
(105–139) in males and 143.26±1.78 (115–158) 
in females. The average body mass (g) was 
144.9±22.8 (87–190) for juveniles, 379.7±10.93 

Fig. 1. Location and the sampling site (in red in the inset) of Lake Eğirdir

Table 1. Annual values of estimated parameters for the population of Emys orbicularis from Lake Eğirdir. [(.) constant, 
(t) time specific]

2011 2012 2013
N 348 425 607

SE 25 120 24.7
Min 299 190 560
Max 397 660 657

Model ɸ(t)p(.)ʎ(t) N(.) ɸ(.)p(.)ʎ(.) N(.) ɸ(t) p(.)ʎ(.) N(.)
AICc 234.3 171.8 296.6

ɸ 0.55 0.52 0.76
P 0.2 0.15 0.15

Model ɸ (t) p(.) ɸ (.) p(.) ɸ (t) p(.)
AICc 134.72 100.5 162.9
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(232–503) for males and 596.7±20.36 (320–810) 
for females. 

The body size of E. orbicularis varies depend-
ing on latitude and environmental factors (Fritz 
2001, 2003) and southern populations tend to be 
smaller (Fritz 1998, Keller et al. 1998). Anatolian 
populations of E. orbicularis exhibit diverse mor-
phological differentiation within Turkey (Fritz et al. 
1998). Ayaz et al. (2008a) have reported that, despite 
variations by region, SCL ranges from 89 to 169 mm 
in males (n = 396) and from 90 to 183 mm in females 
(n = 354).

The sex ratio observed by this study (males : 
females = 1.07) was generally balanced. The values 
were calculated as 0.45 for 2011, 1.35 for 2012 and 
1.36 for 2013. Balanced (Taşkavak & Ayaz 2006), 
male-biased (Auer & Taşkavak 2004, Mosimann 
& Cadi 2004, Ayaz et al. 2007, 2008b) and female-
biased (Girondot & Pieau 1993, Mazzotti 1995, 
Mascort 1998, Servan 1998, Snieshkus 1998) sex 
ratios were observed in different European Pond 
Turtle populations.

According to the POPAN model, average su-
per-population size was calculated as 460 (range 
348–607) (Fig. 2). The survival rate ranged was 
0.52–0.76 during the three years (mean 0.61). 
Capture probability ranged from 0.15 to 0.20 during 
the three years (mean 0.17). The population density 
in the lake was 48 individuals/ha but this value was 
calculated just for the sampling site in order to com-
pare with other studies. Annual values of estimated 
parameters were summarized in Table 1.

Annual survival rate of adult individuals of 
some freshwater turtles is very high, e. g. 0.96–0.98 
for Emydoidea blandingii (see Congdon et al. 
1993, 2000) and 0.95 for Kinosternon flavescens 
(see Iverson 1991). Like many other freshwater tur-
tles, the survival rate of E. orbicularis is very high. 
Ayaz et al. (2007) calculated the survival rate of 

the Pazarağaç population as 0.82±0.04 (0.73–0.90). 
Similarly, Ayaz & Çiçek (2011) have calculated 
the survival rate of the Lake Sülüklü population as 
0.82±0.04 (0.73–0.89). Even though the survival 
rate of the population in Lake Eğirdir is relatively 
low (range 0.52–0.76) compared to literature data, 
the trend of the population size is increasing (2012 
– ʎ: 0.09, 2013 – ʎ: 0.16) (Fig. 2). It is generally 
known that mortality rate of freshwater turtles in-
habiting at higher latitudes is higher during overwin-
tering (e.g. Ultsch 1989) than in spring and summer 
seasons (Mitrus & Zemanek 2004). E. g., Mitrus & 
Zemanek (2004) estimated an annual survival rate of 
E. orbicularis ranging between 0.80–1.00 depending 
on the year in central Poland. Thus, the low annual 
survival rate and its yearly fluctuation that we ob-
served could be attributed to differences in seasonal 
activities (e.g., overwintering, nesting) of individu-
als in Lake Eğirdir. Moreover, the sampling area 
and its surroundings area provide suitable habitats 
for feeding, basking and nesting place for E. orbicu-
laris. Therefore, the low capture probability (0.17) 
could be caused by habitat characteristics precluding 
capture/recapture and by a high proportion of dis-
persing individuals.

The population densities reported from Turkey 
range from 22.5 to 242 individuals/ha (Auer & 
Taşkavak 2004, Ayaz et al. 2007, 2008b, Ayaz & 
Çiçek 2011, Bayrakci & Ayaz 2014, Bayrakci et 
al. 2015). The density of the populations located 
in Mediterranean coastal region of Turkey is rela-
tively lower than that of Central Anatolian popula-
tions. The reason for that is the sympatric population 
formation of E. orbicularis with Mauremys rivulata 
(Valenciennes, 1883) (Testudinata: Geoemydidae), 
which has wide ecologic tolerance in Mediterranean 
and Aegean coastal regions (Ayaz & Çiçek 2011). 
The presence of M. rivulata is known from the Lake 
Eğirdir (Ayaz et al. 2008b); however, during the 
study they were not observed at the study site. This 
shows that, relatively, M. rivulata is found less fre-
quently in Lake Eğirdir than in coastal regions and it 
is not considered as limiting factor for the abundance 
of E. orbicularis in Lake Eğirdir.

At present, Lake Eğirdir is surrounded by or-
chards and vineyards, continuing a historic trend 
of intense agriculture in the region. Such agricul-
tural activities negatively affect the lake. The fer-
tilizers and pesticides are polluting the lake with 
irrigation runoff, and this issue is the most im-
portant among other issues that threatens the lake 
(WWF 2013). Other Mediterranean populations 
suffer from habitat loss and degradation because 
of intense tourism activities (Ayaz et al. 2013); 

Fig. 2. Trend of population size of Emys orbicularis from 
Lake Eğirdir in 2011–2013
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this threat, however, does not apply to the Lake 
Eğirdir population. 

Numerous terrestrial predators such as Lutra 
lutra (Carnivora: Mustelidae), Vulpes vulpes 
(Carnivora: Canidae), Meles meles (Carnivora: 
Mustelidae), Martes foina (Carnivora: Mustelidae), 
Martes martes (Carnivora: Mustelidae) and Procyon 
lotor (Carnivora: Procyonidae) occasionally hunt 
European Pond Turtles, mainly their eggs (Fritz 
2001, 2003, Lanszki et al. 2006). Lutra lutra, V. 
vulpes, M. meles were recorded as predators for the 
eggs of E. orbicularis (Ayaz et al. 2017) and Rattus 
rattus (Rodentia: Muridae) is a potential candidate 
that can be added to the list because a few individu-
als were found in fyke nets during field studies. We 
observed significant damage from predators such as 
destroyed nesting sites in the study period. This situ-
ation affects survival rate of juveniles and will have 
impact on future population trends.

As result of the project we carried out for the 
determination of the threatened populations of E. 
orbicularis in Mediterranean region, we observed 
that the Lake Eğirdir population is more stable than 
other Mediterranean populations. Even more, dur-
ing the three year study, the population size showed 
a tendency to increase. Even though a few possi-
bly low impact threats like predation and pollution 
were observed, with the extensive water volume and 
suitable terrestrial habitats, Lake Eğirdir is one of 
the best habitats for E. orbicularis in the Turkish 
Mediterranean region. 
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Introduction
Accurate species distribution maps represent a key 
element in achieving the new Aichi Biodiversity 
Targets for 2020 (Venter et al. 2014). Although 
distribution maps are increasingly available from a 
variety of sources, both historical and current, they 
likely include biases towards certain time periods 
and areas. These biases need to be addressed in the 
way of obtaining a more accurate overview of spe-
cies diversity (Boakes et al. 2010). It is estimated 
that 20% of reptiles worldwide are threatened and 
require urgent actions to improve their conserva-
tion status (Böhm et al. 2013). European conserva-
tion strategies rely on comprehensive datasets of 
sometimes unknown quality, as they differ within 
and among countries, with sampling effort skewed 
by factors such as accessibility and attractiveness 

of the sampling regions and (or) habitats (Romo et 
al. 2006). 

The European Pond Turtle, Emys orbicularis 
(Linnaeus, 1758), has a wide-range distribution be-
yond the Europe’s geographical limits (Arnold & 
Ovenden 2003). It extends from African Maghreb 
to the Baltic Sea and from Portugal to the Caspian 
Sea (Sillero et al. 2014). The species is considered 
Near Threatened according to IUCN regional Red 
Listing guidelines (van Dijk & Sindaco 2004, Cox 
& Temple 2009). This conservation status has been 
induced by habitat alteration, the introduction of 
predators and competitors (e.g., Raccoon, Raccoon 
Dog, Red-eared Slider Turtle), pollution and diseas-
es (Cox & Temple 2009, Fritz & Chiari 2013).

The distribution of E. orbicularis in Romania 

Spatio-temporal Bias in the Perceived Distribution  
of the European Pond Turtle, Emys orbicularis  
(Linnaeus, 1758), in Romania
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Abstract:  The present study comprises an updated distribution of Emys orbicularis in Romania that emphasizes the 
spatio-temporal sampling. We have compiled a distribution database consisting of 866 E. orbicularis oc-
currence records in Romania, based on published data (76.4%), museum collections (2.8%) and personal 
field data (20.8%). Emys orbicularis holds an occupancy area of only 6% of Romania’s territory aggre-
gated in 603 5×5 km UTM cells. Out of these cells, 74% have only one record and 26% have two or more 
records. The altitudinal range is between 0–903 m a.s.l. There are temporal inconsistencies in terms of 
sampling effort with 50% of the data recorded from 1926 to 1996, and 50% recorded after 1996. We ana-
lyzed the spatial bias in the species distribution patterns using the Getis-Ord Gi* statistic on the number 
of records per UTM cell. The results revealed over-sampled (e.g., protected areas from Dobrogea Region) 
and possibly under-sampled regions (e.g., Danube floodplain) suggesting that the present distribution data 
are not reflecting the real distribution range. Understanding these distribution patterns has useful implica-
tions in future conservation policies and spatial planning.
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was first compiled by Fuhn & Vancea (1961), fol-
lowed by Sos (2011) and Cogălniceanu et al. 
(2013). Despite the increasing number of occur-
rence records, rising from 67 distribution records in 
1961, 251 in 2011 and 753 in 2013, the sampling 
effort seemed biased in both time and space. Based 
on an updated distribution database of the European 
Pond Turtle in Romania, we estimated the sampling 
bias in time and space, aiming to provide a measure 
of inventory completeness.

Materials and Methods
We compiled a database in Microsoft Access soft-
ware consisting of the distribution records of E. 
orbicularis in Romania from 1926 until 2014. The 
data were extracted from three major sources based 
on published data, museum collections, and person-
al field data. After the data quality was checked, we 
imported them in a GIS environment as geodatabase 
(see Cogălniceanu et al. 2013 for further details). 
For spatial representation we aggregated the distri-
bution records to the Universal Transverse Mercator 
(UTM) grid system at a spatial resolution of 25 km2 
(5×5 km).

Spatial bias was assessed with Getis-Ord Gi* 
statistic, applied on the number of records aggregat-
ed to UTM 5×5 km cells. We aimed to identify the 
clusters of 5×5 km UTM cells where the sampling 
effort was significantly higher (hot spots) or lower 
(cold spots) than expected by chance. Temporal bias 
was assessed by plotting the accumulation of distri-
bution records in time.

We plotted the observed altitudinal distribution 
of E. orbicularis as described by the 5×5 UTM cells 
with species reported present, alongside with the 
available altitudinal distribution as described by all 
5×5 UTM cells within the species altitudinal range 
in Romania. We interpreted the differences in the 
two distributions as potential biases in the inventory 
effort at certain altitudes.

We performed all spatial analyses in ArcGIS 
Desktop 10.1 (ESRI, CA). 

Results
We extracted and georeferenced 866 E. orbicularis 
occurrence records from published data (76.4%), 
museum collections (2.8%) and personal field data 
(20.8%) (Fig. 1). We added 113 new records in 
2014, in addition to the 753 in Cogălniceanu et 
al. (2013). The records accumulation over time is 
presented in Fig. 2, with 50% of the records dated 
between 1926 and 1996 (a time-span of 70 years) 
and 50% after 1996 (18 years). 

The occupancy area of E. orbicularis was 6% 
of Romania’s territory aggregated in 603 5×5 km 
UTM cells (Fig. 3). Through the cells, 74% had 
only one occurrence record and 26% had two or 
more records. The Getis Ord Gi* revealed the hot-
spots of sampling effort (i.e., regions with sampling 
effort higher than expected by chance, Fig. 4). 

The observed altitudinal distribution of E. or-
bicularis ranged from 0 to 903 m a.s.l. and had a 
bimodal response. The comparison with the availa-
ble altitudinal distribution in that range emphasized 

Fig. 1. The methods used for compiling and assessing records for spatio-temporal bias in the European Pond Turtle 
(Emys orbicularis) distribution in Romania (1926–2014)

Fig. 2. The increase over time of distribution records for 
the European Pond Turtle (Emys orbicularis) in Romania 
(1926–2014)
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a knowledge gap of the distribution around 300 m 
a.s.l. (Fig. 5).

Discussion
We present an updated distribution of E. orbicularis 
in Romania and highlighted spatio-temporal bias of 
the dataset.  The compiled data came from different 
sources with different collecting designs (Fig. 1). 

For this reason, strong spatio-temporal biases might 
appear (Botts et al. 2011). In order to identify these 
biases, we addressed a series of issues related to the 
quality and relevance of E. orbicularis distribution 
patterns in Romania. Our timeline number of pub-
lications points out that there are temporal incon-
sistencies in terms of sampling effort, with half of 
the distribution data in the last 18 years from a total 
of 88 years taken into account (Fig. 2). There was 

Fig. 3. Updated distribution of the European Pond Turtle (Emys orbicularis) in Romania based on 5×5 km UTM grid 
cells. Blue circles - old occurrences recorded between 1926 and 1996, and red circles - records between 1997 and 2014

Fig. 4. Hot spots of sampling effort for the European Pond Turtle (Emys orbicularis) within Romania. Getis Org Gi* 
statistic on number of records per 5×5 km UTM cells
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Introduction
The European Pond Turtle Emys orbicularis (L., 
1758) lays eggs in a pear-shaped nest dug in sandy 
soils. After laying the eggs the female closes off the 
hole, creating the nest chamber where the “nest pe-
riod” takes place. This period comprises incubation 
and, depending on the locality, overwintering of 
hatchlings; therefore, it can vary from approximate-
ly five to eleven months. Depending on the climatic 
conditions at the individual location the hatchlings 
leave the nest either in their first autumn (Rovero & 
Chelazzi 1996, Tertyšnikov & Gorowaja 1984) 

or in the next spring (Servan 1983, Duguy & Baron 
1998).

The European Pond Turtle is one of the few na-
tive freshwater turtles that live in Europe and the only 
native turtle species in Slovakia. At many locations 
in Europe, the occurrence of this turtle is very rare, 
and in many places it is a highly endangered species. 
Only one population of this species reproduces in 
Slovakia, located in a pond within the Tajba National 
Nature Reserve (NNR) (Novotný et al. 2004). It is 
also the only reptile classified by the Slovak Red List 

Thermal Conditions in Nest Chambers of the European Pond 
Turtle, Emys orbicularis (L., 1758), in Tajba National Nature 
Reserve, Slovakia

Martin Bona1, Stanislav Danko2, Adriana Búrešová2, Milan Novotný2 & Peter Havaš2

1Department of Anatomy, Faculty of Medicine, Pavol Jozef Šafárik University, Šrobárova 2, 041 80 Košice, Slovakia;  
E-mail: martinbonask@gmail.com
2Fauna Carpatica, Maďarská 5, 04013 Košice, Slovakia

Abstract:  The European Pond Turtle (Emys orbicularis) in eastern Slovakia lays eggs from the end of May to the 
last decade of June. Incubation of the eggs takes place in the nest chambers and the hatchlings mostly stay 
in the nests until next year’s spring. For two seasons (2008/2009 and 2009/2010) we recorded ten nest 
temperatures in Tajba National Nature Reserve, south-east Slovakia, using automated data loggers. For 
clarity of presentation, according to literature data and the temperature profiles obtained, we divided the 
nesting period into four consecutive parts. During the first two and half to three months egg incubation 
takes place. The post-incubation period is characterized by the gradual reduction of the nest temperature 
down to 0°C. Then, the length of the overwintering period depends on the climatic conditions of particular 
year: 61 days in 2008 and 93 in 2009. The post-overwintering period ends when the hatchlings leave the 
nest. However, exceptions exist – for the first time in Slovakia we recorded turtles leaving during the post-
incubation (two nests in 2009). The highest temperature recorded in a nest was 34.5°C (01 June 2009 in 
nest #1 (2009)), while the lowest temperature was -9°C (25 January 2010 in nest #8 (2009)). Long-term 
measurement of nest temperatures can provide information on the current status of hatchlings in the nest, 
depending on the outside temperature at the site of the nest. That can be useful in human-aided thermal 
protection of nests during extreme outdoor temperatures but also for determination of ideal places for egg 
laying or egg replacement. These results have practical implications such as providing necessary informa-
tion when selecting optimal places for (re)introduction of E. orbicularis and for recovery of nest places 
and reproduction management of existing populations.

Key words: incubation, overwintering, data logger, hatchlings
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as “Critically endangered” (Kautman et al. 2001).
Many factors affect nest success, such as pre-

dation, human activities, soil humidity, and climatic 
conditions. The main climatic factor is undoubtedly 
environmental temperatures, including soil tem-
perature, which affect the duration of incubation 
(Kminiak 1992) and survival rate during overwin-
tering in nest (Schneeweiss et al. 1998).

To establish the thermal conditions in the nest 
chambers during the nest period at this single local-
ity in Slovakia, we used automated temperature data 
loggers to record temperature data inside a total of 
ten nests in the seasons 2008/2009 and 2009/2010. 
Using these data, we evaluated the impact of thermal 
conditions on eggs and hatchlings and survival dur-
ing the whole nest period. The results will be useful 
in the management of E. orbicularis in general, and 
particularly for more effective protection of the pond 
turtles of the Tajba NNR. 

Materials and Methods
The study was conducted in the Tajba National 
Nature Reserve (N48˚23’11.58” E21°46’27.89”), 
situated in south-eastern Slovakia, ca. 1 km north-
east of the town of Streda nad Bodrogom. The pro-
tected area covers 27.36 ha and includes Tajba pond 
(2 km long and 100–150 m wide, oxbow shaped) 
and a 100 m wide buffering area. 

In the nest seasons 2008/2009 and 2009/2010, 
we measured the temperature in a total of ten nest 
chambers of the European Pond Turtles living at this 
locality in 3-h and 4-h, respectively, intervals. We 
used miniature automated data loggers (DS1921G 
Thermochron iButton Device, Maxim Integrated, 

USA; dimensions 1.7 × 0.6 cm, measurement range 
-40 to +85°C, accuracy ±1°C, resolution 0.5°C, up 
to 2048 samples). All the nests we have chosen for 
the experiment, were found during egg laying period 
and, depending on the circumstances, data loggers 
were placed either directly in the nest chamber dur-
ing the egg laying, or in the immediate vicinity of 
the nest (ca. 25 cm) afterward. To evaluate poten-
tial differences caused by various placements of data 
loggers, we compared the data using t-test (in the 
nest / immediate vicinity) and we did not find any 
significant variations in measurements. All the nests 
were situated on the meadows in sandy soil with 
practically no canopy over them and only sparse 
grassland vegetation around. All nests were regu-
larly checked for any visible changes as required by 
the nature of the experiment. Each nest was open at 
the end of nest period (next summer) for evaluation 
the nesting success according the condition of eggs, 
embryos in eggs, hatchlings or eggshells. In the 
season 2008/2009 we measured temperature in six 
nests focused on post-incubation, hibernation and 
post-hibernation period with sampling rate every 3 
hours. Season 2009/2010 included measurements 
during incubation period with a sampling rate every 
4 hours; we measured temperature in 4 nests.

For clarity of presentation, according to litera-
ture data and the temperature profiles (Fig. 1) we di-
vided the nest period into four consecutive parts: in-
cubation, post-incubation, overwintering, and post-
overwintering period (Fig. 1). The length of incuba-
tion period was established at 75 to 90 days after egg 
laying based on data for the same locality (Novotný 
et al. 2004). The post-incubation period is conserva-
tively starting from the ninetieth day and ending on 

Fig. 1. Thermal graph divided into nesting periods, showing maximum, minimum and average daily temperatures 
within ten nests of Emys orbicularis in Slovakia
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the first date on which 0°C was measured inside the 
nest. The overwintering period then is defined as the 
days between the first and the last recorded 0°C. It 
is followed by the post-overwintering period, which, 
along with the whole nest period, ends when the 
hatchlings leave the nest.

Results
For the first time we established temperatures inside 
nesting chambers of free-ranging E. orbicularis in 
Slovakia. Below we present detailed results for each 
separate period and the overall survival success of 
all monitored nests.

Incubation period
This period is characterized by a slowly decreas-
ing temperature with large daily dispersion (Fig. 1). 
During incubation, average temperatures per nest 
ranged from 21.5 to 23.7°C (Table 1). The aver-
age incubation temperature of all nests was 22.87 ± 
0.83°C (4 nests in 2009, 540 measurements each). 
The highest overall temperatures in nests were meas-
ured in July, while the lowest in September (Fig. 
2). Nevertheless, the lowest absolute temperature 
(13°C) was recorded on 01 July in nest #1 (2009) 
and the highest absolute temperature (34.5°C) was 
recorded in same nest on 01 June. Based on visual 
observations we found that nest #2 (2009) was de-
stroyed by a predator. After evaluation of the data 
obtained by the logger, we concluded that it was on 
21 August between 08:00 and 12:00 h. 

Post-incubation period
A relatively strong decrease in temperature is typical 
for this period. In the beginning, daily temperatures 
fluctuate widely, similar to the incubation period, but 
as time progresses the fluctuation is greatly reduced 
(Fig. 1). Such rapid reduction in fluctuation was ob-
served on 18 November 2008 and 09 October 2009. 
In 2008 Post-incubation period lasted 112.7 ± 11.2 
days (n = 6); in 2009 – 114 days for nest #1 (2009) 

and 90 days for nest #8 (2009). The average tem-
perature in 2008 was 8.26 ± 0.26°C, while in 2009 it 
was 12.23°C for nest #1 (2009) and 10.28°C for nest 
#8 (2009) (Table 2).

In 2009, we observed hatchlings leaving the 
nest during this period for the first time in Slovakia. 
We first observed an opening of nest #7 (2009) on 
08 October; on 06 November, after we opened the 
nest and examined the contents, we estimated based 
on the empty eggshells three hatchlings had left the 
nest. Another 13 hatchlings were still in eggs, but 9 
of them were already dead. The mean temperature 
in nests in October 2009 was 11.3 ± 2.22°C. In ad-
dition, an estimated twelve hatchlings left a nest #4 
(2009) on 05 October. However, this nest was not 
equipped with a data logger and is not included in 
the other results.

Overwintering period
We measured a relatively constant temperature with 
low daily fluctuation (Fig. 1). In 2008, the period’s 
mean length was 65.83 ± 6.19 days, while in 2009 
it was 93 days in both nests. As well as the length 
of this period, the temperatures vary from year to 
year. In the season 2008, the mean temperature of 
nests was 0.33 ± 0.21°C (from -4°C to 9°C) while 
in the season 2009 it was considerably colder (0.03 
± 1.74°C and -0.3 ± 2.06°C). The lowest temperature 
measured in 2009 was -9°C. 

Post-overwintering period
We recorded a sharp temperature rise with a wide 
variation between the maximum and minimum dai-
ly temperatures, similar to the incubation period. 
Because the precise day when the hatchlings leave 
the nest is very hard to observe and it is also impos-
sible to estimate it based on the measured tempera-
tures, we managed to define this only for one nest 
(#6 (2008)), with hatchlings leaving it on 14 April 
2009. In this case the post-overwintering period 
lasted for 47 days, with an average temperature of 
6.96 ± 4.3°C.

Survival successes
All monitored nests, except #2 (2009) and #7 (2009) 
(see above), remained intact until the hatchlings left 
the nest. After evaluating the nesting success based 
on the condition of eggs, embryos in eggs, hatchlings 
or eggshells post-hatching we found out that eggs in 
two nests have not been properly incubated and one 
nest has been lost due to forestry activities in spring. 
The remaining five nests produced 7.4 hatchlings in 
average, with overall success rate of 60% (Table 4). 

Table 1. Temperatures (°C) of monitored nests during the 
incubation period in 2009. Max. = maximum temperature, 
Min. = minimum temperature, Ave. = average tempera-
tures, SD = standard deviation

Nest # Max. Min. Ave. SD
#1 (2009) 34.5 13.0 22.81 4.35
#2 (2009) 32.5 13.5 23.70 3.67
#7 (2009) 29.5 15.0 21.53 2.93
#8 (2009) 32.0 16.0 23.43 3.22
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Discussion
The European Pond Turtle is a reptile with a tem-
perature-dependent sex determination (TSD) (Pieau 
1974). At incubation temperatures below 27.51°C 
only males are produced, while at temperatures 
above 29.51°C the hatchlings are predominantly fe-
males; between 27.51–29.51°C both sexes can de-
velop, while the pivotal temperature was established 
at 28.51°C (Hulin et al. 2009). Under natural condi-
tions, however, temperatures are not nearly as ideal 
and certainly not constant. It is estimated that the sex 
of 83 percent of hatchlings in natural conditions is 
affected by genetic predisposition or maternal influ-
ence (Girondot et al. 1994). 

In our study, in 2009, the average incubation 
temperature in all nests was 22.87 ± 0.83°C, with 
a maximum of 34.5°C. Similar temperatures were 
recorded in Austria and Germany (Rössler 1999, 
Schneeweiss et al. 1998).

The end of the incubation period is critical for 
the hatchling’s survival because the nest becomes 
more olfactory and acoustically attractive for preda-
tors as the turtles are hatching. This theory is sup-
ported by our finding of the depredated nest #2 
(2009).

During the post-incubation period hatchlings 
leave the nest chambers in some southern loca-
tions (Krasavzev 1941, Tertyšnikov & Gorowaja 
1984). Likely due to lower temperatures in Slovakia 
and other northern latitudes hatchlings leave the nest 
during the post-hibernation period. However, for 
the first time since monitoring of nests and hatch-
ing were initiated in 1999 in Slovakia, we observed 
two cases of hatchlings leaving the nest early, in the 
post-incubation period. We also found that in this 
period the hatchlings from two nests #5 (2008) and 
#8 (2008) died still in the eggshells, possibly due 
to issues during incubation. Although we did not 

Table 2. Duration (Days) and Temperatures (°C) of moni-
tored nests during the post-incubation period during the 
seasons 2008/2009 and 2009/2010. Max. = maximum 
temperature, Min. = minimum temperature, Ave. = aver-
age temperatures, SD = standard deviation

Nest # Duration Max. Min. Ave. SD

#2 (2008) 111.0 17.5 0.5 8.60 4.62

#3 (2008) 125.0 18.5 0.5 8.13 4.77

#5 (2008) 120.0 17.0 0.5 8.06 4.76

#6 (2008) 121.0 17.5 0.5 8.29 4.74

#8 (2008) 101.0 17.0 0.5 7.95 4.43

#10 (2008) 98.0 21.5 0.5 8.51 5.20

#1 (2009) 114.0 32.0 0.5 12.23 6.66

#8 (2009) 90.0 22.5 1.0 10.28 4.81

Table 3. Duration (Days) and Temperatures (°C) of moni-
tored nests during the overwintering period during the 
seasons 2008/2009 and 2009/2010. Max. = maximum 
temperature, Min. = minimum temperature, Ave. = aver-
age temperatures, SD = standard deviation

Nest # Duration Max. Min. Ave. SD

#2 (2008) 79.0 6.5 -4.0 0.27 1.98

#3 (2008) 65.0 7.0 -3.0 0.08 1.70

#5 (2008) 66.0 7.0 -3.5 0.08 1.80

#6 (2008) 61.0 6.5 -2.5 0.55 1.69

#8 (2008) 63.0 6.0 -2.5 0.44 1.61

#10 (2008) 61.0 9.0 -3.5 0.58 1.95

#1 (2009) 93.0 7.5 -6.0 0.03 1.74

#8 (2009) 93.0 8.5 -9.0 -0.30 2.06
 

Table 4. Survival success of monitored nests of Emys or-
bicularis in Slovakia. All hatchlings from successful nest 
left post-wintering, except nest #7 (2009)

Nest # Living/ dead Note

#2 (2008) 12/0

#3 (2008) 7/5

#5 (2008) 0/11 died in autumn 2008

#6 (2008) 8/2

#8 (2008) 0/15 died in autumn 2008

#10 (2008) 6/4

#1 (2009) 4/7

#2 (2009) ? destroyed by predator in 2009

#7 (2009) 7/9 left on 08 October 2009

#8 (2009) ? lost in spring 2010

Fig. 2. Mean monthly nest temperatures of Emys orbicu-
laris during incubation in 2009
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measure incubation temperature in these nests, we 
recorded the lowest mean temperatures during the 
post-incubation period. So we can assume low tem-
peratures even during the incubation period.

The length of the overwintering and survivor-
ship of hatchling during this period are strongly in-
fluenced by the climatic conditions in a given year. 
Despite the different climatic conditions, we record-
ed successfully overwintered individuals for two 
years. Schneeweiss et al. (1998) observed success-
fully overwintering individuals in range between 
-9°C and -5°C, while they observed 100% mortality 
at -12°C. De Pari (1996) mentioned -10°C as surviv-
al temperature limit in nest chambers of Chrysemys 
picta. In our work the lowest measured temperature 
in the nest was -9°C; unfortunately, we are not able 
to confirm survival of the hatchlings because the nest 
#8 (2009) was lost in spring 2010. However, we can 
confirm successful overwintering at a temperature of 
-6°C in nest #1 (2009).

The post-overwintering period is characterized 
by abandonment of nests in most of the northern 
populations (Fritz & Gunther 1996, Schneeweiss 
et al. 1998, Mitrus & Zemanek 2000). In Tajba NNR 

hatchlings always left in this period since 1999, ex-
cept for the two cases described in this paper. This 
was probably caused by the extremely favourable 
conditions during the year 2009.

Our results show that more studies are needed 
for some important phases of the nest period. We 
stipulate that measures to guarantee artificial nest 
protection during egg laying and hatching are key 
for decreasing predator pressure and increasing 
the hatching success. Increased sampling effort in 
Slovakia is needed during post-incubation, to esti-
mate more accurately the climatic and other driv-
ers that may lead to hatchling’s early leaving of the 
nest. Long-term studies of nest temperatures with 
an increased sample size will help devise additional 
successful conservation measures to be utilized in 
other locations, including in the only population in 
Slovakia of reproducing E. orbicularis.
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Introduction
The European Pond Turtle, Emys orbicularis 
(Linnaeus, 1758) (Testudines: Emydidae), is the only 
autochthonous species of freshwater turtle in Serbia 
(Krizmanić et al. 2015). Its natural distribution in-
cludes most of Europe (except north and parts of 
centre), western Asia and northern Africa (Arnold 
& Ovenden 2002). At the international level, the 
European Pond Turtle attracts considerable conser-
vation efforts. It was recognized as Near Threatened 
in the IUCN Red List (Tortoise and Freshwater 
Turtle Specialist Group 2016), listed in Annexes 
II and IV of the Habitats Directive (European 
Commission, No. 92/43/EEC a, b) and Appendix 
II of the Bern Convention on the Conservation of 

European Wildlife and Natural Habitats (Council of 
Europe, 1979).

In Serbia, E. orbicularis was protected as natu-
ral rarity since 1993 (Official Gazette of the Republic 
of Serbia, No. 50/93, 93/93) and is now considered 
strictly protected (Official Gazette of the Republic 
of Serbia, No. 5/10). After substantial efforts to col-
lect all available literature and unpublished field data 
(Krizmanić et al. 2015), it was assigned to the Data 
Deficient category at the national level (Red Book of 
Fauna of Serbia II – Reptiles: Krizmanić & Džukić 
2015). Furthermore, the only so far realized pro-
ject dedicated to E. orbicularis was restricted to the 
Vojvodina province, north of the Danube and Sava 
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Further studies are necessary for adequate management planning and effective protection of E. orbicu-
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rivers (Crnobrnja-Isailović & Mesaroš 2013). 
Consequently, this part of the Pannonian Plain rep-
resents approximately 68% of the so far known dis-
tribution range of this species in Serbia (Krizmanić 
et al. 2015). On the other hand, the central part of the 
country was not previously studied, thus a vast area 
of potentially suitable habitats remained unexplored.

The high level of both international and nation-
al protection, along with general lack of faunistic 
and ecological records on E. orbicularis in Serbia, 
raised the urgency for gathering additional data 
(Krizmanić et al. 2015). This triggered our field 
studies on the distribution of the turtle and threats 
to its habitats. Here we present all distribution data 
gathered to date on E. orbicularis in Serbia. Also, we 
constructed an ecological niche model and a habitat 
suitability map, to aid in future research and conser-
vation actions.

Materials and Methods
We performed field surveys from May to September 
2015, corresponding to the period of highest activity 
of the animals. Most of the effort was dedicated to 
small ponds near large watercourses which were ne-
glected in previous studies (Velika Morava, Zapadna 
Morava, Južna Morava, Drina, Kolubara, Mlava, 
Pek and Timok). Beside targeted surveys in 2015, 
the data included individual observations covering 
period from 2001 to 2016, and significant proportion 
of these observations came from numerous volun-
teers. Turtles were usually recorded during aerial or 
water-surface basking (including the use of binocu-
lars) and on few occasions they were caught in fun-
nel traps (150 cm long and 50 cm in diameter) baited 
with fish offal. The data used in this study included 
only species presence, regardless of its population 
size. 

To make an overview of known distribution 
of the pond turtles in Serbia, gathered data were 
first overlapped with recently published records by 
Krizmanić et al. (2015) and shown as a MGRS 10 
× 10 km map. We created an ecological niche model 
to get insights into the ecological requirements and 
potential distribution of E. orbicularis (details in: 
Guisan & Zimmermann 2000, Elith & Leathwick 
2009, Sillero 2011) using Maxent v. 3.3.3k 
(Phillips & Dudík 2008). Maxent was run through 
the ‘dismo’ package in R v. 3.3.1 (R Core Team 
2016). Before any analysis, occurrences (observa-
tions of turtles given in Table S1.1) were subsampled 
by randomly selecting single occurrence within each 
10 × 10 km MGRS square. This procedure helps to 
remove sampling bias and increases model accuracy 

(Fourcade et al. 2014). Known occurrences were 
compared to 10000 background (pseudo-absence) 
points randomly sampled in 100 km buffer zone 
surrounding the confirmed occurrences (Barbet-
Massin et al. 2012).

Environmental parameters were extracted 
from a set of freely available GIS layers: Bioclim 
(Hijmans et al. 2005), digital elevation model (EEA 
2013a), NDVI (LP DAAC 2000) and land cover 
(EEA 2013b). All layers were reprojected to ETRS89 
/ ETRS-LAEA coordinate reference system and resa-
mpled to the highest resolution layer, digital elevation 
model with a pixel size of 25 m2. We used bilinear 
interpolation for layers with numerical variables and 
near interpolation for layer with categorical predic-
tors (i.e. land cover). Bioclim is a set of 19 variables 
representing biologically meaningful interpretation 
of precipitation and temperature over a 30 years pe-
riod. We selected only five Bioclim variables which 
are not autocorelated and enable simple, straightfor-
ward interpretation of the results. These were: annual 
mean temperature and precipitation variables, their 
seasonality and isothermality. GRASS GIS v. 7.0.1 
software (Neteler et al. 2012) was used to calculate 
slope, aspect northeness and aspect eastness from the 
digital elevation and also to produce average, mini-
mal and maximal value NDVI layers out of the origi-
nal 15-days NDVI composite acquired in 2009–2013. 
NDVI (Normalized Difference Vegetation Index) or 
so called “greenness index” provides remote sensed, 
usually satellite acquired, data about plant productiv-
ity i.e. photosynthetic activity. We believe this index 
could detect aquatic habitats and/or dense vegetation 
surrounding ponds where the turtles naturally occur. 
Our ecological niche model thus included variables 
describing climate (Bioclim), topography (slope and 
aspect) and species habitats (land cover and NDVI) 
(Table 1).

After fitting the ecological niche model, we 
evaluated its performance, using the modified null-
model validation procedure of Raes & ter Steege 
(2007). This involved sampling the same number of 
random points as the original number of occurrences 
and fitting the null-model. To minimise the chance 
of error, the procedure was repeated 100 times. At 
the end, we compared AUC values of species niche 
model and 100 randomly constructed null-models 
using one sample t-test (one tailed test, alternative 
hypothesis μ < μ0). After model validation, final maps 
were shown as Maxent’s logistic output and visually 
arranged in QGIS v. 2.16.1 (QGIS Development 
Team 2009).

Contribution of variables was assessed using 
Maxent’s contribution table and Jackknife analysis. 
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In the Jackknife procedure the model was fitted mul-
tiple times and each time one of the variables was 
excluded from it. In addition, univariate models were 
fitted and the gain of all fits was visually compared. 
Variables that best explain the species’ ecological 
niche should have good gain when used alone and 
decrease the model gain if excluded. Effects of the 
most important variables on the species distribution 
were explored using their response curves. For this 
purpose, only univariate models were used, to ex-
clude the possibility of inadequate responses of cor-
related variables.

We should note that ecological niche model 
created an obscure response for land cover variable 
(Fig. 2). Assuming this response came due to differ-
ent habitat characteristics in Vojvodina province and 
the rest of the country, we divided occurrence records 
and made two separate ecological niche models to 

ease the interpretation of the results (Supplementary 
data 2).

Results
Data gathered during this study covered 100 MGRS 
squares of 10 × 10 km, which is about 10% of the 
territory of Republic of Serbia. We gathered a total 
of 90 occurrences of E. orbicularis across 76 sepa-
rate MGRS squares, while in 24 squares the turtle 
presence could not be confirmed (Fig. 1; Table S1.1). 
Out of 76 squares where the species was recorded, 
43 are noted for the first time, while in 33 the pres-
ence of E. orbicularis was already known from lit-
erature.

After subsampling of the occurrence records, 
76 of them remained to be used for niche modelling. 
The model reported an AUC value of 0.93, which 

Fig. 1. Records of European Pond Turtle in Serbia shown 
on MGRS map (zone 34T). Letters represent large 100 
× 100 km MGRS squares displayed as thick lines, while 
small grid cells are given in thin lines delimiting areas of 
10 × 10 km

Fig. 2. Habitat suitability (with MGRS grid) for the Europe-
an Pond Turtle in Serbia predicted by the Maxent ecological 
niche model using a set of climatic, topographic and habitat 
layers. The levels of gray on the map are showing Maxent’s 
logistic output, i.e. probability of species presence ranging 
between 0 and 1. Numbered Rivers: 1. Danube, 2. Sava, 3. 
Tisa, 4. Velika Morava, 5. Zapadna Morava, 6. Južna Mora-
va, 7. Drina, 8. Kolubara, 9. Mlava, 10. Pek, 11. Timok, 12. 
Toplica, 13. Binačka Morava
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was significantly higher than the mean AUC value 
of 0.73 (range: 0.67–0.80) reported from null mod-
els (p = 2×10-16). This proved that the E. orbicularis 
niche model performed better than the random null-
models, and allowed us to use it for further analysis.

Overall, the model suggested that potentially 
suitable areas for E. orbicularis exist throughout 
Serbia, mainly in flatland and lowland areas, and 
along larger watercourses (Fig. 2). Obtained habitat 
suitability map matches the already known distri-
bution (Figs. 1, 2). According to the literature data, 
southern part of the country seems to be well pre-
dicted, even though precise observations from this 
region were not available for fitting the model.

Slope (33%) and land cover (31%) were by 
far the most significant predictors, followed by 

temperature variables (16%) and NDVI (13%) which 
also considerably contributed to the model prediction 
(Table 1), while annual precipitation is not shown as 
a direct limiting factor for this species. These results 
are also supported by permutational importance of 
the variables (Table 1) and Jackknife analysis (Fig. 
3) which additionally emphasised the importance of 
temperature. Response curves of the three most sig-
nificant numerical variables suggest that E. orbicu-
laris prefers annual mean temperatures above 10°C, 
flatlands with slope under 10 degrees and open areas 
rather than dense forests (Fig. 4a-c). Looking at the 
land cover response curves (Fig. 4d), there is no clear 
preference for any habitat type. However, separate 
analysis for Vojvodina region shows that the habitats 
are mostly associated with industrial or commercial 

Table 1. List of variables with resolution of raster layers used in ecological niche model of European Pond Turtle. 
Relative percentage of contribution for each variable to the final model, and their permutational importance are taken 
from Maxent results page

Name of the variable Layer resolution (m) Contribution (%) Permutational importance (%)
Slope 30 33 22
Land Cover 100 31 22
NDVI Maximum 250 12 14
Isothermality 1000 6 1
Temperature Seasonality 1000 6 15
Annual Mean Temperature 1000 4 17
Aspect Northness 30 2 1
Annual Precipitation 1000 2 7
Precipitation Seasonality 1000 2 1
Aspect Eastness 30 1 1
NDVI Average 250 1 1
NDVI Minimum 250 0 0

Fig. 3. Jackknife test of variable importance in modelling ecological niche of European Pond Turtle. A variable con-
tains more useful information if it achieves higher gain when used alone and if it lowers the gain when excluded
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units, mineral extraction sites, green urban areas, 
natural grasslands, inland water bodies and water 
courses (Fig. S2.2). On the other hand, habitats south 
of Danube and Sava Rivers are primarily associated 
to inland marshes and land principally occupied by 
agriculture, with significant areas of natural vegeta-
tion (Fig. S2.5). Generally, it seems that all analysed 
predictor variables have wider response curves in 
Vojvodina comparing to Serbia south from Danube 
and Sava Rivers (Figs. S2.2, S2.5).

Discussion
Although E. orbicularis is one of the conservation 
priority species in Europe, and strictly protected in 
Serbia, data on its distribution, population status and 

threatening factors on a national level are scarce. 
The most evident contribution of the present publi-
cation are new observations of the European Pond 
Turtle in central Serbia (Fig. 1), especially along riv-
ers Zapadna Morava and Mlava, where the species 
is abundant, although not previously recorded (see 
Krizmanić et al. 2015). Good overlapping of habi-
tat suitability map (Fig. 2) and literature data (Fig. 
1) suggested that niche models could also be a valu-
able aid in planning faunistic studies and in discov-
ering previously undetected populations of rare and 
threatened species (e.g. Kumar & Stohlgren 2009, 
Verovnik et al. 2014, Fois et al. 2015). Habitat suit-
ability map points out further surveys in central and 
southern Serbia i.e. regions along Velika Morava, 
Kolubara, Pek, Binačka Morava and Toplica rivers to 

Fig. 4. Response curves of four most important variables affecting ecological niche model of European Pond Turtle. 
Annual mean temperature is given in °C, while slope is given in degrees. NDVI index is remote sensed data showing 
vegetation greenness and has no measuring units. Land cover variable is given as classes of land cover types (see EEA 
2013b for details)
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extend the known distribution of the European Pond 
Turtle. This map and knowledge about the location 
of small water bodies could help us to quickly locate 
unrecorded habitats of pond turtle. This way we could 
allocate the usually limited resources to the most suit-
able areas and possibly facilitate conservation actions.

Our model showed that slope, land cover, tem-
perature and vegetation index could significantly ex-
plain the European Pond Turtle’s ecological niche in 
Serbia (Figs. 3, 4, Supplementary data 2). The true 
potential of exploring ecological niche of this spe-
cies came when distribution ranges were analysed 
separately for the area north and south of Danube 
and Sava Rivers (Supplementary data 2). It seems 
that habitats of European Pond Turtles in Vojvodina 
have wider ecological responses for land cover, tem-
perature and NDVI (Figs. S2.2, S2.5). Facing the 
threat from agricultural intensification, it is possible 
that turtles are forced to use wider range of the re-
maining, scarce habitats. To complement this con-
clusion, the prevailing effect on distribution of this 
species in Vojvodina came from just a single vari-
able which explains current land use practices (Table 
S2.1, Fig. S2.1). Additionally, Vojvodina is charac-
terised by flatland terrain, thus small contribution of 
topographic variables is expected. In rest of Serbia, 
where agriculture is not so intensive and natural 
habitats are relatively preserved, climate and topog-
raphy played more important roles (Table S2.2, Fig. 
S2.4). However, we should be cautious since the 
choice of variables and their mutual relations could 
strongly affect our results. Variables might be associ-
ated with other factors (such as soil characteristics, 
food availability and microhabitat features), which 
could additionally affect the distribution of the spe-
cies (Guisan & Zimmermann 2000).

Available distribution data for Vojvodina prov-
ince suggest that the European Pond Turtle is abun-
dant in this region (see Krizmanić et al. 2015 and this 
paper, Fig. 1). This is also suggested by habitat suit-
ability map (Fig. 2), but could lead to an erroneous 
conclusion that populations here are abundant and 
healthy. Vojvodina underwent considerable changes 
(e.g. drainage, irrigation, agricultural chemical and 
mechanical treatments), especially during the last 
300 years: currently 92% of its territory, i.e. 2 mil-
lion ha, is suitable for agricultural use (Dragović et 
al. 2005) hence the largest portion of its area quickly 
become unsuitable for wildlife. Turtles in Vojvodina 
seem to prefer habitats in urban, industrial or semi-
natural areas, while they avoid land used for intensive 
agriculture (Fig. S2.2). Turtles are observed in scat-
tered, usually small water bodies which still have not 
been drained for human usage, or along the artificial 

canals which crisscross this region. Evidently this 
is not a sole example, since E. orbicularis were no-
ticed in similar habitats in other parts of the species 
range (e.g. Kotenko 2004). Turtles can freely roam 
across the vast area of Vojvodina through a network 
of canals of 20,000 km in total length (Dragović et 
al. 2005), and presumably they form a large metap-
opulation with restricted gene flow. This hypothesis 
should be explored in future genetic and population 
studies.

In other parts of Serbia, E. orbicularis is found 
in areas that are under lower anthropogenic influenc-
es, including marshland areas and places with low in-
tensity agriculture (Fig. S2.5). Two types of habitats 
are typical for this species here: oxbows and water-
filled abandoned gravel pits. Natural oxbows are rare 
nowadays, and their number still decrease due to hu-
man maintenance of river courses. On the other hand, 
existing gravel mining practice results in creation of 
artificial ponds, which, once abandoned, become 
suitable habitats for E. orbicularis. Considering that 
effects of quality of aquatic and terrestrial habitats on 
the distribution of the turtle are still not fully under-
stood (Ficetola et al. 2004 and references therein), 
it is possible that water-filled abandoned gravel pits 
could have played a significant role in survival and 
distribution of the species in recent history. However, 
biodiversity recovery rates after gravel mining are 
yet to be explored (Price et al. 2005, Kowalska & 
Sobczyk 2014, Klimaszewski et al. 2015).

Populations of the European Pond Turtle seem 
to decline across the species’ range and most of con-
servation efforts are focused on preservation of sparse 
and isolated populations, or at species’ reintroduc-
tion into areas it already disappeared from (Cadi & 
Miquet 2004, Mignet et al. 2014, Masin et al. 2015 
and references therein). Despite dedication, current 
reintroduction efforts on wild animal populations are 
shown to have limited efficiency, with only one-third 
being successful (Tavecchia et al. 2009 and referenc-
es therein), while effectiveness of reptiles’ reintroduc-
tion is considered to be even lower (Dodd & Seigel 
1991 and references therein). On the other hand, in 
Serbia E. orbicularis is evidently understudied, while 
populations seem to be in good condition. This calls 
for additional studies and urgent adoption of man-
agement plans, for timely protection of this species. 
Effective conservation of healthy populations and 
their habitats requires far less effort and funding than 
attempts of restoration of severely degraded habitats 
and declined populations.

Along with further research on distribution of 
E. orbicularis, long-term population studies should 
be established across this turtle’s range. As far as we 
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know, the first long-term (Capture-Mark-Recapture) 
population study in Serbia was established six years 
ago at Ludaš Lake, at the very north of Vojvodina 
(Grabovac & Golubović, unpublished data) and 
another study was started during 2015 in central 
Serbia (Golubović & Popović, unpublished data). 
Education of residents, precluding of illegal collect-
ing of turtles from nature and preventing destruction 
of their habitats (i.e. control of illegal dumping and 
overusing of agriculture machinery and chemicals) 
should be further conservation steps for protecting 
this threatened species in Serbia.
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Supplementary Data 1
Table S1.1. Exact coordinates with altitude (Alt.) where European Pond Turtles were observed in Serbia during our 
study. Novel 10 × 10 km MGRS squares (zone 34T) are bolded. For observations made by authors initials are given 
instead of full names

Latitude (N) Longitude (E) Alt. MGRS Observer Year Locality
44°55’35.29” 19°10’46.27” 80 CQ57 D. G. 2016 Bosutska šuma
44°59’16.65” 19°07’35.97” 82 CQ58 D. G. 2016 Bosutska šuma
44°38’38.39” 19°16’15.60” 103 CQ64 A. G., M. P. 2015 Lešnica
44°40’34.83” 19°23’27.44” 97

CQ74
Slobidan Puzović 2016 Poćerski kanal

44°38’40.60” 19°28’45.89” 145 Slobidan Puzović 2016 Stream Bela reka
44°38’59.29” 19°29’28.14” 125 CQ84 Slobidan Puzović 2016 Vlg. Bela reka
44°59’18.58” 19°33’11.28” 73 CQ88 Marko Šćiban 2015 Laćarak
45°25’59.81” 19°11’57.59” 79 CR53 D. G., Varga Balaž 2015 Bač
45°32’18.63” 19°5’59.89” 77 CR54 D. G., Viktor Sabo 2010 Bogojevo
45°55’47.51” 19°7’42.04” 86 CR58 Jelena Šeat 2015 Kruševlje
45°13’26.15” 19°36’9.889” 74 CR90 D. G. 2011 Begečka jama
45°50’13.98” 19°37’48.83” 91 CR97 Šandor Klimo 2015 Bačka Topola
45°51’59.06” 19°36’47.19” 91 CR98 Jožef Dožai 2009 Bačka Topola
46°9’26.94” 19°36’32.77” 122 CS91 D. G., Jožef Dožai 2012 Kelebija
44°1’32.40” 20°0’47.40” 671 DP27 Brano Rudić 2015 Tometino polje

43°54’54.48” 20°12’59.42” 271
DP36 Uroš Pantović 2015 Ovčar banja

43°54’59.11” 20°12’56.12” 271
43°53’56.75” 20°19’24.59” 242

DP46
Dragiša Petrović, A. G., M. P. 2015 Suva Morava

43°53’53.10” 20°19’22.53” 242
43°53’48.13” 20°20’4.671” 240

Uroš Pantović 2012
Suva Morava

43°53’51.99” 20°19’18.10” 242 Trbušani
43°52’28.56” 20°24’38.87” 226 DP55 A. G., M. P. 2015 Baluga
44°2’5.359” 20°25’35.26” 430 DP57 Miroslav Miljević 2015 Brusnica
43°46’30.79” 20°30’55.36” 248 DP64 M. P. 2015 Samaila
43°49’32.88” 20°30’48.96” 209 DP65 A. G., M. P. 2015 Katrga
43°38’58.55” 20°55’37.19” 166 DP93 A. G., M. P. 2015 Vrnjci
44°17’48.78” 19°48’45.25” 229 DQ00 Vladan Vučković 2010 Bukovica
44°17’17.16” 20°0’17.27” 143 DQ20 A. G., M. P. 2015 Divci
44°43’47.97” 20°10’15.30” 69 DQ35 A. G., Sonja Đorđević 2014 Živača
44°47’33.36” 20°19’21.72” 68 DQ46 A. G. 2016 Galovica
45°57’58.43” 20°18’59.74” 74 DQ49 Aleksandar Lazić 2016 Letkov salaš
44°56’01.31” 20°26’29.17” 68 DQ57 Milan Đurić 2014 Lisičiji jarak
45°3’19.14” 20°23’23.00” 70 DQ58 Tamara Karan Žnidaršič 2015 Opovo

44°25’1.750” 20°40’49.06” 160 DQ71 Maniša Ribar 2015 Mladenovac
44°46’23.91” 20°43’14.88” 68 DQ75 Slobodan Panjković 2015 Omoljica
45°14’4.398” 19°44’4.808” 77 DR00 Slobodan Ivković 2014 Futog
45°24’20.63” 19°53’38.55” 81

DR12 Deneš Varga 2015 Temerin
45°24’40.20” 19°54’32.51” 76
45°33’55.86” 20°1’36.36” 68

DR24
D. G., Varga Balaž 2015 Bečej

45°32’37.37” 20°3’58.43” 69 D. G., Bohocki Zoltan 2015 Bačko Gradište
45°47’5.089” 20°4’20.55” 73 DR27 D. G. 2009 Ada
45°12’36.47” 20°13’58.76” 74 DR30 D. G. 2009 Lok
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45°15’27.65” 20°20’0.589” 65 DR41 D. G. 2008 Ečka
45°59’9.211” 20°19’12.54” 74 DR49 D. G., Anita Šušić 2015 Vrbica
45°12’06.04” 20°22’45.85” 80 DR50 Tamara Karan Žnidaršič 2016 Perlez
45°55’11.83” 20°25’8.439” 74 DR58 D. G., Stevan Popadić 2015 Mokrin
45°10’33.54” 20°32’28.62” 70 DR60 Slobodan Ivković 2015 Idvor
45°34’37.34” 20°45’38.49” 73

DR84
D. G., Varga Balaž

2015 Srpski Itebej
45°34’32.13” 20°45’13.03” 77 Ivan Ilievski
46°6’25.88” 19°46’16.25” 100 DS00 D. G. 2012 Subotica
46°7’37.44” 19°50’11.41” 99 DS10 D. G., Jožef Dožai 2011 Bački Vinogradi
46°3’40.29” 20°0’5.641” 79 DS20 D. G. 2015 Kanjiža
46°8’40.41” 20°2’9.531” 71 DS21 D. G., Viktor Sabo 2010 Martonoš
46°3’7.588” 20°7’37.45” 71

DS30 D. G.
2015

Novi Kneževac46°5’2.889” 20°12’23.15” 72 2015
46°04’04.94” 20°06’12.58” 73 2016
42°25’52.64” 21°47’33.87” 430 EM69 Miroslav Miljević 2016 Žuželjica
43°20’42.69” 21°44’43.50” 247 EN69 Bojan Zlatković 2016 Lalinačka slatina
43°18’8.704” 22°0’24.65” 205 EN89 M. P. 2011 Niška banja
42°59’43.45” 22°6’17.74” 356

EN96 Vladica Stojadinović
2001 Jezero Šišava

43°0’33.36” 22°10’48.34” 691 2005 Kruševica
43°37’12.71” 21°4’36.83” 159 EP02 A. G., M. P. 2015 Medvedja
43°35’9.960” 21°11’49.55” 147 EP12 A. G., M. P. 2015 Bresno Polje
43°56’01.92” 21°12’13.55” 151 EP16 Đorđe Jocić 2016 Dragocvet
43°35’52.07” 21°16’10.92” 139 EP22 A. G., M. P. 2015 Čitluk
43°52’18.44” 21°20’17.88” 119 EP25 A. G., M. P. 2015 Trešnjevica
43°22’48.00” 21°50’41.99” 299 EP60 Slobodan Ivković 2015 Čamurlija
43°28’55.21” 21°46’0.461” 167 EP61 A. G., M. P. 2015 Katun
44°36’30.20” 21°5’13.81” 71 EQ03 A. G., M. P. 2015 Dragovac
44°38’18.34” 21°4’43.46” 72 EQ04 A. G., M. P. 2015 Živica

44°46’26.40” 21°0’3.960” 74 EQ05 A. G., Sonja Đorđević, Imre 
Krizmanić 2015 Kovin

44°39’58.32” 21°12’44.99” 75 EQ14 A. G., M. P. 2015 Ćirkovac
44°43’13.08” 21°11’53.87” 71 EQ15 A. G., M. P. 2015 Drmna
44°25’0.119” 21°21’57.59” 110 EQ21 A. G., M. P. 2015 Trnovce
44°26’13.91” 21°20’16.08” 105 EQ22 A. G., M. P. 2015 Orljevo
44°32’27.96” 21°16’55.91” 87 EQ23 A. G., M. P. 2015 Malo Crniće
44°50’51.47” 21°17’25.61” 70 EQ26 Milivoj Krstić 2015 Kajtasovo
44°21’51.11” 21°25’29.64” 122 EQ31 A. G., M. P. 2015 Petrovac
44°44’47.04” 21°29’18.23” 67 EQ35 A. G., M. P. 2015 Veliko Gradište
44°42’22.67” 21°31’57.71” 76 EQ45 A. G., M. P. 2015 Braničevo
43°9’18.70” 22°34’38.14” 363 FN27 Ivan Medenica 2015 Pirot
43°17’1.672” 22°32’12.36” 566 FN29 M. P. 2009 Rudinje
43°6’30.17” 22°40’49.98” 397

FN37 Ivan Medenica
2015 Krupac

43°7’48.11” 22°38’5.531” 380 2014 Poljska Ržana
43°39’11.45” 22°15’45.13” 186 FP03 A. G., M. P. 2015 Vlg. Debelica 
43°47’29.99” 22°18’41.75” 154 FP04 M. P. 2015 Mali Beograd
43°51’35.34” 22°18’0.478” 133

FP05
A. G., M. P. 2015 Grljanske bare

43°52’45.71” 22°17’50.22” 129 M. P. 2011 Lubnička reka
43°57’23.04” 22°20’31.88” 111 FP06 M. P. 2014 Vražogrnac
44°9’41.35” 22°18’40.76” 367 FP09 M. P. 2011 Sikole
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Ecological niche model of Emys orbicularis for Vojvodina
In total, 33 occurrence points were used in the separate ecological niche model for the region of Vojvodina 
(Serbia, north of Danube and Sava Rivers). Model reported AUC value of 0.96, which was significantly 
higher than the AUC values of the null models 0.80 (range: 0.71-0.88) (P = 2×10-16). Variable contribution 
is shown in Table S2.1 and Fig. S2.1 of this supplementary data. The response curves for five variables that 
were the most important and easiest to interpret are shown in Fig. S2.2. Final map predicting habitat suit-
ability is given in Fig. S2.3.

Table S2.1. List of variables, their percent of contribution and permutational importance used in ecological niche 
model of European Pond Turtle (Emys orbicularis) in Vojvodina region

Variable name Contribution (%) Permutational importance (%)
Land Cover 54 13
Annual Mean Temperature 12 32
Temperature Seasonality 10 12
Annual Precipitation 10 26
Slope 6 1
NDVI Maximum 3 4
Aspect Northness 2 1
Isothermality 1 7
Aspect Eastness 1 1
NDVI Minimum 0 0
NDVI Average 0 3
Precipitation Seasonality 0 1

Fig. S2.1. Jackknife test of variable importance in modelling ecological niche of European Pond Turtle from 
Vojvodina region. A variable contains more useful information if it achieves higher gain when used alone and if it 
lowers the gain when excluded
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Fig. S2.2. Response curves of the most important variables affecting ecological niche model of European Pond Turtle 
in Vojvodina region. Annual mean temperature is given in °C. Annual precipitation in mm and the slope is given in 
degrees. NDVI index is remote sensed data showing vegetation greenness and has no measuring units. Land cover 
variable is given as classes of land cover types
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Fig. S2.3. Habitat suitability for European Pond Turtle in Serbia predicted by the Maxent ecological niche model 
using a set of climatic, topographic and vegetation habitat layers and occurrence records from Vojvodina region. 
The level of gray on the map is shown Maxent’s logistic output, which could be interpreted as species probability 
of presence ranging between 0 and 1. Map shows MGRS grid lines delimiting areas of 100 × 100 km. Numbered 
Rivers: 1. Danube, 2. Sava, 3. Tisa, 4. Velika Morava, 5. Zapadna Morava, 6. Južna Morava, 7. Drina, 8. Kolubara, 9. 
Mlava, 10. Pek, 11. Timok, 12. Toplica, 13. Binačka Morava
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Ecological niche model of Emys orbicularis for Serbia, south of Danube and Sava Rivers
In total, 43 occurrence points were used in the separate ecological niche model for the region of Serbia south of Danube 
River. Model reported AUC value of 0.95, which was significantly higher than the AUC values of the null models 0.78 
(range: 0.71-0.85) (P = 2×10-16). Variable contribution is shown in Table S2.2 and Fig. S2.4 of this supplementary data. 
The response curves for five variables that were the most important and easiest to interpret are shown in Fig. S2.5. Final 
map predicting habitat suitability is given in Fig. S2.6.

Table S2.2. List of variables, their percent of contribution and permutational importance used in ecological niche 
model of European Pond Turtle (Emys orbicularis) Serbia south of Danube and Sava Rivers

Variable name Contribution (%) Permutational importance (%)
Slope 36 27
Land Cover 31 12
NDVI Maximum 12 10
Temperature Seasonality 10 25
Annual Precipitation 3 6
Precipitation Seasonality 2 2
Annual Mean Temperature 2 12
Aspect Eastness 2 0
Aspect Northness 2 0
NDVI Minimum 1 0
Isothermality 0 4
NDVI Average 0 0

 

 

Fig. S2.4. Jackknife test of variable importance in modelling ecological niche of European 
Pond Turtle from Serbia south of Danube and Sava Rivers. A variable contains more useful 
information if it achieves higher gain when used alone and if it lowers the gain when 
excluded. 

Fig. S2.4. Jackknife test of variable importance in modelling ecological niche of European Pond Turtle from Serbia 
south of Danube and Sava Rivers. A variable contains more useful information if it achieves higher gain when used 
alone and if it lowers the gain when excluded
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Fig. S2.5. Response curves of the most important variables affecting ecological niche model of European Pond Turtle 
in Serbia south of Danube and Sava Rivers. Annual mean temperature is given in °C. Annual precipitation in mm and 
the slope is given in degrees. NDVI index is remote sensed data showing vegetation greenness and has no measuring 
units. Land cover variable is given as classes of land cover types

 

 

Fig. S2.5. Response curves of the most important variables affecting ecological niche model 
of European Pond Turtle in Serbia south of Danube and Sava Rivers. Annual mean 
temperature is given in °C. Annual precipitation in mm and the slope is given in degrees. 
NDVI index is remote sensed data showing vegetation greenness and has no measuring units. 
Land cover variable is given as classes of land cover types. 
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Fig. S2.6. Habitat suitability for European Pond Turtle in 
Serbia predicted by the Maxent ecological niche model 
using a set of climatic, topographic and vegetation habitat 
layers and occurrence records from Serbia south of Dan-
ube and Sava rivers. The level of gray on the map is show-
ing Maxent’s logistic output, which could be interpreted 
as species probability of presence ranging between 0 and 
1. Map shows MGRS grid lines delimiting areas of 100 × 
100 km. Numbered Rivers: 1. Danube, 2. Sava, 3. Tisa, 
4. Velika Morava, 5. Zapadna Morava, 6. Južna Morava, 
7. Drina, 8. Kolubara, 9. Mlava, 10. Pek, 11. Timok, 12. 
Toplica, 13. Binačka Morava

Fig. S2.7. Habitat suitability for European Pond Turtle in 
Serbia, predicted by the Maxent ecological niche mod-
el, made by overlaying two separate maps from Figures 
S2.3 and S2.6. The level of gray on the map is shown 
Maxent’s logistic output, which could be interpreted as 
species probability of presence ranging between 0 and 1. 
Map shows MGRS grid lines delimiting areas of 100 × 
100 km. Numbered Rivers: 1. Danube, 2. Sava, 3. Tisa, 
4. Velika Morava, 5. Zapadna Morava, 6. Južna Morava, 
7. Drina, 8. Kolubara, 9. Mlava, 10. Pek, 11. Timok, 12. 
Toplica, 13. Binačka Morava
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Introduction
Heliothermic ectotherms are temperature-dependent 
animals and thus rely on environmental sources to 
gain heat for almost all of their life processes. They 
need to concentrate their daily activities within  
a range of temperatures that optimizes their physio-
logical and behavioural functions. Body temperature 
influences many physiological processes in such ec-
totherms and determines their fitness (Angilletta 
et al. 2002). Among them, heliothermic reptiles in 

particular exhibit various thermoregulatory behav-
iours to regulate their body temperature by taking 
advantage of sunshine (Vitt & Caldwell 2014). 
For freshwater turtles occurring in temperate cli-
mates, such as the European Pond Turtle Emys or-
bicularis (Linnaeus, 1758), sun-basking is used to 
regulate their body temperature within the opti-
mal range (Bulté & Blouin-Demers 2010, Vitt 
& Caldwell 2014). For example, optimal body 
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Abstract:  Environmental conditions strongly influence the activity patterns of reptiles having behavioural thermo-
regulation. This study examined the influence of two weather characteristics (average daily air tempera-
ture and daily sunshine duration) on the onset of the nesting period of Emys orbicularis in the conditions 
of the Tajba National Nature Reserve in eastern Slovakia. Using data collected over 18 years, we found 
that the period of almost two weeks before the first egg-laying date is the most critical in the progression 
of the onset of nesting. During these days, the mean daily temperature was ca. 16°C and the mean sunshine 
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caused significant shifts in the first egg-laying date. Intrauterine embryonic development that undergoes 
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temperature is essential for earlier stages of embryo-
genesis (follicular development, ovum production) 
in reproductively active freshwater female turtles 
(Shine 2005, Carrière et al. 2008). Furthermore, 
weather conditions also play a significant role in the 
nesting behaviour of these species, and the timing of 
breeding could be critical for reproductive success 
of the population (Bowen et al. 2005, Shine 2005). 

Exposure of fertilized female freshwater tur-
tles to adequate environmental temperatures and 
insolation rates are necessary for their success-
ful reproduction (Mitrus et al. 2012). To date,  
however, there is little knowledge about the link 
between weather conditions and the time of nest-
ing, as most studies have focused on embryonic 
development, incubation success and temperature-
dependent sex determination only (Pieau & Dorizzi 
1981, Pieau et al. 1998, Schneeweiss et al. 1998, 
Girondot 1999, Schneeweiss 2004). Emys orbicu-
laris is a widely distributed freshwater turtle occur-
ring from north-western Africa through the Iberian 
Peninsula, inhabiting much of the European conti-
nent and extending into western Asia (Fritz 2001, 
2003, Rogner 2009). The nesting behaviour of this 
species is well documented from several countries of 
its distribution, including data about the beginning of 
the nesting period. Throughout the European part of 
the distribution area, the onset of the nesting period 
varies in a fairly broad range (from the end of April 
to the final third of June) (Fritz 2001, 2003, Kuzmin 
2002). In Europe, the species is often in regression 
or locally extinct, and in Slovakia, as the only au-
tochthonous turtle species, it is classified as critically 
endangered (Kminiak 1992, Fritz & Chiari 2013, 
Urban & Kautman 2014). Nowadays, its occurrence 
is limited to only two isolated regions in Slovakia, 
i.e. the Východoslovenská Nížina Lowland (with  
a long-standing population in Tajba) and the 
Danubian Lowlands (Jablonski et al. 2015). The 
main factors contributing to the decline of the spe-
cies are habitat disturbance (fluctuation of the water 
level, loss of nesting sites), nest predation, destruc-
tion of nests by agricultural activities and mortality 
of females and juveniles during migration to nesting 
sites or water, respectively. Thus, the most important 
actions for conservation of this species is to preserve 
their habitat and maintain reproduction undisturbed 
(Havaš & Danko 2009). Continuous enrichment of 
the local population with young individuals is neces-
sary for its survival. However, in the conditions of 
the Tajba National Nature Reserve (Tajba NNR) in 
eastern Slovakia most of the nests are destroyed by 
predators (mainly by Red Foxes and Badgers) on the 
same day or a day after oviposition (Havaš & Danko 

2009, Fritz & Chiari 2013). Therefore, for success-
ful protection of the nests and eggs it is thus neces-
sary to know the location of clutches but also the 
exact timing of egg-laying. 

In order to understand how actual weather con-
ditions may shift the expected onset of nesting in 
E. orbicularis, we analysed the available long-term 
data (18 years) on the nesting activity of turtles in 
the Tajba NNR. It could be hypothesised that pro-
longed hibernation or cold weather at the begin-
ning of season will delay nesting (Kminiak 1992, 
Drobenkov 2012) while, in contrast, warmer spring 
temperatures will accelerate this behaviour (Meeske 
1997). Hence, we attempted to quantify ambient en-
ergy input that is necessary during the spring period 
to induce the start of nesting activity. The values of 
two weather characteristics – average air tempera-
ture and duration of sunny hours – were used as  
a proxy for energy input that could be obtained from 
the environment, and they were employed to pre-
dict the onset of nesting in an isolated but persisting 
population. 

Materials and Methods
Study area
The study was conducted in the Tajba NNR in south-
eastern Slovakia, which is located in the central part 
of the E. orbicularis range. The reserve is located 
in the Východoslovenská Nížina Lowland (part of 
the Pannonian Plain), one kilometer northeast of the 
village Streda nad Bodrogom at an altitude of about 
100 m (N 48°23”, E 21°47”). Besides the marsh  
(a 2.5 km long and 100–150 m wide former oxbow 
of the Bodrog River), the Tajba NNR also includes 
100 m of surrounding riparian zone with a total area 
of 27.4 ha. The study area is characterized by four 
habitat types: (1) marsh densely covered by vegeta-
tion; (2) slopes of the Roháč hill covered by several 
tree species; (3) sandy slopes with xerophilous flora 
south of the marsh and (4) fields north of a water 
body used for agriculture (Fig. 1; see Novotný et al. 
2004 for details). Emys orbicularis in the Tajba NNR 
is the only known long-term reproducing population 
in Slovakia, with estimated abundance of ca. 80 in-
dividuals (authors’ unpublished data). 

Data collection
Data on nesting activity of E. orbicularis in the 
study area were collected at four nesting sites, most-
ly in sandy slopes (Fig. 1), during the 18-year period 
1999–2016. For analysis of the timing of first egg-
laying, the start of the nesting activity in each season 
(Table 1) was defined alternatively as (1) date of the 
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first observation of egg-laying female turtles at the 
nesting site, (2) the first observation of migrating fe-
male turtles at the nesting site, and/or (3) the first 
observation of destroyed nests at the nesting site. In 
case of the observation of destroyed nests, the date of 
the start of the nesting period was set one day earlier 
than the exact finding. To determine the beginning 
of nesting activity, regular daily visual observations 
were taken in the area that covered the expected time 
of nesting (from mid-May onwards) at known nest-
ing sites (app. 40 ha). To avoid disturbing the females 
during the egg-laying and migration, observations 
were made between 20:00–22:00 h and to detect po-
tentially destroyed nests, nesting sites were visited 
between 08:00–10:00 h (UTC +2 h). Climate data 
were provided by the Slovak Hydrometeorological 
Institute (Košice) from the regional weather station 
in Milhostov, which is ca. 40 km distant from the 
study area. This weather station and the study area 
occur in the same climatic subregion of Slovakia 
(Lapin et al. 2002). 

Statistical analysis
Two weather characteristics, daily measures of the 
average temperature and the length of sunshine, 
were used to describe the local climatic conditions 
and to test for plastic responses in the starting time 
of egg-laying by the turtles in the study area. In or-
der to make a non-arbitrary choice of the appropriate 
climatic time window that may induce egg-laying 
activity, we searched for the period that provided the 
best correlation between the annual first egg-laying 
date and the two selected weather characteristics. 

We calculated Pearson’s correlation coefficients be-
tween the first egg-laying dates and both the aver-
age daily temperature and the length of sunshine, as 
determined using sliding time windows. The con-
sidered window size ranged from 1 to 23 days; thus 
23 different time periods prior to the first egg-laying 
date in each year (n = 18 years). The used range of 
23 days is consistent with the total variation in the 
first egg-laying date that was observed in the field 
within the whole study period (18 years; Table 1) 
whereas longer time windows were not considered 
as there was increased risk of artificial or biological-
ly implausible correlations. The period for which the 
selected weather characteristics provided the highest 
correlation with the first egg-laying date was taken 
to represent the best description of the local climatic 
conditions that influence the behaviour of the turtles. 

Analyzed data did not deviate from normality 
(Shapiro-Wilk normality test, p > 0.05), thus the first 
egg-laying date was modelled as a linear function 
of the year-specific climatic conditions in regression 
models using both weather characteristics as explana-
tory variables (due to the low sample size, we could 
not combine the two weather characteristics into  
a single model). This conservative approach with sin-
gle explanatory variables was used also because se-
lected variables were supposed to be collinear to each 
other as spring sunny days should have higher average 
temperature. Furthermore, using linear regression we 
also tested for a possible effect of the year on a con-
tinuous shift in the weather characteristics and egg-
laying date. Data was analysed in R 3.3.0 environ-
ment for statistical computing (R Core Team 2016).

Fig. 1. A sketch of the study area showing the main habitat types, where four nesting sites (represented by turtle symbols) 
of the European Pond Turtle in the Tajba NNR (south-eastern Slovakia) occurred. Map source: OpenStreetMap.org
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Results
During 18 years of observations (1999–2016), the 
mean date of the first egg-laying was 23 May (range: 
15 May – 6 June). The earliest egg-laying was de-
tected in 2002 (15 May), when a nesting female was 
observed. On the other hand, a considerably delayed 
start of the nesting activity was observed in 2006 
(6 June), when a freshly destroyed nest was found 
(Table 1). The sliding windows approach showed 
that a time period of 13 days prior to the date of the 
first egg-laying provided the highest (negative) cor-
relations between the first egg-laying date and both 
daily measures of the weather, the average tempera-
ture (r = -0.63, P = 0.005) and the length of sunshine 
(r = -0.64, P = 0.004; Fig. 2). During this period, the 
mean temperature was 15.7°C (range: 12.6–17.8°C) 
and the mean length of sunshine was 8.1 h (range: 
3.4–11.2 h) per day. Climatic conditions did not 
change significantly over the years (average temper-
ature, P = 0.61; length of sunshine, P = 0.55), and 
the same was also found in the mean first egg-laying 
date (P = 0.83). However, linear regression models 
revealed that the first egg-laying date significantly 
shifts as a plastic response to both the average daily 
temperature (b = -1.96 ± 0.61 day ×°C–1, R2 = 0.39, 

F1,16 = 10.4, P = 0.005, Fig. 3a) and the length of 
sunshine (b = -1.41 ± 0.43 day ×h–1, R2 = 0.41, F1,16 
= 11.0, P = 0.004, Fig. 3b) when the local climatic 
conditions of the last 13 days before egg-laying were 
evaluated.

Discussion 
The presented study found significant effects of par-
ticular weather characteristics on the nesting behav-
iour of the European Pond Turtle. The energetic cost 
of the nesting process is very high for turtles; there-
fore, among others, acquisition of sufficient thermal 
energy for the nesting process is vital (Fossette et 
al. 2012). The basking behaviour of these heliother-
mic animals depends on solar radiation and provides 
the most important energy source for their activity 
(Di Trani & Zuffi 1997). We found a significant 
influence of the length of sunshine on the onset of 
the nesting period. A decrease or increase of sun-
shine duration per day of about one hour during the 
pre-nesting period induced the onset of nesting one 
and a half days later or earlier, respectively, com-
paring with the long-term average. A parallel effect 
was observed in the average daily temperature, as  
a difference of one-degree Celsius shifted nesting by 
approximately two days. Although the interaction ef-
fect of the explanatory variables was not tested, the 
former variable naturally has an impact on the sec-
ond. Moreover, greater model estimates suggest that 
the temperature has the final determining influence 
on the nesting activity of European Pond Turtles. 

Earlier nesting and compressing of the nesting 
season as behavioural responses to higher ambient 
temperature has already been observed in marine tur-
tles, where sea surface temperatures were the deter-
mining factor (Weishampel et al. 2004, 2010, Pike 
et al. 2006). The temperature of the water column 
also affects the behaviour of freshwater turtles; it de-
termines the beginning and the end of the hiberna-
tion period, which can be indirectly connected to the 
onset of the nesting season (Novotný et al. 2008). 
However, in freshwater turtles inhabiting temperate 
zones, detailed information about the influence of 
weather characteristics shortly before nesting is still 
insufficient. In populations of some North American 
species occurring under similar climatic conditions 
as those of the European Pond Turtle, the initiation of 
nesting activity was inversely correlated with ambi-
ent spring temperatures; warmer spring months lead 
to earlier nesting of Chelydra serpentina (Congdon 
et al. 1987, Obbard & Brooks 1987, Iverson et al. 
1997), Chrysemys picta (Iverson & Smith 1993, 
Rowe et al. 2003), Emydoidea blandingii (Congdon 

Table 1. The first egg-laying dates of the European Pond 
Turtle in the Tajba NNR in the period 1999–2016 and the 
type of evidence of nesting behaviour

Year Date Evidence

1999 May 28 migrating female

2000 May 23 nesting female

2001 May 21 nesting female

2002 May 15 nesting female

2003 May 20 migrating female

2004 May 25 nesting female

2005 May 28 nesting female

2006 June 6 destroyed nest

2007 May 20 nesting female

2008 May 25 nesting female

2009 May 19 destroyed nest

2010 May 23 nesting female

2011 May 22 destroyed nest

2012 May 24 nesting female

2013 May 20 destroyed nest

2014 May 25 nesting female

2015 May 20 migrating female

2016 May 25 nesting female
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et al. 1983) and Graptemys ouachitensis (Geller 
2012). Furthermore, our results show that the period 
shortly before nesting is critical for the initiation of 
the nesting process. It also showed plastic and very 
sensitive responses in the starting time of egg-laying 
among freshwater turtles that live in a relatively cold 
climate. Such ability may thus ensure effective re-
production in harsh conditions at the range margins 
of the species (Sommer et al. 2007). 

In the Tajba NNR, the first successful copula-
tion was observed in mid-April or early May, but 
actual fertilization can occur later than the time of 
insemination; sperm can be stored from the time of 
mating until just prior to ovulation (Gist et al. 1990, 
Sarkar et al. 2003, Novotný et al. 2004, Roques 
et al. 2004). In general, turtles cease mating about 
two weeks prior to ovulation, which precedes nest-
ing by about two weeks (Miller & Dinkelacker 

2008). After fertilization, the embryos develop to 
middle gastrulation in the oviduct and then enter  
diapause until after oviposition (Ewert 1979, 1991). 
This intrauterine period is variable among species; 
the minimum period between ovulation and oviposi-
tion for marine turtles is about 14 days (Miller & 
Dinkelacker 2008). According to Ewert (1979), 
some freshwater turtle species of the Emydidae fam-
ily also fit this general pattern. The duration of this 
pre-nesting development overlaps well with our re-
sults and thus may explain the pattern we observed. 
Considering such a reproductive strategy, we suggest 
that during the period of two weeks prior to the date 
of egg-laying, the embryos are undergoing sensitive 
developmental changes. This is probably the short-
est period when ambient weather conditions can 
have the required effect on embryonic development. 

Knowledge about quantified ambient energy 

Fig. 2. Values of the Pearson’s correlation coefficients 
for time windows in the range from 23 to 1 day prior to 
the first egg-laying date for (a) the mean average daily 
temperature and (b) the mean length of sunshine per day, 
respectively. Dashed lines denote turning points at maxi-
mum values for 13-days’ window prior to the first egg-
laying date

Fig. 3. The first egg-laying date of the European Pond 
Turtle represented by number of days from the beginning 
of the year (Julian dates) in dependence on (a) the mean 
average daily temperature and (b) the mean length of sun-
shine per day during the 13 days period prior to the egg-
laying event, respectively. Prediction (solid) lines with 
95% confidence intervals (dashed lines) are derived from 
simple regression models
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input before the onset of the nesting period pro-
vides a starting point for further studies. These 
findings will enable the effects of climatic variables 
to be modelled and thus make it possible to predict 
the onset of the nesting season. Once in posses-
sion of such information we will be able to regulate 
the start of land-management work and coordinate 
the presence of field workers in the area for the 

effective protection of the nests.
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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 Schoepff, 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 Hristovich 
(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 Beškov & Beron (1964) and Beshkov 
(1985). The potential distributions of both spe-
cies were presented through deductive models by 
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Petrov (2007a, b) and Stojanov et al. (2011). The 
most recent maps were based on the 10×10 km UTM 
grid, for E. orbicularis by Mollov 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 km2; covering 970 
whole and 287 partial squares of the 10×10 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 

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 10×10 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 km2 
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cell; average for 1970–2000; Fick & Hijmans 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-2 day-1) 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 1×1 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 2nd 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 (Liu 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), I 
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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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 

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 Belcheva 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 (10×10 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 

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 0.4–11.4 2.8 0.0–21.0 6.3 0.5–29.9 1.4 0.0–10.9
Elevation 22.2 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 3.2 0.7–8.8 1.2 0.0–6.4 0.3 0.0–2.7
Water, flowing 38.1 33.2–43.9 42.2 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) 3.3 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
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Fig. 2. Distribution of Mauremys rivulata in Bulgaria, based on а 10 km MGRS grid

Fig. 1. Distribution of Emys orbicularis in Bulgaria, based on а 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]; Stojanov [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, MG05; 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 & Zonkow 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 & Michev 2007 

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 
et al. (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 
(Pasteur & 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. 3. Maxent average Ecological Niche Model for Emys orbicularis in Bulgaria. Presence suitability categories are: 
0.149–0.315 (Low), 0.315–0.549 (Medium), and 0.549–1 (High)

Fig. 4. Maxent average Ecological Niche Model for M. rivulata in Bulgaria. Presence suitability categories are: 0.079–
0.241 (Low suitability), 0.241–0.495 (Medium), and 0.495–1 (High)
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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 2nd 
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 

m a. s. l., 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%.

Fig. 5. Histogram of the altitudinal distribution in Bul-
garia of Emys orbicularis and Mauremys rivulata based 
on unpublished data (1982–2016)

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
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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.

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, 

Fig. 7. Response curves of major variables contributing to the ENMs for both Emys orbicularis (–) and M. rivulata (- -)

Table 2. Area (in km²) 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 km²; total SCI 
area = 33,196.4 km²

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
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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 I 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 Beškov (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 km2, 
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 

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-Antón 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 SCIs 
needs further studies. For example, for both species, 
some possibly very important SCIs with substantial 
suitable area based on the ENMs (~80–200 km2) also 
tend to be some of the largest SCIs (~1,150–2,170 
km2): “Sakar”, “Strandzha”, “Rhodopes – Eastern”. 
However, much smaller (~1–8 km2) 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 
SCIs, 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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A1: Descriptive statistics for variables obtained (after systematic sampling) from presence records of 

Emys orbicularis (N = 700) and Mauremys rivulata (N = 59) in Bulgaria and GIS layers.
A2: Published localities for Emys orbicularis and Mauremys rivulata in Bulgaria, 10×10 km MGRS 

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 1×1 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.
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Appendix 2. Published localities for Emys orbicularis and Mauremys rivulata in Bulgaria, 10×10 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, Beškov 1987), 
the fishponds near Damyanitsa (Geissler & Brühl 1980), fishponds along the Struma river, the pits near the 
Kozhuha hill and the main drainage canal (Beškov 1987), IBW 5742 (Stoyneva & Michev 2007), Rupite 
(Stojanov et al. 2011); FL98: the thermal springs near Marikostinovo (Beškov 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 (Beškov 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 Е79 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), N42º7’56” E23º9’15.5” (Tzankov et 
al. 2011); FM80: swamplets near Sandanski (Beškov 1987); FM86: the fishponds near Eleshnitsa hut, 
Zhabokrek place (Peshev et al. 2005), N42º7’0.7” E23º17’46.7”, N42º7’23.5” E23º12’35.9” (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 
et al. 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); 
GN01: Lozenska Planina mts. (Beshkov 1955, Beshkov & Nanev 2002), IBW 0746, IBW 5663, IBW 5710 
(Stoyneva & Michev 2007); GN03: Chelopechene (Beshkov 1955); GP02: between Gromshin and Mihaylovo 
(Naumov 2005); KG55: 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, KG86D5 (Popgeorgiev et al. 2014); 
KG96: Krichimskata Kuria place, Tekira springs (Buresch & Zonkow 1933), Trivoditsi (Baltova et al. 1997), 
KG96A5 (Popgeorgiev et al. 2014); KH60: Panagyurishte (Buresch & Zonkow 1933 after Kovachev 1910); 
LG06: 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); LG89: the park “Krayrechen” and a drainage canal in Stara Zagora (Georgiev 2004); 
LG91: 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 (Beškov 1987), 1.5 km from the bridge over the 
Oreshinsko Dere rivulet (Petrov et al. 2001); MF29: Ivaylovgrad (Bachvarov 1969), E of Ivaylovgrad 
(Beškov 1987), Drabishna (Kirin 2001); MF39: Slaveevo (Petrov et al. 2001); MG01: 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 (Beškov 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 (Beškov 1987), IBW 2332 (Stoyneva & Michev 2007); MG45: Kara-Bair place (Buresch & 
Zonkow 1933), Topolovgrad (Ayaz et al. 2007); MG57: 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 (Mičev 
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 (Nöllert et al. 1986), 
Kraymorie (Schlüter 2005); NG55: Veleka river near Gramatikovo (Buresch & Zonkow 1933); NG58: a pit 
near Arkutino swamp (Beshkov 1955), Ropotamo river (Bartosik 1981), Arkutino swamp (Nöllert et al. 
1986, Thieme 1986, Schlüter 2005), Alepu swamp (Thieme 1986, Schlüter 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 (Beškov 1987), Veleka river (Schlüter 2005, Rudloff 2007); NG76: Vasiliko (Tsarevo) 
(Buresch & Zonkow 1933, Kirin 2001), Ahtopol (Thieme 1986, Ayaz et al. 2007), the rivulet N of Ahtopol 
(Beškov 1987); NG84: the lower reaches of the Rezovska Reka river (Buresch & Zonkow 1933); NG85: 
Sinemorets (Gvoždík & Šnajdr 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); 
NH58: Gebedzhensko Ezero lake (Buresch & Zonkow 1933 after Kovachev 1910); NH73: the swamplet 
near Irakli (Lepşi 1927); NH76: Kamchia river (Schlüter 2005), IBW 0985 (Stoyneva & Michev 2007); 
NH78: 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), NH88c (Tzankov et al. 
2009); NH89: the swamplet along Batova Reka river (Lepşi 1927), Zlatni Pyasatsi (Lindfors 1971), nature 
park “Zlatni Pyasatsi” (Trayanov & Filipova 2005), Uzun Kum place (Ayaz et al. 2007), NH89d (Tzankov 
et al. 2009); NJ08: 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 (Călinescu 1931); NJ80: Albena (Ayaz et al. 2007), IBW 0225 (Stoyneva & Michev 2007), NJ80b 
(Tzankov et al. 2009); NJ90: Balchik (Kabisch & Engelhard 1964); PJ00: the rivulet near Kavarna and the 
rivulet near Mihalbey (Lepşi 1927); PJ10: Bolata place (Lepşi 1927), PJ10b, PJ10d (Tzankov et al. 2009); 
PJ22: the swamps near Shabla (Buresch & Zonkow 1933 after Kovachev 1910), Shabla lake (Schlüter 
2005), IBW 0219 (Stoyneva & Michev 2007), PJ22b, PJ22b (Tzankov et al. 2009); PJ23: the swamps near 
Durankulak (Buresch & Zonkow 1933 after Kovachev 1910), Durankulak (Băcesco 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 (Beškov 1987); FL89: Ormana islet (Katalan-Gateva & Dimitrov 1961, Beškov 1987), 
the fishponds near Damyanitsa (Geissler & Brühl 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 (Beškov 1987), IBW 5742 (Stoyneva & Michev 2007); 
FL98: Marikostinovo (Beshkov 1981, 1985, Fritz & Wischuf 1997), the thermal springs near Marikostinovo 
(Beškov 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 (Beškov 1987), a fishpond near Levunovo (Beshkov 1993); FM80: Swamplets near Sandanski 
(Beškov 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 (Beškov 1987), 
Odrintsi - Oreshinska Reka rivulet, Oreshinsko Dere rivulet (Petrov et al. 2001); MF29: Ivaylovgrad 
(Bachvarov 1969), E of Ivaylovgrad (Beškov 1987); MF39: Slaveevo (Beshkov 1993, Petrov et al. 2001); 
MG04: 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, Beškov 
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); MG35: 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 (Beškov 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); NG08: Sredets (Beshkov & Nanev 2002); NG68: The road near Arkutino 
swamp (Bartosik 1981); NG75: Veleka river - 1-4 km before the mouth (Beškov 1987), Veleka river (Schlüter 
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 (Beškov 1987), natural monument 
“Nakovo Kladenche” (Kamburov 2009); NG84: the lower reaches of the Rezovska Reka river (Buresch & 
Zonkow 1933), Rezovska Reka river (Schlüter 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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Emys orbicularis FM72 23.105051 41.757556
Emys orbicularis FM73 23.108 41.847565
Emys orbicularis FM74 23.110963 41.937572
Emys orbicularis FM75 23.113939 42.027578
Emys orbicularis FM76 23.116929 42.117582
Emys orbicularis FM80 23.219062 41.575282
Emys orbicularis FM86 23.23781 42.115287
Emys orbicularis FN71 23.132086 42.567578
Emys orbicularis FN72 23.135159 42.657572
Emys orbicularis FN74 23.141348 42.837557
Emys orbicularis FN82 23.257079 42.655234
Emys orbicularis FN91 23.37556 42.562787
Emys orbicularis FN92 23.378983 42.652766
Emys orbicularis FN93 23.382422 42.742744
Emys orbicularis FN94 23.385877 42.83272
Emys orbicularis FN97 23.396338 43.102639

Emys orbicularis FN98 23.399857 43.192608
Emys orbicularis FN99 23.403393 43.282576
Emys orbicularis FP24 22.552529 43.7475
Emys orbicularis FP75 23.176426 43.827355
Emys orbicularis GL49 23.933891 41.469194
Emys orbicularis GM36 23.84198 42.101905
Emys orbicularis GN01 23.497273 42.560197
Emys orbicularis GN03 23.504487 42.740138
Emys orbicularis GP02 23.537781 43.54979
Emys orbicularis KG55 24.051918 42.009173
Emys orbicularis KG66 24.15802 42.101905
Emys orbicularis KG86 24.399639 42.107639
Emys orbicularis KG96 24.520473 42.110316
Emys orbicularis KH60 24.141791 42.461708
Emys orbicularis LG06 24.641324 42.112865
Emys orbicularis LG16 24.76219 42.115287
Emys orbicularis LG17 24.759015 42.205282
Emys orbicularis LG36 25.003965 42.119749
Emys orbicularis LG47 25.122211 42.211805
Emys orbicularis LG63 25.373614 41.855397
Emys orbicularis LG82 25.616425 41.768513
Emys orbicularis LG89 25.602661 42.398784
Emys orbicularis LG91 25.73847 41.67985
Emys orbicularis LH14 24.73638 42.835204
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Emys orbicularis LH61 25.355024 42.575609
Emys orbicularis LH97 25.709272 43.120457
Emys orbicularis LJ53 25.201871 43.653861
Emys orbicularis LJ63 25.325826 43.655744
Emys orbicularis MF08 25.863333 41.410937
Emys orbicularis MF18 25.982963 41.412057
Emys orbicularis MF28 26.1026 41.413053
Emys orbicularis MF29 26.101357 41.503117
Emys orbicularis MF39 26.221165 41.50399
Emys orbicularis MG01 25.858591 41.681105
Emys orbicularis MG03 25.855394 41.86121
Emys orbicularis MG10 25.980141 41.592178
Emys orbicularis MG11 25.97872 41.682236
Emys orbicularis MG12 25.977293 41.772292
Emys orbicularis MG13 25.975859 41.862348
Emys orbicularis MG22 26.097596 41.7733
Emys orbicularis MG30 26.220083 41.594056
Emys orbicularis MG32 26.217905 41.774182
Emys orbicularis MG35 26.2146 42.044361
Emys orbicularis MG42 26.338219 41.774938
Emys orbicularis MG45 26.335422 42.045125
Emys orbicularis MG57 26.454706 42.225882
Emys orbicularis MG74 26.698337 41.956586
Emys orbicularis MH25 26.080687 42.943945
Emys orbicularis MH54 26.449192 42.85626
Emys orbicularis MH60 26.574058 42.496569
Emys orbicularis MH86 26.815858 43.03754
Emys orbicularis MH87 26.815588 43.127589
Emys orbicularis MH99 26.938348 43.307816
Emys orbicularis MJ15 25.942591 43.843191
Emys orbicularis MJ25 26.066975 43.844274
Emys orbicularis MJ33 26.193786 43.665162
Emys orbicularis MJ42 26.318827 43.575935
Emys orbicularis MJ43 26.31781 43.66597
Emys orbicularis MJ57 26.438469 44.026776
Emys orbicularis MJ73 26.689905 43.667585
Emys orbicularis MJ82 26.81422 43.577813
Emys orbicularis MJ88 26.812535 44.118036
Emys orbicularis MJ92 26.938073 43.577948
Emys orbicularis NG39 27.425333 42.406512
Emys orbicularis NG44 27.542985 41.955698
Emys orbicularis NG49 27.546852 42.405997
Emys orbicularis NG55 27.664578 42.045125
Emys orbicularis NG58 27.667413 42.315298
Emys orbicularis NG59 27.668367 42.405353
Emys orbicularis NG65 27.7854 42.044361
Emys orbicularis NG67 27.787629 42.224474
Emys orbicularis NG68 27.788751 42.314527
Emys orbicularis NG75 27.906218 42.043471
Emys orbicularis NG76 27.9075 42.133525
Emys orbicularis NG84 28.025582 41.952401
Emys orbicularis NG85 28.027029 42.042453

Emys orbicularis NH06 27.061381 43.037672
Emys orbicularis NH18 27.184684 43.217637
Emys orbicularis NH20 27.304247 42.496957
Emys orbicularis NH30 27.425943 42.496569
Emys orbicularis NH48 27.554039 43.216444
Emys orbicularis NH51 27.670288 42.585458
Emys orbicularis NH52 27.671255 42.675509
Emys orbicularis NH58 27.677151 43.215782
Emys orbicularis NH73 27.916646 42.763862
Emys orbicularis NH76 27.920656 43.033985
Emys orbicularis NH78 27.923361 43.214059
Emys orbicularis NH79 27.924722 43.304095
Emys orbicularis NH88 28.046456 43.213
Emys orbicularis NH89 28.047999 43.303031
Emys orbicularis NJ08 27.062489 44.118172
Emys orbicularis NJ17 27.187181 44.028002
Emys orbicularis NJ28 27.31244 44.117762
Emys orbicularis NJ80 28.04955 43.393062
Emys orbicularis NJ90 28.173002 43.391862
Emys orbicularis PJ00 28.296446 43.390529
Emys orbicularis PJ10 28.419882 43.389063
Emys orbicularis PJ22 28.547897 43.567485
Emys orbicularis PJ23 28.550208 43.657493

Mauremys rivulata FL88 23.212925 41.395267
Mauremys rivulata FL89 23.215986 41.485275
Mauremys rivulata FL98 23.33245 41.392905
Mauremys rivulata FL99 23.335676 41.482906
Mauremys rivulata FM80 23.219062 41.575282
Mauremys rivulata LG74 25.491927 41.947077
Mauremys rivulata MF08 25.863333 41.410937
Mauremys rivulata MF18 25.982963 41.412057
Mauremys rivulata MF28 26.1026 41.413053
Mauremys rivulata MF29 26.101357 41.503117
Mauremys rivulata MF39 26.221165 41.50399
Mauremys rivulata MG04 25.853784 41.95126
Mauremys rivulata MG11 25.97872 41.682236
Mauremys rivulata MG12 25.977293 41.772292
Mauremys rivulata MG22 26.097596 41.7733
Mauremys rivulata MG30 26.220083 41.594056
Mauremys rivulata MG32 26.217905 41.774182
Mauremys rivulata MG35 26.2146 42.044361
Mauremys rivulata MG42 26.338219 41.774938
Mauremys rivulata MG53 26.457778 41.865634
Mauremys rivulata MG57 26.454706 42.225882
Mauremys rivulata MG64 26.577675 41.956205
Mauremys rivulata NG08 27.060676 42.317224
Mauremys rivulata NG68 27.788751 42.314527
Mauremys rivulata NG75 27.906218 42.043471
Mauremys rivulata NG76 27.9075 42.133525
Mauremys rivulata NG84 28.025582 41.952401
Mauremys rivulata NG85 28.027029 42.042453
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Species Square X (centroid) Y (centroid)

Emys orbicularis MH7495 26.749054 42.861812

Emys orbicularis LH7988 25.501332 43.329529

Emys orbicularis MG9743 26.933366 42.213649

Emys orbicularis MG9736 26.921217 42.24066

Emys orbicularis MG9744 26.933356 42.222655

Emys orbicularis MH7640 26.687165 42.996738

Emys orbicularis LH7987 25.501553 43.320528

Emys orbicularis KH9657 24.489781 43.032663

Emys orbicularis MH7186 26.737914 42.600627

Emys orbicularis MH7196 26.750104 42.600655

Emys orbicularis MH7184 26.73799 42.582616

Emys orbicularis MG9666 26.957638 42.150616

Emys orbicularis KH8978 24.379778 43.309326

Emys orbicularis NG6699 27.841494 42.174556

Emys orbicularis NG7617 27.865462 42.156366

Emys orbicularis NG7635 27.889415 42.13817

Emys orbicularis NG7645 27.901515 42.138075

Emys orbicularis NG7643 27.901259 42.120065

Emys orbicularis NG7633 27.889163 42.120159

Emys orbicularis NG7661 27.925189 42.101861

Emys orbicularis NG7596 27.960787 42.056537

Emys orbicularis NG7576 27.936619 42.056737

Emys orbicularis NG8532 28.008551 42.020101

Emys orbicularis NG6680 27.828331 42.093595

Emys orbicularis NG4439 27.525219 41.996311

Emys orbicularis NG5790 27.720528 42.184386

Emys orbicularis MG4352 26.343545 41.842521

Emys orbicularis MG3526 26.184222 42.057659

Emys orbicularis MG6648 26.570216 42.167831

Emys orbicularis MG6698 26.630748 42.168042

Emys orbicularis KG8631 24.382811 42.075737

Emys orbicularis FL9849 23.327921 41.433527

Emys orbicularis NG3989 27.468166 42.446872

Emys orbicularis NG7597 27.960923 42.065542

Emys orbicularis NG7587 27.948837 42.065643

Emys orbicularis NG7577 27.936752 42.065742

Emys orbicularis FL9876 23.362818 41.405795

Appendix 3. Previously unpublished distribution data for Emys orbicularis and Mauremys 
rivulata, based on the 1×1 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.

Emys orbicularis FL9828 23.303683 41.425008

Emys orbicularis FL8995 23.270006 41.488725

Emys orbicularis FL8994 23.269692 41.479724

Emys orbicularis FL8991 23.26875 41.452723

Emys orbicularis FL9839 23.315961 41.433768

Emys orbicularis FL7854 23.099219 41.392895

Emys orbicularis FL7845 23.087553 41.402114

Emys orbicularis FL6873 23.003309 41.385599

Emys orbicularis FL7831 23.074453 41.366324

Emys orbicularis LG6421 25.341995 41.913487

Emys orbicularis LG6403 25.317415 41.931142

Emys orbicularis LG5483 25.293302 41.930786

Emys orbicularis LG6485 25.413424 41.950522

Emys orbicularis LG6328 25.342693 41.886478

Emys orbicularis LG7315 25.451784 41.860981

Emys orbicularis LG7325 25.463828 41.861143

Emys orbicularis LG7305 25.43974 41.860818

Emys orbicularis LG7335 25.475873 41.861303

Emys orbicularis LG7365 25.512006 41.861777

Emys orbicularis LG7355 25.499961 41.86162

Emys orbicularis LG7394 25.548344 41.853236

Emys orbicularis LG8304 25.560387 41.853387

Emys orbicularis LG8303 25.560589 41.844383

Emys orbicularis LG8313 25.572631 41.844534

Emys orbicularis LG8312 25.572831 41.835529

Emys orbicularis MG0460 25.872592 41.910917

Emys orbicularis MG0470 25.884648 41.911034

Emys orbicularis MG0347 25.848967 41.883662

Emys orbicularis MG0337 25.836916 41.883541

Emys orbicularis MG1306 25.921421 41.875359

Emys orbicularis MG1325 25.945668 41.866578

Emys orbicularis MG0396 25.909372 41.875245

Emys orbicularis MG0397 25.909219 41.884251

Emys orbicularis MG0398 25.909066 41.893256

Emys orbicularis MG0377 25.885118 41.884019

Emys orbicularis LG7092 25.554813 41.5651

Emys orbicularis MG3239 26.199354 41.814586

Emys orbicularis MG3331 26.199129 41.832598
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Emys orbicularis MG3347 26.210507 41.886717

Emys orbicularis MG3355 26.222778 41.868787

Emys orbicularis MG3369 26.234396 41.904892

Emys orbicularis MG3466 26.233642 41.967934

Emys orbicularis LH0218 24.577131 42.683363

Emys orbicularis LH0292 24.67671 42.631397

Emys orbicularis LH2111 24.826395 42.535279

Emys orbicularis LG2729 24.848427 42.24752

Emys orbicularis LG2812 24.83539 42.274292

Emys orbicularis LG2736 24.861453 42.220747

Emys orbicularis LG2756 24.885669 42.221196

Emys orbicularis LG2746 24.873561 42.220972

Emys orbicularis LG5768 25.260601 42.245508

Emys orbicularis LG5824 25.210611 42.298774

Emys orbicularis LG5825 25.210356 42.307776

Emys orbicularis LG5837 25.221977 42.325968

Emys orbicularis LG5848 25.233856 42.335158

Emys orbicularis LG5849 25.233604 42.344159

Emys orbicularis KG8861 24.411711 42.256502

Emys orbicularis KG8819 24.348138 42.327092

Emys orbicularis KG8809 24.336014 42.32681

Emys orbicularis KG8900 24.335634 42.335807

Emys orbicularis KG7991 24.323127 42.34452

Emys orbicularis LG0923 24.601411 42.368694

Emys orbicularis LG0932 24.613886 42.359949

Emys orbicularis LG0942 24.626019 42.360201

Emys orbicularis LG0941 24.626358 42.351203

Emys orbicularis LG0924 24.601069 42.377692

Emys orbicularis KG8921 24.359509 42.345365

Emys orbicularis KG8920 24.359886 42.336368

Emys orbicularis KG8829 24.360262 42.327371

Emys orbicularis KG7745 24.268719 42.199152

Emys orbicularis KG7755 24.280818 42.19944

Emys orbicularis KG7754 24.281204 42.190444

Emys orbicularis KG7764 24.293301 42.19073

Emys orbicularis KG7774 24.305399 42.191015

Emys orbicularis KG7735 24.25662 42.198863

Emys orbicularis KG7707 24.219536 42.21598

Emys orbicularis KG5880 24.073084 42.23935

Emys orbicularis KG5789 24.0735 42.230355

Emys orbicularis KG6810 24.109398 42.240271

Emys orbicularis KG6739 24.134016 42.231884

Emys orbicularis KG9679 24.549123 42.151457

Emys orbicularis KG9669 24.537031 42.151198

Emys orbicularis KG9659 24.524939 42.150937

Emys orbicularis KG9658 24.525289 42.141939

Emys orbicularis KG9689 24.561216 42.151715

Emys orbicularis KG9698 24.573652 42.142973

Emys orbicularis KG8678 24.428572 42.139811

Emys orbicularis KG9618 24.476929 42.140885

Emys orbicularis KG8649 24.391936 42.147989

Emys orbicularis LG0668 24.658293 42.144732

Emys orbicularis LG2679 24.911962 42.158638

Emys orbicularis LG2689 24.924059 42.158857

Emys orbicularis LG2699 24.936156 42.159076

Emys orbicularis LG4720 25.093158 42.170799

Emys orbicularis LG4740 25.11736 42.171199

Emys orbicularis LG4667 25.142351 42.144589

Emys orbicularis LG4677 25.154447 42.144784

Emys orbicularis LG4678 25.154186 42.153786

Emys orbicularis LG7558 25.495095 42.068704

Emys orbicularis LG7549 25.482797 42.077548

Emys orbicularis LG7539 25.470712 42.077387

Emys orbicularis LG7559 25.494882 42.077707

Emys orbicularis LG7568 25.507178 42.068861

Emys orbicularis LG8517 25.5678 42.060628

Emys orbicularis LG6652 25.373344 42.103067

Emys orbicularis LG6662 25.385434 42.103238

Emys orbicularis LG6633 25.348932 42.111724

Emys orbicularis LG9533 25.713523 42.026329

Emys orbicularis LG9552 25.737854 42.017592

Emys orbicularis LG9523 25.701446 42.026193

Emys orbicularis LG9524 25.701263 42.035197

Emys orbicularis LG9580 25.774426 41.999976

Emys orbicularis LG9590 25.786498 42.000104

Emys orbicularis MG0563 25.870526 42.027981

Emys orbicularis MG0562 25.870685 42.018976

Emys orbicularis MG0571 25.882919 42.01009

Emys orbicularis MG1348 25.969329 41.893812

Emys orbicularis MG2344 26.090371 41.858808

Emys orbicularis MG2343 26.090498 41.849802

Emys orbicularis MG2342 26.090626 41.840797

Emys orbicularis MG2351 26.102795 41.831886

Emys orbicularis MG2335 26.078195 41.867718

Emys orbicularis MG2325 26.066146 41.867621

Emys orbicularis MG2316 26.053966 41.876528

Emys orbicularis MG3232 26.200138 41.751543

Emys orbicularis MG3251 26.2243 41.742701

Emys orbicularis MG2370 26.127 41.823065

Emys orbicularis LH0698 24.661143 43.045299

Emys orbicularis LH3821 24.939412 43.167709

Emys orbicularis LH2889 24.887753 43.238802
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Emys orbicularis LH3802 24.914517 43.176263

Emys orbicularis LH4771 25.12659 43.080883

Emys orbicularis LH2527 24.82413 42.949465

Emys orbicularis LH2517 24.81188 42.949231

Emys orbicularis LH6567 25.36325 42.958447

Emys orbicularis LH5592 25.278719 42.912182

Emys orbicularis LH5565 25.241214 42.938626

Emys orbicularis LH5554 25.229221 42.929436

Emys orbicularis LH7670 25.497408 42.987301

Emys orbicularis MH1768 25.972989 43.154645

Emys orbicularis MH1758 25.960692 43.154534

Emys orbicularis MH1759 25.960539 43.163537

Emys orbicularis MH1749 25.94824 43.163425

Emys orbicularis MH1767 25.97314 43.145642

Emys orbicularis MH1722 25.924746 43.100173

Emys orbicularis MH1712 25.91246 43.100057

Emys orbicularis MH1711 25.912619 43.091054

Emys orbicularis MH0696 25.888864 43.045801

Emys orbicularis MH3528 26.172186 42.976161

Emys orbicularis MH3519 26.159801 42.985076

Emys orbicularis LH8755 25.592421 43.123582

Emys orbicularis LH8745 25.580132 43.12343

Emys orbicularis NG2669 27.320872 42.177194

Emys orbicularis NG2647 27.296571 42.159247

Emys orbicularis NG4456 27.549134 41.969179

Emys orbicularis FP3684 22.725181 43.920594

Emys orbicularis FP3674 22.71273 43.920781

Emys orbicularis FP2623 22.525726 43.914428

Emys orbicularis FP3871 22.717138 44.073772

Emys orbicularis FM5905 22.828634 42.397217

Emys orbicularis FM6904 22.949793 42.386215

Emys orbicularis LJ3167 24.977866 43.492548

Emys orbicularis LJ3177 24.990226 43.492766

Emys orbicularis LJ3157 24.965506 43.492329

Emys orbicularis LJ3147 24.953146 43.492108

Emys orbicularis LH5929 25.180505 43.333878

Emys orbicularis LH5919 25.168176 43.333682

Emys orbicularis LH5908 25.156119 43.324483

Emys orbicularis LH5909 25.155846 43.333483

Emys orbicularis LJ5020 25.180236 43.342878

Emys orbicularis LJ5010 25.167905 43.342681

Emys orbicularis KH8892 24.41052 43.16596

Emys orbicularis KH8888 24.395936 43.219654

Emys orbicularis LJ0274 24.617003 43.548621

Emys orbicularis LJ0284 24.629372 43.548878

Emys orbicularis LJ0275 24.616649 43.557617

Emys orbicularis LJ0262 24.605347 43.530369

Emys orbicularis LJ0252 24.592983 43.53011

Emys orbicularis LJ0242 24.580618 43.529848

Emys orbicularis LJ0251 24.593341 43.521113

Emys orbicularis LJ1343 24.700506 43.631366

Emys orbicularis LJ1353 24.712892 43.631614

Emys orbicularis LJ1354 24.712551 43.640611

Emys orbicularis LJ1364 24.724939 43.640859

Emys orbicularis LJ1355 24.712209 43.649608

Emys orbicularis MJ1398 26.001038 43.695154

Emys orbicularis MJ1386 25.988933 43.67704

Emys orbicularis MJ1388 25.988631 43.695045

Emys orbicularis MJ1236 25.928516 43.586449

Emys orbicularis MJ1246 25.940901 43.586565

Emys orbicularis MJ2343 26.063777 43.650665

Emys orbicularis MJ2310 26.027017 43.623346

Emys orbicularis MJ2344 26.063637 43.659668

Emys orbicularis MJ2334 26.051237 43.659566

Emys orbicularis MJ3224 26.164092 43.570406

Emys orbicularis NG7642 27.901132 42.111059

Emys orbicularis NG8448 28.020053 41.983973

Emys orbicularis NG5689 27.708319 42.175456

Emys orbicularis NG6685 27.828917 42.138623

Emys orbicularis NG6696 27.841136 42.14754

Emys orbicularis MG4371 26.367722 41.833649

Emys orbicularis MG4340 26.331688 41.824439

Emys orbicularis MG4372 26.367634 41.842656

Emys orbicularis MG5385 26.499914 41.870329

Emys orbicularis MG2348 26.08986 41.894831

Emys orbicularis MG2347 26.089987 41.885825

Emys orbicularis MG2358 26.101913 41.894926

Emys orbicularis FM8025 23.189248 41.580357

Emys orbicularis FL8969 23.235334 41.52543

Emys orbicularis GL0926 23.425938 41.494546

Emys orbicularis MF0886 25.904976 41.424852

Emys orbicularis MF1805 25.929055 41.416072

Emys orbicularis MF0895 25.917091 41.41596

Emys orbicularis MF0885 25.905127 41.415846

Emys orbicularis MF0867 25.880891 41.433628

Emys orbicularis MF0877 25.892858 41.433744

Emys orbicularis FN9857 23.40689 43.214971

Emys orbicularis MJ6450 26.571719 43.716725

Emys orbicularis MJ7348 26.683537 43.699081

Emys orbicularis MJ7347 26.683585 43.690077

Emys orbicularis MJ8536 26.794675 43.861404

Emys orbicularis NJ6549 27.802959 43.885779
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Emys orbicularis NJ4582 27.603153 43.823982

Emys orbicularis NJ4581 27.603062 43.814979

Emys orbicularis NJ5459 27.689889 43.79648

Emys orbicularis NJ5458 27.689785 43.787477

Emys orbicularis NJ4489 27.602881 43.796972

Emys orbicularis NJ4443 27.552664 43.743203

Emys orbicularis NJ4453 27.565082 43.743142

Emys orbicularis FP5356 22.9287 43.665237

Emys orbicularis FP5357 22.928988 43.674236

Emys orbicularis FP6470 23.078688 43.698622

Emys orbicularis FP5562 22.945755 43.809007

Emys orbicularis FP5542 22.920903 43.809428

Emys orbicularis FP6580 23.094226 43.788375

Emys orbicularis FP6419 23.006978 43.780937

Emys orbicularis FP6590 23.106646 43.788147

Emys orbicularis FP6591 23.106963 43.797144

Emys orbicularis FP6581 23.09454 43.797373

Emys orbicularis FP4569 22.823408 43.87405

Emys orbicularis KH9068 24.523296 42.502111

Emys orbicularis KH9078 24.535455 42.502373

Emys orbicularis KH9079 24.535102 42.51137

Emys orbicularis KH8067 24.402082 42.49042

Emys orbicularis KH9089 24.547263 42.511632

Emys orbicularis KH8039 24.364858 42.50758

Emys orbicularis MG6819 26.532503 42.356815

Emys orbicularis MG6818 26.53257 42.347809

Emys orbicularis MG6828 26.54471 42.347858

Emys orbicularis MG6827 26.544775 42.338852

Emys orbicularis MG6826 26.54484 42.329846

Emys orbicularis MG6730 26.557985 42.185798

Emys orbicularis MG6405 26.523344 41.960496

Emys orbicularis MG6404 26.523411 41.951489

Emys orbicularis MG7557 26.703848 42.069183

Emys orbicularis MG6910 26.532436 42.36582

Emys orbicularis MG6901 26.520223 42.374776

Emys orbicularis MG7994 26.750892 42.402527

Emys orbicularis MG7995 26.750856 42.411533

Emys orbicularis MG6439 26.559296 41.996666

Emys orbicularis MG6428 26.547286 41.987613

Emys orbicularis MG7521 26.667867 42.015045

Emys orbicularis FP3267 22.690875 43.587969

Emys orbicularis FN6506 22.967317 42.944236

Emys orbicularis FN5595 22.954782 42.935446

Emys orbicularis KH6814 24.065631 43.175637

Emys orbicularis FM5685 22.917583 42.125591

Emys orbicularis LF9959 25.747179 41.540336

Emys orbicularis MF1820 25.953705 41.371261

Emys orbicularis MF0871 25.893775 41.379708

Emys orbicularis LG6085 25.422276 41.590378

Emys orbicularis LG3486 25.051377 41.953952

Emys orbicularis LG2634 24.865089 42.112745

Emys orbicularis LG6538 25.350099 42.06671

Emys orbicularis LG6548 25.362182 42.066883

Emys orbicularis LG3498 25.06289 41.97216

Emys orbicularis LG4500 25.074411 41.990366

Emys orbicularis LG6651 25.373575 42.094064

Emys orbicularis LG8505 25.556126 42.042469

Emys orbicularis LG6650 25.373805 42.085061

Emys orbicularis LG4598 25.180957 42.064153

Emys orbicularis LG4577 25.157057 42.054766

Emys orbicularis LG4566 25.14524 42.045569

Emys orbicularis LG3519 24.963236 42.069501

Emys orbicularis LG3610 24.962948 42.078501

Emys orbicularis LG3620 24.97503 42.078715

Emys orbicularis LG3631 24.986827 42.087929

Emys orbicularis LG3651 25.010995 42.088351

Emys orbicularis LG3662 25.0228 42.097561

Emys orbicularis NH7532 27.900601 42.921581

Emys orbicularis NG7598 27.961058 42.074547

Emys orbicularis MH1224 25.932226 42.667996

Emys orbicularis MH1214 25.920025 42.667881

Emys orbicularis MH4162 26.348226 42.563051

Emys orbicularis NH5525 27.643587 42.95033

Emys orbicularis LH8112 25.556529 42.555812

Emys orbicularis LH8142 25.593062 42.556266

Emys orbicularis MH0119 25.798886 42.621648

Emys orbicularis LH3265 25.004921 42.664601

Emys orbicularis PJ2257 28.554665 43.589903

Emys orbicularis MH3024 26.178628 42.489914

Emys orbicularis MH2013 26.044929 42.479872

Emys orbicularis MH2023 26.057094 42.479973

Emys orbicularis MH5199 26.506097 42.62688

Emys orbicularis MH5168 26.469589 42.617711

Emys orbicularis MH8106 26.762294 42.600681

Emys orbicularis MH7185 26.737952 42.591622

Emys orbicularis MH8116 26.774484 42.600705

Emys orbicularis MG1700 25.916233 42.18153

Emys orbicularis LG8648 25.601873 42.160117

Emys orbicularis LG8649 25.601674 42.16912

Emys orbicularis LG8833 25.586762 42.295022

Emys orbicularis MG0568 25.869728 42.073005

Emys orbicularis MG0567 25.869888 42.064001
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Emys orbicularis LG7666 25.505487 42.140889

Emys orbicularis MG3904 26.155504 42.399687

Emys orbicularis MH2003 26.032764 42.47977

Emys orbicularis MH1093 26.020599 42.479667

Emys orbicularis MG3917 26.167297 42.426791

Emys orbicularis LG7886 25.525496 42.321268

Emys orbicularis MG0670 25.881498 42.091133

Emys orbicularis LG7775 25.51569 42.222076

Emys orbicularis LG7785 25.527803 42.222232

Emys orbicularis LG8657 25.614171 42.15126

Emys orbicularis LG8656 25.614367 42.142256

Emys orbicularis LG8568 25.62802 42.07037

Emys orbicularis LG7731 25.46811 42.185426

Emys orbicularis MG0579 25.881656 42.082129

Emys orbicularis MG1710 25.92834 42.181643

Emys orbicularis MG1665 25.989593 42.137168

Emys orbicularis MG2625 26.062187 42.137784

Emys orbicularis LG8639 25.589571 42.168972

Emys orbicularis LG7653 25.49403 42.113721

Emys orbicularis MH3034 26.190795 42.490001

Emys orbicularis MH0853 25.836866 43.198366

Emys orbicularis LH7806 25.405514 43.22018

Emys orbicularis LH7815 25.418054 43.211349

Emys orbicularis LH7835 25.442667 43.211687

Emys orbicularis LH7845 25.454974 43.211854

Emys orbicularis LH8885 25.627276 43.214052

Emys orbicularis LH8875 25.614968 43.213903

Emys orbicularis LH9911 25.663019 43.268502

Emys orbicularis LJ9142 25.695933 43.457974

Emys orbicularis LJ9162 25.720649 43.458254

Emys orbicularis MH0727 25.801006 43.143967

Emys orbicularis MH0737 25.813301 43.144095

Emys orbicularis MH0747 25.825596 43.144222

Emys orbicularis LH8825 25.55343 43.213142

Emys orbicularis LH8814 25.541337 43.203983

Emys orbicularis LH8804 25.529031 43.203826

Emys orbicularis LH8805 25.528815 43.212828

Emys orbicularis LH8874 25.615171 43.204901

Emys orbicularis LH9849 25.70036 43.250924

Emys orbicularis LH9922 25.675143 43.277648

Emys orbicularis LH9914 25.662428 43.295509

Emys orbicularis LH9915 25.66223 43.304511

Emys orbicularis LH9858 25.712865 43.242061

Emys orbicularis LH9839 25.688044 43.250783

Emys orbicularis LJ9222 25.669242 43.547709

Emys orbicularis LJ9164 25.720269 43.476258

Emys orbicularis MH7339 26.67589 42.807596

Emys orbicularis MH6399 26.626968 42.807447

Emys orbicularis MH3572 26.23417 42.922562

Emys orbicularis MH3564 26.221691 42.940488

Emys orbicularis MH3584 26.246203 42.940652

Emys orbicularis MH3594 26.258459 42.940733

Emys orbicularis MH7314 26.651681 42.762498

Emys orbicularis MJ5079 26.474843 43.437192

Emys orbicularis MH2839 26.057551 43.254425

Emys orbicularis MH9812 26.895384 43.195226

Emys orbicularis MH9802 26.883077 43.195214

Emys orbicularis MH8779 26.846221 43.168156

Emys orbicularis NH0731 27.043008 43.096212

Emys orbicularis MH8769 26.833919 43.168139

Emys orbicularis NH0722 27.030724 43.105221

Emys orbicularis MH8757 26.821669 43.150111

Emys orbicularis NH1405 27.128534 42.862015

Emys orbicularis GP0200 23.480465 43.510531

Emys orbicularis FP9232 23.394653 43.530369

Emys orbicularis FP9242 23.407017 43.53011

Emys orbicularis FP9251 23.419022 43.520852

Emys orbicularis FP9109 23.356506 43.504151

Emys orbicularis FP9356 23.424436 43.655794

Emys orbicularis FP8227 23.260311 43.578125

Emys orbicularis FP8350 23.298466 43.604375

Emys orbicularis FP9482 23.463815 43.708973

Emys orbicularis GP0513 23.505144 43.807113

Emys orbicularis GP0504 23.493097 43.81638

Emys orbicularis GP0514 23.50552 43.816108

Emys orbicularis GP1394 23.720939 43.631109

Emys orbicularis GP1395 23.721345 43.640103

Emys orbicularis GP2305 23.733729 43.639807

Emys orbicularis GP2316 23.746523 43.648504

Emys orbicularis GP2346 23.783679 43.647605

Emys orbicularis GP2357 23.796482 43.656296

Emys orbicularis GP2494 23.849007 43.718022

Emys orbicularis GP3405 23.861834 43.726705

Emys orbicularis GP2483 23.836184 43.709338

Emys orbicularis GP3307 23.858413 43.654762

Emys orbicularis GP2275 23.816212 43.547768

Emys orbicularis GP3306 23.857986 43.64577

Emys orbicularis GP3305 23.857559 43.636777

Emys orbicularis GP2383 23.83195 43.619407

Emys orbicularis MJ2697 26.121296 43.95725

Emys orbicularis MJ5763 26.457309 44.013361

Emys orbicularis MJ5773 26.469784 44.01342
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Emys orbicularis MJ5784 26.482181 44.02248

Emys orbicularis MJ5704 26.382366 44.021984

Emys orbicularis MJ5735 26.419709 44.031183

Emys orbicularis MJ5764 26.457227 44.022364

Emys orbicularis MJ6764 26.581999 44.022889

Emys orbicularis MJ9812 26.89381 44.095632

Emys orbicularis MJ8830 26.79393 44.077488

Emys orbicularis NJ0865 27.081241 44.122662

Emys orbicularis NJ0845 27.056244 44.122677

Emys orbicularis NJ0856 27.068753 44.131674

Emys orbicularis NJ0844 27.056235 44.113674

Emys orbicularis NJ1800 27.131136 44.077599

Emys orbicularis MG9556 26.945612 42.060546

Emys orbicularis MG9566 26.957698 42.060551

Emys orbicularis NG1755 27.187841 42.231527

Emys orbicularis NG7519 27.864482 42.084322

Emys orbicularis NG8507 27.973008 42.06544

Emys orbicularis NG7566 27.924535 42.056835

Emys orbicularis NG1765 27.199959 42.231506

Emys orbicularis NG8418 27.983843 41.984289

Emys orbicularis NG8419 27.983982 41.993295

Emys orbicularis NG8428 27.995913 41.984185

Emys orbicularis NG8515 27.984815 42.047327

Emys orbicularis NG3923 27.394868 42.393112

Emys orbicularis NG3932 27.406959 42.384064

Emys orbicularis NG2885 27.345874 42.321221

Emys orbicularis NG2865 27.321603 42.321292

Emys orbicularis NG2922 27.273333 42.38446

Emys orbicularis NG2921 27.273294 42.375454

Emys orbicularis KJ7161 24.238991 43.423063

Emys orbicularis LJ7101 25.399614 43.445206

Emys orbicularis LJ7100 25.399851 43.436205

Emys orbicularis LJ0456 24.584343 43.746016

Emys orbicularis LJ6085 25.376352 43.390853

Emys orbicularis LJ7144 25.448338 43.47289

Emys orbicularis LJ7155 25.460469 43.482059

Emys orbicularis LJ7166 25.472604 43.491226

Emys orbicularis LJ7167 25.472377 43.500227

Emys orbicularis MG5520 26.426406 42.005086

Emys orbicularis MG3457 26.221465 41.976859

Emys orbicularis MG3458 26.221355 41.985865

Emys orbicularis MG5412 26.41499 41.932975

Emys orbicularis MG3208 26.163355 41.805322

Emys orbicularis MG3450 26.222231 41.913817

Emys orbicularis MG0157 25.864201 41.703678

Emys orbicularis MG0175 25.888545 41.685902

Emys orbicularis MG3276 26.247825 41.787892

Emys orbicularis LG9186 25.780256 41.693811

Emys orbicularis MG0149 25.851864 41.721569

Emys orbicularis MG1016 25.937932 41.605306

Emys orbicularis KJ6423 24.05225 43.706512

Emys orbicularis GL0828 23.423255 41.422551

Emys orbicularis GL2983 23.735958 41.460566

Emys orbicularis NH5223 27.640606 42.662176

Emys orbicularis NH5105 27.615494 42.590268

Emys orbicularis NH5106 27.615582 42.599274

Emys orbicularis NG5954 27.674394 42.400814

Emys orbicularis NG5944 27.662244 42.400885

Emys orbicularis NG5945 27.662339 42.409891

Emys orbicularis NG5897 27.722273 42.337481

Emys orbicularis NG6805 27.734202 42.319393

Emys orbicularis NG6744 27.781515 42.220012

Emys orbicularis NG6734 27.7694 42.220094

Emys orbicularis NG6811 27.745911 42.283293

Emys orbicularis NH7323 27.885902 42.750596

Emys orbicularis NH7304 27.861591 42.759787

Emys orbicularis NH2065 27.322524 42.50141

Emys orbicularis NH2075 27.334695 42.501375

Emys orbicularis NH2076 27.334743 42.51038

Emys orbicularis NH2085 27.346865 42.501339

Emys orbicularis NG3979 27.456006 42.446921

Emys orbicularis NG3953 27.431316 42.392981

Emys orbicularis NG2977 27.334311 42.429328

Emys orbicularis NH3167 27.444996 42.609069

Emys orbicularis NH3196 27.4815 42.599915

Emys orbicularis LJ5346 25.195269 43.667263

Emys orbicularis KH7340 24.247125 42.693912

Emys orbicularis FM3799 22.691175 42.255236

Emys orbicularis FN6505 22.96703 42.935236

Emys orbicularis KG8848 24.384884 42.318931

Emys orbicularis LG9505 25.67692 42.043925

Emys orbicularis MJ8863 26.83132 44.10456

Emys orbicularis NG2864 27.321557 42.312286

Emys orbicularis KJ7079 24.252145 43.405372

Emys orbicularis LG9879 25.755487 42.351013

Emys orbicularis FN9913 23.359769 43.269978

Emys orbicularis FM5758 22.884781 42.243211

Emys orbicularis GN0172 23.526791 42.537037

Emys orbicularis GN0162 23.514626 42.537305

Emys orbicularis GN0152 23.50246 42.537571

Emys orbicularis GN0006 23.439525 42.484898

Emys orbicularis KH7391 24.307709 42.704358
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Emys orbicularis KH8301 24.319906 42.704644

Emys orbicularis MG5590 26.510932 42.005477

Emys orbicularis NG1659 27.187681 42.177489

Emys orbicularis NG1608 27.127121 42.168566

Emys orbicularis NG1609 27.127139 42.177572

Emys orbicularis NG0627 27.030263 42.159626

Emys orbicularis MG9684 26.98185 42.132609

Emys orbicularis LG6307 25.318833 41.877124

Emys orbicularis LG6335 25.355434 41.859641

Emys orbicularis LG5428 25.219714 41.974699

Emys orbicularis LG5467 25.268215 41.966435

Emys orbicularis LG5466 25.268459 41.957433

Emys orbicularis LG3470 25.040971 41.899738

Emys orbicularis KG8641 24.394887 42.076012

Emys orbicularis KG8633 24.38207 42.093731

Emys orbicularis MF2873 26.132689 41.399772

Emys orbicularis MF2864 26.120606 41.408688

Emys orbicularis FL7800 23.038324 41.357963

Emys orbicularis LG6316 25.331114 41.868297

Emys orbicularis MF1881 26.025306 41.380898

Emys orbicularis MF2892 26.156729 41.390943

Emys orbicularis LF9786 25.787001 41.333595

Emys orbicularis MF0851 25.869861 41.379476

Emys orbicularis LH8430 25.575134 42.808195

Emys orbicularis MG1482 26.016988 41.930257

Emys orbicularis MG1493 26.028911 41.939365

Emys orbicularis MG1494 26.028774 41.948371

Emys orbicularis MG2357 26.102039 41.88592

Emys orbicularis MG2356 26.102165 41.876914

Emys orbicularis MG2359 26.101787 41.903932

Emys orbicularis MG2349 26.089732 41.903837

Emys orbicularis MG2462 26.113468 41.931043

Emys orbicularis MG2499 26.14881 41.994356

Emys orbicularis MG4681 26.377139 42.103901

Emys orbicularis MG5451 26.463312 41.924204

Emys orbicularis MG5452 26.463237 41.93321

Emys orbicularis LG7345 25.487917 41.861462

Emys orbicularis LG7374 25.524258 41.852929

Emys orbicularis LG8333 25.596714 41.84483

Emys orbicularis LG8374 25.644692 41.854413

Emys orbicularis LG8385 25.656548 41.863559

Emys orbicularis LG8386 25.656359 41.872564

Emys orbicularis LG8396 25.668407 41.872704

Emys orbicularis MG6749 26.569544 42.266898

Emys orbicularis MH6557 26.576941 42.969368

Emys orbicularis MH5081 26.49521 42.464728

Emys orbicularis NH5556 27.68046 42.959122

Emys orbicularis NG5955 27.674491 42.40982

Emys orbicularis MG8610 26.77628 42.096367

Emys orbicularis MG8504 26.764387 42.042303

Emys orbicularis MG6524 26.546903 42.041651

Emys orbicularis MG7439 26.680035 41.997066

Emys orbicularis FL9848 23.327599 41.424527

Emys orbicularis MG3407 26.161119 41.976434

Emys orbicularis MG9674 26.96975 42.132607

Emys orbicularis NG0699 27.11503 42.177585

Emys orbicularis NG1742 27.175647 42.204527

Emys orbicularis GN2654 23.766499 42.999738

Emys orbicularis NG4927 27.516657 42.428652

Emys orbicularis NH3070 27.456072 42.455927

Emys orbicularis KH8051 24.392168 42.436164

Emys orbicularis LJ2362 24.849474 43.625263

Emys orbicularis GP2325 23.758497 43.639212

Emys orbicularis NG6803 27.733993 42.301382

Emys orbicularis NG6804 27.734097 42.310387

Emys orbicularis NG5883 27.70973 42.301534

Emys orbicularis NG5896 27.72217 42.328475

Emys orbicularis NG5970 27.698296 42.364647

Emys orbicularis NG4799 27.600205 42.266135

Emys orbicularis NG4789 27.588081 42.266198

Emys orbicularis NG6708 27.73347 42.256354

Emys orbicularis NG6718 27.745593 42.256276

Emys orbicularis NG5779 27.697202 42.265587

Emys orbicularis NG4897 27.60089 42.338181

Emys orbicularis NG4896 27.600804 42.329175

Emys orbicularis NG5805 27.612854 42.320105

Emys orbicularis NG5804 27.612766 42.3111

Emys orbicularis NG5814 27.6249 42.311034

Emys orbicularis NG5824 27.637033 42.310967

Emys orbicularis NG6835 27.770605 42.319154

Emys orbicularis NG6826 27.758579 42.32824

Emys orbicularis NH4009 27.493193 42.536826

Emys orbicularis NH4104 27.493548 42.581853

Emys orbicularis NH4103 27.493477 42.572847

Emys orbicularis MG6834 26.557104 42.311882

Emys orbicularis MH3574 26.233947 42.940571

Emys orbicularis NJ1719 27.143603 44.06858

Emys orbicularis NJ1709 27.131116 44.068595

Emys orbicularis NJ1788 27.230978 44.059434

Emys orbicularis NJ0853 27.068722 44.104664

Emys orbicularis MJ8861 26.831371 44.086553

Emys orbicularis MJ8862 26.831346 44.095556
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Emys orbicularis MJ8870 26.843886 44.077567

Emys orbicularis LJ7370 25.481806 43.617405

Emys orbicularis LJ7360 25.469417 43.61724

Emys orbicularis LJ7351 25.456798 43.626074

Emys orbicularis NH7623 27.889776 43.020722

Emys orbicularis NH7613 27.877505 43.020816

Emys orbicularis NH6663 27.816147 43.02127

Emys orbicularis NH5662 27.693326 43.013075

Emys orbicularis NH5673 27.7057 43.022005

Emys orbicularis NH5664 27.693529 43.031084

Emys orbicularis NH5654 27.681255 43.031158

Emys orbicularis NH6673 27.828419 43.021182

Emys orbicularis NH5652 27.681056 43.013149

Emys orbicularis NH7620 27.889386 42.99371

Emys orbicularis MG6907 26.519812 42.42881

Emys orbicularis MG6843 26.569299 42.302922

Emys orbicularis MH3553 26.209551 42.9314

Emys orbicularis NG4861 27.563992 42.284332

Emys orbicularis NG5850 27.673049 42.274737

Emys orbicularis NG5841 27.661017 42.283813

Emys orbicularis NJ1798 27.243464 44.059408

Emys orbicularis NJ1726 27.15602 44.041554

Emys orbicularis NJ0863 27.081216 44.104655

Emys orbicularis NG5882 27.709629 42.292529

Emys orbicularis NG5873 27.697599 42.301609

Emys orbicularis NG5851 27.673144 42.283743

Emys orbicularis NG5861 27.685272 42.283671

Emys orbicularis NG5823 27.636942 42.301962

Emys orbicularis NG6815 27.746336 42.319314

Emys orbicularis NH4114 27.505733 42.5818

Emys orbicularis MG5997 26.507655 42.428759

Emys orbicularis MJ8871 26.843862 44.086571

Emys orbicularis LJ7350 25.457028 43.617073

Emys orbicularis NH6653 27.803875 43.021357

Emys orbicularis MH2512 26.038142 42.921083

Emys orbicularis MG5534 26.438164 42.04117

Emys orbicularis NG1750 27.187707 42.186495

Emys orbicularis GN2132 23.721422 42.532577

Emys orbicularis GN0157 23.504259 42.582557

Emys orbicularis GN0107 23.443383 42.583872

Emys orbicularis LG6304 25.319541 41.850115

Emys orbicularis MG0105 25.804452 41.685058

Emys orbicularis NH8969 28.067199 43.343374

Emys orbicularis NG7608 27.85348 42.165462

Emys orbicularis NH4102 27.493406 42.563842

Emys orbicularis GP0211 23.493195 43.519258

Emys orbicularis GP1217 23.61914 43.570463

Emys orbicularis MG0140 25.853304 41.640521

Emys orbicularis FL9951 23.340527 41.451284

Emys orbicularis FM3851 22.64317 42.273945

Emys orbicularis FM6569 23.012604 42.069927

Emys orbicularis KJ7069 24.239809 43.405075

Emys orbicularis FP4324 22.767009 43.649844

Emys orbicularis FP4238 22.777811 43.595653

Emys orbicularis MG6326 26.54805 41.879535

Emys orbicularis MG4233 26.320314 41.761323

Emys orbicularis KH6094 24.196659 42.458561

Emys orbicularis NG5888 27.710237 42.346562

Emys orbicularis FN8295 23.312104 42.658639

Emys orbicularis FM3780 22.676912 42.174392

Emys orbicularis FN5584 22.94225 42.926655

Emys orbicularis FN8211 23.213291 42.624571

Emys orbicularis GN0314 23.461588 42.736566

Emys orbicularis GN0331 23.48492 42.709048

Emys orbicularis KH8728 24.326069 43.128

Emys orbicularis KJ6050 24.107978 43.320779

Emys orbicularis LH9904 25.650103 43.295364

Emys orbicularis MG6316 26.535998 41.879487

Emys orbicularis MH7192 26.750248 42.564632

Emys orbicularis MH9319 26.896039 42.808008

Emys orbicularis NG5980 27.710439 42.364573

Emys orbicularis NH2504 27.251275 42.942859

Emys orbicularis NJ4572 27.590717 43.824047

Mauremys rivulata NG7596 27.960787 42.056537

Mauremys rivulata NG7597 27.960923 42.065542

Mauremys rivulata NG7587 27.948837 42.065643

Mauremys rivulata NG7577 27.936752 42.065742

Mauremys rivulata NG7576 27.936619 42.056737

Mauremys rivulata FL8995 23.270006 41.488725

Mauremys rivulata FL7854 23.099219 41.392895

Mauremys rivulata FL8983 23.257411 41.470959

Mauremys rivulata FL7831 23.074453 41.366324

Mauremys rivulata MG4315 26.295072 41.869254

Mauremys rivulata NG8507 27.973008 42.06544

Mauremys rivulata MG4371 26.367722 41.833649

Mauremys rivulata MG4340 26.331688 41.824439

Mauremys rivulata MG4372 26.367634 41.842656

Mauremys rivulata MG5385 26.499914 41.870329

Mauremys rivulata MG5393 26.5121 41.852367

Mauremys rivulata MF1805 25.929055 41.416072

Mauremys rivulata MG6419 26.535149 41.996571

Mauremys rivulata MF1820 25.953705 41.371261
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Mauremys rivulata MF1709 25.929942 41.362035

Mauremys rivulata MF0871 25.893775 41.379708

Mauremys rivulata NG7661 27.925189 42.101861

Mauremys rivulata NG7671 27.937282 42.101763

Mauremys rivulata NG7556 27.912451 42.056931

Mauremys rivulata NG7566 27.924535 42.056835

Mauremys rivulata NG7519 27.864482 42.084322

Mauremys rivulata NG8437 28.007841 41.975075

Mauremys rivulata NG8419 27.983982 41.993295

Mauremys rivulata NG8409 27.97191 41.993398

Mauremys rivulata NG8418 27.983843 41.984289

Mauremys rivulata MG9726 26.909096 42.240651

Mauremys rivulata MG3450 26.222231 41.913817

Mauremys rivulata MF2945 26.095304 41.507573

Mauremys rivulata MF2954 26.107409 41.49866

Mauremys rivulata MF2864 26.120606 41.408688

Mauremys rivulata MF2769 26.121213 41.363655

Mauremys rivulata MF1881 26.025306 41.380898

Mauremys rivulata MF1871 26.013349 41.380796

Mauremys rivulata MF1870 26.013485 41.371789

Mauremys rivulata MF2893 26.156613 41.39995

Mauremys rivulata MF1887 26.024498 41.434935

Mauremys rivulata MG4672 26.364955 42.11284

Mauremys rivulata MG4692 26.389146 42.112972

Mauremys rivulata MG5452 26.463237 41.93321

Mauremys rivulata MG6524 26.546903 42.041651

Mauremys rivulata MG6515 26.534755 42.050609

Mauremys rivulata FL9848 23.327599 41.424527

Mauremys rivulata MG4207 26.283826 41.797129

Mauremys rivulata MG4217 26.295862 41.797204

Mauremys rivulata MG5532 26.438323 42.023158

Mauremys rivulata MG9674 26.96975 42.132607

Mauremys rivulata NG0699 27.11503 42.177585

Mauremys rivulata MG4683 26.376962 42.121913

Mauremys rivulata FL8991 23.26875 41.452723

Mauremys rivulata FL8982 23.257099 41.461959

Mauremys rivulata FL8990 23.268436 41.443722

Mauremys rivulata GL0920 23.423925 41.44055

Mauremys rivulata MF1912 25.939993 41.479224

Mauremys rivulata FM8108 23.169195 41.697821
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Introduction
The variations in movements of the feeding appa-
ratus may rely on many factors, some of which are 
conditioned by the differences in the feeding medi-
um, i.e. water vs air. Feeding in both media allows 
expanding the trophic spectrum (for overview see 
Schwenk 2000a). However, the physical proper-
ties of water and air as feeding media (see Lauder 
1985a) demand different constructions of the feeding 
apparatus in aquatic and terrestrial tetrapods (Reilly 
& Lauder 1990). Function and form of the feeding 
apparatus in chelonians vary dramatically between 
aquatic and terrestrial species (Bramble 1973, 

Bramble & Wake 1985, Lauder 1985b, Lemell 
et al. 2000, Beisser et al. 2001).Underwater, most 
tetrapods catch prey by using “compensatory suc-
tion feeding” (sensu Van Damme & Aerts 1997), 
i.e. a combination of fast forward movement of the 
cranio-cervical complex known as ”ram feeding” 
(see Lauder & Prendergast 1992, Liem 1980, 
Norton & Brainerd 1993) and rapid expansion 
of the oropharyngeal cavity. The latter generates a 
negative pressure in the oropharyngeal cavity, which 
compensates the “bow wave” created by the fast for-
ward movement of the head and causes water and 

Feeding Behaviour and Feeding Motorics in Subadult  
European Pond Turtles, Emys orbicularis (Linnaeus, 1758)
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Abstract:  The European Pond Turtle is a predominantly aquatic species, generally assumed to feed exclusively 
under water by using hydrodynamic mechanisms. We analysed the kinematics of the aquatic food uptake 
and food transport by using high-speed videos with 500 fps. The analyses revealed that subadult E. orbi-
cularis use compensatory suction for food uptake, but the food transport is performed by a combination of 
compensatory and inertial suction mechanisms. In contrast to other aquatic and semi-aquatic testudinoids 
studied to date, the static maximum gape phase (MG-phase) was not an obligatory element of the inges-
tion and transport gape cycles of the European Pond Turtle. Our results show that the aquatic food uptake 
kinematics were rather uniform, which might indicate a feed-forward controlled motor program. In food 
transport cycles, our experimental specimens showed individual kinematical variations. In the European 
Pond Turtles terrestrial feeding seemed to be challenging. Recently it was reported that the adults of this 
species are able to fulfill the whole feeding process including food uptake, food transport, pharyngeal 
packing and swallowing on land. We tested whether subadult European Pond Turtles can feed on land as 
well. During our investigation we did not detect any of the subadult European Pond Turtles to attempt 
terrestrial food transport. Very rarely the turtles grasped food offered on land by their jaws, but dragged it 
immediately under water for further manipulation and swallowing. 

Key words: testudinids, food uptake, food transport, suction, ontogenetic shift, high-speed video recording
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prey to rapidly flow into the mouth (Van Damme & 
Aerts 1997).

In turtles, the functional morphology of the 
feeding apparatus is not completely understood (for 
overview see Natchev et al. 2015a). The tongues 
of purely aquatic feeding turtles are small with 
no or poorly developed lingual papillae and oral 
glands (Iwasaki 1992, Beisser et al. 1995, 2001, 
Lemell et al. 2002), which provides hydrodynamic 
advantages. In contrast, terrestrial turtles have well-
developed tongues studded with lingual papillae 
used for the terrestrial, lingual based feeding mecha-
nism (Bramble & Wake 1985, Winokur 1988, 
Wochesländer et al. 1999).

Compared with other tetrapods, detailed de-
scriptions on feeding mechanisms in turtles are 
relatively scarce (for overview see Schwenk 
2000b, Bels et al. 2008, Natchev et al. 2009, 
2011, 2015a).Terrestrial feeding in emydids was 
considered to have evolved independently from the 
two other groups of the superfamily Testudinoidea, 
namely the geoemydids and testudinids (Summers 
et al. 1998, Natchev et al. 2009, 2015a). The 
feeding ecology of the emydid Emys orbicularis has 
been controversially reported to be purely aquatic 
(Ernst & Barbour 1989, Stephens & Wiens 
2003, Drobenkov 2014), or partly terrestrial, as 
some phases in the life history of the European Pond 
Turtle seem to be highly related to land habitats (for 
overview see Ficetola & De Bernardi 2006). 
Some turtle species with predominantly aquatic life-
style are able to grasp food on land, but are unable to 
fulfill transport cycles outside the water (Weisgram 
1985a,b, Heiss et al. 2010). Pritchard (1979) re-
ported different feeding media preferences between 
individuals in E. orbicularis and Wolf (2004) ob-
served that the European Pond Turtle captures food 
outside water both in captivity and in the wild. It 
is important to note, however, that “food uptake” 
on land is not equivalent to “terrestrial feeding” as 
“food uptake” only comprises initial grasping of the 
food without intraoral transport or swallowing ac-
tions. Under laboratory conditions, adult European 
pond turtles are able to ingest, transport and swallow 
food on land (Natchev et al. 2015b). Ottonello 
et al. (2005) reported a very high percentage (>60%) 
of terrestrial insects in the diet of E. orbicularis, so 
it is possible that terrestrial feeding is an element of 
the natural behavioural repertoire in wild popula-
tions. Ontogenetical transitions in the feeding media 
preferences are reported for some aquatic turtle spe-
cies (Heiss et al. 2009). Within the present study, 
we provide experiments to test: a) feeding kinemat-
ics under water, and b) whether subadult European 

Pond Turtles feed on land under laboratory condi-
tions. Using high-speed video recordings, we ex-
amine whether the feeding kinematic profiles reflect 
pure aquatic or semi-aquatic feeding ecology. We 
also search for possible variation in prey capture and 
intraoral transport movements within and between 
individuals to test whether movements are stereotyp-
ical – and therefore pre-programmed – or are modu-
lated regularly due to behavioural plasticity.

Materials and Methods
The distribution area of the European Pond Turtle, 
E. orbicularis (L., 1758), ranges from the Republic 
of Belarus south to Morocco, with a west-east dis-
tribution from the Portuguese Atlantic coastline 
to the Caspian Sea (Ernst & Barbour 1989, 
Bonin et al. 2006). The habitats include both 
slow-running waters with soft river beds, as well 
as stagnant waters. The use of terrestrial basking 
places and terrestrial migration routes points to a 
semi-aquatic lifestyle (Stojanov et al. 2011). 
The European Pond Turtle is mainly carnivorous and 
feeds predominantly on aquatic and terrestrial inver-
tebrates (Bannikov 1951, Kotenko 2000, 
Mitrus & Zemanek 2000) but also hunts for 
amphibians and fish (Stojanov et al. 2011). 
Older individuals were reported to be omnivorous 
(Pritchard 1979, Ernst & Barbour 1989, 
Dall’Antonia et al. 2001, Ficetola & De 
Bernardi 2006). For the present study, we used 
five subadult individuals (straight carapace length: 
46.8–59.9 mm; weight: 37.6–49.0 g). The captive-
bred animals were purchased commercially and 
kept in a glass aqua-terrarium with a ground area 
of 120×50 cm (20% land and 80% water) with 
a 12 h dark/12 h light cycle. The water level was 
constant and kept at a depth of 15 cm. Accessible 
basking places and hiding shelters were offered. A 
UV light source was provided. The animals were fed 
with fish pieces, vegetables and turtle-food pellets. 
Animal care and treatment was in accordance with 
the Austrian National Protection of Animals Act.

To analyse aquatic feeding kinematics, three of 
the five specimens were filmed in lateral view using a 
Photron Fastcam-X 1024 PCI (Photron, Tokyo) digi-
tal high-speed camera at 500 fps. For illumination, 
two Dedocool COOLH tungsten light heads with 
2×250 W (ECL), supplied by a Dedocool COOLT3 
transformer control unit (DedoWeigert Film GmbH; 
Munich, GER) were used. The animals were posi-
tioned in a glass aquarium (19×7×19 cm) with a ref-
erence grid (1×1 cm) in the background and a water 
level of 15 cm. Fish pieces (in size approximately 
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half of the length of the upper jaw of the turtles) 
were offered on the bottom of the glass aquarium, 
directly in front of the animals.

A total of 18 films (six films for each of three 
specimens) were digitally analysed using the SIMI-
MatchiX software (SIMI Reality Motion Systems, 
Unterschleisheim, Germany). The following ana-
tomically relevant landmarks were selected (Fig. 1): 
A – the position of the mandible jaw joint; C – the 
anterior tip of the carapace; F – estimated centre 
of gravity mass of the food item; H – basis of the 
second hyoid horns (Ceratobranchiale II); L – tip of 
the lower jaw; N – point zero of the screen (point 
0); S– dorsal tip of the tympanum; U – tip of the 
upper jaw. On the basis of the landmarks’ displace-
ment along the x-y coordinates we calculated the 
distance between the tips of the upper and lower jaw 
(distance between points U and point L), the rostro-
caudal head movements (distance between point C 
and point S), the movements of the hyoid (distance 
between point A and point H), and the movement of 
the food item (distance between point F and zero-
point N). 

To examine terrestrial feeding behaviour, we 
used all five subadult specimens. The housing aq-
ua-terrarium was adjusted by a transparent platform 
(50×25 cm) 5 cm above the water level. On this 
platform, we offered food (always 6 pellets), which 
was permanently visible for the turtles. This way we 
attempted to simulate terrestrial feeding conditions. 
We provided access from the water to the platform 
by a slant climbing plate with furrows to facilitate 
the access to the offered food. Food pellets were re-
moved when the platform was not controlled by the 

team or during the night. The experiment was per-
formed for 92 days.

A multivariate analysis of variance (MANOVA) 
was performed to test for differences between (i) the 
feeding modes ingestion and transport and (ii) be-
tween individuals in the feeding modes ingestion 
and transport. The model residuals (MANOVA re-
siduals) were tested for normal distribution by the 
K-S-test and were normally distributed for each 
variable. The nine variables used to compare feed-
ing kinematic patterns are listed in Table 1. All sta-
tistical tests were performed using SPSS 11.5 (IBM, 
Chicago, USA) software (α = 0.05).

Results
From a total of 18 aquatic feeding sequences, we ob-
tained 18 food uptake cycles and 59 transport cycles 
(Table 1). Every sequence included one ingestion 
cycle, and one to seven (average 3.3 ± 1.7 per film 
sequence) transport cycles (Fig. 2). Food uptakes 
kinematics were similar for all three individuals, so 
we averaged these data. Transport cycles were ex-
ecuted quite variably for each individual, so they 
were analysed separately.

For prey capture, the hyoid depression started 
17±8 ms prior to reaching peak gape (Figs. 2, 3). We 
clearly detected that, after hyoid retraction, the fish 
piece moved toward the predator (Fig. 2). In only 
11.1% of the prey capture cycles, the peak gape showed 
a plateau of 10±3 ms. In the other cases the jaw clos-
ing began immediately after reaching the maximum 
gape. In all 18 sequences the prey was fixed between 
the jaws. After jaw closing, the hyoid protracted again 

Fig. 1. Landmarks used for kinematic analysis of the aquatic feeding cycles in E. orbicularis. A – ventral margin of 
tympanum (jaw articulation); C – anterior tip of carapace; F – estimated centre of mass of feeding items; H – basis 
of the ceratobranchiale II on hyoid; L – anterior tip of lower jaw; N – point “zero” on measurement board; S – dorsal 
margin of tympanum (dorsal-most point of squamosal); U – anterior tip of upper jaw



80

Kummer S., E. Heiss, K. Singer, P. Lemell & N. Natchev

and the swallowed water visibly streamed out through 
the small jaw-slit. When the hyoid reached its most 
antero-dorsal position, the prey capture was complet-
ed and the transport cycles followed.

In some transport cycles, the peak gape showed Ta
bl
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Fig. 2. Representative kinematic profile of aquatic feed-
ing event in E. orbicularis, including one prey capture 
and four prey transport cycles. Sequences were captured 
at 500 fps. The first (left) vertical line shows the beginning 
of the hyoid depression at prey capture time synchronised 
with the head protraction. The second (right) vertical line 
shows the beginning of the hyoid retraction at prey trans-
port together with the beginning of the fish movement

Fig. 3.Mean and standard error in the kinematic patterns 
of the elements of the feeding apparatus in food uptake 
cycles, combined for all three specimens
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a plateau (individual 1: 8 of 23 transport cycles, with 
an average of 21±6 ms; ind. 2: 0 of 15; ind. 3: 1 of 
21, lasting 22 ms). Similar to the prey capture cycle, 
the hyoid depression started before the jaws reached 
their maximum gape (Fig. 4). During the transport 
cycles (1–7 per food item), the tongue contacted the 
prey during jaw opening.

The hyoid depression was faster in prey capture 
(0.079±0.038 m/s) than in prey transports (individ-
ual 1: 4.499±2.758 cm/s; ind.2: 6.679±4.485 cm/s; 
ind.3: 3.277±1.934 cm/s). In all sequences, prey cap-
ture was accompanied by neck extension towards the 
fish but not all prey transport cycles included head 

protraction (individual 1: 9 of 23; ind. 2: 10 of 15; 
ind. 3: 4 of 21) (Figs. 2, 3, 4). 

The MANOVA revealed significant differenc-
es between ingestion and transport modes (Wilk’s 
lambda F8,64=8.776, P<0.001) and significant dif-
ferences between individuals in the transport mode 
(Wilk’s lambda F16,128=5.064, P<0.001), but not 
between individuals in the ingestion mode (Wilk’s 
lambda F16,128=0.919, P=0.549). The subsequent 
series of ANOVAs showed that the significant dif-
ference between ingestion and transport modes was 
based on significant differences between five out of 
the nine variables tested while the significant differ-
ence between individuals in the transport mode was 
based on significant differences between six out of 
the nine variables tested (Table 1).

During the period of the experiments designed 
to investigate the terrestrial feeding behaviour in sub-
adult E. orbicularis, we were not able to observe or 
film a whole feeding event (ingestion plus transport) 
on the feeding platform. All turtles fed readily when 
the food was offered in water, but were extraordi-
nary cautious when food was offered on land. Only 
two of the five specimens were observed to take up 
food on the platform. One of the specimens executed 
six and the other one two food uptakes. In all eight 
events, the turtles climbed slowly on the platform, 
then grabbed a pellet with the jaws after several at-
tempts. The turtles did not grasp the food items from 
above but twisted their necks to successfully bite on 
the pellets. This rotation of the head impeded filming 
in the lateral plane. After the food was fixed between 
the jaws, the turtles rushed toward the water and 
jumped over the edge of the platform. Food transport 
and swallowing were executed under water.

Discussion
Turtles are amongst the oldest living amniotes and 
span the range from fully aquatic to fully terrestrial 
species, having consequently evolved adaptations 
to different trophic niches (see Pritchard 1979, 
Bonin et al. 2006, Orenstein 2012). While terrestri-
al turtles usually are omnivorous to herbivorous and 
exhibit slow feeding movements, some aquatic tur-
tles are highly specialized predators and rely on fast 
and tightly coordinated movements of the feeding 
apparatus to capture prey (for overview see Lemell 
et al. 2002, Natchev et al. 2015a). In predatory ver-
tebrates, the execution of fast aquatic feeding strikes 
requires firm coordination between the locomotor, 
sensory and feeding apparatus (Wainwright et al. 
2007) – once prey capture is initiated there is lit-
tle space for further kinematic modulation. This is 

Fig. 4. Mean and standard error in the kinematical pat-
terns of the elements of the feeding apparatus in food 
transport cycles, separate for all three specimens
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probably also true for the extremely fast striking tur-
tles such as Chelydra serpentina L., 1758 (Lauder 
& Prendergast 1992), Chelodina longicollis Shaw, 
1794 (Van Damme & Aerts 1997) or Chelus fimbria-
tus Schneider, 1783 (Lemell et al. 2002), which are 
able to catch elusive prey. Little is known concerning 
the level of uniformity in the execution of feeding 
kinematics in less specialized, more opportunistic 
species with a wider trophic spectrum (Natchev et 
al. 2009, 2011). Stayton (2011) studied the food up-
take kinematics in eight emydid turtles and showed 
clear differences between aquatic and terrestrial bit-
ings; furthermore, he emphasized the importance of 
the capability of behavioural plasticity in acquiring 
new niches. 

Emys orbicularis is a species with a broad 
trophic spectrum, so high plasticity of the feeding 
kinematics could be expected. Our results pointed to 
a more complex conclusion. Actually, the kinemat-
ic patterns in underwater food transport cycles are 
rather variable between the investigated individuals. 
Similar results were reported for terrestrial feeding 
in subadults of Manouria emys emys Schlegel & 
Müller, 1844 (Natchev et al. 2015a). In contrast 
to the kinematics of the transport cycles in E. or-
bicularis, the three individuals tested in that study 
showed great similarities in execution of underwater 
food uptake (Table 1, Fig. 3). The mechanism of the 
food uptake can be described as typical “compensa-
tory suction” (sensu Van Damme & Aerts 1997). 
The head protraction and the hyoid depression are 
highly synchronised during the food grasping (Figs. 
2, 3). This synchronisation is apparently very impor-
tant for the successful execution of the aquatic food 
uptake. The motor program seems to fit to the “feed 
forward” type (see Deban et al. 2001, Deban & 
Dicke 2004) as all movements were performed 
completely identically in all of the three experimen-
tal specimens (Fig. 4). The high degree of uniformity 
of the kinematical patterns during aquatic prey cap-
ture is usually found in species that are able to gen-
erate significant suction flow and execute the cap-
ture event in very short time (Van Damme & Aerts 
1997, Lemell et al. 2002). This is not the case in E. 
orbicularis. The graphic representing the prey move-
ments indicates that initially the food item is pushed 
away by the bow wave created by the approaching 
head and gaping mouth of the turtle (Fig. 2). The 
movement of the food towards the zero point of the 
screen starts shortly prior to reaching peak gape dur-
ing the fast neck extension. In this moment the hyoid 
retraction has already been initiated. The fact that 
the food is pushed away by the turtle‘s protracting 
head despite the hyoid depression, indicates that the 

abrupt oro-pharyngeal expansion cannot fully com-
pensate the bow wave. We propose that the uniform-
ity of the food uptake movements in the subadult E. 
orbicularis is constrained by the morphology of the 
turtle‘s prey capture apparatus. The species has a hy-
oid construction that does not allow generation of 
strong suction forces – turtles, which are specialized 
in suction feeding, possess bony hyoid bodies and 
horns. In E. orbicularis, the hyoid complex is mainly 
cartilaginous (see Bojanus 1819, Natchev et al. 
2015b). We suggest that European Pond Turtles have 
to take up food in a stereotype manner, because the 
feeding apparatus is efficient only in the execution 
of one particular, precisely coordinated set of feed-
ing movements. The low degree of variation may 
constrain the feeding performance and the ability of 
E. orbicularis to feed on elusive prey. On the other 
hand, the bendable hyoid may be advantageous for 
the European Pond Turtle – this design allows it to 
perform precise food manipulation and multidirec-
tional food transport. Our results indicate that the 
transport/manipulation kinematics are under com-
plex feedback control. The construction of the hyoid 
complex may negatively impact the suction feeding 
performance of the species, but it allows the turtle to 
transport food by applying complex combinations of 
“compensatory” and “inertial suction” mechanisms 
(Table 1, Figs. 2,4). During transport and manipula-
tion, the food is already within the margins of the 
mouth. In E. orbicularis, the suction forces work 
apparently more efficiently on food items that are 
already inside the oropharynx. The motor program 
of the transport cycle can be more variable and fine-
tuned under feedback control for every single feed-
ing situation.

Initial measurements based on high-speed video 
recordings indicate that adult European Pond Turtles 
utilise the same set of movements when executing 
terrestrial and aquatic food transports (Natchev et al. 
2015b). Unfortunately, we were not able to confirm that 
observation for subadults. Anatomical and histological 
investigation of the oropharynx as well as further etho-
logical studies will provide information whether there 
is a clear ontogenetic shift in the potential of E. orbicu-
laris to exploit terrestrial food resources.
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Introduction
The European Pond Turtle, Emys orbicularis 
(Linnaeus, 1758) (Testudines: Emydidae) is a turtle 
widely distributed throughout Europe, North Africa, 
and Asia Minor. The population in Spain is consid-
ered endangered in several parts of its range and the 
species is protected by the Spanish law. Despite that in 
the whole range it is considered “Near Threatened”, 
the Spanish IUCN Category considers the species 
as “Vulnerable”, and the north-eastern populations 
are considered “Endangered” (Ayres 2015). Main 
threats are habitat loss, degradation and fragmenta-
tion, illegal capture of specimens for the pet market 
(Vilardell 2015), as well as introduction of exotic 
species (Martínez-Silvestre et al. 2006).

In 2006, a breeding facility focused on the recov-
ery of this species was established in the Ebro Delta 
(Tarragona, northeastern Spain). The scope of this 
program has been breeding of turtles of haplotype V, 
after a genetic selection of individuals that followed 
the most recent data (Stuckas et al. 2014). These ani-
mals are intended for reintroduction in their original 
distribution area, especially in the natural park of the 
Ebro Delta (Martínez-Silvestre 1999). The breed-
ing program started in April 2006 and has generated 
approximately 250 turtles every year (Vilardell et 
al. 2013). Since the start of the project, the usual diet 
of these animals consisted of commercial pellets for 
aquatic turtles combined with mosquito larvae. For 

High Mortality Associated with Thyroid Hyperplasia  
in European Pond Turtles, Emys orbicularis (L., 1758)  
(Emydidae) in a Breeding Facility at the Ebro Delta, NE Spain
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Abstract:  An outbreak of mortality in a breeding facility of European Pond Turtles (Emys orbicularis) in the Ebro 
Delta (Tarragona, Spain) occurred in 2014–2015. The breeding program began in 2006 and has generated 
up to 250 turtles every year. They are released when they are 4 to 5 years old. After a change of the diet 
of the turtles born during 2014–2015, a mortality of 91% (334 out of 366 animals) was calculated for 
the hatchlings from 2014. Clinical signs were soft shells, apathy and anorexia approximately 1–5 days 
before death in all affected turtles. Histologically, thyroid follicles were lined by hypertrophic colum-
nar epithelium and follicular lumina were mostly devoid of colloid. Kidneys were also affected, show-
ing mild to moderate acute degeneration and tubular necrosis with mineralization of tubular epithelium. 
Stenotrophomonas maltophilia was isolated in pure culture from tissue pools of tested animals. PCRs 
sensitive for detection of ranavirus, herpesvirus and coccidia (spp.) were all negative. Thus, we conclude 
that the high mortality outbreak was associated with a thyroid gland hyperplasia and renal malfunction 
due to a change in diet, complicated with an opportunistic secondary bacterial infection.

Key words: Emydidae, aquatic turtle, thyroidal disease, outbreak, renal disease, mortality
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economic and employment reasons, it was decided to 
make a change in diet in early 2014. The new diet 
consisted of food prepared in the facility, including 
various kinds of fish and shellfish and had originally 
been prepared for sea birds in the centre. No other dis-
eases were detected in this facility before the change 
of the diet. Six months later, a case of mass mortal-
ity was observed, and after this outbreak the research 
started as is shown in the present article. 

Materials and Methods
From late October 2014 to mid-February 2015, a 
progressive and increasing mortality among freshly 
hatched to two-year-old turtles started. When the 
mortality was very high (in rapport with the regu-
lar year baseline mortality), the park authorities de-
cided to activate clinical measures in order to stop 
it. A mortality of 91% (334 out of 366 animals) was 
calculated for the 2014 hatchlings; 10 to 30 turtles 
died per week. Clinical signs were acute detection of 
soft shells, apathy and anorexia, approximately oc-
curring 1–5 days before death.

Post-mortem examinations of four recently 
deceased turtles were performed. In each turtle the 
thyroid and parathyroid gland, thymus, heart, stom-
ach and intestines as well as liver and kidney were 
collected and fixed in 4% neutral buffered formalin, 
trimmed, sectioned at 3–4 mm, and stained with hae-
matoxylin and eosin. Von Kossa staining was used 
to demonstrate calcium deposits in the renal tubules. 

Moreover, these turtles were analyzed for in-
fectious agents through microbiological cultures, in-
cluding antibiograms of two selected animals with 
clinical signs. Samples of three more animals were 
collected and were tested at Laboklin Laboratories 
(LABOKLIN GmbH & Co. KG, Germany) for the 
presence of coccidia, herpesvirus and ranavirus by 
means of PCR. 

Pending the outcome of the results, a preven-
tive antibiotic treatment was started with enrofloxa-
cin (dose: 5 mg/Kg s.i.d.), isolation of the affected 
animals and return to the diet prior to the outbreak 
(commercial pellets and mosquito larvae).

Results
At necropsy, all turtles had enlarged thyroid glands 
(about 2–3 times the normal size; Fig. 1). 

Histologically, similar changes were seen in all 
four animals. Thyroid follicles were lined by hyper-
trophic columnar epithelium and follicular lumina 
were mostly devoid of colloid (Fig. 2). In the kid-
neys, mild to moderate acute degeneration and tubu-
lar necrosis with mineralization of tubular epithelium 
was seen in all examined animals (Figs. 3, 4). 

The conducted PCRs were all negative. 
Stenotrophomonas maltophilia was isolated in 
pure culture from the liver, kidney and intestines 
of two animals tested. Antibiogram (resistogram) 
showed that bacteria were (a) sensitive to quinolo-
nes (Enrofloxacin, Marbofloxacin, Pradofloxacin) 

Fig. 1. One-year-old Emys orbicularis with enlarged thyroid glands (arrows). Photo courtesy of A. Martínez-Silvestre
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and sulfonamide + trimethoprim; (b) intermediate 
to: Orbifloxacin, Ibafloxacin; and (c) resistant to: 
Penicillin G, Ampicillin, Amoxicillin, Amox + cla-
vulanic acid, Cefalexin, Cefoxitin, Cefoperazone, 
Cefovecine, Cefquinome, Erytrhomycin, 
Spiramycin, Clindamycin, Lincomycin, Difloxacin, 
Tetracycline, Doxycycline, Nitrofurantoine and 
Rifampicin.

After a change from the homemade diet to the 
commercial diet, providing fluid therapy and antibi-
otic therapy, the problem started to resolve in several 
weeks. Enrofloxacin was applied intramuscularly, 
once a day, for 2 weeks to 20 sick turtles. The out-
break was resolved five weeks after the diagnosis. 
One year after the treatment of the causes of this 
high mortality event, with 30 survivors and with a 
current population of 219 newborns, mortality due 
to this cause has not been repeated.

Discussion 
The high mortality outbreak was associated with a 
thyroid gland hyperplasia, renal malfunction and op-
portunistic secondary bacterial infection as a result 
of change in diet and high concentrations of turtles 
in the enclosures, which facilitated the spread of 
bacteria. 

It is also important to have in mind that high ni-
trogen levels are very well described as goitrogenic 
for most animals (Ribera & Lock 2008), and a low 
exchange rate of the water within the tanks could be 
involved. Turtles may have problems when they are 
exposed for prolonged time to an environment with 
high nitrogen and ammonia levels especially when 
raised in captivity.

However, in our case water exchange and 
maintenance followed strict sanitary protocols al-
ready described (Jacobson 1999) and no previous 
symptom of mortality was detected since the opera-
tion of the breeding facility after the protocol was 
implemented. 

Although we would have greatly benefited by 
being able to determining iodine or sodium content 
in the blood or tissue of the diseased individuals in 
order to detect the renal or thyroid disease in vivo, 
the really small size and weight of turtles impeded 
the extraction of the minimum amount of blood re-
quired for the procedure. Weight of the turtles was 
no more than 4 g and following the general rule for a 
single blood extraction (not to take more than 5–10% 
blood volume) the sampling could not be performed 
(Maceda et al. 2015).

Excessive iodine causes malfunction of the 
digestive tract, the kidneys and the skin in animals 

Fig. 4. Kidney. Von Kossa stain showing multifocal tu-
bular calcinosis (black). Photo courtesy of Roser Velarde

Fig. 2. Thyroid of Emys orbicularis hatchling, stained 
with Haematoxylin/Eosin. Diffuse follicular epithelial hy-
pertrophy and hyperplasia are visible. Only a few follicles 
have colloid production in their lumens. Photo courtesy of 
Roser Velarde

Fig. 3. Kidney. Haematoxylin/Eosin stain. Showing in-
flammatory tissue around the calcinosis. Photo courtesy 
of Roser Velarde
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such as mammals, but we did not notice these prob-
lems. The only symptom was the soft shell 1–5 days 
before death. Actually, due to the low mineralization 
of the carapace in turtle hatchlings, the hardness of 
it is actually just a feeling of the internal pressure. 
The detection of soft shell in hatchlings less than two 
years of age is a feeling of softening by decreasing 
the internal pressure (due to the disappearance of the 
yolk sac and internal fat) after long periods of weak-
ness and thinning. In aquatic turtles, when ambient 
and internal nitrogen levels reach a certain threshold 
the animals may use minerals from the body to cre-
ate urates (potassium, calcium) internally to protect 
their organs, which can contribute to weight loss and 
mineral deficiency and subsequently to the soft shell 
syndrome (Dantzler 1976, Wang & Niu 2008). In 
terrestrial tortoises, the soft shells of juveniles are 
also involved in their more rapid loss of body water 
and increased susceptibility to dehydration during 
droughts, compared to adults (Znari et al. 2012). 
Thus, the soft shell is a nonspecific sign that is not 
directly related to any particular pathology (Nagy et 
al. 2011). Nutritional, congenital, metabolic, bacte-
rial or even viral diseases can be related to the soft 
shell syndrome in terrestrial tortoises (Heuser et al. 
2014). Accordingly, in all cases with soft shell, ad-
ditional examinations to identify the origin of that 
multi-factorial syndrome must be performed. In our 
case, thyroid and renal histopathology were determi-
nant in diagnosing the problem.

Thyroid function is very important particularly in 
young reptiles during their growing (Rivera & Lock 
2008; Boyer 2011). Thyroid diseases are especially 
well documented in tortoises attaining large size such 
as the African Spurred Tortoise Centrochelys sulcata, 
often due to hypothyroidism (Franco et al. 2009, 
Franco & Hoover 2009). However, in our case the 
observed lesions can also be explained by hyperthy-
roidism. The histological lesions were consistent with 
hyperplastic goitre and included narrowing of follicu-
lar lumen, reduction or absence of colloid, and both 
hypertrophy and hyperplasia of follicular epithelium. 
The possible pathogenic mechanism include iodine-
deficient diet, goitrogenic compounds that interfere 
with thyroid hormone synthesis, dietary iodide excess, 
and genetic enzyme defects in the biosynthesis of 
thyroid hormones (Cappen 1993). Similar outbreaks 
have been described in young captive born mammals 
and birds breeding programs (Garner et al. 2002, 
Loukopoulos et al. 2015). In E. orbicularis, the only 
European turtle whose habitat extends to brackish wa-
ters (Ayres 2015), iodine deficiency problems have 
not been observed until today, because this element 
is provided in their usual diet. However, in captive 

conditions the delicate balance between food source 
and growth needs cannot always be maintained. In 
the present case, considering the recent changes in 
diet, we have enough evidence to believe that it was 
a problem with excessive amount of iodine, which 
allowed the emergence of the problem. The received 
diet was composed by a homemade cake with fish 
and mussels used in feeding sea birds recovering in 
the same centre. While the diet did not contain goi-
trogenic plants as broccoli, mussels have high iodine 
content (Santos et al. 2014). To correct the problem, 
this homemade diet was replaced by a diet based on 
commercial feed (pellets) for aquatic turtles. 

Local bacterial infections, parasitic diseases and 
systemic illnesses are described in other aquatic tur-
tles and in the European Pond Turtle even in natural 
habitats (Ayres & Acuña 2013, Aleksic-Kovacevic 
et al. 2014, Merchan & Martínez-Silvestre 1999). 

Histologically, no evidence of a systemic bac-
terial infection was detected. However, this cannot 
be ruled out because acute infections can lack histo-
logical lesions. In our case, in order to confirm the 
presence of sepsis, the culture of three organs was 
fulfilled in both animals analyzed. The systemic in-
fection present in these animals can be considered as 
an opportunistic infection complicating a previous 
pathological underlying condition. Secondary infec-
tions to a primary disease are common in turtles and 
they should be treated preventively to avoid aggra-
vating the main pathology (Jacobson 1999). The 
bacteria isolated in this study had been described as 
possible complications in cases of sepsis in immuno-
compromised patients (Abbott et al. 2011). These 
bacteria have been described as a cause of septicae-
mia in the Dwarf Crocodile (Osteolaemus tetraspis) 
(Harris et al. 2001). Accordingly, after the isolation 
of Stenotrophomonas maltophilia in the organs of 
two captive dead animals, the application of a pre-
ventive treatment of live animals was carried out. 
The enrofloxacin dosage remained at low doses to 
avoid the risk of complicating renal malfunction di-
agnosed in necropsies. 

Despite E. orbicularis being a species that fre-
quents brackish environments, affected turtles were 
introduced in isolated containers with fresh and 
clean water to promote proper hydration and rapid 
renal recovery, as this is one of the best hydration 
systems in aquatic turtle. 

We can conclude that the European Pond Turtle 
has strict feeding requirements in the first two years 
of life and variations in the composition of its food 
can provoke outbreaks of mortality. More research is 
necessary to know the first years’ growth and the nu-
tritional and thyroid requirements of E. orbicularis.
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Introduction
The European Pond Turtle in Catalonia, north 
east Iberian Peninsula
The European Pond Turtle, Emys orbicularis 
(Linnaeus, 1758), occupies a wide range of habitats 
from the north east of Germany, Poland and Latvia 
in the north, to the streams of the Atlas Mountains in 
Morocco and the low-lying wetlands of Tunisia in the 

south, and from Portugal in the west to Kazakhstan 
in the east (Podloucky 1997). 

Over the last few decades, the endangered 
European Pond Turtle has received attention in order 
to conserve and restore its habitat, protect its popula-
tions and study its biology and ecology, especially in 
Europe (Fritz & Chiari 2013).

The European Pond Turtle, Emys orbicularis (L., 1758),  
in the River Ter Basin (North East Iberian Peninsula):  
40 Years of Conservation

Ramon Mascort¹,² & Joan Budó²

¹C. la Jonquera, 17, 2; 17600 Figueres, Girona, Spain; E-mail: rmascortb@eresmas.net
²CRT l’Albera; 17780 Garriguella, Girona, Spain; E-mail: crt@tortugues.cat

Abstract:  The European Pond Turtle, Emys orbicularis, in the area around the River Ter estuary (north east Iberian 
Peninsula) was first studied during the 1970s. In the following years, the population was seen to be in 
rapid decline. Therefore, during the mid-1980s, the first adults were captured and later a long-term captive 
breeding programme started. Since then, several reintroduction programmes (including three EU LIFE 
projects) have been carried out in the area with turtles hatched and raised at the CRT l’Albera (l’Albera 
Turtle and Tortoise Captive Breeding Centre), located 40 kilometres directly north of the River Ter estu-
ary area. Conservation and reintroduction efforts are summarised in this paper in order to show the recent 
changes in the European Pond Turtle populations settled in the River Ter basin. Since 2001, 548 juveniles 
have been released at twelve different sites. Radio-tracked and trapped turtles have shown good adaptabil-
ity to their new environment ever since the first releases, and gravid females as well as a few hatchlings 
have been found. The chosen age at release has also proved to be appropriate, as captive bred juveniles 
2–3 years old are already big and fit enough to survive the dangers that threat the hatchlings. Those juve-
niles are also able to quickly settle in their new habitat without undertaking long migrations due to stress, 
as is more typical in displaced adults.   

Key words: Emys orbicularis, River Ter, north east Iberian Peninsula, captive breeding, reintroduction, EU LIFE 
project

“Ja fa anys que vaig adonar-me que el desenvolupament econòmic era per a les espècies com un diluvi. No 
vaig construir cap arca, però si que he protegit tot el que he pogut a espècies autòctones molt amenaçades.”
“Years ago I realized that economic development was for animal species like a flood. I did not build an ark, 
but I’ve protected as many highly endangered native species as I could.” 

Ramon Ribas, Serra de Daró, 14th March 1983
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The species still survives in a few scattered sites 
in Catalonia, in the north eastern corner of the Iberian 
Peninsula. By the third quarter of the twentieth century 
(1950–1975), water pollution, drainage of wetlands, 
industrial development and widespread urban growth 
started to push the turtles out of their habitat. After that 
period, these facts led to the survival of only four threat-
ened populations that by the 1980s had very low num-
bers: three with less than 50 animals each (Mascort 
1992a, 1998a, 1999a), and the fourth one, consisting 
of three partially connected subpopulations, only had 
good densities in a marsh drainage channel and the 
nearby ditches (S. Ramos, pers. comm.).

Since then, a number of different captive breed-
ing and recovery programmes have been started. The 
first ones were at the Riudarenes population site dur-
ing the early 1990s, in the south of the Province of 
Girona, and at the River Ter estuary in the east of the 
Province of Girona. Another captive breeding pro-
gramme started in the River Ebro delta, at the south-
ern tip of the Province of Tarragona during the mid-
1990s (Mascort 1992b, 1998a, Bertolero 2000, 
Ramos et al. 2009, Vilardell et al. 2013).

Some restoration of their habitat has also been 
carried out at different locations: a) at Sils, also in 
the south of the Province of Girona and near the vil-
lage of Riudarenes, during the late 1990s and the 
early 2000s, b) at Vila-seca Salou, in the centre of 
the coastal strip of the Province of Tarragona during 
the early 2000s, and c) at the River Ter estuary in the 
east of the Province of Girona also during the early 
2000s (Vilardell et al. 2013).

Furthermore, two main reintroduction pro-
grammes have been recently undertaken starting in 
2010s: a) one at the Estany de Banyoles Lake, in 
the northern section of the Province of Girona (CRT 
L’Albera 2011) and b) at the Estany de d’Ivars i 
Vila-sana Lake, in the south of the Province of 
Lleida (CRARC 2010a, 2010b); both during the 
early 2010s. In this latter site, up to 2017, 40 turtles 
have been released and one hatchling has been found 
this same year (Q. Solé, pers. comm.).

Genetics of the European Pond Turtle in the east 
of the Province of Girona
In 1999, Uwe Fritz’s team drew up an initial map 
of the Eurasian region with 20 haplotypes from 7 
main groups based on the mitochondrial nucleotide 
sequences of 423 specimens: Asia Minor (lineage I), 
central Europe and the central Balkans (II), southern 
Italy (III), around the Adriatic Sea (IV), the north 
west coast of the Mediterranean (V), the Iberian 
Peninsula and North Africa (VI), and the Caspian 
region (VII) (Lenk et al. 1999).

The previously endangered population of the 
European Pond Turtle found in the River Ter estu-
ary wetlands is unique because, even though it is a 
coastal settlement in the western Mediterranean (an 
area mainly occupied by haplotype V animals), it 
only shows mitochondrial haplotype II, also to be 
found in west and central France, central Europe 
and the central Balkan Peninsula. Other popula-
tions in the south of the Province of Girona show 
the same haplotype II, but with a slight intrusion of 
the above mentioned haplotype V that can be found 
in animals living in coastal areas in the arc extend-
ing from west central Italy to east central Spain. 
Nevertheless, pond turtles from all the other regions 
of the Iberian Peninsula show haplotype VI except 
for the north central Iberian Peninsula (south west 
of the Pyrenees), where they also carry haplotype II. 
This indicates that the species crossed that mountain 
range southwards during the Holocene.

Therefore, pond turtles bearing haplotype II 
found in the River Ter estuary wetlands arrived there 
after crossing the Pyrenees, passing across both 
sides of that mountain range and probably coming 
from the north of the Alps after leaving the Balkans, 
where the species might have taken refuge during 
the last glacial period (Lenk et al. 1999, Mascort et 
al. 1999, Fritz et al. 2005).

Thus, the River Ter estuary turtles are more 
closely linked with animals from west and central 
France, central Europe (Austria, Hungary) and the 
central Balkans than animals from the River Ebro 
delta (where a mixture of different haplotypes can be 
found), the Valencia region (haplotype V) or other 
locations in the Iberian Peninsula (haplotype VI).

Further studies extended the range of haplotype 
II to the French region of Aquitaine, south western 
France (although one out of 14 animals showed an 
Iberian haplotype VI), and the French region of La 
Camargue, south eastern France (where the 17 hap-
lotype II animals were mixed with 14 haplotype V 
turtles) (Lenk et al. 1999, Mascort 1999b, Fritz et 
al. 2005, Pedall et al. 2011) (Fig. 1).

As the same time as Lenk et al. (1999), a mor-
phological study of 131 turtles from six different 
locations in the north east of the Iberian Peninsula 
showed that populations from the River Ter wet-
lands and from the south of the Province of Girona 
were morphologically different from the rest of the 
populations (the coastal area of the centre of the 
Province of Tarragona, River Ebro delta, the coast of 
the Province of Castelló and the east of the Province 
of Huesca). These turtles from those two first men-
tioned populations from the Province of Girona were 
classified into what was then understood as the E. 
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orbicularis cf. orbicularis group, identified later 
as the genetic haplotype II group (Mascort et al. 
1999).

Further studies on eight polymorphic micro-
satellite loci to extend the investigation of genetic 
differentiation in the European Pond Turtle, show 
affinities of the River Ter estuary wetland turtles 
with those from the south of the Province of Girona 
and the coastal area in the centre of the Province of 
Tarragona and to a lesser extent, with those from 
Aquitaine and La Camargue. The 15 animals newly 
sampled from Navarra (north central Spain) showed 
haplotype II, confirming the intrusion of haplotype 
II at both extremes south of the Pyrenees (Pedall 
et al. 2011).

The River Ter area
The River Ter is situated in the north eastern part of 
Catalonia, south of the eastern end of the Spanish-
French border; it has a total length of 208 km and a 
total basin area of 3,010 km². It is both a Pyrenean 
and Mediterranean type river and it is retained by 
three dams that were designed to store water for hu-
man consumption and generate hydroelectric power 
(Consorci Del Ter 2013) (Fig. 2).

It has a narrow basin in relation to its length 
and rises in the Pyrenees Mountains, with its first 
stretch running north to south and its second stretch 
running west to east, finally discharging into the 
Mediterranean Sea (Fig. 3). The middle and lower 

stretches of the river, in between farmland, have 
some meanders, ditches, a few river islands, and 
a few small and medium sized ponds linked to the 
main river that are suitable for the turtles, as well as 
the extensive marshes at its mouth (Fig. 4).

The present data compilation also includes 
neighbouring areas just south of the river basin 
where turtles have been collected for captive breed-
ing purposes (Riudarenes; Fig. 2, area 5); and north 
of the river, where turtles have been released (Parc 
Natural dels Aiguamolls de l’Empordà (Fig. 2, area 
6).

Results
First findings in the 1970s 
In 1975, Francesc Peracaula (1931–2011) and Ramon 
Ribas (born in 1935) first discovered a few adult pond 
turtles in a short string of shallow ponds around the 
River Ter estuary area next to crop fields and con-
cealed by French Tamarisk, Tamarix gallica, and 
Blackberry bushes, Rubus sp. They documented these 
encounters in a paper written in February 1982 but 
only published years later (Ribas & Peracaula 2009).

At that time, the total number of adult pond tur-
tles in the area was estimated at 45 (R. Ribas, pers. 
comm.). Later transects showed that turtles also in-
habited another group of small ponds between crop 
fields and a few ditches behind the beach (Fig. 2, 
area 1).

Fig. 1. Distribution of European Pond Turtle (Emys orbicularis) mtDNA haplotypes in France and Catalonia, north east 
Iberian Peninsula (Modified after Fritz et al.2005). Haplotypes are shown in the lower left corner table
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Population decline in the 1980s
Ramon Ribas and the late Francesc Peracaula con-
tinued studying that turtle population and they noted 
that the total number of adults had decreased by the 
early 1980s. At that time, the total number of adult 
turtles was probably around 30 animals (R. Ribas, 
pers. comm). Some turtles still thrived there not 
much later though and proof of this is that in May 

1985, 12 animals (6 adults and 6 juveniles) were 
seen during a single transect in the group of small 
ponds between crop fields, by that time the most un-
touched area of the River Ter estuary wetlands.

By the 1980s about half a dozen turtles were 
collected and kept in captivity at a private enclo-
sure near the river estuary. Furthermore, another 
about half a dozen adults were captured and kept in 

Fig. 2. Localities for the European Pond Turtle (Emys orbicularis) populations in the River Ter basin and neighbouring 
areas in the province of Girona, in Catalonia (north east Iberian Peninsula)

Fig. 3. Estuary of the River Ter in a photograph from the 1990s. The river mouth lies in the foreground and the platja 
de Pals beach and the southern section of the lower river floodplain in the background
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a concrete pond near the Muga River estuary, adjoin-
ing the Parc Natural dels Aiguamolls de l’Empordà, 
but no captive breeding was achieved and the ani-
mals were finally moved away. Finally, another half 
a dozen captive turtles were kept at Albons, about 15 
km north west of their home area but unfortunately 
they were stolen (R. Ribas, pers. comm.).

In addition, by the 1980s and the 1990s some 
isolated animals were periodically being found all 
along the lower part of the River Ter. These records 
of the past include observations of the turtles in the 
lower reaches of the river and even in the area sur-
rounding the city of Girona (R. Ribas, pers. comm.; 
X. Capalleras, pers. comm. in Mascort 1998a; P. 
Feliu, pers. comm.) and there are even some recent 
records from this latter area (Q. Pou, pers. comm.).

Interestingly, on the other hand no European 
Pond Turtles inhabited the wetlands at the estuary 
of the Rivers Muga and Fluvià, some 25 kilome-
tres north of the River Ter estuary (Montori et al. 
1985), in what is nowadays the Parc Natural dels 
Aiguamolls de l’Empordà, nor in the area up to the 
French border: the record by Fèlix & Grabulosa 
(1980), from la Mugueta, close to the Muga River 
estuary, was later disclaimed (Fèlix & Grabulosa 
1986).

The 1990s: the start of the conservation 
programme 
By 1992, after some unfortunate episodes involv-
ing the dumping of chemicals into the ditches that 
caused some deaths (R. Ribas, pers. comm.), the 

estimate was that only about 20 animals were left in 
the area, including adults, juveniles and hatchlings 
(Mascort 1992a, 1992b).

As a result of this slow but constant decrease in 
the remaining number of adults, a conservation plan 
with four different goals was presented to the local 
authorities: 1) a capture and recapture study plan; 2) 
close monitoring of the habitat that was subjected 
at that time to high human pressure; 3) studying the 
possibility of finding alternative habitats if the area 
was to be destroyed; and 4) captive breeding as a 
solution to population decline (Mascort 1992b, 
1993).

Before these measures were recommended, the 
first adult turtle was captured for breeding purposes 
during 1991 (a full adult female, still currently alive 
at the CRT l’Albera). Later, in 1992–1994, 12 adult 
turtles (3 males and 9 females) were captured, almost 
all of the known wild animals; and 6 of them (1 male 
and 5 females) were kept in captivity. Unfortunately, 
the third male captured, a sub-adult turtle, drowned 
under a basking stone. After that event, which denot-
ed that the viability of the population was then even 
more doubtful, the release of animals from the near-
est population was suggested once the habitat had 
been restored and protected. During 1993 the first 
9 hatchlings were born though, and another 6 were 
born in the 1994 season in the private authorised en-
closure where they were kept (Mascort 1994).

In March 1995, the captive adult turtles were 
transferred to the CRT l’Albera. One more male 
and one more female from a private collection were 

Fig. 4. The lower River Ter floodplain in a photograph from the 1990s. In the background and from left to right, the 
Canigó mountains (2,784 m), part of the French Pyrenees; the Montgrí massif (303 m) in the middle; and the Alberes 
range (1,256 m) in the right, where a population of Hermann’s Тortoise (Testudo hermanni) occurs
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added to the group (then totalling 8 adults: 2 males 
and 6 females) and they were kept in a pond that 
was specially built for captive breeding purposes. 
By 1996 the hatchlings born in 1993 and 1994 were 
thriving in the above mentioned private enclosure 
(Mascort 1996).

During 1997, several documents were prepared 
in order to obtain more legal protection for the area 
while the 8 adult turtles kept at the CRT l’Albera 
were doing well and the 15 hatchlings born in 1993 
and 1994 were already sub-adults (Mascort 1998b).

By 1999, the first 25 juveniles born at the CRT 
l’Albera during the period 1995–1999 were thriving 
and the total number of captive bred animals reached 
40 (Mascort 1999c).

In 2001, the last two adult turtles, coming from 
another private collection, met the captive breeding 
group at the CRT l’Albera, then totalling 10 animals: 
2 males and 8 females. A further male was added to 
the group when captured during 2010 in the Ter Vell 
area, a coastal wetland behind the beach which is 
the final stretch of an old arm of the river and about 
2,500 m north of its estuary (Fig. 2, area 3).

Therefore, since then there are a total of 11 cap-
tive adult pond turtles from the Baix Ter area at the 
CRT l’Albera, that is: 3 males and 8 females (Figs. 5 
& 6) (CRT L’Albera 2016).

Furthermore, during the 1990s, 26 young tur-
tles privately bred from ancestors coming from two 
distant geographical regions (the coastal area in the 
centre of the Province of Tarragona and the island of 
Minorca), were released into the Cortalet area (near 
the Park headquarters and visitors centre), in the 
Parc Natural dels Aiguamolls de l’Empordà. Three 
more juveniles from the Baix Ter area were also re-
leased there in August 1993 (CRT L’Albera 2017).

The 21st century: new projects and the 
development of captive breeding protocols 
In the year 2000, an agreement was signed with dif-
ferent authorities to restore a pond inside the perim-
eter of the Torroella de Montgrí - l’Estartit sewage 
treatment plant (Fig. 2, area 2) and to establish a 
new breeding colony there and about 3 kilometres 
from the place of origin of the last wild animals. The 
project was conceived to hold 40 adult turtles, first 
released as juveniles, as well as adults of 7 species 
of amphibians, and included an observatory set up 
for environmental education (Fortià 2001). In the 
year 2000 the total captive bred turtles numbered 60 
(CRT L’Albera & Mascort 2000).

During the first decade of the new century, 
the captive breeding programme continued at the 
CRT l’Albera with an increasing number of hatch-
lings produced every year, reaching by the end of 
that decade almost 40 hatchlings per season (CRT 
L’Albera 2003, 2004, 2005, 2006a, 2007a, 2007b, 
2008a, 2009a).

Furthermore, a breeding protocol was drafted 
in 2007, which established the adults’ and hatch-
lings’ diet, which for the latter includes live mosqui-
to larvae for the first month, progressively changing 
to frozen red mosquito larvae and squashed pellets, 
then dehydrated shrimps and small pieces of chicken 
liver and fish. This latter diet is kept up for their sec-
ond year until just before their release. By that time, 
the sub-adults’ diet consists of pellets once daily, fish 
once a week and chicken liver once a month.

Nests are left outdoors on the same spot where 
the female lays the clutch, hatchlings are kept in-
doors for the first year in glass aquariums (with 
water depths starting at 3 cm and increasing with 

Fig. 5. Adult male European Pond Turtle (Emys orbi-
cularis) with reddish iris, kept at the CRT l’Albera for 
breeding purposes for more than twenty years

Fig. 6. Adult female European Pond Turtle (Emys orbi-
cularis) with yellowish iris, kept at the CRT l’Albera for 
breeding purposes for more than twenty years
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growth up to 10 cm) and the one-year old juveniles 
are then kept outdoors in 2 m² shallow ponds. (CRT 
L’Albera 2006b, 2007c; 2007d, 2014b).

Moreover, the captive breeding programme ran 
during the first half of the 2010s bring off more than 
60 hatchlings each season (CRT L’Albera 2010a, 
2012, 2013, 2014a, 2015a).

Furthermore, in May 2001, 20 captive bred tur-
tles at the CRT l’Albera (74 to 109 mm straight cara-
pace length, SCL) were released at the Cortalet area 
of the Parc Natural dels Aiguamolls de l’Empordà 
(CRT L’Albera 2017). A male turtle released at 
that time with SCL = 77 mm, in 2014 measured 145 
mm SCL thirteen years later. However, some active 
management is required there, as the release of ani-
mals of alien origin has taken place. The past rein-
troduction protocols designed for the area (Mascort 
1999a, CRT L’Albera 2009a) must thus be updated.

The first EU 3LIFE Project: LIFE Emys Ter  
(2005–2008)
The first EU LIFE Project aimed at the capture, breed-
ing and release of European Pond Turtles was carried 
out in the Baix Ter area around the river estuary. It 
was called LIFE Emys Ter 2005–2008: “Amphibian 
and aquatic reptiles’ habitat recovery in the Baix Ter 
wetlands” (LIFE 04 NAT/ES/000059). It included 
the removal of non-native species, the restoration 
and creation of new ponds for the European Pond 
Turtle and for some amphibian species. This project 
was developed after the completion of the previous 
project; LIFE Emys Ter 1999–2004: “Restoration 
and arrangement of ponds and coastal systems in the 
Baix Ter” (LIFE 99 NAT/E/006386) that implement-
ed its main objectives of restoring coastal ponds, the 
creation of new perennial ones and conservation of 
dunes and marshland vegetation (Gesti et al. 2005, 
Quintana et al. 2005).

When trapping for Trachemys scripta speci-
mens took place, there were no captures of E. or-
bicularis or Mauremys leprosa (Feo et al. 2006), 
although half a dozen European Pond Turtles were 
released during the 1980s and about the same num-
ber of Mediterranean turtles in June 1995 in the Ter 
Vell area.

Moreover, different public acts were performed 
and the first transfer of private land was undertaken 
in order to protect and improve the habitat, which 
included the restoration of riparian forest, the crea-
tion of several trails and the removal of alien animal 
and plant species (Barriocanal et al. 2005, López-
Flores & De Quintana 2006; López-Flores et al. 
2006).

On the other hand, in April 2005, eight captive-bred 

juveniles (50 to 82 mm SCL), were released at the 
Estany de Boada private reserve (Fig. 2, area 4), a pri-
vate restored shallow lake, about 5 km south west of 
the primal population (CRT L’Albera 2005, 2008b). 
During the same year, turtles were seen basking a few 
times, although during the following years 2006 and 
2007, none were observed (CRT L’Albera 2008a). 

During August 2006 a few ponds were created 
and others restored, and some trees, especially Ash, 
Fraxinus angustifolia and French Tamarisk, Tamarix 
gallica were planted on the wetlands of the River 
Ter estuary. That same year, leaflets, public talks and 
road signs came into being (López-Flores & De 
Quintana 2007).

Also in 2006, the pond inside the perimeter of 
the Torroella de Montgrí sewage treatment plant was 
finally restored, including an observatory for up to 
30 people, and in October 2006, 20 animals (86 to 
122 mm SCL) were released there (CRT L’Albera 
2006b, 2007a, López-Flores & De Quintana 2007). 
During 2007, these turtles were trapped, inspected 
and surveyed with variable results, as some of them 
did not grow as expected (CRT L’Albera 2007d).

In April 2007, 16 animals (69 to 86 mm SCL) 
were first released and radio-tracked in their original 
habitat at the restored ponds on the wetlands of the 
River Ter estuary (CRT L’Albera 2008a). For their 
first wild season,  turtles moved a lot and did well 
(except for two that died in May and September), 
with a mean maximum movement of 150 m. Three 
juveniles moved between 200 and 250 m and one 
was found 746 m from the release point in between 
the Pals rice fields, south of the release site (Franch 
& Feo 2007).

During April 2008, nine wild turtles (two males 
and seven females) were captured from the well-pre-
served population at Riudarenes, the nearest avail-
able and about 50 km south-west of the Baix Ter 
population, in order to improve the genetic viabil-
ity of the released animals (CRT L’Albera 2009a). 
The genetic imprint (haplotype II) of each of the 
new captive turtles was checked. Male adults there 
only reach about 140 mm and females only about 
150 mm (Ramos et al. 2009). High intraspecific 
competition exists there in a small optimal habitat. 
In contrast, animals from the River Ter estuary area 
reach a bigger size and are known to attain 170 mm 
SCL for full-grown females, although this is far less 
than the 219 mm SCL that can be attained by female 
European Pond Turtles from the east of European 
Russia (Khabibullin 2004), or the more than 220 
mm SCL claimed for turtles from the Ukraine-
Poland border (Szczerbak 1998).

Also in April 2008, 16 turtles (67 to 90 mm 
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SCL) were released for the second time at the River 
Ter estuary ponds, and this time only one juvenile 
died during their first year as wild animals. Most of 
them remained in the newly created shallow ponds 
(Franch & Feo 2009, Feo & De Quintana 2009).

In July 2008, 10 more animals (61 to 75 mm 
SCL) were released at the Estany de Boada (CRT 
L’Albera 2008b). That same month a turtle released 
there in 2005 was captured and was found to have 
wide growth rings (R. Fortià, pers. comm.).

In September 2008, 20 more turtles (83 to 123 
mm SCL) were released at the Torroella de Montgrí 
sewage treatment plant, thereby completing the 40 
turtles initially planned to be released there (CRT 
L’Albera 2008a).

During May 2009 and once the EU LIFE Emys 
Ter 2005–2008 Project was completed, 10 more ani-
mals (68 to 87 mm SCL) were released in the Estany 
de Boada private reserve.

Again during May 2009, 15 more turtles (64 to 
72 mm SCL) were released in the River Ter estuary 
area (CRT L’Albera 2009c).

Moreover, during June 2010, 10 more turtles 
(72 to 81 mm SCL) were released into the Estany de 
Boada Lake.

Again in June 2010, 20 more turtles (66 to 82 
mm SCL) were released in the River Ter estuary area 
(CRT L’Albera 2010a).

In September 2011, 10 more animals (76 to 
93 mm SCL) were released at the Estany de Boada 
Lake and a young female turtle (SCL = 154 mm) 
rescued from a nearby urban area was released at the 
Torroella de Montgrí sewage treatment plant (CRT 
L’Albera 2012).

In April 2013, 10 more juveniles (74 to 91 mm 
SCL) were freed in the Estany de Boada Lake with 
attached transmitters. Most of them stayed around 
a small area for the first days but since May they 
started moving around and beyond the main lagoon. 
One carcass of a juvenile predated by an Eurasian 
Otter, Lutra lutra, was found there (CRT L’Albera 
2014a, 2014b).

In April 2016, four more juvenile turtles (78 to 
95 mm SCL) were released in the River Ter estuary 
area.

In September 2016, 23 more juveniles (73 to 85 
mm SCL) were freed at the Ter Vell lagoons section 
of the Baix Ter area (CRT L’Albera 2016).

Moreover, in October 2017, other 23 turtles (75 
to 103 mm SCL) have been released into the Ter Vell 
lagoons (CRT L’Albera 2017).

By the end of the 2017 season and since the 
first juveniles were released in 2005, a total of 216 
European pond turtles have been freed in the Baix 

Ter wetlands: 58 in the Estany de Boada private re-
serve, 41 at the Torroella de Montgrí sewage treat-
ment plant, 71 into the restored Mas Pinell ponds 
near the River Ter estuary, and 46 in the Ter Vell 
lagoons area (CRT L’Albera 2008a, 2009c, 2010a, 
2012, 2013, 2016, 2017) (Fig. 7).

At the restored Mas Pinell ponds at the River 
Ter estuary area, the first hatchling was spotted in 
September 2011, another one was found in March 
2013, a third one was uncovered in April 2014 and 
two more where sighted in September 2017 (X. D. 
Quintana, S. Ramos, pers. comm.). Moreover, one 
other hatchling was found at the Estany de Boada 
Lake in April 2014 (R. Fortià, pers. comm.). These 
results show that some of the juveniles released in 
the Baix Ter area have grown with a remarkable 
rate and matured enough to breed successfully in a 
healthy environment (Fig. 8).

The second EU LIFE Project: Project Estany 
(2010–2013) 
In 2010, a second EU LIFE Project was started at the 
Estany de Banyoles Lake protected area which in-
cluded the lake and some unique adjacent plots (Fig. 
2, area 7). The lake (measuring approximately 2,500 
× 500 m) and the surrounding area is one of the 
most important lake and wetland ecosystems in the 
Mediterranean region of the Iberian Peninsula. The 
main aim of this project was a large-scale interven-
tion to combat, slow and reverse the decline in spe-
cies and habitats by controlling invasive species of 
plants, fish and turtles and strengthening populations 
of native species such as E. orbicularis, M. leprosa, 
Barbus meridionalis and Unio elongatus. Its title 
was: “Improving the habitat and species of Banyoles 
Natura 2000: a demonstrative project (2010–2013)” 
(LIFE 08 NAT/E/000078). This main aim was 

Fig. 7. Number of turtles released at each of the sites at 
the “Baix Ter” area
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complemented by other goals such as the implemen-
tation of actions to effectively combat the spread of 
invasive alien species and the recovery through cap-
tive breeding or restocking of the populations of the 
four above mentioned native species (Campos et al. 
2011). Other actions included the purchase of land 
and the restoration of alluvial habitats (Consorci 
De L’Estany 2008a, 2008b). The presence of the 
European Pond Turtle in the area goes back to the 
Holocene (Massip 1993, Fèlix et al. 2006), but there 
are only a few recent scattered records: one animal 
was observed and another captured prior to 1993 
(Massip 1993); and a few large and isolated animals 
were seen later without proof of breeding (Consorci 
De L’Estany 2008a).

This second EU LIFE Project was developed 
after the completion of a previous project: the EU 
LIFE “Restoration of the water environment of 
Porqueres and Banyoles 2003–2007” (LIFE 03 
NAT/E/000067), the main objectives of which were 
to improve and conserve aquatic habitats, build new 
small lakes, eliminate exotic flora species and recov-
er the shore vegetation (Ajuntament De Banyoles 
2003, Campos et al. 2007). Within the project, a 
captive bred turtles release programme was devised 
(CRT L’Albera 2010b, 2011).

Moreover, during the three-year period, 584 
non-native turtles from seven different species were 
captured and removed, mainly from the 21 bask-
ing traps set around the lake area: 501 Trachemys 
scripta elegans, 54 T. s. scripta, 9 hybrids of the two 
above mentioned subspecies, 1 Trachemys emolli, 
8 Graptemys presudogeographica, 7 Pseudemys 
concinna, 1 Pseudemys nelsoni and 1 Chrysemys 

picta (Feo et al. 2014). In addition, two European 
Pond Turtles were removed as genetic analysis es-
tablished that they were escaped pets. Eighteen 
Mediterranean pond turtles, M. leprosa, were also 
captured, marked and then released (Vilardell 
2013, Feo et al. 2014).

In April 2011, the first release of captive-bred 
European Pond Turtles at the Estany de Banyoles 
Lake site was undertaken at the Llacunes de Can 
Morgat area, where a group of three shallow ponds 
were created in 2006, each roughly measuring 150 × 
100 m. This section of the Estany de Banyoles Lake 
is located about 300 m west from the main lake. A 
total of 50 animals (63 to 96 mm SCL) were released 
there (17 males and 33 females), 13 of which were 
equipped with transmitters, although the turtles were 
mainly recaptured in basking traps. During their first 
year the young turtles mainly stayed within the pe-
rimeter of the release pond, most of them grew be-
tween one and two centimetres and almost half of 
them doubled in mass, facts that showed that some 
of the turtles quickly adjusted to the new habitat 
(Vilardell et al. 2011).

In April 2012, 25 juveniles (71 to 108 mm 
SCL; 9 males and 16 females), were released in the 
Llacuna dels Amaradors area, a shallow swampy 
area at the northern tip of the Estany de Banyoles 
Lake, and some 500 m from the Llacunes de Can 
Morgat. These animals only grew up to a centime-
tre in SCL and only gained between 5% and 20% of 
body mass during the 2012 season, which showed 
that the habitat in the Amaradors area was not as 
good as that at Llacunes de Can Morgat (Vilardell 
et al. 2012), probably due to the existence of alien 

Fig. 8. A European Pond turtle (Emys orbicularis) hatchling found in March 2017 in the Mas Pinell area of the Baix 
Ter wetlands (Santi Ramos)
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fish which can disturb or compete for prey with the 
young turtles (C. Feo, pers. comm.).

During 2013, 25 more juveniles (60 to 104 
mm SCL; 10 males and 15 females), were released 
at the Casa Nostra ponds, at the southern tip of the 
Banyoles Lake, an area of ditches and small shallow 
ponds surrounded by farmland and near urban areas 
(Vilardell 2013). The turtles did well there their 
first season, although they moved a lot and scattered 
across the area (C. Feo, pers. comm.).

In July 2013, 30 more juvenile European 
Pond Turtles (68 to 88 mm SCL) were released in 
the Llacunes de Can Morgat area (CRT L’Albera 
2015a), the site where two years before 50 turtles 
were freed. By the end of 2013, the turtles there were 
thriving (C. Feo, pers. comm.).

Moreover, in May 2015, five more juveniles 
(77 to 86 mm SCL) were released into the Llacunes 
de Can Morgat area (CRT L’Albera 2015b) and 
in May 2016, five more turtles (77 to 89 mm SCL) 
were released in that area (CRT L’Albera 2016).

Furthermore, probably a few more turtles will 
be released in the following years in the area of the 
Estany de Banyoles Lake. The exact site locations 
will depend on the progress of the recently reintro-
duced populations (Feo et al. 2013), which is being 
closely monitored.

In summary, by the end of the 2017 season, a to-
tal of 140 European Pond Turtles have been released 
into the Estany de Banyoles Lake area: 90 into the 
Basses de Can Morgat ponds, 25 in the Llacuna dels 
Amaradors area, and 25 more in the Casa Nostra 
ponds area (CRT L’Albera 2017) (Fig. 9).

In June 2015, four years after the first release 
at the Estany de Banyoles Lake, two gravid young 
females were found there and in June 2017, a 135 
mm SCL female  released in May 2015 with 80 mm 
SCL has been found  (C. Feo, pers. comm.), showing 

that the reintroduction programme had reached one 
of its main goals. Moreover, intensive radio-track-
ing, monitoring, and continuous captures using 
basking traps during the three-year project showed 
good adaptation to the new habitat by the majority 
of the young turtles, but also led to the discovery 
that six animals had died: one turtle was predated 
by an Eurasian Otter, one was killed on a road, two 
died due to a trap’s design failure, and two more by 
unknown causes (Vilardell et al. 2011). 

On the other hand, in April 2013, 10 juve-
niles with attached transmitters were released in the 
Estanys del Tec lagoons area (73 to 86 mm SCL) 
in the northern section of the Parc Natural dels 
Aiguamolls de l’Empordà, near the estuary of the 
ancient lake of Castelló d’Empúries (CRT L’Albera 
2014a, 2017). The juvenile turtles left the area soon 
and they have not been recaptured nor detected in 
the subsequent years but they are probably inhabit-
ing the extensive nearby well vegetated ditches. 

Furthermore, in July 2013, one more young 
male (107 mm SCL) was released in the Cortalet area 
of the Parc Natural dels Aiguamolls de l’Empordà, 
and another young  male (129 mm) was released 
there in 2015 (CRT L’Albera 2017) (Fig. 10).

The third EU LIFE Project: LIFE Potamo Fauna 
(2014–2017)
By 2014, a third EU LIFE Project begun, focusing 
on the middle basin of the River Ter: LIFE Potamo 
Fauna or “Conservation of river fauna of European 
interest in the Natura 2000 network in the basins of 
the rivers Ter, Fluvià and Muga” (LIFE 12 NAT/
ES/001091). The project’s main aim is the recovery 
and long-term conservation of several endangered 
species of river fauna of European interest such as 
the Naiad (Unio elongatus), White-clawed Crayfish 
(Austropotamobius pallipes), the European Pond 
Turtle (E. orbicularis), the Mediterranean Turtle (M. 
leprosa) as well as different species of amphibians. 
The project also includes actions to combat invasive 
alien species settled in the basins of the Rivers Ter 
and Muga. For this purpose, the project plans to es-
tablish up to 40 basking traps for capturing alien tur-
tle species.

The project focuses on the recovery of 
Mediterranean temporary ponds as a special habi-
tat for the European Pond Turtle, the Mediterranean 
Turtle, and five native amphibians and includes the 
creation of 24 small ponds with different sizes and 
depths near the main river course (Puigvert 2014a, 
2014b), in the same location as a previous EU LIFE 
Project was focussed, the LIFE Riparia-Ter 2010–
2013 or “Recovery of riparian habitats of the River 

Fig. 9. Number of turtles released at each of the sites at 
the “Estany de Banyoles” area
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Ter” (LIFE 08 NAT/ES/000072) that restored 75 ha 
of river forest habitats and removed invasive alien 
tree and plant species (Consorci Del Ter 2014).

During 2015 70 juvenile European Pond Turtles 
(72 to 124 mm SCL) were released into some of the 
newly created ponds and into other previously exist-
ing ones along the River Ter upstream from Girona 
city, while 17 of them had radio trackers fitted (Budó 
et al. 2014, Feo et al. 2015, CRT L’Albera 2017).

In April 2015, 30 turtles (76 to 96 mm SCL) 
were released around Bescanó (Fig. 2, area 9) some 
10 km upstream from Girona city. The turtles were 
released in groups of ten animals in three different 
ponds. During the first year, in the pond with optimal 
basking spots, turtles did well with a good growth 
rate; in another half-shaded pond they remained 
there with little growth, and in the third one (with al-
most no access to basking areas) some of the turtles 
left the pond, travelling towards the main river (C. 
Feo, pers. comm.).

Moreover, in May 2015, 15 animals (78 to 92 
mm SCL) were released at the Santa Eugènia ponds 
(Fig. 2, area 10) an area of orchards on the outskirts 
of Girona city. These turtles remained in the two 
main ponds and thrive well (C. Feo, pers. comm.).

Again in May 2015, 25 more young turtles (74 
to 89 mm SCL) were freed on a river island near 
Anglès (Fig. 2, area 8) some 15 km upstream from 
Girona city, but no information has been gathered 
yet about those turtles (CRT L’Albera 2015a).

During May 2016, 50 more juvenile turtles 
have been released in ponds beside the main course 
of the River Ter, roughly halfway between Girona 
city and the river’s estuary: 30 animals (72 to 88 mm 
SCL) near Flaçà (Fig. 2, area 11), and 20 more tur-
tles (71 to 120 mm SCL) near Colomers (Fig. 2, area 
12), the last downstream releasing site before reach-
ing the river estuary (CRT L’Albera 2016). These 

turtles have shown a good adaptation to their new 
habitat during their first year (C. Feo, pers. comm.).

During May 2017, the last year of the LIFE 
Potamo Fauna Project, 40 more animals were re-
leased: 15 juveniles upstream from Girona city (near 
Bescanó) and 25 more downstream from Girona city 
(13 at Flaçà and 12 at Colomers).

By the end of the 2017 season, a total of 160 
European Pond turtles have been released in the 
Ter river middle reaches during the 4-year project. 
Listed downstream:  25 in Anglès, 45 in Bescanó, 
15 at Santa Eugènia gardens, 43 in Flaçà and 32 in 
Colomers (CRT L’Albera 2017) (Fig. 11).

Since the European Pond Turtle release pro-
gramme started in 2014 at the River Ter middle 
reaches, no breeding has been disclosed, but at most 
of the sites turtles are thriving. Interestingly, juve-
niles have grown at a good rate at the Santa Eugènia 
urban area. There the only incident observed was 
that of a turtle chewed by a dog in 2015 (C. Feo, 
pers. comm.).

Discussion
Since the first European Pond Turtles were captured, 
more than 500 juvenile turtles have been raised at 
the CRT l’Albera with continuous improvements in 
methodology, achieving an almost 100% hatchling 
success after implementing different protocols.

Those more than 500 animals have already 
been released at twelve locations, and in the future 
more turtles will be released. The age (mainly after 
their second or third year) and size (70–90 mm SCL) 
of the turtles chosen for release, have proven to be 
suitable, also appropriate in north–western Italy 
(Canessa et al. 2016). At this age, the turtles are big 
enough to withstand different threats in their habitat 
wearing their already ossified carapace, such as pre-
dation by birds (White Stork, Ciconia ciconia; Grey 
Heron, Ardea cinerea), or mammals (Wild Boar, Sus 
scrofa, Domestic Dog, Canis familiaris, Red Fox, 
Vulpes vulpes, Eurasian Otter, L. lutra, or the intro-
duced American Mink, Neovison vison), although 
they are not yet completely free of risks, as results 
have shown.

High survival rates, fidelity to certain areas as 
well as early habitat exploration after release have 
been recorded in successful reintroduction pro-
grammes in north western Italy and eastern and 
south western France (Canessa et al. 2016, Cadí & 
Miquet 2004; Mignet et al. 2014), as is the case at 
most of the sites in the River Ter basin. Moreover, 
the turtles are doing well at most of the sites. As two 
examples, one female released in 2005 in the Estany 

Fig. 10. Number of turtles released at the “Parc Natural 
dels Aiguamolls de l’Empordà” area
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de Boada area was caught three years later in 2008 
with wide growth rings; and in 2017 another female 
released in 2015 in the Estany de Banyoles area has 
grown from 80 mm to 135 mm SCL, showing a 
quick adaption to the new habitat.

Furthermore, up to date, six wild-born hatch-
lings have been spotted since the first one located 
in September 2011: five at the Mas Pinell area of 
the river Ter estuary and a sixth one at the Estany 
de Boada lagoon. Adding to this, two gravid fe-
males were captured in June 2015 in the Estany de 
Banyoles Lake. All these facts show full acclima-
tization of the captive bred turtles to their new en-
vironment. Even the animals released in an urban 
area in the Santa Eugènia ponds on the outskirts of 
Girona city have shown good survival rates up to 
now and they are expected to stay there growing at 
a good rate and healthy, as other emydids have done 
in similar urban areas (Budischak et al. 2006).

No mortality due to predators has been ob-
served except for two cases at two sites due to the 
Eurasian Otter. Another two animals were found 
killed by cars. As the released turtles are still young, 
more road kills are to be expected in the future 

as females can travel long distances to dig their 
nests (Rovero & Chelazzi 1996, Schneeweiss & 
Steinhauer 1998). The long distances travelled 
by gravid females highlight the importance of es-
tablishing a protected buffer area around the ponds 
where the turtles live. Such a bordering area has 
proven to be extremely important for their survival 
(Ficetola et al. 2004).

Other problems that could arise can be as-
signed to intraspecific competition in reduced habi-
tats (Boussekey 1988), such as at the small ponds at 
Bescanó or the Casa Nostra ponds in the Estany de 
Banyoles area, resulting in dispersal and disappear-
ance in cases of extremely reduce habitats.

Finally, the haplotype of every non-marked 
European Pond Turtle trapped in the wild is checked 
at the CRT l’Albera as this is the best way to allo-
cate animals of unknown origin to their source areas 
(Velo-Antón et al. 2011). A special delivery proto-
col is applied in order to send animals of haplotype 
VI to GREFA-Madrid, and animals of haplotype V 
to CRARC-Estany d’Ivars Vila-sana or to the River 
Ebro delta breeding station.
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Introduction
Two sex determination mechanisms are found in 
reptiles: genotypic sex determination (GSD) where 
the sex is predetermined during egg fertilization by 
the genotype, and temperature-dependent sex deter-
mination (TSD) where the temperature of the em-
bryo during incubation defines the sex (Pieau 1996). 
In reptiles, TSD was first demonstrated for the lizard 
Agama agama (Charnier 1966), and a few years 
later for the turtles Testudo graeca and Emys or-
bicularis (Pieau 1971, 1972). The latter has been the 
model species for the study of TSD by Claude Pieau 
for 35 years and is so far the most studied reptile for 
TSD (Pieau & Dorizzi 2004). However, only indi-
viduals from the center of France have been studied 
for TSD, though the species ranges from Portugal 
(Sillero et al. 2014) to Kazakhstan (Mazanaeva & 
Orlova 2004).

Animals with temperature dependent sexual 
determination are susceptible to experience a sex 
ratio bias depending on incubation conditions. The 

sex ratio bias could be still enhanced due to climate 
change. Sex ratio bias can have profound conse-
quences in term of population dynamics and then for 
conservation because it can promote failure in ferti-
lization rate if one sex is depleted, over-exploitation 
of resources if males and females do not use the 
same resources in the environment, and loss of ge-
netic variation impacting the viability of populations 
due to lower effective size of population. This lower-
ing of genetic variation could jeopardize the ability 
of turtle populations to adapt to climate change and 
then drive the population to an extinction vortex.

The European Pond Turtle, E. orbicularis, 
shows the Males-Females (MF) pattern of TSD typi-
cal for many turtles: incubation temperatures lower 
than 27°C are masculinizing, while temperatures 
higher than 30°C are feminizing (Girondot 1999). 
The range of temperatures (28.51±1.15°C for E. or-
bicularis, see Girondot 1999) producing both sex-
es is the transitional range of temperatures (TRT); 
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Jonathan Monsinjon, Jean-Michel Guillon, Vincent Hulin & Marc Girondot*

Laboratoire Ecologie, Systématique et Evolution, Université Paris Sud, CNRS, AgroParisTech, Université Paris Saclay, 91405 
Orsay cedex, France
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is dependent on the incubation temperature of the eggs. Within reptiles, TSD occurs in many turtles, all 
crocodilians, the tuataras and some lizards. The European Pond Turtle, Emys orbicularis, has been the 
most studied species for TSD, and the biochemistry of TSD is well-understood in this species. However, 
predicting the sex ratio when incubation temperature is not constant remains challenging. Here we pro-
pose a new methodology to predict the sex ratio for natural nests, and we apply this methodology to eggs 
of E. orbicularis incubated under natural conditions. Finally, we give recommendations on how to apply 
this method to other natural populations or species with TSD.
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the temperature producing both sexes in equal pro-
portion is the pivotal temperature (PT) (Mrosovsky 
& Pieau 1991). Usually, TRT and PT are identified 
for incubations at constant temperatures. In nature, 
where the temperature often changes during devel-
opment, these statistics do not predict the sex ratio 
correctly (reviewed in Hulin et al. 2008).

However, the embryo temperature is important 
for the sex determination only during the thermosen-
sitive period (TSP), or the period of the development 
during which temperature exerts its influence on the 
sexual phenotype of the gonad (Mrosovsky & Pieau 
1991). The TSP in E. orbicularis is between stages 
16 (when the gonads appear) and 21, when embryos 
have mass 160–180 mg and 650–750 mg, respective-
ly (Pieau & Dorizzi 1981). When incubation tem-
perature is constant, this range of masses is observed 
during the middle third of incubation. However, this 
correspondence is not true when temperature changes 
during incubation according to daily fluctuations and 
seasonal trends. In natural nests, embryos experience 
a fluctuating regime of temperatures. TSD has been 
mostly studied under laboratory conditions at constant 
incubation temperatures, and consequently the effects 
of fluctuating temperatures during incubation are un-
derstood much less. Thus in order to correctly predict 
the timing of temperature effect for sex determination 
during incubation, it is necessary to stage the embryo. 
Staging the embryo requires to open the egg which 
cannot be done for threatened species. An alternative 
is to model the embryo development to determine the 
boundaries of the TSP during incubation and then pre-
dict with better accuracy the sex ratio.

In this paper, we present the successive steps 
for predicting sex ratio under natural conditions us-
ing the European Pond Turtle, E. orbicularis, as a 
target species but the methodology can be applied 
to any species with TSD. We start with obtaining air 
or soil temperatures recorded by meteorological sta-
tions in the vicinity of nesting sites, and we describe 
how to predict nest temperatures. Then, we show 
how nest temperatures may be used for determining 
the TSP, and how the TSP duration or temperatures, 
in turn, can be used to estimate nest sex ratio. 

Methodology
Step 1: Obtaining air and soil temperatures
Besides planting automated dataloggers (e.g. iBut-
tons, Hobo) in the field, often data from meteorolog-
ical stations are (freely) available and can provide 
a convenient starting point. Guidelines for meteoro-
logical stations deployments are used worldwide to 
ensure that comparable measurements are obtained 

(World Meteorological Organization 2008). 
Measurements can represent highest, lowest, and 
mean air temperatures, and ground temperature or 
soil temperatures at various depths. General rec-
ommendation for meteorological stations indicate 
that measurement equipment must be located in the 
middle of a flat area of 25 × 25 m without any trees 
or building in proximity that could cast shade. The 
ground should be covered only by short grass or the 
local typical soil cover. The observed air tempera-
ture should be representative of the free air condi-
tions surrounding the station. Temperature must be 
recorded at a height of 1.2–2.0 m above ground lev-
el. To ensure that the thermometer is at true air tem-
perature, protect it from radiation by a screen. For all 
measurements, each thermometer must be compared 
with a reference thermometer, or thermometers of 
the same type can be compared with each other. This 
calibration should also be done when data loggers 
are used during fieldwork to ensure that differenc-
es between sites do not reflect differences between 
thermometer calibrations. If data are collected using 
personal dataloggers, similar considerations should 
be taken into account to have reproducible and com-
parable temperature measurements.

The daily air temperature typically shows an 
irregular sinusoidal pattern with a 24-hours period 
(the pattern is irregular because the time for maxi-
mum is not at the exact intermediate between the 
two times for the minima). For a particular day this 
pattern can be degraded by local meteorological 
events, but here we only discuss the average pattern, 
which is representative of the local climate. To il-
lustrate the pattern of daily temperatures, we used 
air temperature recorded by the laboratory Ecologie, 
Systématique, Evolution each 30 minutes from 2006 
to 2014 in Barbeau, ~32 km south-east of Paris in 
France (N43°03’07.801’’ E22°56’34.148’’). Time 
was converted to Universal Time Coordinated 
(UTC) to prevent hour shift between summer- and 
wintertime. The time of sunrise and sunset were ob-
tained for each day at this location based on classical 
formula (Teets 2003). It is important to use the local 
time for sunrise or sunset because time can be differ-
ent by more than one hour as compared to sun time 
between the two extreme longitudes of a time zone. 
For each day, the UTC times of the daily minimum 
and maximum temperatures were calculated based 
on the time series of temperatures. The mode for 
the minimum and maximum temperature time has 
been estimated according to UTC time of sunrise 
grouped by 30 minutes using the method of Asselin 
de Beauville (1978). Minimum temperature is ap-
proximately 30 minutes after sunrise. Maximum 
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temperature is generally between 13:00 and 15:00 
h depending on the latitude and the time of sunrise, 
thus the season (Fig. 1). There is little chance that the 
true minimum and maximum are exactly represented 
in time series when temperatures are recorded eve-
ry couple of hours, so the true daily minimum and 
maximum must be estimated using fit of irregular si-
nusoidal pattern (function minmax.periodic () in the 
HelpersMG R package; see Girondot 2016b).

The standard depths for soil temperature meas-
urements in meteorological station are 5, 10, 20, 50 
and 100 cm below the surface. As a standard pro-
cedure the soil type, soil cover and the degree and 
direction of the ground’s slope should be recorded. 
Whenever possible, the physical soil constants, such 
as bulk density, thermal conductivity, the level of 
the water table (if within 5 m of the surface) and 
the moisture content at field capacity should also 
be indicated. The soil temperature follows a similar 
daily pattern as the air temperature, but with some 
time shift depending on depth, amplitude change, 
and soil heat conductivity. Soil heat conductivity is 
itself dependent on the granular constitution of the 
soil, its composition and its humidity (Abu-Hamdeh 
& Reederb 2000). The physics of heat transfer into 
heterogeneous media such as soil is complicated and 
correlative studies are often the only way to estimate 
heat conductivity (Farouki 1981).
Step 2: From air or soil temperatures to nest tem-
peratures
Like soil temperatures, temperature within the nest 
depends on the air temperature, sun irradiation but 
also soil heat conductivity. At the depth of a typi-
cal nest of E. orbicularis (around 10 cm), the time 
shift with air temperature is very small, around 20 
minutes (Guyot 2013) and the nest temperature is 
correlated with the soil temperature but their aver-
ages and amplitudes can be different. As an example, 
temperatures have been recorded in nine E. orbicu-
laris nests in Brenne, 200 km south of Paris, in July 

and August 2009 every 3 hours; corresponding tem-
peratures for air at 2 m and soil between 7 to 26 cm 
have been obtained from ECMWF project every 6 
hours at a nearby station (Fig. 2).

Two methods can be used to predict the nest 
temperature from the soil or air temperatures obtained 

Fig. 1. Time for minimum and maximum daily air 
temperature from 2006 to 2014 at Barbeau in France 
(N43°03’07.801” E22°56’34.148”) according to the time 
of sunrise

Fig. 2. Emys orbicularis nest temperature recorded 
in nine nests in 2005 in Migné, France (N46°42’36’’ 
E01°18’36’’), air temperature at 2 m high and soil tem-
perature between 7 to 26 cm depths from ECMWF project 
(N46°36’00’’ E01°15’00’’)

Fig. 3. Distribution of random factor in generalized linear mixed model (GLMM) measuring the heterogeneity of dif-
ferent location for daily minimum and maximum temperatures, estimated from nine nests of Emys orbicularis moni-
tored in 2005
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by meteorological stations. A physical model of heat 
transfer can be defined (Farouki 1981), but many 
physical constants must be determined and such data 
are often not available. A more practical solution is 
to calibrate a model relating nest temperature ob-
tained locally with data loggers to air or soil temper-
atures obtained from meteorological stations or from 
data loggers close to the nesting area. Rather than 
fitting average temperature and amplitude, we find 
it more suitable to fit minimum and maximum daily 
temperatures separately. A generalized linear mixed 
model (Gaussian error and identity link) relating the 
nest temperature to the air or soil temperatures for 
the minimum and maximum temperatures must be 
built separately for calibration. The maximum dai-
ly temperature is from 0:00 h of day i to 0:00 h of 
day i+1 and the minimum daily temperature is from 
12:00 h of day i to 12:00 h of day i+1. This shift 
permits the fit of some cases when the minimum 
temperature could be before midnight due to local 
meteorological conditions (Eccel 2010). Thus, we 
obtain the following models, where i indicates the 
day, i is the Gaussian error term for the day i, and µL 
is the random effect dependent on the logger L:

Tmax Nest (0:00 h → 0:00 h)i ~ Tmax Air or Soil 
(0 h → 0 h)i + µL + i

Tmin Nest (12:00 h → 12:00 h)i ~ Tmin Air or Soil 
(12 h → 12 h)i + µL + i

The construction of these linear models must 
include autocorrelation and moving average within 
the error structure (ARIMA model) and the data log-
gers must be used as a random factor to reflect their 
different localization. The air or soil temperatures are 
treated as fixed effects. The output for fixed factors 
provides estimates for mean-differences or slopes. 
Random factors, on the other hand, are defined by a 
distribution and not by differences. The output for a 
random factor is an estimate of this variance and not 
a set of differences from a mean (Pinheiro & Bates 
2000). Distribution of the random factor can be used 
as a measure of heterogeneity of nest temperatures 
as compared to air or soil temperature. For the nine 
nests monitored in Brenne (Fig. 2), the distributions 
of logger random factors for minimum and maxi-
mum temperatures are shown in Fig. 3: heterogene-
ity of temperatures is higher for maximal tempera-
tures than for minimal temperatures. Sometimes, 
the temperature difference can be easily explained 
by the amount of vegetation cover or tree shade, but 
sometimes the locations look similar and the differ-
ence is probably the consequence of difference in 
soil conductivity due to difference of soil composi-
tion and humidity. Using these statistical tools, it is 
possible to calibrate nest temperatures based on air 

or soil temperatures recorded from meteorological 
stations, integrating thermal heterogeneity. This cali-
bration can then be used to predict nest temperatures 
in a nesting area from a local pattern of air or soil 
temperature variation.
Step 3: From nest temperature to thermosensi-
tive-period of development for sex determination
A model of embryo growth can be used to estimate 
the exact location of the TSP during development for 
a nest incubated in natural conditions. Determining 
the thermal reaction norm for E. orbicularis’ em-
bryonic growth rate was necessary to build such a 
model. A reaction norm is the relationship between 
a phenotypic character and an environmental factor. 
Here the environmental factor is the incubation tem-
perature and the phenotypic character is the embry-
onic growth rate. When the thermal reaction norm 
for embryo growth is known, it is possible to model 
the embryo mass or straight carapace length (SCL) 
change for any time series of nest temperatures. Such 

Fig. 4. (A) Embryo mass and (B) straight carapace length 
(SCL) during development at two constant incubation 
temperatures (points and error bars being 2×SD) and fit of 
Gompertz growth model at both temperatures with a com-
mon size at day 0 (X0 parameter) and K parameter
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a model has been published recently for the marine 
turtle Caretta caretta (Girondot & Kaska 2014) 
and has been converted here for E. orbicularis. 
Information of quantitative development for eggs 
incubated at constant temperatures (Fig. 4) and from 
two nests incubated at non-constant temperatures 
(Fig. 5) has been used to model the thermal reac-
tion norm for embryo growth (Fig. 6). We choose to 
model the change in straight carapace length (SCL) 
rather than mass because SCL is strictly increasing 
during development whereas mass can decrease due 
to loss of water in dry substrate or at high incubation 
temperature. The thermosensitive period during em-
bryo growth was determined using a table for corre-
spondence between mass or SCL and embryological 

stage (Pieau & Dorizzi 1981). It is clear that the 
TSP is not located at the middle third of incubation 
when temperature is not constant (Fig. 5).
Step 4: Constant temperature incubations and 
sex ratio
A total of 1,259 eggs of E. orbicularis have been incu-
bated at constant temperatures and sexed for Claude 
Pieau’ researches from 1970 to 1998 (reviewed by 
Girondot 1999). The relationship between sex 
ratio and incubation temperature can be fitted us-
ing different sigmoidal functions (Girondot 1999, 
Godfrey et al. 2003, Hulin et al. 2009). We intro-
duce here a new one that we name double-Richards. 
It is similar to the Richards equation (see Godfrey 
et al. 2003) with two K (parameter for asymmetry) 
values (K1 and K2) below and above the PT. Among 
these models only the logistic model is symmetrical. 
An asymmetrical model (Hulin) is selected based 
on Akaike information criterion and Akaike weight 

Table 1. Fit of sex ratio depending on constant incuba-
tion temperatures for 1,259 eggs (reviewed in Girondot 
1999). Hulin model is selected based on AIC and Akaike 
weight (shown graphically in Fig. 6). AIC is the Akaike 
Information Criterion which is a measure of the fit of the 
model corrected for over-parametrization, ∆AIC is the 
difference with the lowest AIC, and Akaike weight is the 
probability that a model is really the best (Burnham & 
Anderson 2002)

Param-
eters AIC ∆AIC Akaike 

weight
Logistic 2 93.44 9.22 0.008
Hill 2 93.14 8.92 0.01
Richards 3 88.40 4.18 0.10
Hulin 4 84.22 0.00 0.83
Double-
Richards 4 90.09 5.87 0.04

Fig. 5. Modeled Emys orbicularis embryonic straight car-
apace length (SCL) growth incubated in situ in (A) 1996 
and (B) 2004. Grey lines are the temperatures within the 
nest and the black lines represent the model for the growth 
of the embryo. Horizontal lines indicate the observed 
Straight Carapace Length (SCL) of E. orbicularis hatch-
lings and its 95% confidence interval. Grey rectangle is 
the position of thermosensitive-period for sex determi-
nation according to embryo SCL on SCL-axis (Pieau & 
Dorizzi 1981) and its projection on time-axis. Vertical 
dot lines and the corresponding arrows at the top delineate 
the second-third of incubation

Fig. 6. Embryo growth thermal reaction norm (line) and 
the histogram of temperatures in two nests used for fitting
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(Table 1). Thus, we identified P=28.48°C as the PT 
[CI 95%=(28.481, 28.482)] (Fig. 7), with the sex ra-
tios at P-0.3°C and P+0.3°C being 0.95=0.5+0.45 
and 0.21=0.5-0.19, respectively. In other words, the 
feminizing effect of temperature is not symmetrical 
around the PT, which means that it is necessary to 
add more thermal energy to feminize when the tem-
perature increases below PT rather than above.
Step 5: From thermosensitive-period of develop-
ment for sex determination to sex ratio
A common mistake is to use the average tempera-
ture recorded during incubation to predict sex ra-
tio. This has been elegantly demonstrated for the 
marine turtle C. caretta when eggs were incubated 
at the same average temperature but with different 
daily amplitude: the larger the amplitudes, the more 
feminized the embryos (Georges 1989, Georges 
et al. 1994). To understand the effect of changing 
temperatures on sex ratio, imagine that you could 
freeze embryos and that they will survive. Freezing 
temperatures should be masculinizing for a MF TSD 
pattern. But the embryos do not develop at all and, as 
a direct consequence, this low temperature does not 
impact their metabolism and will have no effect for 

sex determination. Thus, the effect of a temperature 
must be weighted by the growth of embryo at this 
temperature (Pieau 1984, Booth & Freeman 2006). 
However, this effect is not sufficient to explain the 
sex ratio bias observed in this experiment (Marc 
Girondot, unpublished observation).

The incubation duration has been proposed as 
a proxy for the sex ratio as it integrates the influence 
of temperature during all the development (Godfrey 
et al. 1999, Mrosovsky et al. 2009). However, this 
solution is not entirely satisfactory because the tem-
perature influences incubation duration during all of 
incubation, whereas temperature influences sex only 
during the TSP. Thus, one can imagine a situation 

Table 2. Fit of sex ratio upon duration of the thermosen-
sitive period of development for sex determination. Hu-
lin model is selected based on AIC and Akaike weight 
(shown graphically in Fig. 8). See table 1 for the legend 
of columns

Parameters AIC ∆AIC Akaike 
weight

Logistic 2 92.60 13.99 0.00
Hill 2 93.33 14.71 0.00
Richards 3 90.19 11.57 0.00
Hulin 4 78.61 0.00 0.99
Double-
Richards 4 91.49 12.88 0.00

Fig. 7. Sex ratio (proportion of males) of Emys orbicu-
laris embryos from Brenne (France) incubated at constant 
temperatures. The error bars represent twice the standard 
deviation for each point estimate. The solid line shows 
the selected model based on table 1. The pivotal temper-
ature is 28.48°C (standard error <0.001) and the transi-
tional range of temperatures (shaded area) defined as the 
range of temperatures producing sex ratio between l and 
1-l (l=5%) is 1.05°C (standard error <0.001) [28.16°C–
29.21°C]

Fig. 8. Relationship between constant incubation tem-
perature and duration of the thermosensitive period for 
sex determination in days based on the modeled thermal 
reaction norm for embryo growth (see Fig. 6). Tempera-
tures for pivotal temperature (PT) and transitional range 
of temperatures (TRT) are shown (see Fig. 7)
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with long (respectively short) incubation duration 
because the beginning or the end is cold (respective-
ly warm) but the temperature within the TSP is warm 
(respectively cold). In such a situation, the sex ratio 
will be estimated wrongly.

An alternative solution is to use the TSP dura-
tion as a proxy for sex ratio. TSP duration can be 
evaluated at constant incubation temperature for cal-
ibration using the embryo growth model and thermal 
reaction norm of embryonic growth rate (see previ-
ous section) (Fig. 8). The relationship between TSP 
duration and sex ratio for these nests incubated at 
constant temperature has been fitted using the same 
method as the relationship between temperature and 
sex ratio (Table 2, Fig. 9). Using this relationship, 
TSP duration for natural nests can be transformed 
into sex ratio. The confidence interval for the sex ra-
tio can be obtained based on the confidence interval 
from the relation used for calibration (Fig. 9). To test 
the procedure, the length of the TSP for the two nests 
shown in Fig. 5 was determined and their sex ratio 
predicted using the calibration curve (100% males, 
Fig. 9). This prediction is in agreement with the sex 
ratios actually observed (reviewed by Girondot 
1999).

However, the thermal reaction norms for any 
biological reaction, and of course for embryonic 

growth rate, are bell shaped with a maximum at an 
intermediate optimal temperature (Schoolfield 
et al. 1981). Thus, the same incubation duration is 
expected below and above this optimal temperature 
where 100% males or 100% females can be obtained 
respectively. This situation is unlikely to be observed 
for E. orbicularis thermal reaction norm for embry-
onic growth because the optimum (temperature at 
which the embryonic growth rate is maximum) is 
higher than 35°C (Fig. 6), a temperature that is rarely 
attained within natural nests (Fig. 2).

We have shown that incubation duration could 
lead to wrong conclusions about sex ratio due to 
the non-monotonous trend of temperatures effect 
on growth rate. The solution that we advocate here 
using TSP duration is also not fully satisfactory be-
cause there is no evidence that the thermal reaction 
norm for embryo growth is the same as the thermal 
reaction norm for sexualisation which describe how 
the temperature affects more or less the sexualisation 
of the gonad. The best solution would be to convert 
temperatures within TSP into sex ratio taking into 
account this new thermal reaction norm for sexu-
alisation. The shape of this reaction norm cannot be 
deduced from the thermal reaction norm of sex ratio 
due to the threshold effect of the proportions (a pro-
portion cannot be lower than 0 and higher than 1). 
For example, 35°C is a more feminizing tempera-
ture than 30°C (Pieau 1982), but 100% females are 
observed at both temperatures. We can predict that 
the sexualisation thermal reaction norm is non-linear 
according to temperature as for all thermal reaction 
norms (Schoolfield et al. 1981). 

Incubations at changing temperatures with 
sexed embryos are necessary to estimate the thermal 
reaction norm for sexualisation. These data are not 
still available for E. orbicularis and only the TSP 
duration can be used as a proxy for sex ratio at cur-
rent time.

Discussion
The different steps presented in this paper permit one 
to convert air, soil, nest or TSP duration or tempera-
tures into sex ratio. We used two nests incubated in 
nature to test the method, but these two nests were 
100% masculinized thus the test has low statistical 
power. It would be better to have more nests and 
some of them with mixed sex ratio.

The method that we preconize to estimate sex 
ratio from nest temperatures requires that the ther-
mal reaction norm for embryo growth and the ther-
mal reaction norm for sexualisation are known. The 
thermal reaction norms are genetically determined 

Fig. 9. Calibration curve of sex ratio as a function of TSP 
duration, using incubations at constant temperatures. The 
error bars represent twice the standard deviation for each 
point estimate. The line shows the selected model based on 
Table 2. Arrows indicate the estimated TSP duration for two 
nests incubated in natural condition from 1996 (Fig. 5A) 
and 2004 (Fig. 5B) and their corresponding sex ratios
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and can be different for different populations based 
on genetic drift or selection (Angilletta et al. 
2003). Selection can be of primary importance be-
cause the thermal niche for different populations 
can be very different depending on the latitude and 
the climate. As a note of caution, the heterogeneity 
of nest temperatures is probably lower than the het-
erogeneity of soil temperatures at the scale of entire 
ecosystems because turtles do not choose nesting 
site randomly: they are generally located in sandy 
soil, in a small hill exposed to the west. Of course, 
females have plastic behaviour and they can nest 
in other places when this situation is not available. 
Thus we encourage the teams working in the field 
to evaluate these two reaction norms for the popula-
tions of their working area rather than using the one 
described here for E. orbicularis from Brenne in the 
centre of France.

To be in the best situation to estimate sex ratio 
of natural nests, first it is necessary to get calibra-
tion values for the thermal reaction norms for em-
bryo growth and for sexualisation. A set of nests 
must be monitored using temperature data loggers. 
The higher the diversity of temperatures both within 
and between nests, the better the estimates thus a 
lower number of nests are necessary. For example, 
even only two nests with large range of temperatures 
permit one to estimate the thermal reaction norm for 
embryo growth but the confidence interval was large 
(Fig. 6). Thus it is better to monitor nests in different 
soil media, with different exposure and at different 
times to sample a large range of incubation tem-
peratures. Incubation duration, being defined as the 
time from egg laying until piping (when the embryo 
egg tooth breaks the shell) or emergence, must be 
recorded and juveniles must be sexed for each nest. 
The higher the number of sexed juveniles, the better. 
Until recently, the only method for sexing hatchlings 
was lethal because it requires examining gonads 

histologically. Laparoscopy could be used only for 
large individuals but is also lethal for E. orbicularis 
hatchlings (Pieau & Girondot, unpublished). Two 
recent studies have reported that steroid hormones 
can be detected in amniotic fluid obtained from egg-
shells after hatching and differential levels permit to 
distinguished males and females for eggs incubated 
at constant incubation temperatures in marine tur-
tles (Chelonia mydas and C. caretta) (Kobayashi et 
al. 2015, Xia et al. 2011). This method must be still 
evaluated in natural conditions. These methods can-
not be used at large spatial and temporal scales but 
could be used to calibrate sexualisation thermal re-
action norm and then sex ratio could be determined 
from time series of nest temperatures.

If the sex ratio cannot be easily determined for 
a natural nest, the thermal reaction norm for embryo 
growth rate can be still determined and then TSP du-
ration could be used as a proxy of sex ratio.

All the statistical methods described in this 
paper are available in two R packages: HelpersMG 
(Girondot 2016b) for meteorological statistical 
tools and embryogrowth (Girondot 2016a) for sta-
tistical tools related to thermal reaction norm for 
embryonic growth and temperature-dependent sex 
determination. Both packages are available in the 
Comprehensive R Archive Network (CRAN) web-
site: www.cran.org.
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Introduction
Illegal wildlife trade is “the second largest illegal 
trade in the world“ (Zimmerman 2003). In general, 
the rarer is the species, the higher is its price on the 
black market. Among chelonians, at least two ex-
tremely rare and critically endangered species are 
under severe illegal trade pressure, reaching prices 
of 60,000 USD per individual as for Astrochelys yni-
phora, the rarest chelonian in the world (Leuteritz 
& Pedrono 2008, Kiester et al. 2013) and for 
Siebenrockiella leytensis (Asian Turtle Trade 
Working Group 2000, Madagascar Research 
and Conservation Institute 2016, TRAFFIC 
2015b). In the past decades, illegal trade in various 

animal species has been facilitated through the 
Internet (e.g. Mărginean & Gherman 2015).

Throughout the Balkans, several chelonian spe-
cies are targeted by illegal collectors (both for indi-
vidual use and for commercial operations) although, 
like in other European countries, many of them are 
protected by law (e.g. in Serbia, see Anonymous 
2010a, b). In previous years, much has been done 
concerning the education of regular and border po-
lice and customs officers, wildlife inspectors and ju-
dicature in Serbia (e.g. Ajtić et al. 2011). These ef-
forts resulted in increased number of confiscations of 
chelonians and various other animals. Nevertheless, 
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the level of knowledge is still very low regarding 
protected species and biodiversity in general among 
officials, judicature and in the general public.

Irrespective of formal protection, the 
European Pond Turtle, Emys orbicularis (L., 1758) 
(Testudines: Emydidae) is occasionally illegally 
harvested from the wild in many parts of its range 
(e.g. Velo-Antón et al. 2008). Its international con-
servation status is “Lower Risk / Near Threatened”, 
largely due to wide distribution range; however, this 
IUCN assessment is from 20 years ago (Tortoise 
and Freshwater Turtle Specialist Group 2016). 
In numerous European countries, E. orbicularis is 
highly threatened and recognised as critically en-
dangered or even locally extinct (Fritz & Chiari 
2013, Jablonski et al. 2015). Extensive efforts and 
resources are devoted to its conservation (Velo-
Antón et al. 2008, Ayres et al. 2013, Mollov et al. 
2013, Canessa et al. 2016). These issues were ad-
dressed in detail in the 2015 symposium devoted to 
E. orbicularis and other European freshwater turtles 
(Fritz et al. 2017). In Serbia, the European Pond 
Turtle is strictly protected (Anonymous 2010b), 
but it is still Data Deficient and of Least Concern 
(Krizmanić & Džukić 2015). Even basic informa-
tion, such as precise data on its current distribution, 
were only recently published (Krizmanić et al. 
2015) and further updated (Golubović et al. 2017).

In the present article, we describe a case of legal 
rescue measures undertaken by the relevant authori-
ties of the Republic of Serbia after the confiscation 
of an illegal shipment of over 1,300 European Pond 
Turtles at the border between the Former Yugoslav 
Republic of Macedonia and Serbia. The analysis of 
this case elucidates the inadequate level of prepara-
tion for solving such cases demonstrated by both 
state authorities and research community at the na-
tional and international levels.

Materials and Methods
In December 2012, on the border between FYROM 
and Serbia, 1,327 individuals of E. orbicularis were 
confiscated, and taken to the Belgrade Zoo, to be 
housed “temporarily” (Serbian CITES office, pers. 
comm.). The suspect for this smuggling attempt es-
caped, before the authorities could obtain informa-
tion on the origin of turtles. According to expert 
opinion, the animals could have originated from 
natural habitats in FYROM, Albania and (or) Greece 
(Serbian CITES office, pers. comm.). Serbian sci-
entific authority (herpetologist of the Institute for 
Nature Conservation of Serbia) identified, counted 
and sexed the animals: there were 674 males, 544 

females and 109 juveniles. They were all placed in a 
shallow artificial pool (up to 1.3–1.5 m deep) where 
30–50 European Pond Turtles of unknown origin 
have already been kept, along with several Red-
eared Sliders (Trachemys scripta elegans). The en-
tire enclosure where all these turtles were held (Fig. 
1a) is smaller than 300 m2: this resulted in extremely 
high density of at least 4.5 ind./m2 (Fig. 1b). This 
calculated density is far above those noted in natural 
populations (Cadi et al. 2004, Balázs & Györffy 
2006) being about six ind./300 m2. A little central 
island exists in the pool, and along the shores there is 
certain amount of soil/gravel and reeds (suitable for 
basking, hiding, and for egg laying); several small 
logs near the reeds are also used for basking. There 
are also captive and wild aquatic birds, which can 
freely visit and leave the pond (this space was pri-
marily intended for birds). In July 2014 (one and a 
half years after the confiscation), by the order of the 
Ministry of agriculture and nature conservation of 
Serbia, the authors checked the state of the turtles 
and took blood and tissue samples of live and dead 
individuals. 

Results and Discussion
By July 2014, the zoo employees had found 105 car-
casses of E. orbicularis in the enclosure. There is a 
probability that more dead animals were not found, 
being burrowed or sunken. The carcasses were kept 
in a cooler until further processing (Fig. 2): per lo-
cal law, dead animals from confiscations must be 
checked, counted and officially written off before 
being eliminated.

The Ministry of Agriculture and Nature 
Conservation of Serbia has signed contracts with 
two zoos in Serbia (in Belgrade and Palić) for tem-
porary acceptance and caring for the animals con-
fiscated on Serbian borders. The zoos must accept 
confiscated animals, and the Ministry is obliged to 
provide subsistence for these animals if they are not 
publicly exhibited (Serbian CITES office, pers. 
comm.). The zoos (which often face difficulties with 
basic, day-to-day financing and maintenance) devote 
serious efforts to respond to such a difficult task. For 
the seized animals they must provide adequate con-
ditions: space, food, temperature, humidity, condi-
tions for hibernation, etc. All this is, however, some-
times not possible. Often no real quarantine is pro-
vided, and animals from various sources are housed 
together, often for long periods, like in our case.

One of serious complications which emerge 
from suboptimal housing is that animals can ex-
change diseases and parasites, and they can 
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interbreed. These interactions “contaminate” ani-
mals in more than one way, and preclude their return 
into nature, even if their source population is known 
(i.e. confessed by the offenders). In cases of illegal 
collection of animals from the wild, such “contami-
nation” problems probably start some time before 
shipping, given that animals have to be kept in some 
kind of enclosure until a satisfactory number is col-
lected, often from several localities/populations. In 
the concrete case, the animals were transported in 
December, when they should be hibernating: their 
collecting from nature must have occurred several 
months earlier.

Approximately a year and a half after the con-
fiscation of turtles, the zoo veterinarian and his col-
leagues found a number of diseases and other disor-
ders in these animals: mycoses, bacterial and viral 
infections, ecto- and endoparasites, necroses, anae-
mia, complications with internal organs (ÖZVEGY 
et al. 2015, ÖZVEGY  2016). Also, they noted in-
festation of all sampled individuals (n = 30) with 
Haemogregarina stepanowi (ÖZVEGY  et al. 2015, 
ÖZVEGY  2016). It is impossible to determine if the 
parasite came with the confiscated animals, or it 
was previously present in the captive turtles. The 
observed parasites and other maladies are present 
in natural turtle populations, including E. orbicula-
ris (e.g. Dvořákova et al. 2013) but at lower inci-
dences. In Serbia, such investigations have not been 
performed before the study undertaken by ÖZVEGY  
et al. (2015). Their results confirmed our concerns 
regarding risks of keeping too many individuals un-
der inadequate conditions. By the opinion of veteri-
narians and colleague biologists, E. orbicularis indi-
viduals cannot be released from the Belgrade Zoo in 
the given state.

Until the time of final preparation of this manu-
script (December 2017, five years after the confisca-
tion) no solution was found for these turtles: they are 
still in the zoo and there are no attempts at solving 
the problem. The authors have not repeated the visit 
to the enclosure with turtles, and no precise informa-
tion exists on their current state.

The problem of illegal wildlife trade is neither 
unique nor uncommon in the Balkans, but is not 
easily documented. Actually, even in the European 
Union and even for the CITES-listed species it is 
often hard to obtain precise data on illegal wild-
life trade with other parts of the world. For exam-
ple, in 2013 and 2014, reptiles and their parts/de-
rivatives comprised 19% and 18%, respectively, of 
“important individual seizures reported by Member 
States” (TRAFFIC 2014, 2015a). The numbers of 
unreported and “unimportant” incidents remain un-
known.

Fig. 1. (a) Part of the enclosure with turtles (picture taken on 22 February 2016, by S. N.); (b) high density  
of E. orbicularis on the shore (picture taken on 2 March 2014 by A. G.)

Fig. 2. Dead E. orbicularis from the freezer in the zoo 
(picture taken on 18 February 2014 by A. G.)
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Because illegal trade with wild animals is flour-
ishing, we expect that in future more confiscations 
will be made on Serbian borders. This means higher 
demands for resources for adequate care and treat-
ment of those animals. The problem of housing con-
fiscated animals could be resolved if more space was 
provided for/in the zoos, and if acceptance programs 
were permanently financed by state authorities. 
Proper quarantine and health screening are costly 
in terms of both money and space, and sometimes 
are simply not possible. Also, interest about wildlife 
crime is often not among the state priorities.

Tragically, the number of individuals confiscat-
ed in our example is 2/3 the total number of captive-
bred E. orbicularis (ca. 900) released into natural or 
restored habitats during costly reintroduction projects 
in Germany, Spain, Czech Republic and other coun-
tries, during several decades. This number was ob-
tained from seven studies, covering much of Europe 
(Mascort & Budó 2017, Meeske 2015, Ottonello et 
al. 2015, Poggenburg et al. 2015, Pupins et al. 2015, 
Schneeweiss & Beckmann 2015, ŠEBELA 2017).

Preferably, a regional centre should be built, 
where confiscated animals and unwanted (native or 
exotic) pets could be housed and cared for. However, 
a severe problem remains: what is to be done with 
confiscated animals? They cannot be kept in zoos/
centres in unlimited numbers for long periods of time, 
nor can be released “somewhere” in a natural habitat 
in some Balkan or European country. Illustrative of 
this problem is the case of over a 1,000 individuals 
of Testudo hermanni confiscated on the border from 
Serbia to Hungary in 2014, which were “returned” 
to Bulgaria – after DNA analyses, with no consulta-
tion with Serbian experts (Hungarian CITES of-
fice). The animals must not be released (returned) 
into nature without precise knowledge of their origin 
through a wide-range study of DNA profiles of natu-
ral populations. Ideally, the entire distribution ranges 
of the threatened species should be covered. Also, 

if any health problem is detected, i.e. if captive or 
confiscated animals are found positive for any dis-
ease or increased load of (usually naturally present) 
parasites, they should not be taken anywhere to na-
ture. Such projects are not impossible, but are time- 
and resources-consuming. Also, they imply constant 
involvement of experts from many fields (phyloge-
ography, ecology, veterinary medicine; national and 
international law, etc.), from all countries covered by 
species ranges. A core of the best practices suggested 
in such occasions are summarized in “the Kiten pro-
tocol” (Kornilev et al. 2017).

During the past few years, we made the first 
steps in Serbia. We managed to update distributional 
data and to collect tissue samples of E. orbicularis 
(and of some other species) from numerous wild 
populations. In future we must focus on DNA analy-
ses and further population studies of wild European 
Pond Turtle populations, and on establishing coop-
eration with colleagues from other, primarily Balkan 
countries inhabited by E. orbicularis. Only an inte-
grated approach can provide long-term persistence 
of this threatened species, which has already gone 
extinct in certain parts of its range.
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Introduction
The Sicilian Pond Turtle Emys trinacris Fritz, 
Fattizzo, Guicking, Tripepi, Pennisi, Lenk, Joger 
& Wink, 2005 (Testudines: Emydidae) has recently 
been distinguished from the European Pond Turtle 
Emys orbicularis (L., 1758) (Testudines: Emydidae) 
by genetic and morphological characters (Fritz et 
al. 2006). Although there are still doubts about its 
specific status (Speybroeck et al. 2010), several 
authors showed a clear differentiation at the genetic 
level (Pedall et al. 2011, Manfredi et al. 2013, 
Vamberger et al. 2015) and considered it a valid 
cryptic species (Fritz et al. 2006, Turtle Taxonomy 
Working Group 2014). Endemic to Sicily, E. tri-
nacris is listed in Annexes II and IV of the 43/92/
CEE “Habitats” Directive and considered “Data 

Deficient” by IUCN (van Dijk 2009). Andreone 
et al. (2013) classified E. trinacris as “Endangered 
(EN) A2c” in the Italian Red List. The species seems 
to be mainly threatened by pollution and habitat 
fragmentation, release of non-native species in the 
wild and in some cases by illegal capture for the 
pet trade (Di Cerbo 2010). Prior to 2005, relative-
ly little was known about E. trinacris sensu stricto 
other than data on distribution and biometrical pat-
tern (Ardizzoni & Fritz 1998, Zuffi & Ballasina 
1998). Even though the species was described in 
2005, a lack of information still exists relating to ba-
sic life-history and only few studies were carried out 
on its ecology (D’Angelo et al. 2006, Lo Valvo & 
D’Angelo 2006, Lo Valvo et al. 2008a, b, 2015). 

Preliminary Data on the Population of the Sicilian Pond  
Turtle, Emys trinacris Fritz et al., 2005 (Emydidae)  
Inhabiting the Gorgo Tondo Basso in the “Lago Preola  
e Gorghi Tondi” Nature Reserve, Sicily, Italy
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Abstract:  The lack of data relating to basic life-history and population dynamics is one of the gaps to be filled in 
order to develop a proper strategy for the conservation of the Sicilian Pond Turtle (Emys trinacris). In this 
study, we present the results of the first year of a multi-annual monitoring program focusing on a specific 
wetland area, located within the “Lago Preola e Gorghi Tondi” Nature Reserve (Sicily, Italy). The sub-
population size was estimated with capture-recapture method at 719 ± 47 turtles, with a mean density of 
239.7 ± 15.7 ind./ha. The overall sex ratio of the captured individuals was males-biased (2.9 : 1) but also a 
significant differences between spring and summer was found. We discuss this finding in relation to differ-
ential reproductive strategies of the sexes, with the support of data on movements and on body condition. 
The importance of a multi-year monitoring approach is underlined in order to get a better understanding 
of the factors that affect the population ecology.
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This information, although of fundamental impor-
tance, may not be sufficient to effectively address the 
management strategies of the species. For this reason 
we started a multi-annual capture-marking-recapture 
study to estimate the factors governing the popula-
tion dynamics of the species in the “Lago Preola e 
Gorghi Tondi” Nature Reserve (SW Sicily, Italy). 
The development of medium and long-term moni-
toring program is one of the keystones to understand 
the effects of local (Cheylan & Poitevin 1998) or 
global (Paleczny et al. 2015) threats but also to 
evaluate concrete management (Ficheux et al. 2014) 
and conservation (Bertolero & Oro 2009) actions, 
especially in long-living species (Cadi et al. 2004). 
In the present study, we focused on a specific wet-
land site to: (i) estimate the abundance of the present 
sub-population, (ii) investigate some sub-population 
and individual parameters such as sex ratio, move-
ments and estimate body condition index.

Materials and Methods
The Nature Reserve of the “Lago Preola e Gorghi 
Tondi” is a protected area of south-western Sicily 
established in 1998 and currently managed by the 
Italian Association for the World Wildlife Fund 
(WWF Italy Ong - ONLUS). The reserve (me-
dium point at N37°36’36.78” E12°39’8.19”), lo-
cated within the municipality of Mazara del Vallo 
(Trapani), has a surface of 335 hectares and is sur-
rounded by a homogeneous agricultural landscape 
(vineyards and olive groves). The Nature Reserve 
protects four distinct wetlands (Pantano Murana, 
Lago Preola, Gorghi Tondi Alto-Medio and Gorgo 
Tondo Basso), originating in a single karstic depres-
sion. Samplings were carried out in the Gorgo Tondo 
Basso on three occasions (May, June and July 2015) 
each comprising of three trapping days. The trapping 
site is a lake environment with an average surface 
area of approximately 3 ha, an extension of 300 × 
180 m and a maximum depth of approximately 12 m. 
The basin does not have tributaries and the ground-
water table is located in the calcarenites and is fed 
by local meteoric recharge (Cusimano et al. 2006). 
The main water-body is set on a sinkhole and it is 
therefore immediately deep and surrounded by ripar-
ian helophytes (Phragmites australis, Typha latifo-
lia and Cladium mariscus); in the west side, an area 
with shallow waters (1–2 m depth) of about 0.9 ha is 
present. The nearest water body is the Gorghi Tondi 
Alto-Medio complex, situated only 200 m away but 
separated by a street and a slight difference in eleva-
tion. Individuals were captured using double fyke 
nets (n = 5, length = 3 m, diameter = 50 cm, eye = 

18 × 15 cm) and baited funnel traps (n = 10, length = 
60 cm, diameter = 30 cm, eye = 16 × 14 cm) to avoid 
bias in sex and age class (Tesche & Hodges 2015), 
located 50 m apart of each other, during three sam-
pling occasions (May, June and July 2015) of three 
trapping-days each. Date of capture, trap number, 
sex, age (adult/juveniles), straight carapace length 
(SCL, sliding callipers to the nearest 0.1 mm), width 
(CW), height (CH) and body mass (BM, digital bal-
ance ±1 g) were recorded, and only individuals with 
evident sexual characters were considered as adults 
(Zuffi & Gariboldi 1995). In the analysis we dis-
carded the body mass of individuals that urinated 
or defecated before the measurements. All captured 
turtles were individually marked by unique notches 
on their carapace (Servan et al. 1986). The studied 
sub-population can be assumed to be “closed” dur-
ing the experiment because sampling occurred in a 
short period of time and no evidence of significant 
migration and emigration movements were observed 
from and to the nearest wetland (D. Ottonello 2015, 
unpublished observations). Additionally, we first 
tested if the sub-population can be considered closed 
by using the Closure Test (Stanley & Burnham 
1999) of software CloseTest (Fort Collins Science 
Center, U.S. Geological Survey 2011). Then the sub-
population abundance was estimated using models 
for closed populations following Otis et al. (1978), 
which incorporate three sources of variation among 
capture probabilities: (i) a temporal effect (t), where 
capture probabilities vary among capture occasions; 
(ii) a heterogeneity effect (h), where capture prob-
abilities vary among individuals; and (iii) a behav-
ioural effect (b), where a previous capture influences 
the behaviour of individuals in the next occasions. 
Analyses were carried out using the Loglinear 
Models for Capture-Recapture Experiments 
“RCapture package” (version 1.4-2) for R (R Core 
Team 2013) and the model selection was carried out 
following the Akaike Information Criterion (AIC). 
The presence of heterogeneity was tested using a 
graphical approach as explained by Baillargeon & 
Rivest (2007). We inferred the movements of E. tri-
nacris by recapturing marked individuals during the 
same sampling occasion. For capture and recapture 
traps, we plotted the GPS coordinates within QGIS 
2.8.2-Wien (QGIS Development Team, Open Source 
Geospatial Foundation) and then the minimum lin-
ear distance was measured between these points. To 
estimate activity area, we used the distance between 
the two most distant capture points (Kornilev et al. 
2010). Sexual and period differences were tested us-
ing a two-way analysis of variance (ANOVA). Data 
and sexual differences (males vs females) in size and 
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body mass were firstly checked for normality with 
Pearson’s chi-square normality test and then analysed 
using a t-test. Population structure was analysed us-
ing a graphical approach by dividing SCL data in size 
classes of 10 mm. A body condition index (BCI) was 
used to test differences among months of activity. 
The BCI was estimated as BM / SV, where SV is the 
shell volume calculated with a modified formula for 
a semi-ellipsoid as suggested by Loehr et al. (2004) 
and partially modified [SV = (4 / 3 × π × SCL / 2 × 
CW / 2 × CH) / 2]. For this analysis we used also the 
data collected during a previous study carried on in 
April, June and September 2014 to expand the tem-
poral spectrum. An independent one-way analysis of 
variance (ANOVA) for males and females was used 
to test for difference between years, using June as 
month of reference. One-way ANOVA was also used 
to test for difference in BCI among months for males 
and females independently. All ANOVA tests were 
preceded by Pearson’s chi-square normality test to 
verify that data were normally distributed and by a F 
test to verify that data had the same variance and fol-
lowed by a Tukey post-hoc comparison. All statisti-
cal analyses were carried out with R (R Core Team 
2013) and we considered differences significant at p 
< 0.05. Data collected in different periods from the 
same animal were removed from statistical analyses 
to avoid pseudo-replication (Hurlbert 1984).

Results
A total of 640 captures (314 in May, 141 in June, and 
179 in July) of 410 turtles were made in 2015; among 
these 32 were already marked in previous studies. 
Out of the examined individuals, 263 were captured 
one time, 100 two times, 33 three times, seven four 
times, five five times, one six times and one eight 
times. We collected 277 males, 94 females and 39 
juveniles with an overall capture sex ratio of 2.9 M : 
1 F. The capture sex ratio varied significantly among 
periods (Chi-square = 9.82, p < 0.01), with the low-
est values being in July (2 : 1) with respect to May 
(3.9 : 1) and June (4.1 : 1). The number of turtles 
trapped per period differed significantly both for fe-
males (Chi-square = 11.42, p < 0.01) and for males 
(Chi-square = 46.33, p < 0.001), with similar values 
in May and July; the lowest number of captures for 
females were in June and the highest in May, and for 
males – in June and July, respectively (Fig. 1). 

The sampling was highly shifted toward adults 
reflecting the low capture rate of juveniles, which 
represented only the 9% of the sub-population 
sampled. The Closure test supports our hypothesis 
that the sub-population can be considered closed 

during the experiment (Chi-square = 5.46, p = 
0.065). According to the AIC criterion the abun-
dance of sub-population was estimated as 719 ± 47 
individuals, selecting the time variation model Mt 
(Table 1), where probability of capture is different 
between trapping occasions. This result gives a den-
sity estimation of about 239.7 ± 15.7 ind./ha.

The sub-population was characterized by a 
dominance of turtles (72%) with SCL between 110 
and 129.9 mm (Fig. 2). The most represented range 
class for males was 120–129.9 mm (46%), while for 
females it was 130–139.9 mm (48%), and for juve-
niles: 100–109.9 mm (64%).

Females were heavier (t-test = 14.72, p < 
0.001) and bigger than males, both in terms of cara-
pace length (t-test = 9.991, p < 0.001), width (t-test 
= 7.24, p < 0.001), and height (t-test = 16.95, p < 
0.001) (Table 2). 

Table 1. Estimated abundances and model selection crite-
ria for a population of Emys trinacris. M0 = Equal capture 
model; Mt = Time variation (Schnabel) model; Mh = Het-
erogeneity model (Chao, Poisson, Darroch and Gamma); 
Mth = Time-heterogeneity model (Chao, Poisson, Darroch 
and Gamma); Mb = Behavioural response model; S. E. = 
Standard error; df = degree of freedom; AIC = Akaike’s 
Information Criterion

Model Abundance S. E. df AIC
M0 758.3 51.5 5 123.375
Mt 718.6 47.1 3 53.244
Mh Chao (LB) 779.6 61.0 4 124.738
Mh Poisson2 840.5  130.3 4 124.738
Mh Darroch 911.5 238.5 4 124.738
Mh Gamma3.5 995.3 385.6 4 124.738
Mth Chao (LB) 741.5 55.7 2 54.265
Mth Poisson2 811.1 121.8 2 54.265
Mth Darroch 895.3 231.0 2 54.265
Mth Gamma3.5 998.5 387.9 2 54.265
Mb 478.8 18.7 4 85.412

Fig. 1. Number of male (black) and female (grey) Emys 
trinacris captured per months at the Gorgo Tondo Basso
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The BCI of females was lowest in May and July 
and highest in June (Fig. 3a), but it did not change 
significantly among the periods (F4,108 = 0.186, p 
= 0.945). The BCI of males showed a significant 
variation (F4,249= 3.797, p < 0.01) with the highest 
values in April and July (Fig. 3b), significantly dif-
ferent from May (Tukey, p < 0.05). For all periods 
combined, the mean BCI of females (0.072920 ± 
0.00157 g/mm3) was higher than the BCI of males 
(0.05085 ± 0.00607 g/mm3), while the BCI of ju-
veniles (0.03674 ± 0.00134 g/mm3) was lower than 
that of adults. 

We recaptured at least once 92 individuals, 50 
in May, 22 in June, and 20 in July. The low num-
ber of recaptured juveniles (n = 6) did not allow any 
statistical analysis for this group. The proportion of 
recaptured animals did not vary among periods for 
males (Chi-square = 0.89, p = 0.64) and females 
(Chi-square = 1.95, p = 0.376). The period (F = 

0.137, p = 0.872) and the sex (F = 0.984, p = 0.324) 
did not have a significant effect on activity area. The 
mean distance moved between recapture locations 
was 63.06 ± 21.36 m (range 0 ± 240.3 m) for fe-
males (n = 12), 46.49 ± 6.22 m (range 0 ± 275.9) for 
males (n = 74). We registered also a juvenile with a 
movement of 58.05 m; another five juveniles were 
recaptured in the same trap.

Discussion
These initial results are encouraging because our es-
timation of the sub-population inhabiting the Gorgo 
Tondo Basso showed a high density of individuals 
not reported for the species, except for a popula-
tion living in a small pond (0.3 ha) near the “Rocca 
Busambra e Bosco della Ficuzza” Nature Reserve 
(Lo Valvo et al. 2008a). The population abun-
dance of the congeneric and ecologically similar E. 

Fig. 2. Straight carapace lengths (mm) of Emys trinacris captured during the study at the Gorgo Tondo Basso: unsexed 
juveniles (light grey), males (grey), and females (black)

Table 2. Mean values of major biometric measurements (in mm and g) for Emys trinacris. SCL = straight carapace 
length; CW = carapace width; CH = carapace height; BM = body mass; N = number of individuals; S. E. = Standard 
Error

Biometric
measurement Sex N Mean S. E. Min Max

SCL
♀ 83 130.3 0.9 105.8 146.7
♂ 247 120.1 0.4 104.4 141.1
J 14 102.3 1.9 87.2 108.5

CW
♀ 71 102.2 0.9 77.6 121.3
♂ 189 94.8 0.5 72.8 110.0
J 12 82.9 1.9 71.9 91.8

CH
♀ 71 50.9 0.4 43.0 59.7
♂ 189 42.8 0.2 36.0 49.9
J 12 36.1 0.8 31.1 40.7

BM
♀ 81 402.6 7.5 229.0 583.0
♂ 194 283.1 3.0 192.0 414.0
J 13 180.1 12.1 96.0 235.0
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orbicularis could vary considerably throughout its 
wide distribution range, depending on several fac-
tors (e.g., study methods, conservation status, habi-
tat suitability, presence of competitors). High den-
sities for E. orbicularis are reported for Hungary 
(128–242 ind./ha, Balázs & Györffy 2006) and 
Central Anatolia (242 ind./ha, Bayrakci & Ayaz 
2014). In Italy, little is known about populations’ 
abundance and density of freshwater turtles (Zuffi 
et al. 2010): 3–10 ind./ha of E. orbicularis were es-
timated with the linear transect census in the Bosco 
Mesola (Mazzotti et al. 2007) and 9.4 ind./ha in the 
Palude di San Genuario with the capture-recapture 
method (Seglie 2015). In the “Lago Preola e Gorghi 
Tondi” Nature Reserve, 23.8 ind./ha were estimated 
for E. trinacris with the of capture-recapture method 
(Lo Valvo & D’Angelo 2006). The sub-population 
of Gorgo Tondo Basso was apparently characterized 
by a size distribution that was markedly shifted to-
wards adult age, with a bimodal distribution due to 
difference in size related to the sex. The low number 
of juveniles was not substantially different from that 
found by Lo Valvo & D’Angelo (2006) and could 
be explained by a sampling bias due to lower detect-
ability and different habitat use (Zuffi 2000), low 
recruitment rates, or a combination of both (Keller 
et al. 2004). This is a common trait in freshwater 
chelonian studies due mainly to their cryptic behav-
iour (Pike et al. 2008). At present the absence of data 
on juvenile survival does not permit to formulate 
any hypothesis that could not be other than specu-
lative. Relative to the previous study by Lo Valvo 
& D’Angelo (2006) the overall capture sex ratio of 

captured individuals was more shifted in favour of 
males, but we also detected significant differences 
between the periods that could be linked in our case 
to the different activity of males and females. This 
is one of the factors that can influence the sex ra-
tio of adults as well as the sex ratio of hatchlings, 
differential age at maturity for males and females, 
differential mortality between sexes, and, obviously, 
sampling bias (Gibbons 1990). The analysis of the 
movements did not show any difference among pe-
riods and sex suggesting a similar use of the fresh-
water habitat by the adults, as shown with radiote-
lemetry both for E. orbicularis (Cadi et al. 2004) 
and for E. trinacris (Lo Valvo et al. 2008b, 2015). 
However, the different peaks of captures for the two 
sexes suggest varying patterns of activity during the 
year that are probably associated with differential 
reproductive strategies of the sexes, as shown for 
other Emydids (Morreale et al. 1984). In E. or-
bicularis, the reproductive activity starts with spring 
emergence, with a peak of courtship behaviour and 
mating between the end of March and May (e.g. 
Mitrus & Zemanek 2004, Servan & Roy 2004). 
During this period the males are very active, mov-
ing along the wetland looking for reproductive fe-
males (Lebboroni & Chelazzi 1991). This energy-
expensive activity is also evident in males of Gorgo 
Tondo Basso, based on the significant decrease in 
May of the BCI, a parameter linked to nutritional 
and physiological status (Speakman 2001) that can 
correlate with fitness parameters such as survival 
(Shine et al. 2001) and reproduction (Dobson & 
Michener 1995). This is a common trait among 

Fig. 3. Violin plot of Body Condition Index (BCI) monthly variation for female (a) and male (b) Emys trinacris at the 
Gorgo Tondo Basso; August is missing
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freshwater turtles explained using a cost-benefit ar-
gument, where males disperse in search of females 
despite costs such as increased energy expendi-
ture and increased predation risk (Morreale et al. 
1984). On the contrary, the number of females cap-
tured reached the minimum in June, corresponding 
to the peak of egg-laying for Italian E. orbicularis 
(Zuffi et al. 2015) and also for this population of E. 
trinacris (D. Ottonello 2015, unpublished observa-
tions), when females can stay for several days away 
from the wetland (or at least in its peripheral area), 
or in other water bodies (Rovero & Chelazzi 1996, 
Meeske & Muhlenberg 2004). However, our data 
are consistent with published literature about E. trin-
acris, suggesting that the male-biased sex ratio seem 
to be common in Sicily (D’Angelo et al. 2006, Lo 
Valvo et al. 2006, 2008a). In our case we suspect a 
significant behavioural component that could influ-
ence the capture sex ratio, but in the absence of data 

about survival rates of females and males our con-
siderations cannot be other than speculative. These 
preliminary results strengthen the importance of the 
multi-year monitoring approach that was chosen in 
order to get a better understanding of the population 
dynamic, essential for a proper management of the 
species within the protected area. Further analyses 
are in fact needed to explore the causes that may 
influence the sex ratio, the density, the population 
structure and the possibility of the presence of meta-
population dynamics between different lakes using 
models for open populations.
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Introduction
Two species of freshwater turtles are native to 
Bulgaria: the widespread European Pond Turtle 
Emys orbicularis (Linnaeus, 1758) and the Balkan 
Terrapin Mauremys rivulata (Valenciennes, 1833), 
which is limited to certain southern regions 
(Stojanov et al. 2011). In most areas where they 
occur together, the species seem to be present in 
unequal numbers (Fritz 2001, 2003, Wischuf & 
Busack 2001, Auer & Taskavak 2004, Bayrakci 

et al. 2015). For some syntopic populations com-
petitive relationships between both species were 
reported (Ayaz & Çiçek 2011). In some regions 
where both species co-occur, the population of E. 
orbicularis is suppressed; Bayrakci et al. (2015) 
have attributed this tendency to the extreme toler-
ance of the Balkan Terrapin to waters of degraded 
quality (see also Gasith & Sidis 1983, 1984, Sidis 
& Gasith 1985). 
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and Mauremys rivulata (Valenciennes, 1833) in the Lower 
Veleka River, Bulgaria: First Observations

Georgi Popgeorgiev1, Yurii V. Kornilev1,2, Nikolay Natchev2,3, Borislav Naumov4, Ivo Ivanchev5, 
Miroslav Slavchev1,4, Andrey Stoyanov1,†& Nikolay Tzankov1,†

1National Museum of Natural History, Sofia, 1 Tsar Osvoboditel Blvd., 1000 Sofia, Bulgaria;  
E-mails: georgi.popgeorgiev@gmail.com; yurii.kornilev@nmnhs.com
2Department of Integrative Zoology, Faculty of Life Sciences, University of Vienna, Althanstrasse 14, A-1090 Vienna, Austria; 
E-mail: nikolay.natchev@univie.ac.at
3Faculty of Natural Science, Shumen University, 115 Universitetska Str., Shumen, Bulgaria
4Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of Sciences, 2 Gagarin Street, 1113 Sofia, Bulgaria;  
E-mails: herpetology_bg@yahoo.com; slmiro@abv.bg
5Gea Chelonia Foundation, 10 Shipka Str., Banya, Bulgaria; E-mail: geain2003@yahoo.com

To Andro and Niki, true friends

Abstract:  The Veleka River in SE Bulgaria is amongst the northernmost localities of coexistence of Emys orbicularis 
and Mauremys rivulata, the two native freshwater turtles. This linear structure provides a rare opportunity 
to study whether the species separate across a seemingly similar habitat. In 2010–2014, we sampled by 
boat 5.5 km of the river near its mouth. We collected 64 localities with observations of single or multiple 
individuals of E. orbicularis and 86 of M. rivulata. Although both species co-inhabited large portions of 
the study site, they displayed a tendency to occur more frequently in different parts. Emys orbicularis 
was predominantly found in the lower to middle portions of the study site (interquartile range, IQR of the 
distance to the bridge: 467–1,867 m), while M. rivulata was mostly observed in the middle to upper sec-
tions (IQR: 1,287–2,820 m). The medians of the calculated distances in the two species are significantly 
different (Mann–Whitney U test: U = 1,664.00, Z = -4.13, p < 0.001; E. orbicularis: median = 1,234.94 
m, range = 3,335.98 m; M. rivulata: median = 1,911.09 m, range = 4,122.04 m). These preliminary results 
need to be supplemented with further studies to aid in our understanding of the species’ biology and their 
successful conservation.
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However, few comparisons exist for loca-
tions where both species occur in Bulgaria. The 
Veleka River provides a suitable site to determine 
whether the two species spatially separate within a 
lotic habitat. It is a medium to large size river, situ-
ated in south-eastern Bulgaria. Although close to the 
northernmost localities of sympatry of both native 
Bulgarian freshwater turtles (Stojanov et al. 2011), 
it is still well within the potential environmental 
niche for M. rivulata (Kornilev et al. 2017).

Materials and Methods
Study site
Before flowing into the Black Sea just north of 
Sinemorets Village, Bulgaria, the 147 km long 
Veleka River is slow-flowing, roughly 30–50 m 
wide and up to 8–10 m deep. At its mouth, there 
is a 0.8 km sand bank which is a popular beach-
goer destination. There, the river is considered 
a liman (estuary), roughly 2,700 m in length. A 
gradual transition occurs from “Black Sea river 
limans (R16)” to “Large Black Sea rivers (R10)”, 
without a clearly defined border. R10 is about 8,000 
m in length (G. Gyuzelev, pers. comm.). At certain 
times, a temporary influx of salt water can be ob-
served but the surface layer generally remains fresh 
water.

The study site falls within four largely overlap-
ping protected territories: the Natura 2000 SPA and 
SCI sites “Strandzha”, the Strandzha Natural Park, 
as well as the “Mouth of the Veleka River” Protected 
Site. It is an important locality for freshwater turtles, 
included in the National Biodiversity Monitoring 
System.

The Sinemorets – Sozopol road crosses the riv-
er via a bridge at 1,250 m river distance from the sea. 
We excluded this section from sampling due to lim-
ited observations during preliminary sampling. Still, 
turtles may occasionally reach the beach at times: in 
2015, during a sampling of a shallow, 0.25 ha pool of 
stagnant water situated at the heavily visited beach 
about 100 m from the river, we captured three E. or-
bicularis (not included in this study).

A boat ramp is present at the base of the road 
bridge. The only boats allowed by law (Ordinances 
for the protected site) are by organized tourist groups 
(up to four slow-moving motorboats at the same 
time) during 15 June – 15 September, coinciding 
with the turtles’ active season. However, in reality, 
law enforcement is limited, thus fishing and recrea-
tional boats may easily go upstream, either from the 
boat ramp or from the sea shore.

Data collection
On multiple occasions between 2010 and 2014, we 
collected coordinates of the locations along the river 
at which we observed individual or multiple turtles. 
We sampled roughly 5.5 km of the river upstream of 
the bridge; the use of boats further upstream is diffi-
cult. Observations were predominantly on individu-
als basking aerially or upon surface vegetation. We 
did not differentiate among age or sex classes. We 
used hand-held GPS units (error: ±10 m; Garmin, 
Olathe, Kansas, USA). Observations were made by 
2–3 observers from 1–2 paddle boats, respectively. 
When using one boat, we zig-zagged to check both 
river banks; otherwise, observers in each boat were 
responsible for one side of the river, to avoid double-
counting.

Analysis
To evaluate whether there is spatial separation of 
the observations between the two species, we meas-
ured the shortest distance between each observation 
and a fixed point close to the mouth of the river (the 
bridge). Although the distance underestimates the 
real “river” distance, most of the study site is rela-
tively linear. We performed Mann–Whitney U test 
(species as groups, distance as variable), with α = 
0.05, using Statistica v. 10.0 (StatSoft, Inc., Tulsa, 
OK).

Results
Overall, we collected 64 localities with observations 
of single or multiple individuals of E. orbicularis 
and 86 of M. rivulata. Although both native species 
co-inhabited large portions of the study site, they 
displayed a tendency to occur more frequently in 
different parts of the river (Fig. 1). Emys orbicula-
ris was predominantly found in the lower to middle 
portions of the study site (interquartile range, IQR 
of the distance to the bridge: 467–1,867 m), while 
M. rivulata was mostly observed in the middle to 
upper sections (IQR: 1,287–2,820 m) (Fig. 2). The 
medians of the calculated distances in the two spe-
cies are significantly different (Mann–Whitney U 
test: U = 1664.00, Z = -4.13, p < 0.001; E. orbicu-
laris: median = 1,234.94 m, range = 3,335.98 m; M. 
rivulata: median = 1,911.09 m, range = 4,122.04 
m). Although the minimum distances were similar 
(75 m for E. orbicularis and 98 m for M. rivulata), 
the maximums were different (3,411 m vs 4,220 m). 
When considering the maximum “river” distances, 
E. orbicularis was observed at 4,000 m upstream of 
the bridge, and M. rivulata – at 5,150 m.
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Discussion
The skewed distribution of the two turtle species 
within the studied lotic habitat was likely shaped by 
a complex set of biotic and abiotic factors. At this 
point, further studies are needed to evaluate the un-
derlying reasons for the observed results.

We hypothesize that the distribution of the two 
turtle species was shaped by yet to be identified dif-
ferences in macro-habitat characteristics. Amongst 
these, sunlight availability is likely key, as it im-
pacts both aerial and aquatic basking (sensu Moll & 
Legler 1971), especially at the water surface layer. 
Maintenance of elevated body temperature is a key 
requirement for most semi-aquatic turtles’ biology. 
However, at the upstream portion of the study site, 
opportunities for aerial and aquatic basking seem to 

be limited. Upstream from the study site, the river is 
narrow, shaded by multiple large, overhanging trees, 
likely cooling the water; the surface warms up slowly 
while flowing through the study site, with the warm-
est temperatures close to the sea. In addition, around 
the upstream end of the field site direct sunlight also 
decreased: in this section the river flows in a S–N 
direction, and is likely shaded for part of the day 
by a small hill (c. 100 m a.s.l.) situated to the east. 
Although M. rivulata is a species with a more south-
ern distribution, we speculate that it may handle bet-
ter the more limited open spaces occurring upstream. 
Observations from the Eastern Rhodopes provide 
limited support for this hypothesis – there, M. rivu-
lata greatly outnumbers E. orbicularis in the smaller, 
drying-up rivulets (see Kornilev et al. 2017).

Fig. 2. Boxplot of the distances of observations of Emys orbicularis and Mauremys rivulata to the beginning of the 
study site at the Veleka River

Fig. 1. Distribution of localities of Emys orbicularis (circles) and Mauremys rivulata (triangles) along the lower Veleka 
River, southern Bulgaria (shown on overview map)
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Besides the potential for “typical” interspecif-
ic competition (e.g. for available food and basking 
sites), tolerance to human-caused disturbance also 
has to be considered. The river is under strong an-
thropogenic pressure from various human activities: 
people likely cause disturbance through their pres-
ence; boaters may remove fallen logs suitable for 
basking to increase their own access; fishermen may 
(intentionally or unintentionally) kill turtles, which 
swallow baited hooks. Although found throughout, 
these impacts are likely stronger in the lower river 
portion (1–3 km). Whether E. orbicularis is more 
tolerant of disturbance, explaining its higher preva-
lence downstream, is yet unknown. However, the 
turtles’ behavioural responses to disturbance might 
not adequately reflect the true physiological impact 
(see Kornilev 2008 for a discussion).

The minor differences in water salinity are un-
likely to influence species distribution, as the salinity 
near the liman is only c. 0.9‰, but quickly drops to 
0.1‰ above the bridge (G. Gyuzelev, pers. comm.). 
Furthermore, the surface water should remain most-
ly fresh even during influxes of sea water.

It remains to be determined whether the alloch-
thonous Pond Slider (Trachemys scripta), frequently 
released intentionally at the mouth of the Veleka 
(Tzankov et al. 2015), impacts both native species 
within the study site. Negative effects have been 
substantiated for E. orbicularis (e.g. Avery & Servan 
1998, Cadi & Joly 1999, 2004, Bringsøe 2001) and 
M. leprosa (Polo-Cavia et al. 2012), and would like-
ly apply to M. rivulata as well. However, we never 
observed high numbers of T. scripta; possibly, the 
river’s seasonal catastrophic flooding displaces and 
potentially kills the sliders, while the native species 
have evolved to survive these events.

Although our results suggest differential distri-
bution of the two species within the lower Veleka 
River, the causes that shaped this must be examined 
further, both to increase our biological knowledge 
of the species and to improve our abilities for their 
long-term conservation.
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Introduction
Latvia is located on the extreme northern border of the 
European Pond Turtle Emys orbicularis (Linnaeus, 
1758) (Testudines: Emydidae: Emydinae) distribu-
tion in Europe (Berdnikovs 1999, Fritz 2003). 
Northern populations of E. orbicularis in Europe 
are small and fragmented because of the limiting 
influence of cold climate (Schneeweiss 2004) and 
other negative factors (Drobenkov 1991). This 
impedes its location in the wild by researchers. 
Therefore, in spite of the first published E. orbicu-
laris findings in Latvia which are known since 1827 
(Silins & Lamsters 1934), for a long time opinions 
about the existence of E. orbicularis populations 
in Latvia were contradictory. Thus, Zirnis (1980) 
examined data of the Ministry of Environment and 
concluded that a lot of these data were not precise 
because some individuals of E. orbicularis could be 
escapees or released from pet owners. In the Red 
Data Book of Latvia, E. orbicularis is listed in the 
Zero Category (extinct species) (Berzins 2003) in 
spite of one finding (in Apgulde) being listed in the 

same publication as an extant population. Therefore, 
the research on the distribution of E. orbicularis in 
Latvia, independent from previous data (Silins & 
Lamsters 1934, Zirnis 1980, Berdnikovs 1999), 
is topical. Since the publication of the first materi-
als (Meeske et al. 2006, Pupins & Pupina 2008a, 
2008b, 2013), we made new findings of E. orbicu-
laris in Latvia and obtained additional information 
about some of the published findings. This warrants 
a necessity to register the new findings of E. orbicu-
laris in Latvia, to verify the previously registered 
findings, their coordinates and plausibility as well 
as to generalize the updated information about all 
the findings.

Materials and Methods
We started registering findings of E. orbicularis 
since 1984. The research covered all the territory of 
Latvia and was conducted with the permission of the 
Nature Conservation Agency of Latvia.

Updated Distribution of the European Pond Turtle,  
Emys orbicularis (L., 1758) (Emydidae) on the Extreme 
Northern Border of its European Range in Latvia

Mihails Pupins, Aija Pupina & Agnese Pupina

Daugavpils University, Institute of Life Sciences and Technologies, 1A Parades Street, Daugavpils, LV5400 Latvia;  
E-mail: mihails.pupins@gmail.com

Abstract:  We registered 98 old and new findings of Emys orbicularis with different degrees of reliability in Latvia in 
1984–2017. Nineteen findings of E. orbicularis, proven by the authors or with photographic documenta-
tion, are confirmed; ten findings by other biologists are highly probably. We registered both adult males 
and females, one young juvenile and three semi-adult E. orbicularis in Latvia. Based on our research, we 
suppose that fragmented populations of E. orbicularis exist in Latvia. Additional genetic research is nec-
essary for identifying if the current E. orbicularis individuals in Latvia are autochthonous. Probably the 
Latvian populations of E. orbicularis found near the borders with Lithuania, Belarus, and Russia extend 
in these countries, which demands additional and trans-border research.
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Due to the extreme rarity and paucity of E. 
orbicularis in Latvia, we chose the interview meth-
od, especially of residents connected to nature: bi-
ologists, hunters, fishermen, Latgales Zoo visitors, 
students in biology and landowners as a primary 
means of obtaining information. Interviewing was 
conducted face-to-face or by phone; we also asked 
about finding of E. orbicularis using TV and other 
mass media. The total number of interviewees in 
2010–2015 exceeded 30,000 people. Apart from a 
question about findings of turtles in the wild, in case 
of a positive answer, we asked questions of eco-
logical and ethological nature (described in detail 
in Pupins & Pupina 2008a, 2008b), and we showed 
interviewees photos of E. orbicularis and exotic 
turtles previously found in Latvia (Pupins 2007, 
Pupins & Pupina 2011, Pupina & Pupins 2016). If 
an interviewee indicated an approximate interval in 
years for an old finding of turtle, the middle of this 
interval was considered as the year of finding. If 
the interviewee’s indication of place of finding was 
approximate, the centre of the area of finding in this 
habitat (e.g. pond, swamp, lake shore) was consid-
ered as the point of finding. While verifying pre-
viously registered findings, we conducted repeated 
interviews; unverified and questionable findings 
were excluded from the register. 

We conducted field expeditions to the sites 
of turtle findings indicated by residents, identified 
species of found turtles, estimated their habitats 
and further interviewed local residents. 

Reliability of sighting of E. orbicularis and 
other turtles was evaluated on a scale from 4 to 1, 
where the highest, 4 – Confirmed findings (high-
est plausibility) – are our personal findings or high-
quality photos with known location; 3 – Highly 
probable sighting (high plausibility) – are findings 
made by other biologists; 2 – Probable sighting 
(medium plausibility) – are findings by non-biol-
ogists; and 1 – Potential sighting (low plausibility) 
– are findings for which interviewees heard about 
from other people. We registered as reliable only 
those findings of E. orbicularis with degrees of re-
liability 4 and 3. The findings of degrees 2 and 1 
were included in the register as possible findings 
of some turtle species and will be subject to further 
verification. 

The three sites of E. orbicularis releases in 
the wild in 2014 in Daugavpils district (Pupins & 
Pupina 2014) were not considered during data pro-
cessing. 

We divided all findings into old (before 2000) 
and new (after 2000). Findings with different de-
grees of reliability were mapped on separate maps. 

Results and Discussion
Independently from earlier researches (Silins & 
Lamsters 1934, Zirnis 1980, Berdnikovs 1999), 
we registered 98 localities, both previously pub-
lished by us (Meeske et al. 2006, Pupins & Pupina 
2008a, 2008b, 2013) and including four new findings 
of E. orbicularis with different degrees of reliability 
in Latvia in 1984–2017. Overall, nineteen findings 
of E. orbicularis were proven by us personally or 
with high-quality photographs (Table 1); ten sight-
ings were highly probable (Table 2). Forty findings 
were probable and other findings were potential. 

 Table 1. Coordinates of confirmed findings of Emys orbi-
cularis in Latvia (1972–2017)

Year of 
finding

Latitude 
(N)

Longitude 
(E)

Registration
individual 
number

1972 56.620365° 23.776374° 023
1984 55.876639° 26.510269° 001
1988 56.530814° 23.228458° 085
1995 55.689090° 26.752271° 002
1997 56.531681° 23.230221° 011
1998 57.707969° 22.378722° 025
2003 56.936578° 25.880594° 013
2005 55.903936° 26.529520° 016
2005 56.062270° 27.491256° 024
2007 57.492222° 22.061289° 047
2009 56.667302° 24.253861° 060
2010 56.667303° 22.494701° 061
2010 56.154224° 21.029118° 062
2010 55.820646° 26.675631° 063
2010 56.655820° 23.700788° 064
2010 56.966475° 22.006120° 065
2011 56.576797° 26.357883° 066
2015 57.191874° 27.578599° 096
2017 56.771526° 24.110631° 097

Table 2. Coordinates of highly probable sightings of 
Emys orbicularis in Latvia (1965–2017)

Year of 
sightings

Latitude 
(N)

Longitude 
(E)

Registration
number

1965 55.706213° 26.758254° 030
1968 55.889374° 26.560661° 029
1985 57.653283° 22.260326° 073
1987 57.651681° 22.257793° 074
1988 57.141954° 22.550009° 020
1989 57.701425° 22.382943° 021
1996 56.530639° 23.228291° 010
2003 57.677669° 22.574299° 022
2004 57.151462° 25.000410° 048
2007 57.276252° 25.504084° 059



Updated Distribution of the European Pond Turtle, Emys orbicularis on the Extreme Northern Border...

135

The locations of confirmed (Fig. 4A), highly 
probable (Fig. 4B) and probable (Fig. 4C) findings 
show they predominantly occur in the western and 
south-eastern parts of Latvia. Potential findings are 
also concentrated in these parts (Fig. 4D). Such lo-
cations of findings can be caused both by particu-
larities of the climate or the distribution of suitable 
habitats, along with the higher number of residents 
in these regions and their vicinity, and, therefore, 
more frequent observations of E. orbicularis.

The locations of confirmed findings of E. 
orbicularis in Latvia close to the borders with 
neighbouring countries (0.9 km to the border with 
Belarus, 9.8 km to Lithuania, 12.6 km to Russia; 
Fig. 4) suggest that the distribution of these popu-
lations or metapopulations may extend into these 
countries. In addition, Bannikov et al. (1977) noted 
a finding of E. orbicularis in present-day Estonia’s 
territory. We assume the continued existence of at 
least separate individuals or small E. orbicularis 
populations in southern Estonia, because we regis-
tered by photograph an adult male in Latvia (reg-
istration number 096) in 2015, within a distance of 

only 38 km from the border with Estonia. All these 
observations need to be investigated further and 
could serve for future joint trans-border conserva-
tion efforts.

Four previously published sightings with the 
lowest (1) and medium degrees (2) of reliability 
(two in Daugavpils district, one in Riga, and one in 
Gauja) after additional interviewing of respondents 
were removed from the register as doubtful. 

The findings made in 2015, 2016, and in 2017 
in Daugavpils District in the sites of release of E. 
orbicularis in the wild in 2014 (Pupins & Pupina 
2014) are not included in the results presented here. 
We observed the turtles in the same habitats after 
over-wintering, which proves the potential for their 
successful survival under Latvia’s natural conditions 
and suggests the possible persistence of these indi-
viduals in the future.

We personally found both adult males and fe-
males (Figs. 1, 2) in Latvia. 

We have collected a number of data proving 
that E. orbicularis successfully reproduces in Latvia. 
In three confirmed cases, E. orbicularis females cap-
tured on land by local people laid between 5 and 12 
eggs within the next two days. We also personally 
found three subadult E. orbicularis (Fig. 3) and reg-
istered with photograph one juvenile E. orbicularis 
with straight carapace length of 4.4 cm. Multiple ob-
servations (Apgulde District: 12 observations, Talsi 
District: 6 observations, Daugavpils District: 14 ob-
servations and Kuldiga District: 4 observations) and 
observation of more than one individual at the same 
time (registration number 056) as well as confirmed 
findings of a juvenile and subadults strongly support 
the existence of reproducing E. orbicularis popula-
tions in Latvia.

More than half (58.6%) of the confirmed and 
highly probable findings were made after the year 

Fig. 1. Adult female Emys orbicularis (registration num-
ber 047): carapace (Photographed by Mihails Pupins)

Fig. 2. Adult female Emys orbicularis (registration num-
ber 047) plastron (Photographed by Aija Pupina)

Fig. 3. Subadult male Emys orbicularis (registration num-
ber 060) (Photographed by Agnese Pupina)
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2000. A smaller number of recent probable findings 
was noted. However, these data cannot prove an in-
crease in the number of E. orbicularis because our 
knowledge on the occurrence of E. orbicularis is in-
fluenced not only by its numbers but also by other 
factors such as their availability for observation, the 
spread of mobile phones and e-mails as tools for re-
porting findings, etc.

We researched only the distribution of E. or-
bicularis in Latvia. The question of autochthony 
was not the goal of this investigation but genetic re-
search is ongoing. However, we are confident that 
the majority of these findings are not intentional 
releases by local hobbyists; we know the signifi-
cant terrarium hobbyists in Latvia and they do not 
have E. orbicularis in their collections. Keeping E. 
orbicularis as a pet or its transportation, selling, ex-
change, donation and release in the wild are strictly 
prohibited and regulated by legislation in Latvia 
(Pupins & Pupina 2007, Saeima 2015); however, 
we cannot estimate the level of enforcement of 
these restrictions.

Warming of climate, probably, will contrib-
ute to the survival and extended distribution of E. 
orbicularis on the northern border of its European 
range in Latvia, especially to the successful incu-
bation of eggs and the overwintering of hatchlings 
in the nest. However, such warming will also have 

complex influences on the characteristics of the wa-
ter and terrestrial habitats of the species since ther-
mophilic invasive species, possible drying out and 
overgrowth with vegetation will pose challenges 
(Pupins & Pupina 2007) for the persistence of E. or-
bicularis. 

Conclusions
Based on our research, we are highly confident that 
viable populations of E. orbicularis exist in Latvia. 
However, these populations are small, fragmented, 
and difficult to find. Additional genetic research is 
necessary to identify if the found E. orbicularis are 
autochthonous. It is possible that Latvian popula-
tions of E. orbicularis found near the borders with 
Lithuania, Belarus, Russia and Estonia extend to 
these neighbouring countries, demanding additional 
research and trans-border cooperation.
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Fig. 4. Location maps of findings of Emys orbicularis in Latvia until 2017: A – confirmed findings found by authors 
personally or confirmed by photograph, B – highly probable sightings, C – probable sightings, D – potential sightings
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Introduction
The target area for the reintroduction of European 
Pond Turtles, Emys orbicularis (L., 1758), was de-
liberately located in South Moravia, in the basin of 
the river Dyje. According to locals from the village 
Mušov, the locality was still inhabited by turtles dur-
ing the 19th century (Z. Kux, pers. comm.). This and 
adjacent areas have been regarded as a place where 
individual descendants from the original popula-
tion might still occur (Randík et al. 1971, Baruš 
et al. 1992). However, during the last fifty years (c. 
1930–1989), no occurrence has been documented, 
suggesting that the indigenous population is extinct. 
Therefore, a reintroduction program was initiated. 
From 1989 to 1994, a total of 30 (21 females, 9 males) 
adult European Pond Turtles, all originally from the 

Romanian part of the Danube Delta, were released 
into the wild at Betlém in South Moravia (Šebela 
1994, 2012, 2015). Before being released, all were 
measured, weighed, photographed and tagged with 
a visible metal rivet mounted on the marginal plate. 
Since the release, the turtles in the wetlands were 
systematically monitored; phenological data and ad-
ditional information on how they live were collected 
and recorded.

Materials and Methods
The Betlém site (N 48°54′23.414″, E 16°35′17.288″) 
is situated in South Moravia, in the former inunda-
tion area of the Dyje River. In 1979, the middle 

History of the reintroduced population of the European Pond 
Turtle, Emys orbicularis (L., 1758) (Emydidae), at the Betlém 
site, South Moravia, Czech Republic

Miroslav Šebela

Moravian Museum, Department of Zoology, Zelný trh 6, 65937 Brno, Czech Republic; E-mail: msebela@mzm.cz 

Abstract:  Between 1989 and 1994, a total of 30 (9 males, 21 females) European Pond Turtles Emys orbicularis (L., 
1758), originally from the Romanian part of the Danube Delta, were gradually released into the protected 
Betlém wetlands, South Moravia. The site (N 48°54′23.414″, E 16°35′17.288″) is situated in the former 
inundation area of the Dyje River. The locality for this reintroduction was chosen primarily because this 
region had been inhabited by the European Pond Turtle in the 19th century. After the releases, the turtles 
have been systematically monitored since 1995. This is the first study to present data on how turtles have 
lived up to the present day. Turtles regularly reproduce in and around wetlands, enabling us to acquire a 
great deal of information concerning reproduction, including what is needed to place a nest, incubation 
success rates, predation pressure or the ways in which young spend the winter. Here, I present the first 
retrospective phenological and ecological data on the European Pond Turtles from the Czech Republic, 
where no autochthonous or other viable population of this species occurs. In 2010–2016, a total of 247 
individuals were caught and tagged by making an incision in their marginal plate. All were measured, 
weighed and photographs were taken of the colouring on their plastron and carapace. Active measures are 
regularly taken to protect nests from predators in order to assure the successful survival of the population. 
All the obtained data show that the reintroduction process has been running successfully.

Key words: reptiles, Emys orbicularis, reintroduction, reproduction, protection, Betlém wetlands, Czech Republic
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reservoir of three artificial lakes of Nové Mlýny 
(3,000 ha water area) was constructed very next to it. 
During the construction of the dams, half of the site 
was destroyed and the area was inundated with soak-
ing water in 1979. As a result, a natural succession of 
plants and animals appeared and wetlands of approx. 
4.5 ha came into being. Currently, the maximum 
depth is 1.20 m, the average being about 0.7 m and 
75% of the area not exceeding 0.5 m. The character 
of the site has strongly influenced the natural devel-
opment of the littoral vegetation (Phragmites aus-
tralis, Typha angustifolia) covering approx. 2/3 of 
the wetlands. The water surface is totally overgrown 
with water plants (Ceratophyllum demersum). There 
are 15 satellite pools very next to the main wetlands. 
In the north wetlands pass into the riverine forest; 
on the contrary, their southern bank rises by approx. 
4 m to the level of the original sandy gravel allu-
vium. This part of some 4 ha has the character of the 
forest-steppe with scattered tree and bush vegetation 
and compact grass cover. 

Between 2010 and 2016, a total of 247 indi-
viduals were caught in life traps, some individuals 
repeatedly (see below). The life trap is an adapted 
fishpot with total basket length 1.5 m, diameter 1 m, 
wing length 1.5 m and height 1 m (Fig. 1). It has 
been made from wire mesh with holes of 3 cm di-
ameter, including an air chimney towering above the 
water surface. The trap was installed in the depth of 
approx. 1 m, during the whole research period at the 
same place in the middle of the wetlands, from May 
to September. The captured turtles were measured 
and tagged using a notch into marginal shield and 
released immediately at the place of capture. The 
identification of specific individuals was ensured by 
photographing their plastron. I successfully deter-
mined the sex of 229 individuals (131 males, 98 fe-
males; 18 unidentified). The sex was determined on 
the basis of external features, particularly carapace 
and plastron shape. This method can be reliably used 
to determine sex on most specimens whose body 
length is more than approx. 80 mm. Iris coloration, 
tail length, shell height and other morphological fea-
tures were also used to complement the sex deter-
mination. According to the number of growth zones 
(one zone per year) and carapace size, the animals 
were divided into three groups: juveniles (up to 3 
years), subadults (4–7 years) and adults (more than 7 
years) (see Results below). All the specimens caught 
were measured, weighed with a spring scale (±1 g), 
and photographed. The relative abundance and all 
bionomic manifestations (duration of active season, 
mating, laying eggs, influence of predators) were 
observed directly on the site and (or) supplemented 

with capture-recapture method. The size of the 
population was estimated through the Jolly-Seber 
method. The collected morphometric data allowed to 
monitor the animals’ growth and to appraise the age 
structure of the population. The analysis of protected 
nests made it possible to estimate to success rate of 
the reproduction. When nests are found they are pro-
tected with wire mesh to keep out predators. The to-
tal of the protected nests was 37 during 1989–2016.

Results 
Sex ratio
The sex ratio for all the specimens caught using life 
traps and whose sex could be determined (229 speci-
mens) was 1.33 : 1 in favour of males. The ratio be-
tween males and females caught in traps during the 
season changed only in the month of May (3.16 : 
1), which is clearly caused by higher spatial activity 
amongst males during this reproductive period. It is 
also worth mentioning the fact that while in 2010–
2012 and 2014 the sex ratio was in favour of males 
(1.11–1.87 : 1), in 2013 there was a predominance of 
females (1 : 1.22). Between 1989 and 2016 a total of 
128 juvenile individuals were caught.

Spatial activities
For the whole time that the turtle population was 
monitored (1989–2016), the majority of adults re-
mained in the main part of the wetlands and in the 
satellite pools, i.e. within an area of approx. 5 ha. 
The turtles’ strong affinity to this relatively small 
territory is supported by recurring catches of an 
adult female in 2011 and 2013, an individual from 

Fig. 1. Scheme of a life trap. Drawing by Jan Dungel
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the original import, released in 1994. The fact that 
it has remained in its new environment for almost 
twenty years suggests that the wetlands offer ideal 
living conditions. Further support of the affinity to 
this locality also lies in the high number of speci-
mens tagged (163) in 2010–2013 and 95 re-captured 
in 2014. The turtles move around regularly in the 
wetlands and satellite pools throughout the season. 
These migrations usually occurred in the first half 
of the season and were limited to just a few days 
or weeks. Movements of adults outside the wetlands 
can be divided up into two types:

- regular, short-distance seasonal movements 
of females seeking places to lay their eggs: occurred 
every year between the main body of water and the 
land on the southern shore. These migrations led 
them to the same places every year and kept within 
a maximum distance of 250 m from the shore. Only 
in two cases females were observed searching for a 
suitable place to lay their eggs near the dam of the 
middle reservoir of the Nové Mlýny Waterworks 
(approx. 150 m from the shore of the wetlands); 

- long-distance, irregular migrations concern-
ing only a limited number of specimens (n = 15) were 
observed occasionally at various periods in different 
localities up to 5 km away from Betlém. The small 
number of specimens migrating outside the wetlands 
and the abundance of the turtle population proved by 
recaptures show clearly that most turtles stay faithful 
to the wetlands in which they were born. 

Active season and hibernation
Usually around mid-March the turtles came out of 
their winter hibernation and, only on sunny days, 
when the air temperature reaches around 10°C, be-
gan to bask in the sun on beds of reeds and floating 
tree trunks. At this time, the water in the wetlands 
only reached a temperature of around 5–6°C. The 
earliest observations of two adult specimens basking 
were made on 23.2.2014, during an unusually very 
warm weather during the second half of February. 
The average numbers of turtles observed basking 
culminates towards the end of April. As the water 
gradually gets warmer and the number of warm and 
sunny days increases during June, the number of 
turtles basking decreases, as the turtles spend more 
time in the water. The highest numbers were ob-
served during the last ten days of April and at the be-
ginning of May and then only under optimal weather 
conditions. The maximum numbers recorded during 
a particular season do not reflect actual numbers and 
serve merely as a relative indicator (2013 – 73 speci-
mens, 2011 – 56 specimens). The end of the active 
season is heralded by fewer basking turtles; due to 

less sunshine the turtles stay more in water the tem-
perature of which in September can still reach 15 to 
19°C. From the middle of September, turtles bask 
only sporadically and there are intervals of a few 
days between sightings of individual turtles. The last 
basking turtles were most frequently observed dur-
ing the last ten days of September. A unique situa-
tion occurred at the end of 2010, when the warm and 
sunny weather (water temperature of around 10°C) 
prolonged the turtles’ active season until the end of 
October. According to observations of last basking 
turtles, most of them hibernate every year in several 
traditional places in the main part of the wetlands 
with the depth of 60–80 cm, always in close prox-
imity to tufts of reed and bulrushes. In three places 
approx. 10 × 15 m in size, the turtles regularly pass 
the winter in groups of 15 or more specimens. It was 
only in two cases that turtles hibernated in the two 
satellite pools. In the places where the turtles hiber-
nate, water temperatures on the bottom reach around 
2°C (0.7–3.5°C). 

Population density
The average estimation of the population was 247 
specimens (Jolly-Seber method: N2 – 84.21, N3 
– 301.62, N4 – 177.81, N5 – 638.52, N6 – 88.85). 
The number of captured individuals is comparable – 
some 300 individuals including juvenile animals that 
had not been caught with life traps.

Growth

The number of scute growth rings and grooves 
(growth ridges) and carapace and plastron plates 
were used to estimate age and to determine the rel-
evant age groups (Tables 1–3), as are used by many 
other authors (Auer & Taskavak 2004, Meeske 2006, 
Mitrus & Zemanek 2004, Schneeweiss 2003, 2004) 
when estimating the age of this species. Therefore, 
the results detected and analysed must be considered 
applicable for the study population. The large varia-
bility in the body length (min. 23.0, max. 30.0, aver-
age 26.3 mm) of new-born specimens also evidently 
determines their subsequent growth, which eventu-
ally results in a relatively large size range within the 
different age classes. The abdominal plates (pecto-
ralia, abdominalia, femoralia) are the most suitable 
means of assessing evident growth ridges, where the 
structure of the growth zones lasts longer than on 
the carapace plates. In males, 8 to 9 apparent growth 
ridges are generally formed, which are then followed 
by grooves packed together. In one isolated case, a 
female was found to have 14 discernible growth 
rings, but the maximum number is generally around 
10 to 12. Using growth rings to divide up the various 
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age groups enabled me to exactly determine the age 
of the specimens caught up to a maximum of seven 
years of age. In the third season of their active life 
some young turtles reach sizes exceeding 85 mm, 
at which point secondary sexual characteristics be-
gin to form on their bodies, enabling their sex to be 
determined. Most of all, this is a concave curvature 
of the plastron in males, which is the most suitable 
external morphological feature for determining the 
sex of an individual.

The representation of different age groups in 
the sample indicates only the approximate popula-
tion structure, as the catching equipment used was 
selective and did not catch the youngest specimens. 
Nevertheless, more than a half (n = 168) of the speci-
mens caught are sub-adults aged 4–7 years, which 
indicates that this is a very healthy and viable popu-
lation that reproduces successfully on a regular basis 
(Figs. 2 and 3). 

Reproduction
Between 2003 and 2016, reproductive behaviour 
and mating turtles were recorded in a total of eight 
cases. Males were observed to approach females in 
aerial basking places, but mating occurred in the 
water. Mating was observed during the last third of 

April (in 5 cases) and in May in the rest (Fig. 4). A 
total of 62 pieces of direct evidence of laying (nest-
ing females and all types of nests) were found in the 
immediate vicinity of the wetlands. These findings 
show that eggs are laid from the middle of May to 
the first ten days of July, and from the way the data 
are distributed during this period it is clear that lay-
ing peaks during the first ten days of June (46.8% of 
all broods). All females lay just one brood during the 
season. Only one nest, found destroyed by a predator 
on 31.07.2003, may indicate a second brood as de-
scribed by Rössler (2000b) and Kotenko (2000).

From 1998 to 2016, a total of 23 females were 
encountered searching for a suitable place to dig 
their nest hole or laying eggs. The average size of 
laying females (body length = 173.3 mm, min. 154.0 
mm; max. 188.0 mm, n = 12) matches the bound-
ary for sexually mature females (e.g. Meeske 2006). 
Further data about laying were acquired from 25 
freshly-laid broods, found the morning after they 
had been laid. The character of the location of all the 
nest chambers found implies that their placement is 
governed by a number of rules. In particular, a nest 
hole was never dug out in a shady spot beneath a tree 
or a bush. If a nest was near a tree, for example, it 
always faced the south, i.e. so that no shadow would 

Table 1. Growth (LC in mm, weight in g) – young animals of both sexes

LC weight
number of growth rings n range median range median

2 9 59–76 69.9 65–110 85.0
3 14 77–98 86.1 90–220 135.0

Table 2. Growth (LC in mm) – age groups according to growth rings

males females
number of growth rings n range median n range median

4 18 89–116 102.2 17 87–119 100.4
5 35 93–138 117.9 26 99–135 111.7
6 33 109–152 130.2 23 105–148 128.6
7 22 128–150 142.3 29 130–159 145.2

without growth rings 71 132–169 154.3 64 140–197 173.0

Table 3. Growth (weight in g) – age groups according to growth rings

males females
number of growth rings n range median n range median

4 17 120–320 198.2 14 100–270 189.3
5 37 160–440 287.3 24 180–355 301.0
6 41 260–510 390.6 22 200–510 376.8
7 19 340–660 485.3 21 370–765 566.4

without growth rings 52 420–670 543.9 72 470–1150 843.9
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be cast over it. On slightly undulated terrains nests 
were always positioned on eastern or southern fac-
ing side. In all cases the sites most preferred consist-
ed of hard-packed clay and sandy soil, with sparse 
herbaceous vegetation. 

All the identified nests (n = 109) were used to 
gauge the distance of the nest holes from the water. 
In over half the cases the females dug their nesting 
holes within a distance of 80 m from the bank (min. 
= 6 m, max. = 250 m). 

The eggs were counted in the nests after hatch-
ing as well as in all the nests where incubation did 
not happen. The average number of eggs per nest 
was 8.2 (range 6–13; SD = 1.8; n = 32). All not dam-
aged and for various reasons not incubated eggs were 
measured during the whole research. The average 
egg size was 33.5 × 19.4 mm (min. 31.0 × 18.5 mm; 
max. 34.0 × 21.0 mm, SD = 1.14). Only in 21 nests 
(65.6%; n = 32) viable young hatched, averaging 

7.3 juvenile specimens per clutch. These nests had 
a relatively high hatching success rate (85.3%). 
Unfertilised eggs and dead young were also found in 
these nests (14.7%). For all 32 nests, 145 juveniles 
(56.2%) successfully hatched from 257 eggs.

In protected nests, up to 2010 juveniles did not 
leave the nest until the following April–May. Almost 
half of these cases occurred in the last ten days of 
April. While monitoring juvenile turtles leaving the 
nest, it was found that the very earliest date was 
8.4.2007 and the latest was 20.5.1999. Juveniles that 
overwintered successfully left the earliest on 8 April 
(2007) and the latest on 20 May (1999). Only in three 
cases hatched turtles left the nest hole the same year 
(two cases on 1.10.2011 and on 12.09.2013), similar 
to other European localities (Gay & Lebraud 1998, 
Mitrus & Zemanek 1998, Rössler 1999, Kotenko 
2000). Both these seasons had very warm summers 
with above-average temperatures lasting until the 

Fig. 3. Differences in weight according to sex (n = 94 
males, 77 females)

Fig. 2. Differences in the carapace and plastron size ac-
cording to sex (n = 130 males, 83 females)

Fig. 4. Distribution of laying eggs during May–July (n = 62)



end of September. A major reasons for hatchlings 
dying in the nest is several days long prolonged se-
vere frost (below -15°C) when the ground is not yet 
covered by a layer of snow. In one case, all the young 
had died as roots had penetrated deep into the nest.

The local predators that abound in the vicinity 
also greatly influence the success rate of hatching. 
A total of 84 dug-out nests and destroyed broods 
were found (65.4% of all nests). In 48 of these cases 
the species of predator could be determined from 
the way the eggs were dug out, from damage to the 
shells and from paw prints. The highest number of 
nests destroyed was by the Red Fox (Vulpes vulpes) 
– 28, and the Badger (Meles meles) – 19. One nest 
was accidentally destroyed by a Common Mole 
(Talpa europaea) – the eggs were not eaten. I did not 
identify nests disturbed by a Wild Boar (Sus scrofa) 
or Raccoon Dog (Nyctereutes procyonoides), which 
also occur in this area. An overview of broods dis-
turbed during the year clearly shows that the vast 
majority of nests were dug when the broods were 
being laid or during the following weeks – a total of 
71 broods (i.e. 84.5%) during May–July.

Discussion
When comparing our results to other reintroduction 
projects in Europe, the results are not at all unequiv-
ocal. All previous documented attempts carried out 
in the Czech Republic have failed (Pecina 1995, 
Mikátová et al. 2001, Moravec et al. 2015), as 
well as the introduction project in western Slovakia 
(Burešová et al. 2001). In contrast, in its first two 
years the reintroduction project in Savoy (Cadi & 
Miquet 2004) had a very positive start and excellent 
results were also attained in one of the first intro-
duction projects carried out after 1950 at Moulin-de-
Vert in the Rhone basin in Switzerland (Mosimann & 
Cadi 2004). Reintroduction projects are not current-
ly being implemented in the Czech Republic, as in 
general terms the conditions governing reintroduc-
tion are very strictly defined in relation to the sys-
tematic status of each subspecies and their alleged 
differing environmental and climatic requirements 
(Fritz 1996, 1998, Lenk et al. 1999). Far more com-
mon are various rescue programmes (Fritz & Chiari 
2013) aimed at protecting the surviving remnants of 
the original populations, which combine elements of 
both legislative and active protection of localities, 
including revitalisation work, reducing agricultural 
usage, or directly protecting brooding grounds and 
individual clutches (Mitrus 2000, Maciantowicz 
& Najbar 2004). 

Our reintroduction effort with individuals from 

the supposed subspecies to occur in Czech Republic 
but taken from approx. 2,000 km away demonstrates 
that the individuals can successfully survive, repro-
duce and establish a new population. On the con-
trary, some results relating to growth or reproduction 
indicate a high degree of the adaptability of this spe-
cies required for the newly established population to 
develop successfully. 

This is a good point to compare the specimens, 
which have been transferred from the Danube Delta 
to Betlém and which were part of the origin of this 
population: 8 females with an average body length 
of 150.8 mm (min. 137 mm, max. 164 mm). Despite 
being smaller in size, they showed evident features 
of older specimens and some were already sexual-
ly adult with fertilised eggs in their bodies, as they 
laid eggs immediately after being released into the 
wild and their reproduction continued in the follow-
ing years. The oldest specimens born in Betlém are 
now aged up to 25 years old and measurements show 
that their maximum and average body lengths are 
greater than their parents. If we exclude the possibil-
ity that some other, large turtles were released into 
the research locality at the beginning of this project 
– and this has been clearly ruled out by systematic 
catches over a period of five years – we must ad-
mit that trophic and climate conditions can have a 
fundamental influence on the specimens’ growth and 
morphometric parameters. Even though the original 
set of released specimens is relatively small, these 
preliminary results indicate that the environment 
and real “ecomorph” development play a significant 
role, just as similar differences in the sizes of turtles 
in southern and northern populations in Dagestan 
(Bannikov 1954).

The successful long-term survival of the re-
introduced population in South Moravia also dis-
proves theories (Mikátová et al. 1995) concerning 
the unsuitability of the climate in these latitudes 
for the reproduction of this species, or concerning 
the lack of suitable localities (Zavadil & Moravec 
2003). The success of this reintroduction is due not 
only to the choice of a suitable locality but also to the 
high adaptability of this species. At the same time, 
changes in the reproductive cycle (hatchings leav-
ing the nest earlier as in late summer in 2011 and 
2013) or the shortening of the winter hibernation pe-
riod in mild winters are due to the rising average an-
nual temperatures in recent years, as documented by 
the data of the Czech Hydrometeorologic Institute 
(+0.9ºC and +1.2ºC compared to long year average 
in 1961–1990).

Active protection of this population primarily 
relies on limiting human disturbance throughout the 
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locality by fencing that prevents people from en-
tering (but not turtles and other animals), coupled 
with regular checks. When nests are found, they 
are protected with wire mesh to keep out predators 
as well as with a layer of thermal insulation during 
heavy frosts. Due to the gradual succession of veg-
etation cover in the places where clutches were laid 
regularly and the declining quality of these areas, 
work commenced in 2013 to build a clay rampart 
that should offer suitable conditions for laying eggs. 

Since 2014, turtles already have laid eggs there. At 
the same time, two shallow pools were also creat-
ed, which should provide the right environment for 
young turtles in particular to survive in.
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Introduction
The present natural occurrence of the European 
Pond Turtle, Emys orbicularis (Linnaeus, 1758) in 
Austria is restricted to a floodplain area along a 36 
km section of the Danube River, which was declared 
as the Donau-Auen National Park in 1997 (Gemel 
2001, Schindler 2009). Due to its very localized 
distribution, the species was classified as Critically 
Endangered in the Austrian Red List (Gollmann 
2007). Within a species conservation program, ini-
tiated by the National Park in 1997, nest predation 
was identified as a major threat (Rössler 2000). 
This threat is augmented by the fact that nesting 

sites are concentrated in a few places on an artifi-
cial flood-protection dike, which crosses the flood-
plain some distance from the Danube River. These 
conditions seem to facilitate predators in locating 
the nests. A minimally invasive strategy to support 
the population was demanded, and therefore, pred-
ator exclusion by nest protection grids was chosen, 
allowing natural embryonic development and dis-
persal of the hatchlings.

Predator-exclusion constructions are used both 
in marine and freshwater turtle conservation (Yerli 
et al. 1997, Mitrus 2000, Standing et al. 2000, 
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Abstract:  A long-term conservation project has identified nest depredation as a major risk for the survival of the only 
native, reproducing population of the threatened European Pond Turtle in Austria in the Donau-Auen National 
Park floodplain. Thus, in 2005–2016, we utilized five designs of nest protection grids (NPGs) at the key nest-
ing locations. Generally, NPG designs are flat 30–50 cm metal square grids with mesh size of 3 cm, attached 
to the ground by metal pegs. The designs, beyond their anti-predator role, had to allow mowing over them for 
habitat maintenance, and remain inconspicuous to visitors. NPGs were placed upon 787 nests, allowing ca. 
4,500 turtles to hatch and emerge successfully. Different NPG designs provided different levels of protection, 
which also changed with duration of continuous use; the improvements of the NPG designs overall increased 
their effectiveness against native mammalian predators. However, the introduced but still rare Raccoon might 
be unimpeded (or undeterred). Depredation rates on protected nests did not correlate significantly with the 
abundance of the Red Fox (Spearman R = -0.43, p = 0.22, n = 10) and the European Badger (R = 0.47, p = 
0.17, n = 10). Learning and individual experience of predators likely have stronger influence than mere abun-
dance. We suggest that the long-term use of the NPGs has successfully allowed the population to increase.

Key words: Testudines, predation, exclusion, grid, design, method
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Schneeweiss & Breu 2013). Metal grids used as 
predator-exclusion constructions generally do not 
modify the nesting environment from the natural 
conditions (Riley & Litzgus 2013). Because of the 
high level of predation, we accept the often debated 
possibility that predators might be attracted to the 
nesting sites by visual or olfactory cues we set by 
installing the constructions (Rollinson & Brooks 
2007). 

While in beach sand habitats three-dimensional 
cages are commonly used (with the desirable con-
sequence of drawing people’s attention), in nest-
ing sites overgrown by vegetation mowing must be 
considered as a necessary measure for maintenance 
of the habitat. Especially on sites with high density 
of nests and long-term arrangements involving the 
use of heavy machine mowing, flat constructions are 
essential. In our study area, a flat design was also 
required so as not to attract unwanted attention by 
humans visiting the park. In addition, because the 
top of the dike is part of the international “Danube 
cycle path”, a steady and hardly controllable stream 
of visitors passes directly through the nesting sites. 

Nest protection grids (NPGs) are being used in 
the course of an ongoing long-term monitoring of 
the nesting sites, which started in 2005 and has oper-
ated under standardized conditions since 2007. Here, 
we present the results of using the NPGs in this pro-
ject, aiming to provide conservation practitioners 
additional information for a useful tool in protecting 
chelonian populations from nest predators.

Materials and Methods
Study site
The Donau-Auen National Park is located along 
both banks of the Danube River, in eastern Austria 
between the capital Vienna and the border with 
Slovakia (48°9’ N, 16°42’ E; 150 m a.s.l.). Currently 
it covers more than 9,300 ha; of these, approx. 65% 
is riparian forests, 15% is meadows, and approx. 
20% is covered by water.

A flood-protection dike was constructed around 
1900 in a mostly West-East line on the northern riv-
er bank, with a length of ca. 36 km, transecting the 
floodplains. Due to the natural curves of the river 
bed, the dike is situated between 200 m and 1.5 km 
from the main river channel, reducing the regular 
flooding of the remaining area. At multiple loca-
tions the dike crosses side arms and oxbows, which 
are the main aquatic habitat for E. orbicularis. The 
trapezoidal structure rises up to 8 m above ground 
level; it slopes at about 30°; the base is approx. 10 

m wide, while the flat top is approx. 4 m, of which 3 
m are paved as part of the heavily utilized “Danube 
cycle path”. An additional dirt road runs along the 
northern bottom part of the dike, providing vehicu-
lar access for official use related to maintenance of 
the dike and management of the National Park. The 
soil covering the top 50 cm of the dike consists of 
silt, sand and gravel in different ratios, interspersed 
with boulders building up the dike. Vegetation is 
mainly classified as Semi-dry grassland.

As part of the required maintenance of the 
dike in proper operating conditions, at least twice 
a year heavy machines are used to mow the veg-
etation. In the sections claimed as nesting sites, 1) 
mowing does not take place during the turtles’ nest-
ing and emergence periods, and 2) manually oper-
ated mowers, supervised by a researcher, are used 
instead of the tractors to avoid harming the clutches 
and the NPGs after repeated damage to the grids 
occurred in the beginning of the measures.

The West-East direction of the dike, its eleva-
tion and sloped sides, and the lack of tall vegetation 
nearby provide optimal sun exposure at its south-
ern side. As a result of these (and other) factors, 
the dike seems to be one of the preferred nesting 
sites for this population of European Pond Turtle. 
However, this nesting concentration likely makes it 
easier for predators to find a high proportion of the 
nests and depredate them.

In the course of the European Pond Turtle 
long-term monitoring program of the National 
Park, four main nesting sites on the dike were iden-
tified. Nest protection activities focused on these 
areas, which extend to a total length of 2.15 km 
along the dike and cover about 86 ha.

Nest protection grid designs
Since 2005, different metal grid designs for nest 
protection have been used, without impacting the 
turtles’ natural development, while providing the 
greatest possible protection from predators (Fig. 1). 
The mesh size of 3 cm was selected to allow hatch-
lings to emerge. In addition, all designs considered 
the limitations due to the specific conditions on the 
dike, such as mowing regulations and high num-
ber of visitors. Thus, the NPG designs were con-
strained, as they:

- had to be flat, so as not to impede mowing; 
- had to be as small as possible, because patchy 

vegetation may impede flat installation due to the 
uneven ground surface;

- had to allow movable positions of the anchor-
ing elements due to obstacles in the soil (stones, 
gravel);
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- should remain inconspicuous to minimize 
drawing the attention of visitors;

- should be inexpensive, easy to construct, 
transport, install, and remove.

The NPG design was changed whenever pred-
ators adapted their behaviour in order to override 
the obstacle or new predators with different skills 
supposedly appeared in the area. 

From 2005 to 2016, five different NPG de-
signs were used. All grids were individually marked 
with a small aluminium plate with stamped letters. 
Depending on the results, the duration of use differed.

2005, Design A: The first attempts were with 
soft-wired flat grids with hexagonal meshes (mesh 
size: 3 cm, side length: 30 cm, fixed with tent pegs). 

2006–2011, Design B: A new construction 

design consisting of spot-welded flat grids made of 
stainless steel was developed (square mesh size: 3 
cm, side length: 30 cm). Nails (length: 16 cm) were 
used as anchoring elements. In order to fix the posi-
tion of the nails on the grid and in spatial relation to 
each other, a chain was tightened around the grid. 
Nails were driven into the ground through the chain 
in a distance of 5–10 cm from one another. In order 
to make the construction less visible to National 
Park visitors, it was painted green.

2012, Design B+: In response to further pre-
dation problems, additional grids were added to de-
sign B grids and fixed to the construction with cable 
ties. The wires on these grids were thinner and had 
a mesh size of 1.5 cm. Since the small mesh size 
constricts hatchlings attempting to emerge through 

Fig. 1. Different grid designs used for predator exclusion since 2005. Anchoring elements (tent pegs, nails) are indi-
cated as small grey lines and grey dots
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it, the additional grids had to be removed before 
emergence was expected.

2013, Design B+ and Design C+: On one nest-
ing site design B+ grids were replaced with bigger-
sized ones (square mesh size: 3 cm, side length: 50 
cm), with additional small mesh sized grids. The ma-
terial of the big grids was replaced by spot-welded 
iron, as it was considerably cheaper and, additional-
ly, the rust that appears soon after installation makes 
painting for camouflage obsolete. The marking and 
anchoring system remained the same as in B+.

2014–, Design C: All grids were replaced by 
design C grids with the optional addition of small 
mesh size grid (design C+).

The cost per NPGs plus the anchoring elements 
varied between 4 € (design A) and 10 € (design B+), 
given the local prices. Weight per construction was 
between 0.5 kg (design A) and 1.5 kg (design C+). 
Preparation time for the grid designs with chains 
(B, B+, C, C+) is approx. 10 min per NPGs, while 
installation and removal in the field is max. 5 min. 
NPGs with additional grids (B+, C+) require a few 
extra minutes for preparation; removal of the addi-
tional grid before the emergence period also must be 
planned. To detect the NPGs (especially in tall grass) 
a metal detector turned out to be useful.

Data collection and analysis
Areas with high nesting activities were monitored 
daily between mid-May and mid-July. The earliest 
registered nesting date was 18th of May, the latest 
date – 13th of July. The late afternoon – evening pe-
riod corresponds to the peak of females commenc-
ing nesting. In our experience, once egg laying is 
initiated, turtles are not prone to terminate it; how-
ever, prior to that they often interrupt the nesting at-
tempt if disturbed. As the nest-protection is part of 
a long-term survey, in order to keep disturbance of 
the females by human presence at the nesting sites 
to a minimum, monitoring was reduced on purpose, 
focusing on the late evening hours (generally be-
tween 20:00–24:00 h).

Usually, one person walked back and forth 
slowly along the dike-slopes, alternating the rela-
tive height of their track. Since turtles could be 
detected for about 3 m distance using headlamps, 
usually three transects were needed to cover the 
whole side of the dike (one at the bottom, one at 
the middle, and one at top). We focused our search 
effort to the southern slope and to the upper half of 
the dike, since there are the highest concentrations 
of egg laying females.

Detected nesting females were observed with 
great caution. Flashlights were used to initially 

locate them; light intensity was reduced for closer 
inspection. Additionally, two trained dogs assisted 
to track down both females and already completed 
nests. In most cases, nests and females could be de-
tected successfully in the same night; in some cases 
the nests were found even on the following night.

Upon the discovery of a nesting female, a 
small chemical glow-stick was left approx. 1 m 
away, to temporarily mark the location while mini-
mizing disturbance to the turtle. Progress of nest-
ing activity was monitored every 30–40 min. NPGs 
were installed immediately after the females had 
left the nesting site (or on the next day after a nest 
was found). For identification, a unique code was 
given to each nest. Data taken on the nest consisted 
of locality, coordinates and distance from the top 
of the dike. 

Ten to twenty days after emergence was de-
tected, nests were excavated to determine clutch 
size and hatching success by counting empty egg 
shells, undeveloped eggs and dead embryos.

Descriptive data on predation of protected 
nests were collected within irregular intervals: 
during the incubation period (July–August), dur-
ing the regular controls in the emergence phase 
(September–October, March–April) and when 
empty nests were excavated. If possible, descrip-
tive data were reclassified later into four different 
types:

- direct depredation (hole into the egg cham-
ber, eggs removed);

- lateral depredation (hole dug from the edge 
of the grid, dug around the anchoring nails into the 
egg chamber);

- surface depredation (pit scratched through 
the grid, reaching the top of the egg chamber, with 
damaged eggs remain);

- depredation with removed grid (grid at least 
partly removed, making nest freely accessible).

The depredation rate represents the percent-
age of depredated nests out of the protected nests. 
For the analysis of a possible impact of abundance 
of predators on depredation rate, a Spearman 
Rank Correlation was calculated for 2007–2016. 
The years 2005 and 2006 were excluded because 
of the low number of protected nests. The data 
on annual abundance (individuals per hour of ob-
servation) of the Red Fox (Vulpes vulpes) and the 
European Badger (Meles meles) in the area of the 
whole National Park were obtained through the 
Österreichische Bundesforste AG (unpubl. data). 
Graphs and statistical analysis were performed 
using R 3.4.2 (R Core Team 2017) in R Studio 
1.0.143 (RStudio Team 2016). Graphs were done 
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with the package ggplot2 (Wickham 2009).

Results
A total of 787 nests had NPGs placed from 2005 to 
2016, with annual numbers ranging from 5 (2005) 
to 134 (2015). Furthermore, we located 735 dep-
redated nests without NPGs in this period (Fig. 

2). Approximately 4,500 hatchlings successfully 
emerged from protected nests.

Different NPG designs provided different lev-
els of protection, which also changed with duration 
of continuous use; the improvements of the NPG 
designs overall increased their effectiveness (Fig. 3; 
but see discussion).

NPG design A was ineffective in reducing 
nest predation. All five nests were destroyed within 
the first weeks of incubation; the construction of 
soft wire and tent pegs was bent aside or torn out 
completely (depredation with removed grids). NPG 
design B was seemingly effective during the first 
two years of use (2006, 2007); however, in 2008 
direct depredation occurred within 5% of the pro-
tected nests. Furthermore, in 2009 almost all pro-
tected nests were destroyed by direct depredation 
on the largest nesting site. In 2010 the same nesting 
site was periodically fenced with an electric wire as 

Fig. 2. Number of protected nests and (detected) unpro-
tected nests in the study area from 2005 to 2016. Years 
with missing or incomplete data of unprotected nests are 
marked with single or double asterisk, respectively

Fig. 3. Depredation rate per year and grid design. Used 
grid designs are presented by different colours. Addition-
ally, duration of use of different grid designs is illustrated 
below the graph

Fig. 4. Depredation rate in dependence of duration of use, 
for the three designs with 2+ years of continuous use (B, 
B+, C)

Fig. 5. Depredation rate of different grid designs over the 
total duration of their use
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part of a sheep grazing project. While predation de-
creased there, in another major nesting site a large 
number of NPGs were torn out partly or completely 
(depredation with removed grids). In 2011, direct 
depredation increased again, like in 2009. In 2012, 
direct depredation during the incubation period was 
completely prevented by using NPG design B+, 
but after removing the additional small-mesh-size-
grids during the hatching period, direct depreda-
tion as well as surface depredation occurred again. 
Furthermore, lateral depredation during the incu-
bation period increased. In 2013 part of the NPGs 
were therefore replaced by design C+ grids. All 
types of depredation decreased at nests with C+, 
while most of the remaining B+ nests were laterally 
depredated or directly depredated after the removal 
of the additional grids. In 2014, when all NPGs 
were changed to design C, no depredation on any 
protected nest occurred, even though no additional 
grids with small mesh size were added. In 2015 and 
2016 surface depredation increased, mainly during 
the hatching period.  Since the use of NPGs with 
design C or C+, no nest destroyed by lateral dep-
redation or by grid removal was documented. The 
few documented attempts of lateral depredation 
never affected the nest itself.

Further, depredation rate of different NPG de-
signs differed depending on the duration of their 
use (Fig. 4). Except on the fifth year of NPG de-
sign B, there was always an increase of depredation 
from one year to the next, during the continuous 
use of the same grid design. 

The depredation rate of the different NPG de-
signs over the total duration of their use serves as 
a measure for their efficiency. Excluding design A 
(due to the small sample size), design B+ shows the 
highest depredation rate (40%, Fig. 5) and there-
fore the lowest efficiency. Design C+ is the most 
efficient used design with 5% depredation rate. 

Correlating the depredation rates of the pro-
tected nests with the abundance of the Red Fox 
(Spearman R = -0.43, p = 0.22, n = 10) and the 
European Badger (Spearman R = 0.47, p = 0.17, n 
= 10) for the whole period showed no significant 
results.

Discussion
Our results show that the success of nest site pro-
tection with NPGs is related to its type and dura-
tion of use. Despite the very small number used of 
design A-grids, this type proved inefficient in pro-
tecting nests. All other grid types were quite effec-
tive in the beginning, but an increasing depredation 

rate was detected for consecutive years of usage for 
all designs in almost all cases. Only NPG design 
B showed no increase of depredation rate after the 
first year and even a decrease after the 5th year of 
usage. While the first could be explained by the 
small number of grids used in the first year, we as-
sume that the decrease of depredation rate after the 
5th year could be a consequence of the loss of sin-
gle individuals of predators, likely caused by the 
flood of 2010. Further, the absence of depredation 
in 2014 could have been caused by the extremely 
high flood in 2013. We presume that a significant 
number of predators drown in these floods, de-
creasing the pressure they exert on the turtle nests. 
This is in contrast to the fact that we could not find 
a significant influence with the available data of the 
predator’s abundance and depredation rate over the 
whole study period, as demonstrated by our results; 
nevertheless, an impact within single years can-
not be excluded. Generally, the results emphasize 
that learning effects and an individual’s experience 
have a stronger influence than the mere abundance 
of predators.

The assumed learning effect could also be an 
explanation for the low efficiency of grid design 
B+, as the additional grids were removed prior 
to the critical phase of emergence, leaving nests 
protected only with the less effective B-grid de-
sign. Surface depredation, which is the main rea-
son for losses during this time, can therefore not 
be prevented with additional smaller sized grids. 
Accordingly we decided to continue with C grids 
(not C+), as long as direct depredation on a large 
scale does not occur again. 

In the study area, Red Fox, European Badger 
and European Pine Marten (Martes martes) are 
alleged to be the main predators on turtle nests 
(Rössler 2000, Winterauer 2011). All of them 
dig by scraping away the soil, so inflexible grids 
should prevent any damage apart from one on the 
surface. However, these predators have the skills 
for lateral depredation as well, if the distance 
from the grid edge to the egg chamber is shorter 
than their effectively used leg-length and the lat-
eral protection (anchoring nails) is not set densely 
enough. Therefore, all the native predators could 
have caused lateral depredation once they realized 
the flaws of the design. Additionally, European 
Badgers are probably strong enough to remove a 
grid by tearing it out of the soil, especially if an-
choring is not done properly, e.g. due to presence 
of stones close to the surface.

Due to the fact that a pit of only a few cen-
timetres is needed to reach and depredate on the 
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uppermost eggs, we assume that surface depreda-
tion can be done by small individuals of Foxes and 
Martens, reaching through the NPG with their paws 
or by badgers with their long claws. We hypothe-
size that surface depredation occurs mainly in very 
shallow nests, due to specific substrate character-
istics (such as a large amount of rocks) preventing 
turtles from digging a deep enough nest chamber. 
We have started collecting data on nest chamber 
measurements since 2016, but the results remain 
inconclusive.

The direct depredation documented in 2009–
2012 likely required different skills from the preda-
tors. We assume that it was caused by a predator 
with groping hands that could reach through the 
mesh and extract the substrate bit by bit and subse-
quently reach the eggs. In a study, testing B-grids 
on various predators in different zoos, Raccoons 
(Procyon lotor) showed the most applicable results 
(Nagy 2011). Raccoons are not native to Austria 
but have been documented in the study area ir-
regularly since the 1930s (Sackl 2001, Duscher 
2016). A general increase of sightings in Austria 
has taken place since the 1970s with occasional 
evidence of reproduction since 1978 (Aubrecht 
1985). Currently, a wide distribution in Austria 
is assumed, particularly in the lowlands and river 
valleys (Duscher 2016). In 2010 a Raccoon was 
trapped in the Donau-Auen NP (Winterauer 
2011); nevertheless, neither studies in the National 
Park nor a master thesis on this topic could con-
firm the existence of Raccoons or depredation of 
nests by this species other than that isolated case 
(Stöllinger 2010, Winterauer 2011, Duscher 
2016).

Flat constructions bear a higher risk of dep-
redation, as protection is provided just by me-
chanical exclusion and not by a spatial extension 
– the distance from surface to the uppermost egg 
is represented by an average layer of 5 cm soil. As 
a consequence, mesh size must be adapted to the 
existing predators. The mesh size we used should 
prevent any damage beyond the surface, if just na-
tive species like Red Foxes, European Badgers and 
European Pine Martens are the expected predators. 
Our data on emerging hatchlings show a carapax 
width of max. 2.6 cm (n = 75, mean = 2.33 ± 0.15 
sd, unpublished data); thus, a reduction of the mesh 
size to 2.5 cm (3.5 cm diagonal) or even 2 cm (2.8 
cm diagonal) as tested in Hungary (B. Halpern, 
pers. comm.) could be considered. But these mesh 

sizes are not narrow enough, if Raccoons are ex-
pected predators in the area. Raccoons are skilled 
predators on turtle eggs and cause major dam-
age on populations within their native range as 
well as in areas where they have been introduced 
(Schneeweiss & Breu 2013, Buzuleciu et al. 
2015). A mesh size of 1 cm is needed to exclude 
Raccoons (Riley & Litzgus 2013, Buzuleciu et 
al. 2015). Grids with larger mesh size do not pro-
vide sufficient protection against this species. The 
same applies to narrow-meshed grids which are re-
moved prior to emergence period. This implies that 
an effective protection against Raccoons through 
the use of NPGs eliminates the possibility for the 
natural emergence of hatchlings of E. orbicularis 
and most other aquatic chelonians.

Overall, the results show that predator exclu-
sion by NPGs is a useful method to avoid major 
losses in turtle nests. We presume that prior to the 
initiation of the nest protection program the re-
production success was very low for many years, 
endangering the survival of the entire population. 
Native predators of turtle nests such as Red Foxes 
and European Badgers are wide-spread, essential 
predator species in the study area. Limited predator 
removal by trapping or hunting single individuals 
will therefore neither show the desired effect nor fit 
our or the National Park vision on nature conser-
vation. However, given the number of successfully 
hatched turtles and a recently observed juvenile 
rate of more than 50% in side arms near the nest-
ing sites (Schmidt 2017), we suggest that the long-
term use of the NPGs in the NP has successfully 
allowed the population to increase.
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Introduction
Bulgaria has an extensive network of Natura 2000 
protected sites (see Natura 2000) and a substantial 
territory is under protection by the EPA (EPA 2015). 
However, as a result of joining the European Union 
in 2007 and thus an access to additional funds, the 
construction of new elements of the linear infra-
structure in Bulgaria has been rather intensive since 
2009, a tendency likely to continue in the future 

(OPTTI 2014). Because of their large size and con-
tinuity, the elements of the linear infrastructure may 
represent a threat for some elements of the ecosys-
tem (for overview see Van der Ree et al. 2015). 
According to the Bulgarian legislation, every invest-
ment proposal is subject to a combined procedure 
of an Environmental Impact Assessment (EIA) and 
an Appropriate Assessment (AA) before an EIA 
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Abstract:  Mortality by vehicular traffic is a well-documented, worldwide threat to chelonian populations. We pres-
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decision and a Construction permit can be issued 
(BDA 2013, EPA 2015). The EIA decision issued by 
the Ministry of Environment and Waters (MoEW) 
serves to impose the investor to implement condi-
tions and measures to mitigate or remove the nega-
tive impacts of the new infrastructure on key ele-
ments of the environment. 

The EIAs of the newly realized roads in 
Bulgaria prescribe measures for prevention of chelo-
nian access to the road surface. Bulgaria is inhabited 
by four native species of turtles, all under legislative 
protection: two terrestrial species (Testudo hermanni 
and T. graeca) and two aquatic (Emys orbicularis 
and Mauremys rivulata) (Stojanov et al. 2011). 
The allochthonous Trachemys scripta is also widely 
spread but not of conservation value (Tzankov et 
al. 2015) and will not be further discussed. For all 
four species, terrestrial migrations (between sea-
sonal habitats; searching for food, mates or egg lay-
ing locations, etc.) are very important element of 
their ecology (Pritchard 1979, Ernst & Barbour 
1989, Bonin et al. 2006, Orenstein 2012). 

Road mortality is a widely recognized threat to 
turtles (for overview see Bush et al. 1991, Borman 
et al. 1997, Aresco 2005, Crawford & Аndrews 
2016). The building of barrier constructions is very 
effective strategy for reducing the road mortality in 
cold bloodied tetrapods (Dodd et al. 2004, Aresco 
2005, Andrews et al. 2015). In many countries, 
special construction to prevent the access of turtles 
on the road were built and these constructions vary 
in their design (Huijser et al. 2008a,b). In this ar-
ticle, we analyze the specifics of the prescriptions 
in the EIAs, which regulate the design of the meas-
ures for prevention of turtle mortality on the roads in 
Bulgaria. We discuss the changes in the construction 
of facilities since 2008 and the tendencies toward 
generalization of the instructions in the texts of the 
EIA reports, related to the increased dynamic of road 
building in Bulgaria.

Materials and Methods
For our analysis, we selected 17 EIA and AA deci-
sions, which were issued for linear infrastructure ob-
ject (roads) of national priority between 2008 and 
2016. Paragraphs from these documents were used 
as an instruction source for the design of the protect-
ing barriers for turtles. According to the Bulgarian 
legislation (EPA 2015), the validity of an EIA deci-
sion is limited to a period of 5 years, i.e. the realiza-
tion of the investment proposal has to start within 
that period. That clause made older decisions irrel-
evant for our discussion. 

All of the analyzed decisions were available 
for free access at the site of MoEW, except the EIA 
№ 1-1 Struma Motorway “Dolna Dikanya - Kulata” 
(2008). This decision was issued in the first days 
of 2008 and, according to the then current legisla-
tion, MoEW was not obliged to publish these docu-
ments. All 17 EIA reports that we had analyzed in-
clude the Appropriate Assessments (as required by 
the Bulgarian legislation); most of these documents 
are publicly available along the EIA decisions at the 
website and the offices of the Bulgarian MoEW.

For a better understanding of the trade-offs of 
the different solutions for preventing vehicle-wildlife 
collision, in addition to the EIA decisions and reports 
(including the AA reports), we investigated multiple 
other documents (e.g., construction schemes, pro-
jects for different design solutions, technical speci-
fications blueprints). These additional technical ma-
terials had helped us to form a detailed overview on 
many technical issues; however, these papers do not 
represent citable sources and are not part of our dis-
cussion and reference list, as they cannot be cited 
precisely and some of these materials are even al-
ready destroyed. We had limited our discussion only 
to the designs of the fencing facilities for turtles and 
tortoises that were prescribed by the publicly avail-
able EIA decisions and on the actual constructions, 
which were realized after meticulous coordination 
procedures implemented by the MoEW. 

Results and Discussion
We noticed a clear difference in the design require-
ments in the EIA decisions issued between 2008 
and 2010 and in these issued after 2010. In the older 
EIA decisions (e.g. EIA Decision № 1-1 2008, EIA 
Decision № 5-3 2010), rather strict and rigorous in-
struction concerning the materials and the design of 
the barrier constructions were fixed. One exception 
is EIA Decision № 2-2 (2009), which allowed the 
position and the construction of the barrier devices 
to be an object of consultations between the experts 
from MoEW‘s regional directorate in Burgas and 
experts from Natural Park “Strandzha”. It is impor-
tant to note that the designer of the project was not 
included in the consultations process. 

According to EIA Decision № 1-1 (2008), 
the protecting devices for turtles should be made of 
wooden plates dug in the soil. As another variant, 
concrete walls along the road were proposed; these 
had to be with a height of 45 cm, with the bottom 15 
cm buried in the substrate, as the whole construc-
tion should be tilted 30–45° outwards from the road. 
Another important aspect is that the EIA decision 
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stated that the walls have to be constructed in a way 
to prevent collection of water. The instructions were 
rather contradictive and unreasonable from an engi-
neering perspective. We consider the strict execution 
of both designs inappropriate. Actually, wood is not 
a long lasting material and the maintenance of wood-
en structures would be complicated, time consum-
ing, and labor intensive. On the other hand, building 
concrete walls causes a set of different problems. 
Concrete is a heavy and relatively fragile material. 
Thus, the concrete walls have to be relatively thick, 
thus the tilting outwards would be very complicated; 
therefore, such construction would be rather unsta-
ble. The actual height of a 30 cm, 45°-tilted con-
crete wall will be just over 21 cm; adult tortoises 
will likely be able to cross such an obstacle (but 
see Kornilev et al. 2005 for a discussion on turtles 
crossing railways). Furthermore, the tilted walls will 
collect rainwater at their basis. In case the founda-
tion is drained, the construction will not hold firm 
and will be soon damaged; otherwise, if the founda-
tion is solid, the walls have to be perforated for water 
drainage. These draining perforations cannot be kept 
under several cm in diameter, because otherwise 

they will clog regularly; therefore, they will still al-
low young turtles to penetrate the construction and 
appear on the road.

Other older documents also prescribe the con-
struction of extended concrete walls to stop turtles 
(EIA Decision № 14-2 2009, AA Decision № 104 
2009, EIA Decision № 5-3 2010). Actually, accord-
ing to our experience, building of concrete walls has 
proven impractical and has a lot of disadvantages. 
In fact, the concrete walls suffer severe construction 
flaws. The long walls have to be periodically disrupted 
by “expansion joints”. These joints are necessary, be-
cause concrete is not thermally stable and shrinks and 
swells depending on the climatic conditions. Another 
downside of the concrete walls is shown on Fig. 1 and 
2. These figures represent the only ever build concrete 
walls for turtle protection in Bulgaria. The obligate 
“rabbit nets” along motorways should be equipped 
with both small and large hinged doors for access by 
maintenance vehicles (LoR 2012). Since such equip-
ment cannot cross the concrete walls, the walls are in-
terrupted in uneven sections. We assess the efficiency 
of such constructions in preventing turtles to appear 
on the asphalt as very low. We also have to stress that 

Fig. 1. Concrete walls for protection of vehicular turtle 
mortality at Trakiya Motorway. Note the gap in the wall 
where the service door is mounted

Fig. 2. Close-up of the service door built in the concrete 
walls for protection from vehicular turtle mortality at Tra-
kiya Motorway

Fig. 3. Glass Fiber Reinforced Polymer (GFRP) plates 
used as barrier for preventing vehicular turtle mortality at 
the “Trakiya” motorway. Note the stable mounting of the 
plates to each other and to the metal pole

Fig. 4. Close-up of the fences constructed at Lot 1 of the 
Struma Motorway. The fine net is buried deep in the sub-
strate and firmly fixed at the basis of the standard rabbit fence
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concrete walls may be dangerous in cases of vehicular 
accidents on the road.

Because of the drawbacks of concrete as a build-
ing material for protection walls, other designs were 
used during the building of later linear infrastructure 
objects. On particular sections of Lot 4 of Trakiya 
Motorway, flat and stiff barriers made of Glass Fiber 
Reinforced Polymer (GFRP) plates were construct-
ed. The base of the plates was buried 15 cm in the 
substrate; the plates were connected to each other via 
metal pins and additionally stabilized by a pole (Fig. 
3). The plates were fixed at the bottom of the rab-
bit fences and represent effective barrier for turtles. 
This construction is much more appropriate than the 
concrete walls. The mounting system allows for rap-
id and uncomplicated repair and exchange of dam-
aged elements. Another important advantage of the 
plates is that they can also be mounted at the doors 
for the service vehicles. Despite being more appro-
priate than the concrete walls, the plate barriers also 
have some negative aspects. Plastic screens of this 
kind are vulnerable to mechanical damages (Huijser 
et al. 2008a). The plates also aid in the collection of 
water at their base (as they are usually lower than the 
road level and their foundations can be flooded by 
intensive rainfalls). This may result in destabilization 
of the rabbit fences and even of other elements of the 
construction bed including the road itself.

Fencing by using nets has proven a suitable tool 
for reducing road mortality in turtles (for overview 
see Aresco 2005, Huijser et al. 2008a,b). For Struma 
Motorway, a combined team of experts (including en-
vironmental specialists, engineers and designers) in-
troduced to MoEW different designs for protection of 
turtles based on the use of nets. The approved design 
was implemented for the first time on Lot 1 of Struma 
Motorway. As a base, polymer coated sturdy metal 
nets with a mesh of 10 mm were used. The builders 
obtained net rolls with a width of 1 m. The rolls were 
half split in long sections of nets with a height of 50 
cm. The net was buried 15 cm in the substrate and the 
remaining 35 cm were fixed to the standard rabbit nets 
and slightly tilted outwards from the road (Fig. 4).The 
design is rather similar to the devices build for pro-
tection of turtles (e.g. Gopher Tortoises Gopherus sp. 
and Alabama Red-Bellied Turtle Pseudemys alaba-
mensis) in USA (Huijser et al. 2008a). This construc-
tion possesses several important advantages over the 
wooden, concrete and plastic alternatives. First, it is 
very strong and durable. It cannot be damaged by the 
turtles and other small animals, whilst it is flexible and 
can be adapted to the irregularities of the terrain. The 
net is protected from rust by a plastic coating and has 
a twelve-year warranty from the producer. The most 

important advantage of the net is that it does not col-
lect rain water and there is no need of drainage system.

According to the results of Baxter-Gilbert 
et al. (2015), the net fences may not contribute sig-
nificantly for preventing road accidents with turtles. 
We have to stress that the mentioned scientific team 
had used different constructions and different kind 
of nets made completely of plastic. This sort of nets 
can be torn apart by the turtles’ claws and do not pos-
sess the rigidity of the metal nets used in the fencing 
facilities on the motorways in Bulgaria. In the EIA 
decisions from the last six years (EIA Decisions № 
2-7 2010, № 13-4 2010, № 5-3 2010, № 29-11 2010, 
№ 16-7 2011, № 4-2 2012, № 9-4 2012, № 5-3 
2013, № 4-2 2013, № 1-1 2016, № 2-2 2016), net 
fences were the preferred design for building bar-
riers preventing wildlife-vehicle collisions. Further 
experimental test and monitoring data will allow the 
scientific community to gain important information 
on the functionality of the different barrier construc-
tions. However, we do not expect that one particular 
design would be suitable for all terrains and building 
conditions. We are convinced that the exact design 
and the precise length of the fences preventing the 
access of turtles on the road should not be prescribed 
in detail in the EIA decision but have to be addition-
ally consulted during the “design and build” stage 
of the realization of the priority objects from the na-
tional road network in Bulgaria.

Conclusion
There is a clear tendency in the EIA prescriptions con-
cerning the design of barrier constructions preventing 
road mortality of turtles. The older texts (EIA Decision 
№ 1-1 2008, AA Decision № 104AA 2009, EIA 
Decisions № 14-2 2009, № 8-3 2009, № 5-3 2010), 
included rigid and often confusing instructions con-
cerning the material and the technical specifics of the 
mitigation measures. In the texts of the more recent 
EIA decisions, such detailed obligations are missing. 
The modern documents allow a degree of flexibil-
ity for the design and position of the fencing devices. 
This change was conditioned by the fact that since the 
end of 2009 the intensity in the linear infrastructure 
building and especially the building of motorways in-
creased enormously. The circumstances showed that 
the rigid prescriptions made by the environmentalists 
are not always implementable in situ road building. 
The Bulgarian EIA decisions for road infrastructure 
“evolved” in a direction to encourage involvement of 
designer and constructors besides the environment ex-
perts in the decision making process (see also Glista et 
al. 2009). The measures for prevention of vehicle-turtle 
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collisions have to be planned rationally in a manner to 
effectively prevent the road mortality but to keep the 
potential “corralling effect” (sensu Baxter-Gilbert et 
al. 2015) as low as possible.
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Introduction
The Unmanned Aerial Vehicle (UAV), commonly 
known as a drone, is an aircraft without a human 
pilot aboard. Its flight is controlled either autono-
mously by onboard computers or by the remote con-
trol of a pilot on the ground or in another vehicle. 
Surveys with drones are routinely conducted to as-
sess and monitor a number of both animal (mammals 
and birds, e.g. Hodgson et al. 2013, Vermeulen 
et al. 2013, Wilson et al. 2017) and plant species 
(Cruzan et al. 2016). UAVs may facilitate more ac-
curate, human-risk free aerial surveys and allow for 
monitoring of areas, which would otherwise be inac-
cessible to humans (i.e. wetland habitats overgrown 
with reed). Because of their relatively small size, 
drones are less likely to disturb the studied animal 
than direct observation (Hodgson et al. 2016). As 
far as we know, they have not been used in herpeto-
logical studies. Therefore, we carried a preliminary 
survey as a proof-of-concept that such utilization of 
UAVs is also suitable for the rapid and cheap detec-
tion of aquatic turtles.

Materials and Methods
We used a Phantom 3 Professional drone with ultra-
high definition video (3840×2160) and 12 MP photo 
camera. This model has several very useful functions, 
among which HD video transmission in real time, 
LiPo battery with a 4480 mAh capacity (providing 
a flight time of approximately 23 min, depending 
on weather conditions), power control system, flight 
controller (maximum transmission distance of up to 
5 km when unobstructed and free of interference), 
ability to navigate back to predetermined “home 
point”), velocity up to 30 km/h. The total weight of 
the drone is 1280 g (battery and propellers included) 
and the diagonal size is 350 mm (propellers exclud-
ed); operating temperature is 0–40°C, maximum tilt 
angle is 35° and the hover accuracy range is within 
0.1 m (vertical) and 0.3 m (horizontal).

Freshwater turtles were recorded from two 
localities in Sofia, Bulgaria: a lake in the Druzhba 
neighbourhood and ponds in the city’s South Park. 
The first locality was visited on 1st May (between 
14:00 h and 15:00 h) and the second – on 24th August 
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2015 (between 13:00 h and 14:00 h). At both locali-
ties, we conducted a 15-minute flight over the water 
surface near the shore (where turtle basking loca-
tions are usually situated for both water basins) and 
towards the centre of the ponds (i.e. above the water 
surface). The localities were chosen because of their 
easy access combined with the relatively low num-
ber of people visiting them on a daily basis.

Results and Discussion
We successfully registered six Red-ear Sliders 
(Trachemys scripta elegans Wied-Neuwied, 1839) 
from the Druzhba Lake and three European Pond 
Turtles (Emys orbicularis L., 1758) from the South 
Park. 

On-site tests determined that the best height for 
surveillance was 10 m, as above that height turtles 
were not clearly visible and below 10 m the noise of 
the engines and the silhouette of the drone disturbed 
the basking animals (Fig. 1). When flying directly 
above the water surface, the camera was perpendic-
ular to the drone in order to minimize glare; when 
surveying the shore, the camera angle was approxi-
mately 45˚. In this way, filming distance to ground or 
water level was 10 m and 14 m, respectively. Speeds 
over 7 km/h at 10 m also disturbed the turtles. We 
were able to register specimens basking on the 
shore as well as turtles swimming under the water 
surface (at approximately up to 20 cm). Sometimes 

the sound from the propellers of the passing drone 
seemed to stimulate water frog vocalization for the 
next 15–20 seconds. However, frogs could not be 
easily detected and identified from the photographs 
and the recorded video.

There are a number of aspects in the use of a 
drone that can be considered helpful for surveys of 
herpetofauna in general and fresh water turtles in 
particular:

1. Allowing access to otherwise difficult to ac-
cess or inaccessible areas.

2. Causing less disturbance to the observed 
animals compared to most methods for direct obser-
vation.

3. Detecting not only basking but also sub-
merged turtles; some of the observed specimens 
were swimming below the water surface, which pre-
sents another advantage of this method over the di-
rect observation from the shore.

4. Ability to hover while changing the camera 
direction and angle.

5. The video can be viewed live on a laptop 
screen as well as recorded for subsequent process-
ing. 

6. The option for storing recorded video or 
photos on memory card (up to 32 GB) is useful in 
documenting the observations.

7. The built-in GPS allows for easy positioning 
of the registered animals on a map.

8. Autopilot can be programmed to follow a 

Fig. 1. A) A still image from the drone at a height of 6 m. The propeller causes significant ripples on the water surface, 
which disturbed a Red-ear Slider from its basking location; B) A still-image from the drone at a height of 10 m. The 
propeller causes almost no ripples, while the Red-ear Slider is still clearly visible
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certain route at a given elevation, which can be use-
ful in terms of repeatability of transects and stand-
ardization.

The drone-based investigations have some 
drawbacks and limitations:

1. The drone cannot fly during heavy rain or 
strong winds (over 20 km/h).

2. Autopilot does not function in no-fly zones 
(e.g. close to airports). This could possibly change in 
the near future, as the use of such technology might 
become more regulated.

3. Difficulty in detecting smaller animals (< 
than 15 cm at a resolution of 12 MP and height of 10 
m; also depending on current weather conditions).

4. Relatively short flight time.
5. More sensitive species or individuals from 

pristine habitats might be disturbed by the move-
ments and the sound of a flying drone.

Both localities of this study are from an urban 
environment and all animals there are – to some ex-
tent – accustomed to a higher level of disturbance. 
It is possible that turtles from pristine ponds are 
more easily disturbed and consequently should be 
monitored at a greater distance, which might be inef-
ficient. We highlight several drone features which, 
in our opinion, would be the most useful in herpeto-
logical surveys: 

1. Ability to change camera angle and direction 
while hovering with a narrow accuracy range – the 
narrow accuracy range will ensure that the drone re-
mains stable and does not move while the camera 
surveys nearby terrain features.

2. High-definition camera with optical zoom 

option – when uncertain of the species, the drone 
operator could zoom in without moving the drone 
closer (i.e. less risk to scare away the observed spec-
imen).

3. Silent propellers, combined with small size – 
less risk to scare away the observed specimen.

4. Improved water resistance (ideally water-
proof) – less risk of irreparable damage if submerged 
under water because of malfunction, gust of wind, 
etc.

5. Long battery endurance – more time for aer-
ial surveillance.

6. Ability to navigate to a predetermined 
“home” point if signal from the controller is lost – 
important when working in less than ideal condi-
tions.

7. Ability to avoid obstacles during automatic 
flight – important when working in less than ideal 
conditions.

8. Ability to save GPS tracks during manual 
flight – useful in terms of repeatability of transects 
and standardization.

Overall UAVs present a new and exciting 
trend that could prove to be very useful in herpeto-
logical studies. However, further testing is needed 
in order for the full potential of the drones to be 
realized. Considering the fast pace of development 
in these technologies (e.g. the Phantom 4 model has 
an avoid obstacle ability), we expect that the use-
fulness of drones could only increase in the fore-
seeable future.
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Introduction
During the ongoing sixth mass species extinction, 
turtles represent some of the most endangered ver-
tebrate taxa (Buhlmann et al. 2009, Luiselli et al. 
2016). Among anthropogenic threats, non-sustain-
able overexploitation of turtles for consumption or 
pet trade is widespread and occurs on a large scale 
(Cheung & Dudgeon 2006, Turtle Conservation 
Coalition 2011, Mundy-Taylor 2013, Nijman & 
Shepherd 2015, TRAFFIC 2014, 2015, 2016).

Both globally and nationally, the success-
ful reduction of damage to wild populations faces 
diverse challenges appearing at multiple levels. 
Complications include highly limited financial re-
sources and lack of adequate material and trained 
personnel, usually not readily available to state and 
local agencies and other legally responsible enti-
ties. Such issues were highlighted during the Fifth 
International Symposium on Emys orbicularis and 
the other European Freshwater Turtles held in 2015 
in Kiten, Bulgaria, a meeting that brought together 
over 70 chelonian scientists and professionals. A 
striking report was presented there about 1,300 

European Pond Turtles (Emys orbicularis) housed 
under suboptimal conditions after being confiscated 
in 2012 and their bleak fate since then, including 
the unlikely return to the wild of the surviving in-
dividuals (Nikolić & Golubović 2017). This situ-
ation prompted an extended and fruitful discussion, 
initiated during a special session at the symposium 
and continued afterwards. Initially, we focused on 
the details related to this particular confiscation and 
the possible means to alleviate it. However, we drew 
on the extensive expertise and experiences of the 
multi-national symposium team in order to devise a 
broader list of measures to be taken into account for 
similar situations in the future. Suggestions ranged 
from preventive and preferential actions needed to 
minimize both the number and duration of confisca-
tions, through the veterinary requirements for cap-
tive care, to aspects of a hopefully successful return 
of turtles to the wild. In E. orbicularis, genetic dif-
ferentiation of local populations is complex (e.g. 
Lenk et al. 1999, Velo-Antón et al. 2008, Stuckas 
et al. 2014, Vamberger et al. 2015; Dux et al. 2017). 
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Therefore, to avoid contributing to the erosion of 
biodiversity through genetic pollution by releasing 
genetically mismatching turtles to native popula-
tions, a genetic assessment of confiscated turtles is 
of paramount importance. 

Below, we present the result of these 

discussions, dubbed “The Kiten Protocol” as a 
contribution and a basis for future turtle and tor-
toise successful conservation measures to be taken. 
However, we stress that these are only brief guide-
lines and chelonian experts’ opinions must be sought 
for every particular case.

The Kiten Protocol
Experts on the study and protection of freshwater turtle and tortoise species and representatives from dif-
ferent European countries gathered at the 5th International Symposium on Emys orbicularis held in Kiten, 
Bulgaria, from the 19th to the 21st of August 2015,

Concerned by the overall increase in the illegal trafficking of native animal species in Europe and in 
particular by the mass illegal cross-border trafficking of turtles;

Conscious that the distribution area and population density of the five continental species of turtles 
native to Europe have reduced dramatically in recent decades;

Aware that the proper and quick release of seized animals can save many turtle lives and restore wild 
populations;

Recognizing that the principle of state sovereignty over its territory and over the species that live in it 
should not be an obstacle to achieving full and effective international cooperation;

Recognizing the efforts that the authorities of European countries have undertaken in recent years to 
protect wildlife by law and the acceptance of international agreements;

Recognizing that the delicate situation that European turtles are in requires the widest possible co-
operation among all countries and their participation in providing an adequate and effective internal and 
international response;

They agree to recommend to the authorities of the European countries to follow the measures listed 
below in the event of a turtle confiscation:

Always bear in mind article VIII (Measures to be taken by the Parties) of CITES (Convention on 
International Trade in Endangered Species of Wild Fauna and Flora) that establishes what should be done 
once the animals have been seized, although there are additional highly recommended actions to carry out 
in the same sense as the aforementioned article VIII of CITES:

• Establish the precise locality of origin of the confiscated animals through a rapid police investigation;
• At the same time, carry out analyses (including genetic) of the turtles to determine their affiliation;
• Encourage gathering of DNA samples from wild populations and maintaining a unified database for 

correct determination of turtle’s origin;
• Complete a thorough check of the animals to facilitate their handling, keeping them in separate 

groups to avoid stress and spread of diseases;
• Boost a rapid release of the turtles at their place of origin, once the exact locality has been ascertained 

and the health of each animal verified.
These recommended measures shall be accompanied along other actions:
• Acceptance of economic costs by the authorities based on realistic budgeting;
• Intensify control over the trafficking of protected species, including through the use of the Internet;
• Increase international cooperation and coordination among state agencies, authorities, NGOs, rescue 

centers and professionals in order to rapidly locate and repatriate confiscated animals;
• Increase turtle specialists’ assistance for scientific, sanitary, and logistic support;
• Encourage the creation and subsidize the maintenance of rescue centers recognized as collaborative 

CITES Centers with the aim of keeping animals for fixed periods of time, assessing their health and finally 
releasing them into their original habitat.

The names of researchers and experts that have discussed and approved this protocol are included in 
Appendix 1.



Best Practices for Handling Confiscated Turtles: The Kiten Protocol

167

References

Buhlmann K. A., Akre T. S. B., Iverson J. B., Karapatakis D., 
Mittermeier R. A., Georges A., Rhodin A. G. J., van Dijk 
P. P. & Gibbons J. W. 2009. A global analysis of tortoise and 
freshwater turtle distributions with identification of priority 
conservation areas. Chelonian Conservation and Biology 
8 (2): 116–149. DOI: 10.2744/CCB-0774.1.

Cheung S. M. & Dudgeon D. 2006. Quantifying the Asian turtle 
crisis: market surveys in southern China, 2000–2003. 
Aquatic Conservation: Marine and Freshwater Ecosystems 
16 (7): 751–770. DOI: 10.1002/aqc.803.

Dux M., Doktór D., Hryniewicz A. & Prusak B. 2017. Evalu-
ation of 11 microsatellite loci for reconstructing of kinship 
groups in the European Pond Turtle, Emys orbicularis (Lin-
naeus, 1758). Acta Zoologica Bulgarica, Suppl. 10: 15–22.

Lenk P., Fritz U., Joger U. & Wink M. 1999. Mitochondrial 
phylogeography of the European Pond Turtle, Emys orbi-
cularis (Linnaeus, 1758). Molecular Ecology 8: 1911–1922.

Luiselli L., Starita A., Carpaneto G. M., Segniagbeto G. H. 
& Amori G. 2016. A short review of the international trade 
of wild tortoises and freshwater turtles across the world 
and throughout two decades. Chelonian Conservation and 
Biology 15 (2): 167–172. DOI: 10.2744/CCB-1216.1.

Mundy-Taylor V. 2013. Illegal wildlife trade and the European 
Union: an analysis of EU-TWIX seizure data for the period 
2007-2011. Report prepared for the European Commis-
sion. 39 p.

Nijman V. & Shepherd C. R. 2015. Analysis of a decade of trade 
of tortoises and freshwater turtles in Bangkok, Thailand. 
Biodiversity and Conservation 24 (2): 309–318. DOI: 
10.1007/s10531-014-0809-0.

Nikolić S. & Golubović A. 2017. Confiscated Emys orbicularis 
(L., 1758) dying out in a “temporary” reception facility in 
Serbia: a case study showing the urgency for a regional 
reptile rescue centre. Acta Zoologica Bulgarica, Suppl. 
10: 115–120. 

Stuckas H., Velo-Antón G., Fahd S., Kalboussi M., Rouag 
R., Arculeo M., Marrone F., Sacco F., Vamberger M. 
& Fritz U. 2014. Where are you from, stranger? The enig-

matic biogeography of North African pond turtles (Emys 
orbicularis). Organisms, Diversity & Evolution 14 (3): 
295–306. DOI: 10.1007/s13127-014-0168-4.

TRAFFIC 2014. Overview of important international seizures 
in the European Union January to December 2013. Avail-
able at: http://ec.europa.eu/environment/cites/pdf/Over-
view%20significant%20seizures%202013.pdf (accessed 
on 18/01/2017).

TRAFFIC 2015. Overview of important international seizures 
in the European Union January to December 2014. Avail-
able at: http://ec.europa.eu/environment/cites/pdf/Over-
view%20significant%20seizures%202014.pdf (accessed 
on 18/01/2017).

TRAFFIC 2016. Overview of important international seizures 
in the European Union January to December 2015. Avail-
able at: http://ec.europa.eu/environment/cites/pdf/Over-
view%20significant%20seizures%202016.pdf (accessed 
on 18/01/2017).

Turtle Conservation Coalition [Rhodin A. G. J., Walde, A. 
D., Horne, B. D., van Dijk P. P., Blanck, T. & Hudson, R. 
(Eds.)]. 2011. Turtles in trouble: the world’s 25+ most en-
dangered tortoises and freshwater turtles–2011. Lunenburg, 
MA: IUCN/SSS Tortoise and Freshwater Turtle Specialist 
Group. Turtle Conservation Fund. Turtle Survival Alliance, 
Turtle Conservancy, Chelonian Research Foundation, Con-
servation International, Wildlife Conservation Society, and 
San Diego Zoo Global. 54 p.

Vamberger M., Stuckas H., Sacco F., D’Angelo S., Arculeo 
M., Cheylan M., Corti C., Lo Valvo M., Marrone F., 
Wink M. & Fritz U. 2015. Differences in gene flow in a 
twofold secondary contact zone of pond turtles in southern 
Italy (Testudines: Emydidae: Emys orbicularis galloitalica, 
E. o. hellenica, E. trinacris). Zoologica Scripta 44 (3): 
233–249. DOI: 10.1111/zsc.12102.

Velo-Antón G., García-París M. & Cordero Rivera A. 2008. 
Patterns of nuclear and mitochondrial DNA variation 
in Iberian populations of Emys orbicularis (Emydidae): 
conservation implications. Conservation Genetics 9 (5): 
1263–1274. DOI: 10.1007/s10592-007-9457-1.

Ayaz Dinçer Zoology Section, Department of Biology, Faculty 
of Science, Ege University, Izmir, Turkey

Bayrakcı Yusuf Faculty of Science, Department of Biology, 
Zoology Section, Ege University, Bornova - İzmir, Turkey

Bona Martin Department of Anatomy, Faculty of Medicine, 
Pavol Jozef Šafárik University, Slovakia

Budó Joan Tortoise Breeding Centre of Albera (Catalonia), Spain
Gırondot Marc Laboratoire Ecologie, Systématique, Evolu-

tion, CNRS, Université Paris Saclay, AgroParisTech, 
Orsay, France

Golubovıć Ana Faculty of Biology, Belgrade University, Serbia
Havaš Peter Fauna Carpatica, Slovakia
Horváth Enikő Department of Zoology, Faculty of Science, 

Pavol Jozef Šafárik University, Košice, Slovakia
İlhan M. Süleyman Ege University, Faculty of Science, Depart-

ment of Biology, Zoology Section, Bornova - İzmir, Turkey
Ivanchev Ivo Gea Chelonia Foundation/Tortoise Rescue and 

Rehabilitation Centre, Banya, Bulgaria
Lukanov Simeon Institute of Biodiversity and Ecosystem Re-

search, Bulgarian Academy of Sciences, Bulgaria
Mărgınean George Romania
Martínez-Sılvestre Albert CRARC (Catalonian Reptiles and 

Amphibians Rescue Center), Spain
Naumov Borislav Institute of Biodiversity and Ecosystem Re-

search, Bulgarian Academy of Sciences, Bulgaria
Nıkolıć Sonja Institute of Zoology, Faculty of Biology, University 

of Belgrade, Serbia
Ottonello Dario Associazione “Emys Liguria”, Albenga 

(SV), Italy
Popgeorgıev Georgi National Museum of Natural History, 

APPENDIX 1
The Kiten Protocol: Contributors and supporting signatories, in alphabetical order, with affiliations:



168

Kornilev Y. V., N. Natchev, R. Mascort & U. Fritz

Sofia, Bulgarian Academy of Sciences, Bulgaria
Prusak Beata Institute of Genetics and Animal Breeding Polish 

Academy of Sciences, Poland
Pupına Aija Institute of Life Sciences and Technologies, 

Daugavpils University & Latgales Zoo, Latvia
Pupıns Mihails Institute of Life Sciences and Technologies, 

Daugavpils University & Latgales Zoo, Latvia
Saçdanaku Enerit Research Center of Flora and Fauna, Faculty 

of Natural Sciences, University of Tirana, Albania
Schındler Maria Danube Floodplain National Park, Orth an 

der Donau, Austria

Schneeweıss Norbert Office of Environment, Conservation 
Station Rhinluch, Linum, Germany

Soler Massana Joaquim CRARC (Catalonian Reptile and 
Amphibian Rescue Center), Spain

Tomovıć Ljiljana Faculty of Biology, University of Belgrade, 
Serbia

Vamberger Melita Museum of Zoology, Senckenberg Dresden, 
Germany

Vergılov Vladislav National Museum of Natural History, Sofia, 
Bulgarian Academy of Sciences, Bulgaria

Veysset Alain Association Emys Conservation, France




