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The International Symposium on Freshwater Turtles Conservation took place in Vila Nova 
de Gaia, Portugal, from 22 – 24 May, 2013 at the auditorium of the Biological Park of Gaia 
– a permanent centre of environmental education and nature conservancy. It is a small nature 
reserve, with 430,000 square meters, located on the grounds of former farms at Avintes, Vila 
Nova de Gaia, included in the region of Porto, northern Portugal (www.parquebiologico.pt).

This Symposium was one of the actions included in the LIFE + Biodiversity project – 
LIFE+Trachemys (LIFE09 NAT/ES/000529), which aims to halt biodiversity loss associated 
with the presence of exotic freshwater in aquatic ecosystems.The Biological Park of Gaia both 
with CIBIO-UP were responsible for the organization of this event.

This Project had the participation of several technicians from different institutions, which 
names and contacts could be found at the end of this publication.

Beginning at the International Biodiversity Day, this meeting was a great opportunity to pro-
mote scientific exchange and friendship between the 80 researchers, students and other freshwa-
ter turtle’s enthusiasts from 9 different countries that took part in this important event.

We would like to thank the presence of our guests from Australia (Scott O’Keeffe), Italia 
(Marco Zuffi), Lithuania (Dalia Bastyte), Spain (Albert Martinez Silvestre, Albert Vilardell 
Bartino, Nuria Polo, José María López, César Ayres and Lucia Moreno) and Portugal (João 
Loureiro and Pedro Segurado); to the members of LIFE Trachemys Project that present the 
Project results (Ignacio Lacomba, José Teixeira e Bruno Martins) and to all the participants that 
contributed to the pleasant atmosphere of this meeting.

The meeting included 31 oral and  25 poster presentations. To recognize and stimulate 
the scientific work developed by young researchers, a Jury formed by Senior Scientist hono-
red the oral presentation of María Aurora Calvé from the University Cardenal Herrera-CEU 
about Salmonelosis in free-living turtles and the poster of Aitor Valdeón from the University 
of Zaragoza analyzing the status and distribution of autochthonous terrapins in La Rioja, with 
the Young Scientists Award.

We also thank Albert Vilardell Bartino and Jael Palhas for the demonstration of invasive turtle 
detection assisted by dogs; Bruno Martins for the demonstration of trapping methods; Paulo 
Faria for the interesting visit to Douro River Estuary; Filipe Vieira for helping with the Poster 
session placement as well as the photographic exhibition and of course their author  - Vasco Flores 
Cruz; Vanessa Soeiro, Sara Lóio, Hugo Oliveira and Telma Cruz for the diurnal enthusiastic visit 
to the Biological Park of Gaia and Jessica Castro for the visit to the captive breeding facilities; 
Henrique Alves, was responsible for the unforgettable nocturnal visit to see fireflies and other 
native fauna and for the astronomic observations at the PBG Astronomic Observatory.

We must not forget all the support from the Director of Biological Park of Gaia - Nuno 
Gomes Oliveira, and to all the PBG colleagues, especially Cristina Neves for their exceptional 
work during the preparation of the symposium and Fernanda Oliveira for the precious help 
with the English translations of the website contents. 

Editorial
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Thanks to Ignacio Lacomba, Vicente Sancho and José Teixeira for the conclusions and 
Scoot O’Keeffe for their English review.

We also thank Vicente Sancho – the LIFE Trachemys Project coordinator - for all the 
excellent contributions to this Symposium program and proceeding volume, as well as along 
all the Project actions.

Finally thank the editors of BHA, Ana Perera e Manuel Ortiz for the interest in publishing 
these proceedings. Due to the high quality of the program we were expecting a more significant 
participation of original papers. Unfortunately, very few manuscripts were submitted.

The contributions in this proceedings volume have been peer-reviewed by experts from AHE 
and the production was financially supported by the LIFE+Trachemys (LIFE09 NAT/ES/000529).

We are looking forward to meet you all again in other events aiming turtle conservation!

The Organizing Committee



7Dynamics of Emys orbicularis inhabiting Cañada del Hoyo

The so-called European pond turtle (Emys or-
bicularis) is one of the freshwater turtles with the 
widest distribution. It inhabits the Mediterranean 
coast of Africa, from the Iberian Peninsula to the 
Baltic in Europe, and also parts of Asia (FRITZ, 

2001). In the Iberian Peninsula its distribution 
is wide but very fragmented. In many areas, po-
pulations are small and isolated (PLEGUEZUE-
LOS et al., 2002). These small populations suffer 
from habitat destruction, predation and compe-

Dynamics of the European pond turtle (Emys orbicularis) population 
inhabiting the Natural Monument of Cañada del Hoyo (Cuenca)

Enrique Ayllón1,*, Pedro Luis Hernandez-Sastre1, Cesar Ayres1, Pablo García-Díaz2, Javier Cañada3, 
Nicolás Hernandez-Monedero3, Rocío Martínez-Collado3, Isabel Ramírez-Torres3

1 Asociación Herpetológica Española (AHE). Museo Nacional de Ciencias Naturales, Madrid, Spain.
2 School of Earth & Environmental Sciences and the Environment Institute, University of Adelaide, Australia.
3 Servicio Provincial de Montes y Espacios Naturales, Cuenca, Spain.

* Correspondence: Asociación Herpetológica Española (AHE). Museo Nacional de Ciencias Naturales. Cl. José Gutiérrez Abascal, 2, 
28006, Madrid, Spain. Phone: +34 62631288, Fax: +34 914978344, E-mail: enrique.ayllon@herpetologica.org

Between 2009 and 2013, an assessment of the population of European pond turtle (Emys orbi-
cularis) inhabiting the sinkholes that are pa rt of the Natural Monument of Cañada del Hoyo 
was made. Population was monitored using capture-mark-recapture (CMR) techniques, being 
captured almost 78 turtles. A population of 60 individuals was estimated based on the survival 
rates detected. Sex ratio is biased towards males (2.8:1). The percentage of adults is 45% of 
the total population. Recruitment appears to be high, since the population has about 55% of 
juveniles and immatures. Movements between lagoons (up to 1 km) were detected in 2012 and 
2013 using a combination of CMR and visual censuses.

Key words: capture-mark-recapture; Cuenca; Emys orbicularis.

Dinámica de la población de galápago europeo (Emys orbicularis) de las dolinas del Monumen-
to Natural de Cañada del Hoyo (Cuenca). Entre 2009 y 2013 se realizó la monitorización de la 
población de galápago europeo (Emys orbicularis) que habita las dolinas del Monumento Natural de 
Cañada del Hoyo (Cuenca). La población ha sido monitorizada utilizando técnicas de captura-mar-
caje-recaptura (CMR). Basándose en las tasas de supervivencia se ha estimado una población de 60 
individuos. El porcentaje de sexos está sesgado hacia los machos (2.8:1). Los adultos representan el 
45% de la población. El reclutamiento parece ser alto, ya que se ha detectado un 55% de ejemplares 
juveniles e inmaduros. Usando una combinación de censos visuales y CMR se han detectado movi-
mientos entre lagunas (de hasta 1 km) durante 2012 y 2013.

Key words: captura-marcaje-recaptura; Cuenca; Emys orbicularis.
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tition by invasive alien species, and present lack 
of genetic flow (AYRES et al., 2013). Moreo-
ver, population fragmentation makes European 
pond turtles very sensitive to stochastic variations 
in the environment (CORDERO-RIVERA & 
AYRES-FERNANDEZ, 2004). This is the case 
of the population inhabiting the sinkholes lo-
cated at the Natural Monument of Cañada del 
Hoyo (Cuenca, Eastern Spain). This population 
was once considered as being originated from a 
translocation of pond turtles from other Iberian 
wetlands (RUBIO & PALACIOS, 1998). Ne-
vertheless, PERPIÑÁN (2003) cited the species 
as autochthonous, due to the local knowledge 
of the species. This opinion is also supported by 
old records, as the one from TORNER DE LA 
FUENTE (1920), which reported the presence 
of the species in sinkholes, as well as by molecular 
data (PEREIRA et al., 2012). This isolated po-
pulation is of extreme conservation interest in 
Castilla-La Mancha, as it represents an isolated 
nucleus from the core of the distribution of the 
species in the region. However, the apparent lack 
of knowledge about its conservation status and 
ecology could hamper the effectiveness of actions 
taken to protect and conserve this population.

Due to this lack of knowledge, there was 
need for a study to shed light on the dynamics 
of this isolated population. Thus, the aim of this 

study was to investigate the reproductive para-
meters, age classes, space use and threats of this 
population to guide conservation actions.

Materials and Methods

From August 2009 to May 2013 we mo-
nitored the pond turtle populations inhabi-
ting the Natural Monument sinkholes. The 
“torcas” form a lagoon complex of seven cir-
cular sinkholes with permanent water, steep 
slopes and depths between 4.30 m and 28 
m. (Fig.1). Most of these sinkholes present 
a small belt of reed and aquatic vegetation, 
except for the Lagunillo del Tejo, which is co-
vered by pondweed (Potamogeton sp.).

Turtles were trapped in three of the sinkho-
les: Lagunillo del Tejo, Laguna Llana and Lagu-
na de las Tortugas. Turtles were captured using 
shrimp traps, using caned sardines as bait, and 
marked using a unique combination of carapace 
notches and numbered plastic tags, to allow 
visual census.

Four trapping sessions were carried out 
in 2009, five in 2011, 10 in 2012 and three 
in 2013. In each session, all individuals captu-
red were identified and sexed, marked and then 
released in the same place. Turtles were classified 
in three age classes: juveniles (including hat-

Figure 1: Overview of the longest movements made by the 

European pond turtles at the Natural Monument of Cañada 

del Hoyo from Lagunillo del Tejo to other lagoons.

Ayllon et al.
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chlings), immatures (turtles with adult size 
but with no clear sexual characters) and adults. 
Population parameters were estimated using 
capture-mark-recapture (CMR) techniques. 
Given that the experimental design included 
more than one trapping session per year, data 
were analysed using the robust design “Pradel 
survival and recruitment model” (PRADEL, 
1996) as implemented in program MARK 
(WHITE & BURNHAM, 1999). Recruit-
ment represents the per capita number of 
new individuals arriving to the population. 
According to the assumptions of this model, 
the population was considered to be closed in 
the different sessions within a year but open 
between different years (i.e. there is no mi-
gration within a year but there is migration 
between years). We coped with the differences 
in time lapses between trapping sessions by 
explicitly stating in the model the number of 
days passed between each session. We run over 
1000 different models in which we altered the 
parameters included (survival, recruitment, 
probability of capture / recapture) in order to 
be session-specific and constant across trap-
ping sessions. We selected the best fitted mo-
del using an information-theoretic approach 
(BURNHAM & ANDERSON, 2002): the 
model with lowest AICc value (Akaike’s Infor-
mation Criterion corrected for small sample 
size) is the one that performs better in mat-
ching the observed population dynamics. All 
the population parameters reported here were 
always derived from the model with the lowest 
AICc. We also tested for differences in the 
number of males and females (estimated by 
the best fitted CMR model) using a binomial 
test in R statistical software (R DEVELOP-
MENT CORE TEAM, 2010).

Results

In total, 78 individuals were captured be-
tween 2009 and 2013. Mark-recapture mo-
dels with session-specific parameters always 
performed better (lower AICc values) than 
the other models. Hereafter, we will discuss 
the population parameters derived from the 
best fitted model. Population size varied on 
a yearly basis (Table 1) being 61.53 turtles 
(2012) the maximum population size estima-
ted. Estimates of population size decreased 
steeply in 2013 compared to 2011 and 2012 
(Table 1). Sex ratio was always strongly biased 
towards males (Table 1), with an average of 
0.36 females per male. Sex ratio in the po-
pulation departs significantly from equality 
(binomial test: P < 0.005 in all cases). The es-
timated percentage of adults was 45% of the 
total population.

Survival estimates were relatively high 
(Table 2), with all values, except one, above 
0.50. However, survival probabilities between 
2012 and 2013 were quite low for females (es-
timate ± standard error = 0.25 ± 0.15; Table 2). 
Per capita recruitment varied widely during 
the period studied (Table 3) with over 
3.94 ± 1.44 juvenile turtles recruited in the 
period between 2009 and 2011. In other 
years the estimated recruitment was very low 
(below 0.20; Table 3).

The major part of the juveniles was cap-
tured in the Laguna de las Tortugas, most of 
them of size between 60 and 80 mm. However, 
in the Lagunillo del Tejo most of the animals 
were immature or adults (Fig. 2). Movements 
between lagoons (up to 1 km) were detected 
in 2012 and 2013 using a combination of 
CMR and visual censuses (Fig. 1).

Dynamics of Emys orbicularis inhabiting Cañada del Hoyo
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Discussion

The population of European pond turtle in-
habiting the sinkholes of the Natural Monument 
of Cañada del Hoyo presents similar features 
to other Iberian populations (KELLER, 1997; 
CORDERO-RIVERA & AYRES-FERNAN-
DEZ, 2004; SEGURADO et al., 2005). This 
includes a skewed sex ratio, with a higher num-
ber of males than females, and also reproductive 

periods that do not seem to occur every year, nor 
in all of the sinkholes. AYLLÓN et al. (2010) re-
ported a low number of females in Lagunillo del 
Tejo, but noted the presence of juveniles. Howe-
ver, we did not capture hatchlings or juveniles in 
this sinkhole, suggesting no reproductive success 
between 2010 and 2013. Estimates of juvenile 
and adult survival probabilities are also similar 
to estimates for other turtle species. PIKE et al. 
(2008) reported mean annual survival proba-

Table 1: Estimate of population sizes (± SE) and sex-ratio of Emys orbicularis at the Natural 
Monument of Cañada del Hoyo. Significant statistical differences (P < 0.05) in sex ratio 
(females: males) are indicated with **.

Juveniles
Males
Females
Sex ratio (fem:mal)
Total

2009

8.00 ± 3.00
20.00 ± 2.00
9.00 ± 0.25

0.1:1**
37.00

2011

31.03 ± 5.77
17.88 ± 5.38
11.51 ± 4.25

0.64:1**
60.42

2012

33.75 ± 5.33
15.78 ± 2.64
8.00 ± 0.28

0.51:1**
61.53

2013

17.00 ± 4.00
11.00 ± 7.80
2.00 ± 1.00

0.18:1**
30.00

Table 2: Estimates of survival probabilities (± SE) of Emys orbicularis at the Natural Monument 
of Cañada del Hoyo.

Juveniles
Males
Females

2009 to 2011

0.76 ± 0.16
0.86 ± 0.11
0.98 ± 0.27

2011 to 2012

0.88 ± 0.12
0.87 ± 0.13
0.64 ± 0.14

2012 to 2013

0.49 ± 0.10
0.65 ± 0.13
0.25 ± 0.15

Table 3: Estimate of per capita recruitment (± SE) of Emys orbicularis at the Natural Monu-
ment of Cañada del Hoyo.

Juveniles
Males
Females

2009 to 2011

3.24 ± 1.44
0.08 ± 0.09
0.34 ± 0.26

2011 to 2012

0.20 ± 0.18
0.02 ± 0.07
0.01 ± 0.02

2012 to 2013

0.02 ± 0.03
0.01 ± 0.01
0.03 ± 0.02

Ayllon et al.
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bilities around 0.75 and 0.90 for juveniles and 
adults, respectively, for 17 turtle species distribu-
ted around the world. In summary, our results 
indicate that the population dynamics of the 
pond turtle in the study area matches the dyna-
mics reported for other areas and species.

FICHEUX et al. (2014) suggested that E. 
orbicularis is the European reptile which has su-
ffered the most important range reduction in the 
last decades. Main causes of this negative trend 
are poaching, road mortality, competition with 
invasive species, habitat loss and habitat trans-
formation. Presence of invasive alien species in 
the sinkholes is one of the most important con-
servation threats. In Lagunillo del Tejo sinkhole 
alien fish species such as Blackbass (Micropterus 
salmoides) or Mosquito fish (Gambusia sp.) have 
been detected. Blackbass has been described as 
a potential threat for hatchlings and small juve-
niles (LACOMBA ANDUEZA & SANCHO 
ALCAYDE, 2004). Moreover, alien turtles 
(Trachemys sp. and Graptemys sp.) have been de-
tected in some of the sinkholes (AYLLÓN et al., 
2010; E. Ayllón, personal observation).

Another problem could be the capture 
and / or disturbance caused by tourism, as 
the Natural Monument receives hundreds of 
visitors, especially during summer.

Management measures will focus on the de-
tection of nesting areas using female radiotrac-
king in order to protect them from agricultural 
practices and / or predation. Furthermore, it is 
essential to continue the alien species eradica-
tion program, especially on exotic turtles, due 
to the competition they exert for food, basking 
and nesting areas (CADI & JOLY, 2003, 2004). 
Moreover, they carry parasites that may switch 
between alien and native turtles (VERNEAU 
et al., 2011). Finally, it would be appropriate to 
increase the number of basking areas, since most 
of them disappear when the water level is high.
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15Reproduction of Trachemys scripta in Portugal

Are the invasive species Trachemys scripta and Pseudemys concinna 
able to reproduce in the northern coast of Portugal?
Ana Alves1,*, Albert Martínez-Silvestre2, Anabela Alves3, José Júlio Martins3
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In the past few decades, countless specimens of turtles were released by misinformed owners into 
wetlands worldwide.With this study we intend to evaluate the reproductive ability of two of these 
species in the north of Portugal: the red eared slider (Trachemys scripta elegans), already established 
in several countries, and another freshwater species from the USA, the American cooter (Pseudemys 
concinna), commonly used as a pet nowadays. These two species can become a threat to the biodiver-
sity of freshwater ecosystems, particularly for native turtles. To study this, we isolated three females 
and two males of each species in reproducing enclosures, from March 2011 to April 2012, under 
conditions as similar as possible to their natural environment, at the Biological Park of Gaia, which is 
located in Vila Nova de Gaia, north Portugal. From these reproductive stocks, 18 T. s. elegans hatched, 
but apparently all of them were males. No births of P. concinna were recorded. However, evidence of 
reproduction in a private garden near the city of Braga reinforces the suspicion that this species may 
reproduce in the wild in Portugal, so it is important to carry out further studies on this subject.

Key words: invasive; Pseudemys concinna; reproduction;Trachemys scripta elegans; turtles.

¿Son las especies invasoras Trachemys scripta y Pseudemys concinna capaces de reproducirse 
en la costa norte de Portugal?. En las últimas décadas, los propietarios desinformados han liberado 
incontables especímenes de galápagos en los humedales de prácticamente todo el mundo. Con este 
estudio se intenta evaluar la capacidad reproductora de dos especies invasoras procedentes de los 
Estados Unidos, el galápago de Florida (Trachemys scripta elegans) y el galápago deslizador (Pseudemys 
concinna), en el norte de Portugal. 
El primero está ya establecido en diferentes países desde hace décadas, mientras que el segundo se 
está convirtiendo en una mascota cada vez más popular. Ambas especies pueden representar una 
amenaza para la biodiversidad de los ambientes acuáticos continentales, particularmente para las tor-
tugas autóctonas. Para estudiar esto, aislamos tres hembras y dos machos de cada especie en cercados 
de reproducción, desde marzo de 2011 hasta abril de 2012, bajo condiciones ajustadas lo máximo 
posible al ambiente natural, en el Parque Biológico de Gaia, situado en Vila Nova de Gaia (norte 
de Portugal). De estos grupos reproductores nacieron 18 T. s. elegans, si bien aparentemente todos 
ellos fueron machos. No se registraron nacimientos de P. concinna. Sin embargo, la evidencia de su 
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reproducción en un jardín privado cerca de la ciudad de Braga refuerza la sospecha de que esta especie 
puede llegar a reproducirse en el medio natural en Portugal, por lo que es importante llevar a cabo 
más estudios sobre este tema.

Key words: galápagos; invasoras; Pseudemys concinna; reproducción; Trachemys scripta elegans.

Trachemys scripta, native to the region of 
Florida, USA, has become well known for its 
massive reproduction in the USA and is ex-
ported all over the world, mostly as pets. Cu-
rrently, the species is described as existing in the 
wild in more than 73 countries (Ficetola 
et al., 2012), with evidence of reproduction 
in several countries (Chen & Lue, 1998; 
Bringsøe, 2001; Mingot et al., 2003; 
Cadi et al., 2004; Pérez-Santigosa et 
al., 2006; Ficetola et al., 2009; O’Keeffe, 
2009; Kikillus et al., 2010; LIFE+Trachemys, 
2012; Vamberger et al., 2012) and in some 
localities with the census of invasive turtles ove-
rrunning the native ones (Pleguezuelos, 
2002; Ramsay et al., 2007).

In 1997, the EU banned imports of the subs-
pecies T. s. elegans. This measure, because of its 
high specificity in terms of the banned taxon, did 
not solve out the problem, as it was still possible 
to import the other two subspecies: T. s. scripta and 
T. s. troostii (Díaz-Paniagua et al., 2008). 
In 1999 the Portuguese legislation went further, 
prohibiting the sale and maintenance of all 
T. scripta subspecies. This led to an increase in the 
importation of other potential invasive species. In 
fact, between 2003 and 2007, Portugal imported 
468 126 freshwater turtles, with Graptemys koh-
nii and Pseudemys concinna accounting for 83% 
of this value (Palma, 2012).

Since 2011, Portugal has participated in the 
Iberian project LIFE+Trachemys (LIFE09 NAT/
ES/00529), acting in four coastal lagoons in the 
Natural Park of Ria Formosa, considered of great 

value to biological diversity, and where two spe-
cies of native turtles live (Mauremys leprosa and 
Emys orbicularis), along with the exotic T. scripta 
(Teixeira et al., 2013).

The species T. scripta is probably the best 
known turtle in the world belonging to the largest 
and most diverse family of turtles, the Emydidae 
(Ernst, 1990). Currently, only three subspecies 
(T. s. scripta, T. s. elegans and T. s. troostii) are 
recognized (Seidel, 2002; Fritz & Havaš, 
2007; van Dijk, 2011). Its carapace length 
(CL) can reach 309 mm in females and 235 mm in 
males (Bringsøe, 2001) with males showing 
a narrower and lower shell than females (Mar-
tínez-Silvestre et al., 2011). 

T. scripta occupies a large variety of aquatic 
environments, preferring waters with low current 
and shallow water with vegetation and availabili-
ty of sites for thermoregulation (Ernst & Lo-
vich, 2009). 

The reproductive cycle of T. scripta is similar 
to that of most other freshwater turtles from tem-
perate zones (Moll, 1979). The age and size at 
which individuals reach sexual maturity are more 
easily detectable in males than in females, due to 
the expression of secondary sexual characteristics, 
as shown by Gibbons & Greene (1990). 
These authors also concluded that size of females 
at sexual maturity was very variable, with some 
populations reaching maturity under 160 mm 
of plastron length (PL) and others reaching this 
stage at PLs above 200 mm. Perez-Santi-
gosa et al. (2008) analyzed 650 T. s. elegans 
captured in two coastal lagoons of Huelva (south 

Alves et al.



17Reproduction of Trachemys scripta in Portugal

of Spain) and observed that the smallest three-
year-old adult female had 159.5 mm PL.

The onset of the laying season is quite va-
riable depending on the geographical area and 
is at least partially controlled by the tempera-
ture of the early spring. Both water tempera-
ture and photoperiod may be the cause of the 
onset of ovulation (Gibbons & Greene, 
1990). Cagle (1950) stated that T. s. elegans 
makes their clutches in Illinois from late April 
to mid-July, the same period during which 
Pérez-Santigosa et al. (2006) observed 
in southern Spain females migrating to ovipo-
sition sites. In Catalonia, Martínez-Sil-
vestre et al. (2001) reported an egg-laying 
period between May and August, while in Italy 
this period runs from mid-May to late July 
(Corti et al., 2011). It is known that fresh 
water turtles can produce more than one clutch 
per year in some regions and circumstances 
(Cagle, 1950). Perez-Santigosa et 
al. (2008) referred the possible occurrence in 
the south of Spain to four or more clutches 
of T. s. elegans per year. At this location, the 
average observed clutch size was 12 eggs (Pe-
rez-Santigosa et al., 2008). However, in 
the Valencian Community this parameter was 
9.5 eggs (Bataller et al., 2010).

Trachemys s. elegans eggs have flexible and 
permeable shells that allow for size and weight 
increasing over the incubation period (Martí-
nez-Silvestre et al., 2011). In the case of 
native turtles (Emys orbicularis and Mauremys le-
prosa), the shell is more rigid and rough with the 
eggs being less dependent on water availability. As 
in other reptiles and many species of turtles, the 
sex of T. scripta new borns is determined by the in-
cubation temperature. In this species, incubation 
at low temperatures (<28.4°C) produces only ma-

les; intermediate temperatures (between 28.4°C 
and 29.4°C) result in the birth of males and fe-
males, whereas at higher temperatures (> 29.4°C) 
only females hatch (Rhen et al., 1999).The 
incubation time can be quite variable: from 60 
to 91 days (Ernst & Lovich, 2009). This 
is possible due to the development interruption 
occurred during short periods at low temperatures 
(Congdon & Gibbons, 1990).

Pseudemys concinna inhabits the central and 
eastern USA, from eastern Texas through the 
Mississippi-Missouri basin to Ohio, Virginia and 
North Florida (van Dijk, 2011). Three subs-
pecies have been recently recognized according to 
van Dijk et al. (2012), although there is some 
controversy about this classification (Fahey, 
1980; Fritz & Havaš, 2007): P. c. concinna, 
P. c. floridana (also named as P. floridana florida-
na) and P. c. suwanniensis (also named as P. flo-
ridana suwanniensis). According to Ward & 
Jackson (2008), females are typically larger 
than males, growing up to 420 mm of CL against 
the 300 mm of males.

Pseudemys concinna is predominantly a ri-
ver turtle, preferring moderate current with 
abundant aquatic vegetation and rocky bot-
toms (Ernst & Barbour, 1989). In mild 
climates, like Florida peninsula, they remain 
active throughout the year, although in col-
der climates they clearly lower activity during 
the winter (Ward & Jackson, 2008). 
Huestis & Meylan (2004) pointed to 
a PL at maturity of 175 mm in males and 
275-300 mm in females, although Aresco 
(2004) observed a P. c. floridana with 215 mm 
of PL laying eggs. In this species, four or more 
yearly clutches are common, produced with 
a three week interval, and ranging from nine 
to 20 eggs each (Jackson & Walker, 
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Table 1: Plastron length (PL) and weight (W) of the adult animals in the study.

Female 1
Female 2
Female 3
Male 1
Male 2
Mean ± SD females 
Mean + SD males

PL (cm)

21.7
20.1
21.3
14.1
17.7

21.0 ± 0.8
15.9 ± 2.5

W (g)

1850
1670
1790
473
850

1771 ± 92
662 ± 267

PL (cm)

21.7
24.9
25.5
15.9
16.0

24.0 ± 2.0
16.0 ± 0.1

P. concinnaT. scripta elegans
W (g)

1720
1950
2420
614
655

2030 ± 357
635 ± 29

Alves et al.

1997), with both eggs and hatchlings relatively 
small in size compared to their mothers. Nests 
are usually built less than 30 m away from the 
water line (Ehrenfeld, 1979). Each nest 
has two access holes to the main nest, where 
they lay a small number of eggs. This beha-
viour might be useful in distracting predators 
from the main nest (Jackson & Walker, 
1997). The incubation takes from 70 to 90 days 
(Jackson & Walker, 1997). According 
to Aresco (2004), births occur in the sum-
mer or in the following spring.

Given the similarity of climatic conditions 
between some of the T. scripta and P. concinna 
origin regions and the north coast of Portu-
gal, and considering the high adaptability of 
T. scripta, with proven breeding in the wild in 
many different countries, it is plausible that 
these species might successfully reproduce in 
the latitudes of northern Portugal. To test this 
hypothesis, two separate groups (one for each 
species comprising three females and two ma-
les per group) were monitored in an attempt 
to investigate if both species were capable of 
exhibiting normal reproductive cycles, if na-
tural incubation was possible under the cli-
matic conditions of the study site, and if its 
progeny was viable.

Materials and Methods

The animals used in this study were assig-
ned to two groups and housed in two enclosed 
facilities built in the Biological Park of Gaia 
(PBG, 41°05’48.50’’N, 8º33’21.34’’W) for 
the LIFE+Trachemys Project (LIFE09 NAT/
ES/000529). The study took place between 
March 2011 and April 2012. One of the en-
closures received a stock group of  T. s. elegans, 
while the other received a stock group of 
P. concinna. Each stock group was composed of 
three females and two males, all of them adult 
animals belonging to the PBG collection. Each 
reproductive enclosure had a total area of 6 m2 
and was equipped with a 400 litre PVC pool. 
The reproductive stock was marked according 
to Cagle (1939), while the juveniles were 
identified by a sequential number written on 
its shell with an Edding 751 paint marker. 
The animals were weighed using a digital scale 
(adults: OHAUS ES Series, model ES100L; 
juveniles: Kern 770) and measured with a pa-
chymeter (SADY). Biometry corresponding to 
adult individuals is shown in Table 1.

We visited the enclosures every day to moni-
tor the animals. Both groups were fed with fish, 
freshwater turtle commercial food, fruits, vegeta-
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bles and occasionally snails and/or meal worms. 
A ThermaData MK II logger with a 0.1ºC reso-
lution and ± 0.5°C accuracy was used to measure 
air and soil (10 cm depth) temperatures. It was 
equipped with two sensors, and was program-
med to collect data at intervals of one hour.

In order to determine the male/female ratio 
of hatchlings, the juveniles were sacrificed by 
an intravenous injection of a 200 mg /kg of 
pentobarbitalsodium solution (McArthur 
et al., 2002) and stored in formaldehyde (10%) 
for later dissection. From the preserved speci-
mens, the gonads were removed along with the 
kidney (Fig. 1). These organs were then fixed 
in Bouin’s, embedded in Paraplast® according 
to standard histological techniques, sectioned 
at 3 µm and stained with haematoxylin (Gill) 
and eosin (Fig. 2).

Results

Soil temperatures recorded during the study 
are shown in Figure 3. On February 28, 2012, 11 
T. s. elegans were born from one nest. In the fo-
llowing week, on March 3, 2012, seven more ju-
veniles hatched from a second nest. Each nest had 
one unfertile egg. The deeper traces of eggshells 
were detected at a maximum of 12 cm depth in 
the first nest and 11 cm in the second. The nests 
were built in the centre of the oviposition area, se-
parated by 40 cm. The 18 hatchlings had an ave-
rage (± SD) CL of 3.147 ± 0.101 cm and weighed 
6.96 ± 0.53 g (Table 2). One of the juveniles died 
when it was three weeks old, and the others were 
maintained until the age of eight months. At that 
time, their average (± SD) CL was 4.214 ± 0.439 
cm and they weighed 15.76 ± 4.66 g.

Figure 2: Histological aspect of a 3 µm cut sample of the 
T. s. elegans gonads.

Figure 3: Variation of the soil temperature 
throughout the years 2011-2012, measured at 
a 10 cm depth at the study site.

Figure 1: Gonads of a T. s. elegans.
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Already during embryonic development, 
when the differentiation of gonads begins, it is 
possible to distinguish between testes and ovaries 
by their histological differences in relation to the 
thickness of the cortex (i.e. thin in males, bone, 
dense and not tubular in females) (Fox, 1977 
in Miller & Dinkelacker, 2008). This 
differentiation takes place over a period of two 
weeks, called termosensitive period (Cadi et al., 
2004). The gender identification was only possi-
ble in 15 of the 18 animals analysed, due to pro-
blems during organs processing. All the analysed 
animals were males. 

The unique oviposition of P. concinna detec-
ted in the course of the study took place in August 
2011. The female laid four eggs in the water, at 
an undetermined time, and for that reason it was 
impossible to test their fertility, even by artificial 
incubation. However, the P. concinna stock group 
was maintained in the same enclosures after the 
study, and on September 26, 2013, two nests 
were found with 12 and nine eggs. The eggs were 
candled to confirm its viability: in seven eggs no 

embryo development was noticeable, nine eggs 
were non fertile or stopped the development at 
early stages, and five eggs showed a normal embr-
yo development. These five eggs were transferred 
to artificial conditions and the hatching took pla-
ce two days after the transference. 

Discussion

Despite the small number of animals used in 
this study, the ecological conditions that T. s. ele-
gans found in the latitudes of the Biological Park of 
Gaia apparently allowed it to successfully reprodu-
ce. Also, the time at which these juveniles left the 
nest (February-March), along with the soil tem-
perature, suggests that hatching might have taken 
place in early autumn, with hatchlings overwinte-
ring inside the nest. These results are in line with 
those reported by several authors (JACKSON, 
1994; ARESCO, 2004; CORTI et al., 2011).

Without a proper male / female ratio, the re-
production of a species might be compromised, 
so the gender determination of the hatchlings is 

Table 2: Carapace length (CL) and weight of T. s. elegans hatchlings in the two nests.

Indiv.

1
2
3
4
5
6
7
8
9
10
11

Mean ± SD

CL (cm)

3.116
3.022
3.174
3.110
3.250
3.066
3.062
3.200
3.104
3.102
3.002

3.110 ± 0.075

Weight (g)

6.85
6.28
7.09
6.60
7.36
6.78
6.95
6.54
6.27
6.35
7.04

6.74 ± 0.36

Nest IINest I
CL (cm)

3.156
3.274
3.266
3.058
3.058
3.274
3.344

3.204 ± 0.114

Indv.

12
13
14
15
16
17
18

Mean ± SD

Weight (g)

7.05
7.72
7.47
6.67
6.59
7.48
8.19

7.31±0.58
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very important. In our study, all the analysed ju-
veniles were males, which could mean that in the 
long-term the population would decline. Howe-
ver, further studies are necessary in the upcoming 
years to confirm this possibility. After the proven 
ability of T. s. elegans to reproduce in the PBG 
latitudes, breeding adults were returned to PBG’s 
animal collection. The reproduction information 
was used to separate genders into different facili-
ties, to avoid reproduction events in the future.

Relative to P. concinna, in this work it was not 
possible to confirm its reproduction in our lati-
tudes. Nonetheless, Martínez-Silvestre 
et al. (2001) reported the mating and egg laying 
of P. floridana in captive conditions in Catalonia, 
but not embryonic development. In addition, ac-
cording to the LIFE+Trachemys (2011) report, 
three new-borns of P. concinna were captured in 
Peñíscola (Valencia, E Spain). These animals had 
40, 43 and 55 mm of CL and showed traces of 
yolk in the plastron, which would indicate that 
they had been born there. Also, six births in a 
garden of a private house in the locality of Braga, 
about 50 km north from our study site, demons-
trated that this species is capable of reproducing 
in the wild in Portugal (Alves, 2012).

The continuous monitoring of the repro-
ductive behaviour of these species, as well as 
other turtles currently imported for the pet 
trade, such as the genus Graptemys, can pro-
vide important information about the poten-
tial danger of the establishment of these new 
alien species into our ecosystems. 
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Sex identification of Emys orbicularis hatchlings: a comparison 
of morphological and histological methods
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The sex identification of hatchling turtles is a very hard task due to the absence of obvious 
dimorphic characters. In order to implement feasible non-invasive and inexpensive sex iden-
tification techniques, we tested the possibility of detecting significant dimorphism in shape 
and size of the carapace and plastron in Emys orbicularis hatchlings. Using landmark-based 
morphometric methods, direct gonad observation through histological procedures and tempe-
rature-controlled incubation, we studied 124 hatchlings, which were individually marked and 
photographed (carapace and plastron). Shape dimorphism assessment was monitored through 
the recording of 17 anatomical landmarks for the carapace and 13 landmarks for the plastron. 
Sex was independently assessed by histological methods within a subsample of naturally dead 
juveniles born under non-controlled temperatures (n=55). The morphometric analyses of the 
shell showed no significant sexual dimorphism. However, we found a considerable difference 
in size and shape in the carapace and plastron of the specimens incubated at female-producing 
temperature compared with those developed under non-controlled conditions (both males and 
females). This suggests that incubation temperature has a strong effect on the development, re-
sulting in differences in size and shape of hatchling shells. As such, incubation conditions should 
be taken into account for studies involving sex identification based on body size and shape.

Key words: carapace; European pond turtle; geometric morphometrics; incubation tempera-
ture; plastron; sexual dimorphism.

Identificación del sexo en neonatos de Emys orbicularis: comparativa de métodos morfológicos 
e histológicos. La identificación del sexo en neonatos de tortugas es una tarea complicada debido 
a la ausencia de caracteres dimórficos evidentes. Con el propósito de implementar técnicas viables, 
no invasivas y baratas de sexado, analizamos la posibilidad de detectar dimorfismo sexual de manera 
significativa en la forma y el tamaño del caparazón y el plastrón de neonatos de Emys orbicularis. Uti-
lizando métodos morfométricos basados en puntos de referencia (landmarks), observación directa de 
las gónadas mediante procedimientos histológicos y control de la temperatura de incubación, estudia-
mos 124 neonatos que fueron marcados y fotografiados (caparazón y plastrón) individualmente. El 
dimorfismo en la forma se evaluó mediante el registro de 17 landmarks anatómicos en el caparazón y 
otros 13 en el plastrón. El sexo se analizó de manera independiente mediante métodos histológicos en 
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un subconjunto de 55 juveniles muertos por causas naturales que se habían desarrollado en ausencia 
de control de temperatura. Los análisis morfométricos de la concha no mostraron un dimorfismo 
sexual significativo. Sin embargo, encontramos una diferencia considerable en el tamaño y la forma 
del caparazón y el plastrón entre los individuos incubados a una temperatura conducente a la diferen-
ciación de hembras y los individuos desarrollados sin control de la temperatura (tanto machos como 
hembras). Esto sugiere que la temperatura de incubación afecta notablemente al desarrollo, causando 
diferencias en la forma y tamaño de la concha de los neonatos. De este modo, es preciso considerar 
las condiciones de incubación en aquellos estudios en los que se realice una determinación del sexo 
basada en el tamaño y la forma corporal.

Key words: caparazón; dimorfismo sexual; galápago europeo; morfometría geométrica; plas-
trón; temperatura de incubación.

The distribution of the European pond 
turtle, Emys orbicularis, extends from Nor-
thwest Africa through almost all of central 
Europe, including the Mediterranean area and 
the Iberian Peninsula, where this species is 
present in scattered and usually small popula-
tions (Keller & Andreu, 2002; Ayres 
Fernández & Cordero Rivera, 
2004; Cabral et al., 2005). Across its range, 
E. orbicularis shows a clear phylogeographic 
structure, with higher diversity in southern 
populations, probably as result of its restric-
tion to southern refugia during glacial maxima 
and posterior recolonization of northern areas 
(Fritz et al., 2007; Velo-Antón et al., 
2008). In Portugal, E. orbicularis is classified 
as endangered (EN) and it is suspected to have 
suffered a continued regression during the last 
100 years, not only in population size, but also 
in its distribution area (Cabral et al., 2005). 
The species is in decline in most of its range 
due to anthropogenic threats such as habitat 
decline or destruction, poaching, introduction 
of exotic species which act as direct resource 
competitors and indirect pathogen vectors, 
and road mortality (Ficetola et al., 2004; 

Cordero Rivera & Ayres Fer-
nández, 2004; Trakimas & Sida-
ravičius, 2008; Ayaz & Çiçek, 2011a; 
Pérez-Santigosa et al., 2011). Further-
more, E. orbicularis is particularly vulnerable 
due to several intrinsic characteristics, such as 
late sexual maturity of females, low fertility ra-
tes and high infant mortality (Araújo et al., 
1999; Cadi & Joly, 2004).

 At the European level, several conservation 
actions have been taken in order to counte-
ract the decline of this species. These actions 
include wetland management and protection 
both at a broad scale and for nesting sites (Fi-
cetola et al., 2004), with major focus on 
population monitoring, relocation plans, exo-
tic species control and eradication programs 
(Zuffi, 2000). Ex situ conservation measures 
include captive breeding and re-introduction 
programs, connected with awareness campaig-
ns (Girondot et al., 1998; Alacs et al., 
2007; Ayres et al., 2013; Fritz & Chia-
ri, 2013; Teixeira et al., 2013). 

Egg and juvenile survival can be enhan-
ced by protecting nesting sites, moving the 
eggs to protected areas, or incubating them 

Penim-Loureiro et al.
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under controlled conditions. However, any 
of these actions can alter the natural process 
of sex determination (Girondot et al., 
1998), since, as in many other turtle species 
(Crews et al., 1994), the sexual phenotype 
of E. orbicularis is influenced by incubation 
temperature during embryonic development 
(temperature-dependent sex determination, 
TSD; Pieau, 1982). This thermosensitive 
period (TSP) lies between embryonic stages 
16 and 22, with 100% of phenotypic males 
produced below 27.5°C and 100% of phe-
notypic females above 29.5°C (Zaborski 
et al., 1988). On the other hand, considering 
the large latitudinal range occupied by the spe-
cies, the most ecologically relevant parameter 
is the pivotal or threshold temperature, which 
is the temperature responsible for producing a 
population-wide 1:1 sex ratio (Valenzue-
la, 2004). In E. orbicularis, this corresponds 
to an intermediate incubation temperature of 
28.5°C (Zaborski et al., 1988).

Data on reproductive and nesting strategies, 
clutch size and habitat requirements of this spe-
cies are generally increasing, even so they are 
still limited to specific regions (Zuffi et al., 
1999; Fattizzo, 2004; Ficetola, et 
al., 2004; Servan & Roy, 2004; Ramos 
et al., 2009; Ayaz & Çiçek, 2011a,b). Ne-
vertheless, it has been shown that differential 
trade-offs between geographic locality, habitat 
type and anthropogenic pressure have a strong 
influence on E. orbicularis reproductive activi-
ty, sex-ratio and survival rate (Girondot 
& Pieau, 1993; Cordero Rivera & 
Ayres Fernández, 2004; Zuffi et 
al., 2007). Several population studies report 
an adult sex ratio skewed towards males, in-
cluding those conducted in our study area in 

Portugal (3.9:1 males:females, Moreira, 
2012), in Doñana National Park in SW Spain 
(1.8:1, Keller, 1997), in the Zamora part 
of the Natural Park of Los Arribes del Duero 
in west-central Spain (1.34:1, Alarcos et 
al., 2008), and in other two populations from 
Turkey (2:1, Ayaz et al., 2007; 1.31:1, Ayaz 
et al., 2008). Sex ratio is an essential parame-
ter used in the management of population 
dynamics, hence this skewed sex ratio implies 
evident conservation problems that might be 
adjusted with animals derived from captive bre-
eding programs, if the animals’ sex is known. 

Although sexual dimorphism is very marked 
in adults of E. orbicularis, hatchlings and juveniles 
usually lack evident dimorphism that would allow 
the correct sex identification, and it typically takes 
several years (approximately 8 years in males and 
10 years in females) until recognizable external 
sexual secondary characters are developed (Zu-
ffi & Gariboldi, 1995; Alarcos et al., 
2008). As such, an easy technique for sex iden-
tification of hatchlings would be highly useful to 
study population structure and dynamics, to mo-
nitor captive breeding programs and to attain be-
tter results in temperature-controlled incubations, 
thus permitting a fit adjust in the sex ratios of the 
animals released in the wild.

In order to avoid intrusive techniques for 
sex identification, such as radioimmunoassay 
(RIA) (Engel et al., 1981; Zaborski et al., 
1982), biochemical analysis of blood and plas-
ma samples (Metin et al., 2006; Yilmaz & 
Tosunoğlu, 2010) and direct observation 
of the gonad morphology by laparoscopy of live 
animals (Spadola & Insacco, 2009), 
a landmark-based geometric morphometrics 
(GM) approach was used to try to identify se-
xual dimorphism in hatchlings of E. orbicularis. 

Sex identification of Emys orbicularis hatchlings
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This technique has been successfully used for sex 
identification in Podocnemis expansa, Chrysemys 
picta, Chelydra serpentina and Glyptemys insculpta 
(Valenzuela et al., 2004; Ceballos & 
Valenzuela, 2011; Vega & Stayton, 
2011), and would allow to accurately assess the 
sex of E. orbicularis hatchlings using a fast, cheap 
and non-invasive procedure, which could then 
be used to survey population dynamics, adjust 
incubation conditions, and control the animal 
packs to be released in the wild in order to rectify 
the sex ratio of different populations.

Materials and Methods

Hatchlings sample
Females from Spain (Valencia) were not 

collected from the field, but we used 61 fe-
males from a programme of captive breeding 
that were maintained in special facilities with 
the necessary conditions for natural oviposi-
tion. In Portugal (Algarve) 12 pregnant fema-
les were captured from the wild. The females 
were installed in 6 m2 fenced enclosures with a 
2 m2 lake in it, allowing a free selection of the 
nesting site. All clutches were incubated at na-
tural temperature conditions (non-controlled), 
with females depositing their eggs in the soil 
without drug-induced oviposition, and embr-
yonic growth occurring at a common garden 
temperature and exposed to daily environmen-
tal fluctuations. The hatchlings born from these 
clutches (N = 117) were individually marked 
and photographed in the second week of age.

In order to obtain a control sample for fe-
male shell size and shape in a GM analysis, a 
pregnant female was injected with oxytocin 
to induce egg laying, thus allowing the con-
trol of egg incubation temperature. Seven 

eggs were then incubated in a reptile egg in-
cubator (Zoo Med ReptiBator) at a constant 
female-producing temperature (30°C).

Identification of the sexual phenotype
Direct gonad observation through histologi-

cal procedures was carried out in order to iden-
tify the sex of hatchlings to be used in the GM 
analyses of carapace and plastron size and shape. 
The individuals developed at non-controlled 
temperature that died from unknown causes wi-
thin the second and fourth week after hatching 
(N = 55) were stored in 10% formalin solution 
and used for histological gonad identification. 
The collected gonads were fixed with ethanol 
and embedded in paraffin wax. Multiple 5-µm-
thick sections were cut from the paraffin-embe-
dded blocks and two-way stained with hemalum 
and eosin. The gonads were identified under a 
light microscope that allowed us to see the tissue 
structures characteristic of each gender, e.g. Sertoli 
cells and seminiferous tubules in males (Fig. 1) and 
immature ovarian follicles and remaining appen-
dix connected to an oviduct with cylindrical epi-
thelium in females (Fig. 2).

Figure 1: Detail of a male duct.

Penim-Loureiro et al.
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Geometric-morphometric data collection and analyses 
The 124 hatchlings were photographed with 
a digital camera two weeks after hatching. All 
photographs were taken in a coronal plane, 
with the camera lens perpendicularly posi-
tioned above the animal, to minimize distor-
tion. A ruler was included in all photographs 
to record scale. To capture carapace and plas-
tron size and shape we used tpsDig (Rohlf, 
2006), recording the positions of 17 and 13 
anatomical landmarks on the dorsal and ven-
tral side of each individual, respectively (Fig. 
3). For the carapace, landmarks were digitised 
at the intersections between the lines delinea-
ting the vertebral, lateral and marginal scutes, 
as well as in the outer boarder of the margi-
nal scutes of the neck (anterior) and invagina-
tion of the supracaudal region (posterior and 
anterior). For the plastron, landmarks were 
digitised at the intersections of the lines deli-
neating the gular, humeral, pectoral, abdomi-

nal, femoral and anal scutes, as well as in the 
external border of the caudal scutes. Because 
symmetric structures contain redundant shape 
information, and since we were not interested 
in studying asymmetry patterns (Klingen-
berg et al., 2002), only the right side of each 
individual’s carapace and plastron was digiti-
sed. All hatchlings presenting scute anomalies 
were excluded from the study.

Figure 3: Emys orbicularis hatchling illustrating the location 
of the 17 dorsal (A1) and 13 ventral landmarks (A2) used to 
record variation in carapace and plastron size and shape.

Figure 2: Detail of a female primordial 
follicle (left) and the oviduct (right), 
with appendix (▲).

Sex identification of Emys orbicularis hatchlings
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To obtain size and shape variables, dorsal 
and ventral landmarks were separately subjec-
ted to a Generalized Procrustes Analysis (GPA; 
Rohlf & Slice, 1990) which superimpo-
sed all landmark coordinates, thus removing 
non-shape variation such as location, size and 
orientation. TpsRelw (Rohlf, 2003) was 
used to superimpose the landmark coordina-
tes and project the superimposed specimens 
to tangent shape space, thus obtaining partial 
warps and uniform components, which were 
used as shape variables for statistical analyses. 
Additionally, the centroid size of each speci-
men was retained for the dorsal and ventral 
configuration of landmarks, which was used as 
a size measure for comparisons among groups 
(see below). Centroid size is the square root 
of the sum of squared distances of the set of 
landmarks from the centroid of the landmark 
configuration and it is a measure of size that is 
uncorrelated to shape in the absence of allome-
try (Dryden & Mardia, 1998).

To analyse size and shape variation in GM 
data, the controlled-temperature females (FF) 
were used as the phenotypic control group, ser-
ving as a reference to examine morphological 
variation of the histologically identified males 
(M) and females (F). Differences in carapace 
and plastron size and shape were tested using 
univariate and multivariate ANOVA compari-
sons respectively, with sex / incubation group 
(i.e. M, F, FF) as a factor. Due to the high 
dimensionality of shape data, multivariate 
ANOVA was used based on the permutation 
of multivariate Euclidean distances between 
group means as implemented in the function 
adonis of the vegan R-package (Oksanen et 
al., 2013) to test for shape differences. Tukey’s 
HSD post-hoc test was used for centroid size 

and pairwise comparisons based on 1000 per-
mutations of Euclidean distances for shape 
variables, allowing the identification of signifi-
cant differences in size and shape between pairs 
of groups. To visualize shape variation in the 
sample, including individuals for which the 
sex could not be identified, a principal compo-
nents analysis (PCA) of the correlation matrix 
of shape variables was performed using tpsS-
plin (Rohlf, 2003).

Results

	
By means of histological analyses, we were 

able to identify 33 females and 13 males born 
under non-controlled temperature, which were 
used for size and shape comparisons together 
with the controlled-temperature born females.

ANOVA comparisons indicated signifi-
cant size differences among groups for both 
the dorsal and ventral configuration of land-
marks (Table 1). However, post-hoc com-
parisons showed that these differences were 
exclusively due to the females born under 
controlled temperature (FF), which were sig-
nificantly larger than non-controlled tempe-
rature females (F) for dorsal centroid size and 
significantly larger than both males (M) and 
females (F) born under non-controlled con-
ditions for ventral centroid size (Table 1; Fig. 
4). By contrast, no significant differences 
were found between male and female hat-
chlings incubated under natural conditions 
(non-controlled). The same was true for ca-
rapace and plastron shape: permutational 
MANOVA comparisons indicated signifi-
cant shape differences among groups (Ta-
ble 1), but these were again mainly due to a 
shape differentiation between females born 
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under dissimilar conditions (Table 1). Ins-
tead, no significant differences were found 
between male and female hatchlings born 
under non-controlled (natural) incubation 
conditions (Table 1).

An examination of the principal compo-
nent scores for all groups revealed that these 
results were probably due to the reduced sam-
ple used here (Fig. 5). In fact, we observed a 
wide dispersion of all groups across carapace 

and plastron morphospace, where the known-
sex groups and the unknown-sex individuals 
highly overlapped (Fig. 5). 

Discussion

From a theoretical perspective, GM 
approaches are preferable for morphological 
quantification of subtle shape differences, 
since this is a powerful tool for detecting pa-

Table 1: Results of factorial (M)ANOVA comparing shell size and shape between groups, and 
respective pairwise comparisons. FF: controlled-temperature females, M: histologically identi-
fied males, F: histologically identified females.

Carapace
Plastron

Carapace
Plastron

Size

Shape

F

3.596
5.415

2.36
1.631

P

0.017
0.015

0.004
0.064

Pairwise comparisons (P-value)(M)ANOVASectionSource
F-FF

<0.001
0.006

0.038
0.021

F-M

0.73
0.998

0.272
0.897

M-FF

0.055
0.016

0.053
0.050

Sex identification of Emys orbicularis hatchlings

Figure 4: Variation in carapace (left) and plastron (right) centroid size across groups. Vertical bars denote 95% confidence 
intervals. F: female developed at non-controlled temperature; M; male developed at non-controlled temperature; FF: female 
developed at controlled temperature.
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tterns almost undetectable to the naked eye 
(Adams et al., 2004). GM methods have 
been extensively used to quantify shape va-
riation and its covariance with other variables 
in amphibians and reptiles, enhancing our 
understanding of shape variation in these or-
ganisms (Kaliontzopoulou, 2011). 
Further, GM has been successfully imple-
mented for quantifying subtle sexual dimor-
phism that linear distances could not detect 
in hatchlings of some turtle species (Valen-
zuela et al., 2004).

Our results confirmed that a high morpho-
logical homogeneity exists between male and 
female E. orbicularis hatchlings, as the use of 
landmark-based GM showed no significant 
differences in shell size and shape between 
individuals of the two sexes developed un-
der non-controlled conditions. However, our 
analyses also indicated a significant effect of 
incubation conditions on shell morphology, 
underlining the importance of considering this 

factor when trying to use external morphologi-
cal traits to determine individual sex.

Sexual dimorphism in shell size and sha-
pe is a common feature of many adult turt-
le species (Gibbons & Lovich, 1990; 
Ceballos et al., 2013); however, extensive 
variation within individuals of the same sex 
is known to exist in the general aspects of the 
shell (Gosnell et al., 2009; Stephens 
& Wiens, 2009). Additionally, the appea-
rance of sexual differentiation in shell shape 
is known to be delayed in several species, 
where male and female juveniles either exhi-
bit very subtle differences or are completely 
monomorphic (Ernst & Barbour, 
1992; Valenzuela et al., 2004). In re-
cent years, several studies have used GM for 
sex identification in turtles and tortoises, pro-
viding contradictory results. Some of these 
studies support the use of GM as a powerful 
tool for hatchling and juvenile sex identifica-
tion based on shell shape in P. expansa and 
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Figure 5: Two-dimensional shape of the carapace (left) and plastron (right) observed in all sampled hatchlings (N = 124) visuali-
sed through a principal components analysis (PCA). White dots correspond to females developed at non-controlled temperature, 
white squares to males developed at non-controlled temperature, black dots to females developed at controlled temperature, and 
grey diamonds to individuals with unknown sex.
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C. picta (Valenzuela et al., 2004; Lu-
biana & Ferreira Júnior, 2009), 
whereas in other turtle species, such as Phry-
nops hilarii (Burke et al., 1994), Gopherus 
agassizii (Cabrera & Colantonio, 
2001) and C. serpentina (Ceballos & 
Valenzuela, 2011), no significant diffe-
rences could be established. Thus, the results 
obtained here may reflect a true lack of sexual 
dimorphism in juveniles of E. orbicularis. 
However, the high variance observed around 
the three sex-known groups (F, FF and M) for 
both carapace and plastron size (Fig. 4) and 
the wide dispersion of male and female shape 
observed (Fig. 5) suggest that this may actua-
lly be a limitation due to the reduced sample 
size examined here. Given that this species is 
known to present sexual dimorphism in shell 
traits at the adult stage (Zuffi & Gari-
boldi, 1995; Ayres Fernández & 
Cordero-Rivera, 2001; Zuffi et al., 
2006), we expect GM methods to be efficient 
in detecting it in immature individuals if we 
increase sample size, which is a priority of this 
on-going study.

Further, when trying to establish sexual 
identification protocols for conservation pur-
poses, it is important to consider the origin 
of the examined individuals. The increased 
levels of within-group variation observed for 
both shell size and shape may be in part due 
to geographic morphological variation, as our 
sample pooled individuals of different origins 
(i.e. from Portugal and Valencia). Although 
the low sample size examined here does not 
allow us to directly assess the influence of this 
fact to our data, other authors have reported 
the presence of small morphological differen-
ces due to either phenotypic plasticity or di-

fferences found at the genetic level (Zuffi 
et al., 2006). Additionally, plastron shape is 
known to have a strong heritable component 
in other turtle species (e.g. Trachemys scripta, 
Myers et al., 2006), which suggests that it 
may vary extensively between genetically di-
fferentiated populations. Because all existing 
methods for sex estimation are data-depen-
dent, the use of a different set of hatchlings 
will result in a slightly different sex estimation 
function (Valenzuela, 2001). This hi-
ghlights the importance of repeating the pro-
cedures described here in order to establish 
case-sensitive sex identification methods for 
populations of different origins.

Another factor that needs to be considered 
is the age of the individuals used here. Indeed, 
shell shape is known to present very strong 
allometric variation in several turtle species, 
where shell size is one of the main determi-
nants of shape (Kaliontzopoulou, 
2011). Differential growth between sexes is 
known to be one of the main determinants 
of sexual dimorphism (Stamps, 1993; 
Stamps & Krishnan, 1997; Bad-
yaev, 2002). As such, the age and size of the 
individuals used as a reference for sex identi-
fication, through examination of shell shape, 
is expected to influence the results obtained 
here. A fruitful direction for future research 
would be to assess significant morphometric 
dimorphism between E. orbicularis immature 
individuals at different ages. In fact, juveniles 
from captive breeding are normally released 
after two years of growing in protected areas, 
and so it would be useful to continue the GM 
study throughout this period in order to de-
tect the stage where it would be feasible to 
identify sex dimorphism with this technique.

Sex identification of Emys orbicularis hatchlings
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An important side-result of this study is 
the fact that significant differences were found 
in  size and shape of the hatchlings incubated 
at female-producing temperature when compa-
red with individuals born under non-controlled 
or natural conditions (both females and males). 
This indicates that incubation temperature has 
a strong effect on prenatal growth. In this case, 
high temperatures resulted in larger and diffe-
rent shaped shell in hatchlings of E. orbicularis, 
a result never before described for this species. 

Thermal mechanics of TSD under natural 
incubation conditions are not fully understood, 
but it is known that particular temperatures 
have significant roles in several aspects of turt-
le development such as growth rate (Rhen & 
Lang, 1995; O’Steen, 1998; Ji et al., 2003; 
Ceballos & Valenzuela, 2011). It is 
also known that environmental temperature 
(Rhen & Lang, 1999) and different raising 
conditions (e.g. running vs. stagnant water; Zu-
ffi et al., 2007) influence juvenile development 
and carapace growth, and that morphological 
plasticity, related to both food availability (Ce-
ballos & Valenzuela, 2011) and incu-
bation temperature (Ceballos et al., 2014), 
varies within both sexes. As such, incubation 
conditions must be taken into account in futu-
re studies involving hatchling morphology and 
sex identification through body shape and size. 
Most importantly, our results indicate that the 
use of temperature-controlled incubation con-
ditions as a reference tool for assessing the sex 
of individuals developed at non-controlled incu-
bation temperatures, and vice-versa, can lead to 
misleading results. 

More studies are needed in order to better 
understand the influence of temperature on 
E. orbicularis embryonic growth and develop-

ment, survival rates and reproduction success, 
not only to use TSD as a conservation tool 
but also to perceive possible responses and 
adaptations of natural populations to climatic 
changes. However, the results presented here 
need to be further confirmed in a wider-sam-
pling design, which will be performed in fu-
ture years of this on-going study. 
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The expansion process of Trachemys scripta in the coastal wetlands of Valencia region (Eas-
tern Spain), from the first observations of individuals in the wild in the 1990s to date, is 
herein described. In this period the reproduction of the species in the wild has been verified 
in many wetlands and an intense campaign to eradicate the species has been launched, with 
the capture of more than 28 000 individuals.

Key words: invasive species; Trachemys scripta.

Expansión de Trachemys scripta en la Comunidad Valenciana (este de España). Se describe el 
proceso de invasión de Trachemys scripta en las zonas húmedas litorales de la Comunidad Valenciana 
(este de España) desde las primeras observaciones de ejemplares en libertad en los años 90 hasta la 
actualidad. En este período se ha verificado su reproducción en libertad en la mayor parte de estos 
humedales y se ha iniciado una intensa campaña de erradicación de la especie, llegándose a capturar 
más de 28 000 ejemplares.

Key words: especies invasoras; Trachemys scripta.

Biological invasions are one of the greatest 
threats to the conservation of biodiversity, and 
freshwater ecosystems are one of the natural sys-
tems in which the alterations produced by these 
species are more obvious. Red-eared slider (Tra-
chemys scripta elegans), one of the most damaging 
invasive species in the world, has invaded many 
different types of wetlands around the world 
due to the release to nature of many specimens 
used as a pets (LOWE et al., 2000; GEIB, 2006; 
Kraus, 2009). This species is nowadays pre-
sent in a large number of countries around the 
world (see Martínez-Silvestre et al., 
2011). The first reference of imported T. scripta 

in Spain goes back to 1983 (Pleguezue-
los, 2002). 

Because of its invasive status, the Euro-
pean Union banned the import of the subs-
pecies T. s. elegans in 1997 via the Protection 
of Species of Wild Fauna and Flora by Regu-
lating Trade. Specific rules prohibit, in coun-
tries such as Spain (Royal Decree 630/2013) 
and Portugal (Decree-Law nº 565/99), not 
only the trade of all subspecies of T. scripta, 
but also their possession and abandonment.

The expansion of this species in the wild 
implies a serious risk to the conservation of na-
tive Spanish pond turtle (Mauremys leprosa) and 
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European pond turtle (Emys orbicularis), as well 
as for other species of freshwater wildlife (Sca-
lera, 2006; Martínez-Silvestre et al., 
2011; EEA, 2012). The most important impacts 
of this species include competition for basking 
sites (Cadi & Joly, 2000, 2003; Polo-Ca-
via et al., 2010) and transmission of pathogens 
(Hidalgo-Vila et al., 2008; Meyer et 
al., 2015). Aware of this problem, different pro-
grammes of eradication and control of the species 
have been launched in several countries around 
the world, like Australia (O’Keefe, 2005) and 
the United States (Drost et al., 2011), using 
different methods of capture. In Spain, control 
programs have been developed in Andalusia 
(Pérez-Santigosa et al., 2006; Robles, 
2008), Navarre (Valdeón et al., 2010), the 
Basque Country (Buenetxea et al., 2004), 
Catalonia (Martinez-Silvestre et al., 
2009) and Valencia (Bataller et al., 2008).

The aim of this paper is to show the pro-
cess of expansion of invasive T. scripta in 
many Spanish Mediterranean coastal wet-
lands across Valencian Community, and to 
warn about its existence in other areas with 
suitable environmental characteristics.

Materials and Methods

Study area 
Valencian Community, a region located 

on the Mediterranean coast of the Iberian Pe-
ninsula, still preserves a good representation of 
coastal wetlands, although more than 50% of 
their former extension has been lost over the 
last decades, first because of their transforma-
tion into agricultural lands and more recently 
because of the construction of infrastructures 
and urban development. These wetlands still 

hold threatened populations of several species 
of native flora like water lilies (Nymphaea alba) 
and yellow bladderworts (Utricularia australis), 
endemic fishes such as the Spanish toothcarp 
(Lebias ibera) and the samaruc (Valencia hispa-
nica), native turtles and rare waterfowl like the 
teal duck (Marmaronetta angustirostris) or the 
horned coot (Fulica cristata).

The present work was developed in 10 
coastal wetlands where there are established 
populations of native turtles (Fig. 1); most of 
these wetlands are damaged and fragmented 
because of the action of multiple impacts, in-
cluding their transformation into crops, urban 
development, infrastructures, etc. (Fig. 2).

Figure 1: Situation of Valencia Region showing the study tar-
geted wetlands (grey dots) and other sampled localities (black 
triangles). Names of the localities corresponding to each num-
ber are indicated in Table 1.

Sancho & Lacomba
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Concerned about the conservation sta-
tus of regional native E. orbicularis popula-
tions, the Government of Valencia approved 
a conservation program structured in three 
periods: the first period (2002-2005) was 
basically dedicated to the evaluation of Euro-
pean pond turtle populations; the second one 
(2006-2009) involved the characterization of 
naturalized populations of T. s. elegans; and 
the third one (2010-2014) was mainly dedi-
cated to the design of a strategy for the con-
trol and eradication of such populations.

Capture techniques
Different techniques were used for the cap-

ture of turtles, starting with the traditional fyke 
net, especially in channels and ditches (Fig. 3), 
which was later complemented with the use of 
basking traps and floating hoop traps. 

All captured individuals were sexed, me-
asured and weighed; autochthonous animals 
were tagged and released back immediately, 
while the exotic specimens were extracted 
from the wild. The total number of days per 
year during which all the traps were installed 
was considered to calculate the effort.

Results

First evidence
As well as for the rest of Spain, in Valencia 

there are no systematic records of the process 
of expansion of T. scripta since its occurrence 
in the wild; however, isolated data allow to 
partially reconstruct this recent process.  

First evidence of the presence of T. scrip-
ta in Valencian wetlands dates back to 1990, 
and come from the area of Sagunto and also 
from the south of Valencia province (J. Mar-
tínez-Valle, pers. com.). In 1998 and 1999, 
T. scripta individuals were caught in Alme-
nara lagoons, Moros marshland and Caste-
llón marshland (LACOMBA & SANCHO, 
2000; SANCHO & LACOMBA, 2001).

In terms of reproduction evidence, early 
indications were found in mid-1990s, when 
two gravid females were captured in the new 
course of the River Turia (Valencia) and the 
Ulldecona reservoir (Castellón) (CRF La 
Granja, pers. com.). In 2002, a gravid fe-
male was captured at the Moros marshland 
(Sagunto, Valencia) and maintained in cap-
tivity until egg-laying. Eggs were naturally 
incubated in the nest and healthy hatchlings 
finally emerged. In 2003, several nests with 

Figure 2: Aerial view of the Marjal de la Safor, a coastal wet-
land very affected by urbanization, agricultural transformation 
and road infrastructure.

Figure 3: Fyke net installed for the capture of turtles.

Expansion of T. scripta in the Valencian Community
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hatchlings were found in the Albufera Na-
tural Park (Valencia), and an egg-laying area 
was localized in the Almenara marshland 
(Castellón), with several dozens of nests. 
Since then, breeding evidence has been 
found practically in all Valencian Commu-
nity coastal wetlands.

Recent developments (2003-2013)
Between 2003 and 2005, and as part 

of the program for the conservation of 
E. orbicularis in the Valencian Community 
(Lacomba & Sancho, 2004), inten-
sive surveys were carried out in 13 coastal 
wetlands using fyke nets. The large amount 
of captures of T. scripta alerted us about the 
process of invasion: from the total turtle 
captures (1850) during this period, 49% 
corresponded to T. s. elegans. This result 
motivated that a new program for the con-
trol of exotic tortoises was launched in 2006 
(until 2010); priority was then given to the 
capture of this invasive species. Finally, be-
tween 2011 and 2013 the LIFE+Trachemys 
Project was implemented, as part of which 
both the sampling effort and the number of 

working areas increased considerably. Table 
1 and Fig. 4 show the catches of native and 
exotic turtles during the period 2003-2013. 
It should be noted that all native animals 
(E. orbicularis and M. leprosa) were returned 
to nature, while the exotic ones (T. scripta) 
were removed.

A total of 28 367 T. s. elegans were captu-
red in 27 localities (Table 2), which contrasts 
with the 3254 captures of native turtles (Ta-
ble 1). More than 50% of these exotic turtles 
were captured in La Safor marshland, a com-
plex system of marshes, drainage canals and 
crops adjacent to an area of intensive touristic 
use (Gandía beach). 

As shown in Table 1 and Fig. 4, the effort, 
measured as days / trap, increased considera-
bly over time, especially in the period 2011-
2013. However, the number of catches per 
unit of effort also increased due to improved 
efficiency of capture techniques and to the 
experience gained. Figure 5 shows the increa-
sing trend of the percentage of T. scripta; exis-
ting data from the period 1998-2001 have 
been added in order to graphically show the 
recent expansion of the species.

Table 1: Freshwater turtles captured in Valencia Region during the period 2003-2013. Percen-
tage of captured Trachemys scripta elegans (TSE), sampling effort measured as total days / trap 
and capture efficiency measured as number of TSE captured per effort unit (and expressed as 
percentage) are shown per year.

Emys orbicularis
Mauremys leprosa
Trachemys scripta
% TSE
Sampling effort
Capture efficiency

2003

283
4

460
61.58
4931
9.33

2004

254
2

281
52.33
7567
3.71

2005

371
7

188
33.22
6296
2.99

2006

86
71
572

78.46
3089
18.52

2007

165
37

1144
84.99
7251
15.78

2008

123
51
415

70.46
10599
3.92

2009

203
81
982

77.57
10714
9.17

2010

165
48

1723
89.00
14510
11.88

2011

180
310
5132
91.28
20046
25.60

2012

227
213
9146
95.41
27485
33.28

2013

304
69

8324
95.71
22493
37.01

Total

2361
893

28367
89.71

134981
21.02
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Sex ratio and age class evolution 
Captures by sex and age class are shown 

in Table 3, where the evolution of sex ratio, 
from 22% of males in 2003 up to 35.5% 
in 2013, reflects a significant increase in the 
number of males during this period. Simi-
larly, percentage of captured juveniles shows 

an increase, although in this case the trend is 
moderate and irregular.

In 2011, post-winter emergency of juveni-
les and neonates during the months of April 
and May was detected for the first time in some 
wetlands. In a single morning, hundreds of ju-
veniles were captured with a hand net (Fig. 6). 

Table 2: Freshwater turtles captured per year from each locality in Valencia Region during the 
period 2003-2013. Percentage of the total captures corresponding to each locality is shown.

Codea

1
2
3
4
5
6
7
8
9
10

Total captures

Locality

Marjal de Peníscola
Prat de Cabanes-Torreblanca
Marjaleria de Castelló
Marjal de Nules-Burriana
Marjals d’Almenara
Marjal dels Moros
L’Albufera de València
Marjal de Tavernes
Marjal de la Safor
Marjal de Pego-Oliva
Other localities (N = 17)

2003

23

6
151
9
2

264
5

460

2004

78

5
92
7
6
1
80
12

281

2005

25

0
63
9
1

77
12
1

188

2006

67

34
128

313
30

572

2007

91

0
188
34
194

561
72
4

1144

2008

170

22
183

40

0

415

2009

116
2

148
38
174
4
23

421
56

982

2010

70
10
595
170
143
2
15

654
61
3

1723

2011

237

714
280
409
50
9
57

2704
567
105
5132

2012

181
39
898
312
366
19
13
892
5043
1063
320
9146

2013

118
99
551
594
191
20
37

1455
4288
767
204
8324

Total

1176
150
2906
1461
2088
154
340
2405
14405
2645
637

28367

%

4.15
0.53
10.24
5.15
7.36
0.54
1.20
8.48
50.78
9.32
2.25
100

Figure 4: Evolution of the number of captured Trachemys scripta in Valencia Region showing the sampling effort and trapping 
performance during the period 2003-2013.

aSee Fig. 1 for geographic location of the listed locations.
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Discussion

The expansion process of T. scripta po-
pulations in the Valencian Community is 
a relatively wide-range phenomenon; it 
started at the beginning of the 1990s, after 
hundreds of animals that were kept as pets 
were released to the wild by their owners. 
The successive release of animals enabled 

them to increase the chances of reproducti-
ve events between the few males and more 
numerous females. After this initial sce-
nario, the natural incubation of clutches 
allowed to progressively balance the sex 
ratio, increasing the proportion of males 
(Table 3). During the early stages of the 
invasion process, population size of exotic 
invasive turtles remained somehow latent, 

Figure 5: Evolution of the percentage of Trachemys scripta in relation to the total captured freshwater turtles in the study area 
during the period 1998-2013 (no data for 2002).

Table 3: Sex and age classes of Trachemys scripta captured in Valencia Region during the period 2003-
2013, indicating the percentages of males and of immature individuals per sampling year.

Age class

Adults

Immature

Total captures
% males
% immature

Age group / Sex

Females
Males
Total
Juveniles
Hatchlings
Indeterminate
Total

2003

252
72
324
28
80
28
136
460
22.2
29.6

2004

177
56
233
27
21

48
281
24.0
17.1

2005

120
49
169
18
1

19
188
29.0
10.1

2006

352
83
435
87
48
2

137
572
19.1
24.0

2007

663
228
891
248
4
1

253
1144
25.6
22.1

2008

258
107
365
46
2
2
50
415
29.3
12.0

2009

561
254
815
150
12
5

167
982
31.2
17.0

2010

916
558
1474
181
66
2

249
1723
37.9
14.5

2011

2184
1004
3188
813
1122

9
1944
5132
31.5
37.9

2012

3419
1634
5053
1552
2498
43

4093
9146
32.3
44.8

2013

3792
2085
5877
1152
1286

9
2447
8324
35.5
29.4

Total

12694
6130
18824
4302
5140
101
9543
28367
32.6
33.6

Sancho & Lacomba



47

followed by a gradual increase in the num-
ber of breeding animals until a demogra-
phic explosion was finally reached.

A strong relationship between the densi-
ty of T. scripta and a high human population 
density, especially in tourist areas (as in the 
aforementioned case of La Safor - Gandía) 
has been observed. 

We should realise that the expansion 
process detected in our region is not an 
isolated case, and also that the detection 
of this expansion process was possible after 
intensive fieldwork sampling of the nati-
ve E. orbicularis. Turtles have very discrete 
habits and can easily pass unnoticed. The-
refore, the real magnitude of the problem, 
which we are convinced it affects many 
regions of the Mediterranean Basin (inclu-
ding Iberian Peninsula), can only be eluci-
dated after intensive sampling with appro-
priate techniques. Early detection and 
rapid response is essential to have some 
guarantees of success in these invasive exo-
tic turtles’ eradication programs. 
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Introduction

Invasive species are one of the biggest pro-
blems for the conservation of biodiversity. In 
Mediterranean aquatic ecosystems, especially 
in coastal wetlands, American pond turtle (Tra-
chemys scripta elegans) is probably a paradigmatic 
case of invasive species that causes the greatest 
impact. These turtles, massively sold as pets, have 
been frequently abandoned in nature and cause 
serious damage to native endangered species of 
tortoises (Emys orbicularis and Mauremys lepro-
sa), by competition for food and by basking pla-
ces and even for transmission of diseases.

The project involves the participation of 5 
members (two in Spain and three in Portugal):

•	GENERALITAT VALENCIANA (coor-
dinating beneficiary). Regional govern-
ment of the Valencian Community.

•	VAERSA. Public enterprise serving the 
Generalitat Valenciana.

•	CIBIO-ICETA. Research Center atta-
ched to the University of Porto.

•	BIOLOGICAL PARK OF GAIA. Pu-
blic entity managing several nature reser-
ves and a recovery centre.

•	RIAS-ALDEIA. An NGO managing a 
wildlife Recovery Center.

The project has been developed between 
January 1st, 2011 and December 31st, 2013 in 
33 Spanish wetlands (region of Valencia) and 
5 in Portugal (Algarve).

The systematic work done in the region of 
Valencia (Spain) since 2003 has allowed to rea-
lize the process of invasion of exotic turtles in 
valencian coastal wetlands. The development 
of the project in Portugal has served us to test 
and apply learned lessons in an area where the 
invasive process is not yet very alarming.

Targeted species of the project are exotic 
invasive turtles (mainly Trachemys scripta) as 
well as native species (Mauremys leprosa and 
Emys orbicularis); targeted habitats are main-
ly natural eutrophic lakes (3150), coastal la-
goons (1150), calcareous oligo-mesotrophic 
waters with Saint Lourenço lagoon, one of 
the project sites in Portugal (3140) and calca-
reous fens (7210). 

Focused problems of the project are diver-
se, mainly including the expansion process of 
invasive freshwater turtles, trade and aban-
donment of pets in nature, the transmission 

LAYMAN REPORT

Figure 1: One of project sites in Portugal. Lagoa de Sao Lourenço. Figure 2: One of project sites in Spain. Estanys d’Almenara.
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of diseases on native species and the decline 
of populations of native tortoises.

Project objectives

LIFE+Trachemys Project aims to halt 
the biodiversity loss caused by the presence 
of stable populations of exotic turtles in the 
wild. Project tools are the creation of a stra-
tegy and methodology for its eradication, 
the conservation of native tortoises popu-
lations, implementation of regulations on 
trade and pet ownership and the social awa-
reness about the problems of invasive species 
and the need of a responsible pet ownership.

Project means to achieve these objectives were:
•	Three fieldwork teams of two people 

(two in the Valencian Community and 
one in Portugal) dedicated to the capture 
of exotic terrapins.

•	Four Faunal Recovery Centers (two in 
Spain and two in Portugal) involved in 
the reception of exotic animals as well as 
native species breeding centers.

•	Three research centers involved in the 
development of diverse research on nati-
ve and exotic turtles.

•	Three environmental education teams (one 
in the Valencian Community and two in 
Portugal) dedicated to the awareness of the 
problems of exotic invasive species and the 
production of teaching materials.

•	A large network of volunteers partici-
pating in the capturing actions and the 
project results dissemination.

Project outcomes

Main results of the project are:
Rules and regulations

•	Portugal: Decree No. 565/99 bans the 
trade and possession of any subspecies of 
Trachemys scripta.

•	Valencia (Spain): In addition to the 
ban on their trade, Regional regulation 
10/2014 on the possession of the species 
obliges to sterilize and register the spe-
cimens acquired before 2012. Moreo-
ver, wildlife reserves have been created 
to protect two populations of European 
pond turtle, which were outside the prior 
nature reserves.

Alert network
A new alert network for the detection of 

the presence of exotic turtles has been esta-
blished, involving volunteers, environmental 
agents, nature parks staff, town halls officials, 
etc. Some of these groups are actively involved 
in the monitoring of native terrapin popula-
tions and on the control of invasive species.
Capture and monitoring

23.000 exotic invasive specimens of tortoises 
have been caught in the wild during the project 
implementation. Its wide spreading has been 
stopped in some wetlands, while the native tor-
toise populations have also been recovered.

Figure 3: LIFE Project staff installing a trap in a wetland in 
Valencia region.
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Control techniques
Different nest location techniques have been 

tested: dog training, ground  penetration radar, 
and gravid female radio tracking; as well as they 
can be applied depending on circumstances.

The diverse tested trapping methods (floa-
ting traps, baited traps, etc.) allow improving 
the effectiveness of catches.

Recovering populations of European pond turtle 
(Emys orbicularis)

A captive breeding program has been esta-
blished in order to design a protocol for the repro-
duction and reintroduction of Emys orbicularis 
in coastal wetlands. Wild parental have been bred 
and many juveniles have been reintroduced in 
some wetlands where this species was in decline, 
contributing to the recovery of the species. Also, 
the development of molecular identification 
techniques allows the project to assign the speci-
mens of unknown origin their correct releasing.
Awareness campaign

The main goal of the project awareness 
campaign is to spread within the citizens the 
following message: you should never aban-
don a pet in the wild. 

Specific awareness material and promotio-
nal activities have been designed and imple-

Table 1: Amount of exotic turtles captured along the project development.

Portugal
Comunidad Valenciana

Total

2011

115
5132
5247

2012

99
9168
9267

2013

85
8324
8409

TOTAL

299
22624
22923

Figure 4: Floating baited trap. A type of trap used in the project.

Graphic 1: Trend of exotic turtles captured in Valencia.



54

mented for it. More than 250 activities invol-
ving 13,000 people have been done, as well as 
282 press articles, reports in newspapers and 
magazines, and project presence in mass me-
dia (TV and radio broadcast channels).

A Practical Workshop has been organized 
for the exchange of exotic invasive turtles expe-
riences, with the participation of experts and ma-
nagers; also a Symposium on Freshwater Turt-
les Conservation has been developed, specially 
focused on researchers and students.

Moreover, an epidemiological study has 
been also carried out, aiming the characterization 
of exotic invasive turtles and their implications in

the conservation of native species and the effects 
of infectious diseases on human beings.
Handbook

An exotic invasive turtle eradication 
handbook has been produced as a final re-
sult of the project. The control strategy and 
methods of capture and eradication of exotic 
species are shown in it. Available online (in 
Spanish language): http://goo.gl/7I7OZE

Conclusions

With invasive species is necessary to maintain 
a long-term effort to prevent a new start up of 
the process. Some project sites have shown a re-
duction in the degree of invasion (Peñíscola, Al-
menara and Marjal dels Moros in Spain, and also 
in Portugal), while in others (Marjal de la Safor), 
density is very high and actions shall be aimed 
to preserve the European pond turtle population 
present in this wetland.

The creation and energizing of a volunteer 
network involved in native turtles monitoring 
and exotic species control will be a key ele-
ment as well as social involvement can be de-
terminant for the success of the strategy.

Figure 5: Captive breeding facilities for Emys orbicularis in Spain.

Figure 6: International training workshop to learn about 

trapping techniques.
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Wednesday 22nd May

09:30 – 10:00	Shuttle to the Conference Room

10:00 – 10:30	Registration

10:30 – 10:45	Opening ceremony

Session I. Population ecology and conservation genetics

10:45 – 11:30	Plenary talk: “Ecological correlates of reproductive patterns in Italian populations of Emys 
orbicularis.” Marco Zuffi (University of Pisa, Italy)

11:30 – 11:55	 Invited talk: “Fishing for DNA and Catching Turtles.” Scott O’Keeffe (Griffith University, AUS)

11:55 – 12:20	Invited talk: “Coexistence patterns between native freshwater turtles in Iberian Peninsula.” 
Pedro Segurado (Technical University of Lisbon, Portugal)

12:20 – 12:35	“Genetic structure of the mediterranean stripe-necked terrapin (Mauremys leprosa, 
Schweigger, 1812).” Joana Veríssimo (CIBIO/University of Porto, Portugal)

12:35 – 12:50	“How conservation genetics can help to preserve and manage Emys orbicularis popula-
tion.” Paulo Pereira (CIBIO/University of Porto, Portugal)

12:50 – 13:05	“Conservation Genetics of the River Turtle - Terecay - (Podocnemis unifilis).” Tibisay Escalo-
na (CIIMAR/University of Porto, Portugal)

13:15 – 14:30	Lunch

Session II. Captive breeding

14:30 – 15:15	Plenary talk: “European pond turtle captive breeding program in Catalonia: past, present 
and future.” Albert Vilardell Bartino (CRT - Turtle Reproduction Center of Albera, Spain)

15:15 – 15:40	Invited talk: “Rearing of Emys orbicularis for conservation of the wild populations in Lithua-
nia.” Dalia Bastytė (Lithuanian Fund for Nature, Lithuania)

15:40 – 15:55	“Does headstarting needed for reintroducing Emys orbicularis?” Adolfo Cordero Rivera 
(Vigo University, Spain)

16:00 – 16:30	Coffee break

Session III. Sanitary issues

16:30 – 17:15	 Plenary talk “Reptiles as Invasive species: Effects on environment and public health.” Albert 
Martinez Silvestre (CRARC-Catalonia Reptile and Amphibian Rehabilitation Centre, Spain)

17:15 – 17:30	“Can free-living turtles represent a risk factor for Salmonelosis?” María Colvée Bosch. (Uni-
versity CEU-Cardenal Herrera, Spain)

17:30 – 18:30	 Opening of photographic exhibition “Iberian Freshwater Turtles.” Vasco Flores Cruz (CIBIO, Portugal)

18:30 – 19:30	Poster session*
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19:30 – 21:00	Dinner 

21:00 – 22:00	Nocturnal visit to de Park to see fireflies and other native fauna. Henrique Alves (PBG, 
Portugal)

22:00 – 22:30	Astronomic observations in OAPB - Observatório Astronómico do PBG. Henrique Alves 
(PBG, Portugal)

22:30	 Bus to hotel

Thursday 23rd May

Session IV. Invasive species. Problems and solutions

09:00 – 09:45	Plenary talk “History and learned lessons from the control and eradication campaign of 
Trachemys scripta in Australia.” Scott O’Keeffe (Griffith University, AUS)

09:45 – 10:10	Invited talk “Interference competition between native Iberian turtles and the exotic Tra-
chemys scripta.” Nuria Polo (Madrid University, Spain)

10:10 – 10:25	“Pond slider Trachemys scripta in the Czech Republic.” Jindřich Brejcha (Charles University 
in Prague, Czech Republic)

10:30 – 11:00	Coffee break

11:00 – 11:25	Invited talk “Spreading and present situation of Trachemys scripta elegans in the Valencian 
Community (Eastern Spain).” Ignacio Lacomba (GVA, Spain). 

11:25 – 11:50	Invited talk Invited talk “Advances in Trachemys LIFE project. Strategy and control techni-
ques in freshwater alien turtles.”  José Teixeira (CIBIO, Portugal) 

11:50 – 12:15	Invited talk “Control methods of alien turtles.”  Bruno Martins (CIBIO, Portugal) 

12:30 – 12:45	“The expansion of the racoon and the racoon dog – the end of the Emys orbicularis relict 
populations on the northwest border of distribution?” Norbert Schneeweiß (LUGV Bran-
denburg, Germany)

12:45 – 13:15	Round table on invasive species control and legislation. João Loureiro (ICNF, Portugal)

13:15 – 14:30	Lunch

14:30 – 16:00	Guided visit to the captive breeding facilities of Emys orbicularis and demonstration of tra-
pping methods for invasive turtles

16:00 – 16:30	Coffee break

16:30 – 19:30	Vila Nova de Gaia guided city tour with visit of Douro river estuary and wine cellars

19:30 – 22:30	Symposium Dinner

22:30	 Bus to hotel
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Friday 24th May

Session V. Conservation projects

09:45 – 10:10	Invited talk “Management of a temporary pond system for the conservation of the Euro-
pean pond turtle in the Southwestern coast of Portugal.” Pedro Segurado (Technical Univer-
sity of Lisbon, Portugal)

10:10 – 10:35	Invited talk “Long term perspective in population reinforcement of freshwater turtle: a 
computational analysis.” Marco Zuffi (University of Pisa, Italy)

10:35 – 10:50	“What are the needs of a turtle near the species’ border – the example of the European 
pond turtle (Emys orbicularis L.) in Lithuania.” Anne-Claire Martina (Lithuanian Fund for 
Nature, Lithuania)

10:50 – 11:15	Coffee break

11:15 – 11:40	Invited talk “Development of an ecological network for Emys orbicularis between protected 
areas in South Lithuania.” Dalia Bastytė (Lithuanian Fund for Nature, Lithuania)

11:40 – 11:55	“Estimating time-budget in freshwater turtles using animal-borne simple sensors.” Jean-
Yves Georges (IPHC, Strasbourg, France)

11:55 – 12:10	“A living fossil returns – reintroduction of the European pond turtle (Emys orbicularis L.) in 
Lower Saxony in Germany.” Anne-Claire Martina (NABU Niedersachsen, Germany)

 
12:20 – 12:35	“Emys orbicularis in Latvia: distribution, threats and conservation.” Mihails Pupins and Aija 

Pupina (project LIFE-HerpetoLatvia, Latvia)

12:35 – 12:50	“Long term Emys orbicularis metapopulation analysis in Terva Archeological Park - Boticas, 
North of Portugal.” José Teixeira (CIBIO, Portugal)

13:00 – 14:30	Lunch

Session VI. Public awareness and policy

14:30 – 14:55	Invited talk “Serious trade and serious turtle keeping.” José María López (SOHEVA, Spain)

14:55 – 15:20	Invited talk “Emys orbicularis – Species of the year 2013.” César Ayres (AHE, Spain)

15:20 – 15:45	Invited talk “Project Emys: Citizen participation for autochthonous turtles conservation.” 
Lucia Moreno (Acció Ecologista Agro, Spain)

15:45 – 16:00	“The LIFE+Trachemys Project – How to explain it to the little ones?” Ana Alves (PBG, Portugal)

16:00 – 16:30	Coffee-break

16:30 – 17:00	Conclusions and Closing ceremony

17:30	 Bus to hotel

Saturday 25th May

Post-symposium tour – Boat Cruise on the River Douro (all day excursion)
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*POSTER SESSION:

Population ecology and conservation genetics
“Preliminary sampling of autochthonous terrapins (Emys orbicularis and Mauremys leprosa) in the Sotos de 
Alfaro Natural Reserve (La Rioja, Spain).” Aitor Valdeón, Ricardo Zaldívar, César Aguilar, Javier Álvarez, Carlos 
Zaldívar & Virginia Rada.
“Monitoring of the Emys orbicularis population inhabiting the Natural Monument in Cañada del Hoyo (Cuen-
ca).” Enrique Ayllón, Pedro Luis Hernandez & Cesar Ayres.
“Limnology of coastal wetlands and the ocurrence of freshwater turtles in Eastern Spain.” María Sahuquillo, 
Ignacio Lacomba, Vicente Sancho & José Vicente Bataller.
 “Freshwater turtles of the Facultad de Ciencias herpetological collection, Universidad de la República, Uru-
guay.” Santiago Carreira, Manuel Merchán & Antonio Castro.

Captive breeding
“Growth of the European Pond Turtle (Emys orbicularis, Linnaeus, 1758) in captivity during the six first months 
of life.” César Pérez-Muñiz & Manuel Merchán.
“Preliminary results of a biometric study on newborns of the European Pond Turtle (Emys orbicularis, Lin-
naeus, 1758) in captivity.” César Pérez-Muñiz & Manuel Merchán.
“Comparative morphometric analysis in neonates of three Neotropical slider turtles: Trachemys callirostris, T. 
emolli and T. venusta.” Manuel Merchán, José M. Caperos  & Antonio Castro.
“Benefits of using logistic regression to predict species classification based on biometrical indexes: case study of 
Trachemys scripta elegans and Trachemys scripta scripta.” José M. Caperos, Manuel Merchán & Ana M. Fidalgo.
“Emys orbicularis hatchlings sex identification: a comparison of morphological and histological methods.” Ca-
tarina Loureiro, Ana Alves, Antigoni Kaliontzopoulou & José Teixeira.
“Emys orbicularis captive breeding in Portugal”. Fabia Azevedo, Ana Alves, Ana Margarida Carvalho, Thijs 
Valkenburg, André Tomás, Sara Machado, Bruno Martins, Vanessa Soeiro & Sara Lóio.

Sanitary issues
“Occurrence of blood parasites on Spanish terrapins (Mauremys leprosa) from southwestern Iberian Peninsu-
la.” Alex Ibáñez, José Martín, Pilar López & Alfonso Marzal.
“Are free-living turtles a reservoir for Salmonella and Campylobacter?” María Aurora Colvée Bosch, Sofía In-
gresa Capaccioni, Sara González Bodí, Clara Marín Orenga & Santiago Vega García. 
“Abnormal winter activity and blood fluke-induced mortality in an Emys orbicularis population from NW 
Spain.” Cesar Ayres, Antonio Acuña, Raul Iglesias & José Manuel García-Estévez.

Invasive species
“Reproduction of the red eared slider (Trachemys scripta elegans) at Almenara (Castellón, East Spain).” José 
Vicente Bataller, Vicente Sancho & Ignacio Lacomba.
“Does the invasive species Trachemys scripta and Pseudemys concinna able to reproduce in the northern coast 
of Portugal?” Ana Alves, Albert Martínez Silvestre, Anabela Alves & José Júlio Martins.
“Allochthonous pond turtles in Brandenburg (NE-Germany) – a current danger for relict populations of E. Orbicularis.” 
Norbert Schneeweiß & Heidrun Beckmann“Finding of alien turtles species in Latvia.” Mihails Pupins & Aija Pupina.

Conservation projects
“France national action plan for the Spanish terrapin (Mauremys leprosa) 2012 – 2016”. Comité de pilotage 
Emyde lépreuse 2013. Presented by Marc Franch.
 “Effects of nest-relocation on hatching success of yellow-spotted and six-tubercled Amazonian river turtles.” 
Catarina Gonçalves, Rafael Bernhard & Richard Carl Vogt.” Conservation herpetocultures of Bombina bombina 
and Emys orbicularis in Latvia.” Aija Pupina & Mihails Pupins .
“Radiotracking of Emys orbicularis in two populations at Valencia Region (East Spain).” Eduardo Díaz, Matthieu 
Lassalle & Jorge Godoy.

Public awareness and policy
“A review of the historical and present use of the Amazon River Turtle (Podocnemis expansa).” Antonio Castro, 
Manuel Merchán, Miguel Cárdenas & Santiago Carreira.
 “Freshwater turtles & environmental volunteering: well-trained volunteers can provide reliable data.” Limne 
Foundation. Presented by Ignacio Lacomba & Vicente Sancho. 
“Rangers paper in wildlife investigation. The case of the European pond turtle in Aragon region (Spain).” Aitor 
Valdeón, Joaquin Guerrero, Javier Puente & Luis Alberto Longares.
 “Public Awareness and Education for the European Pond Turtle in Alsace, NE France. Let’s play!” Mathieu  Hi-
laire, Yann Delahaie , Marie-Claire Fuchs, Jean Yves Georges, Jean-Philippe Langrand, Cyril Leroy, Uwe Meißner 
& Fabrice Levresse.
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Session I. Population ecology and conservation genetics

Ecological correlates of reproductive patterns in Italian populations of Emys orbicularis

Marco A.L. Zuffi
Museo di Storia Naturale, Università di Pisa, via Roma 79, I-56011 Calci (Pisa)

Biological and ecological data set, collected over more than 25 years on several Italian populations of the European 
pond turtle, Emys orbicularis, show a marked variation of reproductive frequency, nesting patterns, pre and post 
reproductive movements. Ultrasound and x-ray techniques (>200 records), coupled with manual palpation, highli-
ghted minimum-Maximum size of adult female (98mm-190mm carapace length), minimum-Maximum clutch size 
(1-9 eggs), frequency of reproduction (two times in northern Italy, two to three times/year in central Italy). Size and 
shape may vary both at smaller (close populations) and at larger (distant populations) geographical scale, influencing 
reproductive effort (larger vs smaller clutches). Also different habitats (pond vs canal; plain vs mountain) can address 
significant reproductive strategies and play a role in shaping carapace/plastron relationship. When experimentally 
manipulating hatchlings in different (contrasting) habitats (firm vs running water) it emerges that most variability 
models (i.e. shape features) found in adults in the field-much likely-do occur since the early times of growing.

Fishing for DNA and Catching Turtles

Scott O’Keeffe
Griffith University, AUS

Aquatic vertebrates including freshwater turtles are usually detected using adapted fisheries apparatus. These nets 
and traps may be unreliable for detecting target animals when they are present in aquatic environments at low den-
sities. The reliability required for detection and verification in eradication programs is only approached by intensive 
trapping and repetition, thus, trapping programs can be time-consuming, labour-intensive and expensive.
Molecular detection technology in the form of ‘DNA probes’ offer potential reductions in time and costs, and 
increases in sensitivity and reliability. DNA probes are increasingly being used to detect rare aquatic vertebra-
tes (Wilcox, et al. 2013), and invasive species such as Silver Carp (Jerde, et al. 2013) and American Bullfrogs 
(Ficetola, et al. 2008). In these examples, DNA probes reliably detected target species by performing assays on 
water samples, and without the need for expensive trapping and netting.
Between 2005 and 2010, Biosecurity Queensland operated an eradication program for Red-eared Slider Turtles (Tra-
chemys scripta elegans) [REST] in southeast Queensland, Australia. The program had some success, but detection 
and verification using fisheries methods was expensive and time consuming. The insensitivity of these methods 
when the target species was at low density required intensive trapping and netting to provide the reliability required 
in an eradication program. As state funding for invasive species monitoring and management declined, it became 
clear that the survival of programs like REST eradication would depend upon significant cost reductions.
Development of a DNA probe for detecting REST in aquatic environments was begun. A probe was developed and tested in 
the laboratory where it was shown to be sensitive and allowed discrimination between REST and other aquatic organisms.  
If the probe were proven in the field, based on approximate costs this method could reduce the expense of 
detection and verification by an order of magnitude over traditional fisheries methods. The probe would po-
tentially be more sensitive, and allow greater confidence in detection.

Coexistence patterns between native freshwater turtles in Iberian Peninsula

Pedro Segurado
Centro de Estudos Florestais, Instituto Superior de Agronomia, Universidade Técnica de Lisboa. Tapada da 
Ajuda, 1349-017 – Lisboa

In this work I investigate the coexistence patterns between the two native freshwater turtles in Iberian Pe-
ninsula, the European pond turtle, Emys orbicularis, and the Mediterranean pond turtle, Mauremys lepro-
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sa. Several snapshots along a spatial scale gradient will be presented in order to get an overall picture of the 
patterns of the species co-occurrence. At the biogeographical scale the range of the two species overlaps 
widely in the Iberian Peninsula and species show general similar responses to climatic variables. However, 
in some regions of northern Iberia E. orbicularis extends its range beyond that of M. leprosa, while being 
absent from vast regions of southern Spain where M. leprosa also occurs. The wide zone of coexistence in 
the Iberian Peninsula can also be partially explained by common historical factors faced by the two species, 
such as their retreat to similar glacial refuges and similar subsequent expansion patterns. At a more regio-
nal scale, when both climate and habitat factors are considered, species show general similar responses, 
although M. leprosa occupies a wider range of available habitats. At more local spatial scales, a clear spatial 
segregation becomes clearer, with species showing significant differences in the use of space, both at the 
habitat and microhabitat levels. E. orbicularis is much rarer than M. leprosa, both in terms of its local abun-
dance and site occupancy, being absent from many apparently favourable habitats in the Iberian Peninsula. 
Furthermore, in habitats where the species co-occur, the abundance of E. orbicularis is very often much 
lower and tends to show skewed age structures with a predominance of adults. Therefore, the question 
arises whether this segregation is the result of spatial or environmental shifts by E. orbicularis induced by 
the presence of the dominant species M. leprosa or it is just the result of different habitat selection and 
life history strategies. This is a relevant question to be addressed since it has potential implications on the 
strategy for the conservation of E. orbicularis populations in the Iberian Peninsula.

Genetic structure of the Mediterranean stripe-necked terrapin (Mauremys lepro-
sa Schweigger, 1812) 

Joana Veríssimo1,2, Paulo Pereira1,2, José Teixeira1 & Guillermo Velo-Antón1 
1 CIBIO/InBIO, Centro de Investigação em Biodiversidade e Recursos Genéticos, Universidade do Porto, Cam-
pus Agrário de Vairão, R. Padre Armando Quintas, 4485-661 Vairão, Portugal 
2 Faculdade de Ciências da Universidade do Porto, R. do Campo Alegre s/n, 4169-007 Porto, Portugal

The Mediterranean stripe-necked terrapin, Mauremys leprosa, is distributed along the north-western Africa, 
from Morocco to western Libya, and in the Iberian Peninsula with some populations in adjacent France. Two 
existing subspecies were identified based on mitochondrial DNA: M. leprosa leprosa is found north of the Atlas 
Mountains in Morocco and the Iberian Peninsula, and M. leprosa saharica is mostly distributed in southern 
Morocco, eastern Algeria and Tunisia. Nonetheless, there is a lack of information regarding the species gene-
tic structure, as previous studies only addressed the issue with mtDNA, which does not provide a complete 
evolutionary history of the species. 
We optimized, by cross-amplification, 11 microsatellite markers previously designed for two close related spe-
cies and genotyped a total of 409 individuals from 6 African populations and 16 Iberian populations, as well 
as 31 individuals from Recovery Centers in the Iberian Peninsula. Moreover, we sequenced a few individuals 
from each studied population. We aim to unveil the current genetic structure of the species and to investigate 
the genetic imprints left by demographic processes resulted with the colonization of the Iberian Peninsula 
from North Africa. We expect an admixture genetic structuring pattern within the Iberian Peninsula as this 
species is known to be highly translocated by humans in the past. Furthermore, we aim to develop a reliable 
tool that can allocate individuals of unknown origin to their potential original location, in order to reinforce 
populations, like the one that exists for Emys orbicularis.

How conservation genetics can help to preserve and manage Emys orbicularis 
populations 

Paulo Pereira1,2, Joana Veríssimo1,2, José Teixeira1 & Guillermo Velo-Antón1 
1 CIBIO/InBIO, Centro de Investigação em Biodiversidade e Recursos Genéticos, Universidade do Porto, Cam-
pus Agrário de Vairão, R. Padre Armando Quintas, 4485-661 Vairão, Portugal 
2 Faculdade de Ciências, Universidade do Porto, Praça Gomes Teixeira, 4099-002 Porto, Portugal 

The European pond turtle (Emys orbicularis Linnaeus, 1758), is a widely distributed species, ranging 
from northern African Maghreb region to Eastern Europe and adjacent Asia, and comprises several ge-
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netic lineages as a result of the species retreat to isolated glacial refugia during Quaternary glaciations. 
Currently, the species range is retracting and many populations are heavily threatened due to, but not 
only, man mediated habitat changes. In order to reverse this, many conservation actions have been 
carried throughout the species distribution, nonetheless, most of them fail to include genetic data that 
would reinforce conservation plans that include captive breeding and translocations, and which could 
result in the restocking of threatened populations with genetically incompatible individuals that may 
lead to an increase of outbreeding depression. With this work we attempt to show how conservation 
genetics may contribute to preserve and maintain endangered populations of Emys orbicularis. We 
have focused on the Ibero-Maghrebian lineage which comprises Moroccan and most of the Iberian 
populations. Our objectives are to unveil the genetic structure of the species and to address the issue 
of restocking threatened populations with individuals with unknown origin. To fulfill those objectives 
we compiled published genetic information with new sampled populations resulting in a total of 444 
individuals from 18 populations (3 Moroccan and 15 Iberian) genotyped for seven microsatellites. A 
random subsample was selected for each population and sequenced for the cytochrome b gene in order 
to infer the genetic lineage of each population. As for individuals with unknown origin we currently have 
47 individuals genotyped as well as sequenced for the cyt b gene. Both haplotype network and micro-
satellite data point out to a recent colonization from the North Africa to the Iberian Peninsula based 
on low genetic divergence between continents and high genetic diversity in Morocco. As for individual 
assignment, we have compared several clustering methods to assign individuals to a possible population 
of origin. The majority of the individuals showed moderate to high probabilities of assignment which 
can support potential translocations. Conservation genetics should be a fundamental pillar for any con-
servation action that needs to be incorporated in conservation programs.

Conservation Genetics of the River Turtle “Terecay” (Podocnemis unifilis)

Tibisay Escalona1, Tag N. Ángstrom2, Omar E. Hernández3, Brian C. Bock4, Richard Vogt5 & Nicole Valenzuela6

1 CIIMAR-Facultad de Ciencias, Universidad de Porto, Portugal
2 California State University at Chico, Department of Biological Sciences, California USA
3 Universidad de Antioquia, Facultad de Ciencias Exactas y Naturales, Ciudad Universitaria, Medellin-Colombia
4 FUDECI, Palacio de las Academias, Caracas-Venezuela
5 Instituto Nacional de Pesquisas Amazonicas, Manaus-Brazil
6 Iowa State University, Department of Ecology, Evolution, and Organismal Biology, Ames, USA

We studied the population genetics of Podocnemis unifilis turtles within and among basins in the Orinoco 
and Amazon drainages using microsatellites. We detected high levels of genetic diversity in all sampled 
localities. However, ‘M-ratio’ tests revealed a substantial reduction in population size, consistent with cu-
rrent widespread exploitation. Our results reveal a consistent pattern across multiple analyses, showing a 
clear subdivision between the populations inhabiting the Amazon and Orinoco drainages despite a direct 
connection via the Casiquiare corridor, suggesting the existence of two biogeographically independent and 
widely divergent lineages. Genetic differentiation followed an isolation-by-distance model concordant with 
hypothesis about migration. It appears that migration occurs via the flooded forest in some drainages, and 
via river channels in those where geographic barriers preclude dispersal between basins or even among 
nearby tributaries of the same basin. These observations caution against making broad scale generaliza-
tions based on geographically restricted data, and indicate that geographically proximate populations may 
be demographically separate units requiring independent management. Although the patterns detected in 
our study are clear and expected, our results also indicate that further geographic sampling is necessary. 
Future sampling should include the Río Negro and other tributaries of the Amazon and Essequibo river 
basins, as well as other drainages in the Guianas, to fully describe the complete pattern of population struc-
ture for P. unifilis that may be used for management plans. Until more genetic, ecological and behavioral 
information is available, including aspects of nest site fidelity, populations within basins should be treated 
as demographically independent management units.
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Session II. Captive breeding

European pond turtle captive breeding program in Catalonia: Past, Present and Future

Albert Vilardell-Bartino1,2,3,4, Xavier Capalleras1,2,4 & Joan Budó1,2,4

1 Centre de Reproducció de Tortugues de l’Albera. Santuari de la Mare de Déu del Camp.17780 Garriguella
2 Amics de les Tortugues de l’Albera. Santuari de la Mare de Déu del Camp.17780 Garriguella
3 Universitat de Girona. Departament de Ciències Ambientals Universitat de Girona. Campus de Montilivi. 17071
4 Grup d’Estudi i Protecció de les Tortugues (GEPTO). Carrer Major. 17700 La Jonquera. E-mail: crt@tortugues.cat

The European pond turtle (Emys orbicularis) is globally listed as Least Concern (LC) in the IUCN Red List (IUCN, 
2012), although this classification should be reconsidered for the subespeies E. o. orbicularis which their nati-
ve population, distributed by the north of Iberian Peninsula, are in an endangered situation. A pionner spanish 
breeding program started in 1990 in the Tortoise Breeding Centre to reinforce the native population of the 
North of Catalonia. This captive breeding program has been able to participate in several conservation pro-
jects that were explain in this oral presentation.

Rearing of Emys orbicularis for conservation of the wild populations in Lithuania

Alma Pikūnienė1, Dalia Bastytė2 
1 Lithuanian Zoological Garden; 
2 Lithuanian Fund for Nature.
E-mail: dalia.b@glis.lt

The main reason for the declines of European pond turtle (Emys orbicularis) in Lithuania is destruction and 
alteration of its habitats. After a significant decrease of extensive grazing in the countryside of Lithuania, egg 
laying places of E. orbicularis started to overgrow by the forest. As a consequence, the turtles started to lay 
eggs on sandy roads and other places, which are considered as unsafe. One of the goals of LIFE+ Nature pro-
ject ECONAT is to restore the habitats of E. orbicularis, including egg laying sites, another – to incubate the 
eggs collected from unsafe places, to rear the hatchlings until they are 3 years old and to release them back 
into their mother populations or smaller nearby populations. The eggs were collected in the years 2011 and 
2012. Altogether 11 clutches were collected from the wild and one was laid in the zoo (127 eggs in total), 110 
juveniles hatched. They are kept designing natural conditions as much as possible: fed mainly by live food, the 
quantity of food is calculated not to overfeed them. Their growth is followed measuring and weighing them 
regularly, all individuals are recognised by distinct pattern of plastron. The juveniles are kept in the aquariums 
in spring and autumn, the outdoor enclosures during the summer and hibernation premises during the winter. 
The first juveniles will be released in the summer 2014.

Is headstarting needed for reintroducing Emys orbicularis? Results from a 
small-scale experiment

Adolfo Cordero Rivera, César Ayres & Guillermo Velo-Antón
Grupo ECOEVO, Universidade de Vigo, EUE Forestal, Campus Universitario, 36005 Pontevedra, Spain.  
E-mail: adolfo.cordero@uvigo.es

The release of captive-bred turtles to reinforce natural populations is a widely used conservation strategy. This 
technique has obviously several limitations, because animals maintained in captivity may become habituated 
to human presence, show limited ability to survive without food supplementation or may serve as vectors of 
diseases and parasites. In theory, hatchlings maintained in captivity during the first months (or years) and the-
reafter released into natural habitats should have higher survivorship if this avoids predation during the first 
ages, and these animals are said to be “headstarted”. Nevertheless our knowledge of the benefits of headstar-
ting in E. orbicularis is limited. Here we summarize the results of a reintroduction experiment in a pond inside 
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a protected area in NW Spain. A first group of 7 hatchlings born in September 2003 were maintained during 
the winter in the laboratory and were released in June 2004, when they had a mean weight of 32.6±2.5 g. Two 
adult males and one female from a recovery centre were also released. A second group of 8 hatchlings born in 
September 2006 was released in October in the same pond, when their weight was only 7.8±0.2g.  At the end 
of 2012 at least seven individuals were still alive (three from 2004 and four from 2006) and their weight was 
about 400 g. The growth rate of these individuals is among the highest recorded for the species, suggesting 
that the habitat is optimal. Although the number of specimens is very limited, this small experiment indicates 
that hatchlings of E. orbicularis can be successfully used to reintroduce the species in optimal habitats, even 
without headstarting. The new population produced at least one hatchling in 2010, another in 2011 and two 
more in 2012, even if the two adult males are not resighted since 2005 and 2008, which suggests that the 
female released in 2004 may have mated with the subadults (i.e. reproduction at an age of 5-6 years), or has 
retained viable sperm since 2008.

Session III. Sanitary issues

Reptiles as Invasive species: Effects on environment and public health

Albert Martínez-Silvestre 
CRARC (Catalonian Reptile and Amphibian rehabilitation Center) 08783 Masquefa, Barcelona, SPAIN

While a lot of species are seriously threatened of extinction, other species become invasives and their 
true effect are actually unknown. The most affected country of this problem is United States, with 
the stonishing number of 46 exotic reptiles introduced only in Florida State! Green Iguana, Burme-
se Python or Nile Monitor are some exemples of this invasion. In Spain we have every time more 
and more species of reptiles, mainly tortoises, introduced in our habitats. The most known species is 
the red eared slider (Trachemys scripta). Nowadays, we known some effects of this species over our 
ecosystems, as competence with birds, other turtles and even plants or amphibians. Regarding the sa-
nitary aspects of this biological invasion, we have described multiple pathologic disorders, and perhaps 
these are only a few of the real effects. We have described the presence of Serpinema microcephalus 
in the digestive tract of two american turtles  introduced  in Spain: red eared slider (Trachemys scripta) 
and river cooter (Pseudemys concinna). S. microcephalus is an Old World parasite that has been found 
parasitizing invasive turtles as a substitutive of autochtonous turtles. This parasitation produces a di-
gestive inflammatory reaction  in exotic turtles that is not seen in the autochtonous ones. Disease ob-
served varies from catarrhal to ulcerative enteritis, with some secondary hemorrages sourrounding the 
parasitized areas. Other described diseases in wild spanish red eared sliders are one case of parasitic 
pancreatitis and one ovarian teratoma. European parasites have been descriibed affecting both native 
and feral turtles. But there is not demonstration of American parasites parasitizing native turtles. Fina-
lly, we known the high risk of zoonotic diseases as Salmonella. Recentlly, two cases of diarrhea cused 
by Salmonella have been described in Valencia and Catalonia relating children and red eared sliders. 
The problem is, in fact, increasing. Is the punishing law enough to stop this bad situation? Of course, 
research, envirnomental education and field works are the most important tools we have to brake this 
huge problem in our ecosystems.

Can free-living turtles represent a risk factor for salmonellosis?

María Aurora Colvée Bosch, Isabel Amparo Calvo Saiz, Sofía Ingresa Capaccioni, Ana Aguilar Darós, Sara 
González Bodí, Clara Marín Orenga & Santiago Vega García
Universidad CEU Cardenal Herrera, Facultad de Veterinaria. Cl. Tirant lo Blanc, 7. 46115. Alfara del Patriarca

Salmonella is an important zoonotic pathogen of economic significance in animals and humans. This 
food-borne pathogen is one of the most important causes of gastroenteritis in European Union, re-
presenting a serious Public Health problem (EFSA, 2012). In recent years, the number of exotic rep-
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tiles has been rising in popularity as pets, and has led to an increase in the number of salmonellosis 
cases related directly or indirectly with these animals (CDC, 2010). In this way, turtles represent a 
special risk because they are usually kept as pets by vulnerable patients such as infants and young 
children (CDC, 2003). In this context the aim of this study was to assess the prevalence of Salmonella 
in free-living exotic (Trachemys scripta elegans, n=117) and native turtles (Emys orbicularis, n=83) 
from 11 natural ponds across Valencia Region. In this study, three different types of samples were 
collected from turtles: cloacal swabs and water from containers were taken from exotic and native 
turtles. In addition, intestinal samples were taken only from exotic turtles. For Salmonella isolation all 
samples were analyzed according to ISO 6579: 2002 (Annex D). In Salmonella prevalence there were 
found no significant differences between native (8,0±3,1%) and exotic turtles (15,0±3,3%). Moreover, 
there was an effect of sample type on the detection of Salmonella. The highest isolation of Salmo-
nella was detected in intestine samples (12,0±3,0%), whereas for cloacal swabs and water from the 
container lower percentages were found (3,0±1,5% and 8,0±2,5%, respectively). Our results show that 
free-living turtles have to be considered as an important reservoir for Salmonella. The health status of 
these animals is particularly relevant in the field of Public Health because most of these animals are 
usually in close contact with humans.

Session IV. Invasive species. Problems and solutions

Lessons learned from an Australian Eradication Program for Red-eared Slider 
Turtles (Trachemys scripta elegans)

Scott O’Keeffe
Griffith University, AUS

The discovery of two free-ranging Red-eared Slider Turtles [REST] north of Brisbane, Queensland in 
2005 prompted a response from state agencies with responsibility for managing invasive species. De-
limitation showed that the species was not widespread or abundant. We found two breeding groups, 
each occupying very limited areas in peri-urban areas between 22 km and 34 km north of Brisbane. 
Other free-ranging REST found in Brisbane and the Gold Coast appeared to be escaped or released ani-
mals that were not part of larger wild populations. Because the incursion was restricted a decision was 
made to eradicate. Other Australian states participated in a national effort to locate and control REST 
populations. A small breeding population was found at Yeramba Lagoon in Sydney, New South Wales; 
other free-ranging animals that were not part of breeding populations were also found in Sydney as 
well as Melbourne, Victoria, and Perth, West Australia. Victoria and West Australia have operated 
successful eradication programs. A control program was commenced in New South Wales but is now 
unsupported, although the species is being monitored in that state. Confidence in the largely success-
ful Queensland eradication program was compromised shortly before concluding because of a minor 
imposed budget cut.
We draw seven broad conclusions from our program:

1.	 Control of REST is possible if their behaviour and ecology under local conditions is understood;
2.	 novel detection and capture methods have the potential to increase the reliability of control programs, 

and decrease their cost;
3.	 agencies responsible for invasive species management programs must understand the need for sustai-

ned commitment and budget accordingly- even trivial cost-cutting can jeopardise success, waste public 
money and damage public confidence;

4.	 effective international border protection, and consistent internal control of the illegal animal trade are 
necessary if eradication is to succeed;

5.	 the gravity of impacts of invasive species must be understood by the judiciary and compliance agencies 
if laws that restrict keeping and trading invasive species are to be effective;

6.	 public participation is vital, and can be achieved with a well planned extension program and
7.	 it is possible to transform public sentiment to favour invasive species control, even among reptile 

collectors.
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 Interference competition between native Iberian turtles and the exotic 
Trachemys scripta

Nuria Polo-Cavia
Dpto. de Biología, Universidad Autónoma de Madrid, Spain
E-mail: nuria.polo@uam.es

The red-eared slider, Trachemys scripta elegans, is a worldwide invasive species, currently introduced in most 
freshwater habitats as a consequence of the exotic pet trade. In the Iberian Peninsula, this American turtle 
is competing and displacing the Iberian pond turtles, Emys orbicularis and Mauremys leprosa. Recent studies 
have pointed out to diverse competitive advantages of sliders over Iberian terrapins. For instance, native turtles 
avoid chemical cues from T. scripta, which is more aggressive and dominant in direct competition for food and 
basking places. This avoidance behaviour displayed by Iberian terrapins might serve as a spacing mechanism to 
avoid unfavourable competitive interactions with the introduced species. Sliders also benefit from morphologi-
cal and thermoregulatory advantages: they are more spherical, thus presenting a less surface to volume ratio 
and a greater thermal inertia that facilitates heat retention. On the other hand, introduced turtles show a more 
accurate assessment of predatory risk in altered habitats, and are more efficient predators of native prey. These 
interspecific asymmetries could contribute jointly to the greater competitive ability of introduced T. scripta, thus 
facilitating the expansion of this alien species in detriment of native populations of Iberian terrapins.

Pond slider (Trachemys scripta) in the Czech Republic

Jindřich Brejcha
Department of Zoology, Charles University in Prague; Viničná 7, 128 44, Prague, Czech Republic
E-mail: brejcha@natur.cuni.cz

Trachemys scripta is in the Czech Republic casual species, which is trying to reproduce. First records of 
the pond slider are from 60´s of the 20th century. We put together a list of more than 400 records of 
the pond slider in Czech Republic on basis of published data, verbal notices and unpublished data. The 
main areas of occurrence are the regions with warmer climates and higher residential density. There 
are some notices of clutching and juvenile turtles where also recorded. However whole incubation 
process was not observed and a photographic documentation of juvenile turtles is missing. To unravel 
possibilites of the reproduction Trachemys scripta we are measuring a substrate temepratures on cho-
sen localities in the Czech republic and also in other countries of Europe for comparison. In 2012 season 
we made field experiment with artifact nests to test the predation rate. Presentation will focus on the 
preliminary results a methodics of the research.

Spreading and present situation of Trachemys scripta elegans in the Valencian 
Community (Eastern Spain)

Ignacio Lacomba & Vicente Sancho
Conselleria d’Infraestructures, Territori i Medi Ambient. Ciutat Administrativa 9 d’Octubre-Torre 1; Cl. Castán 
Tobeñas, 77, 46018 València, Spain
E-mail: lacomba_ign @gva.es

The Valencian Community extends his more than 23,000 km2 next to the Mediterranean, in the east of Spain. 
Fens and lagoons are a characteristic of their narrow flat coasts, that evolves to the west with steep reliefs. Its 
climate is Mediterranean typical (Csa in the climatic classification of Köppen) and is characterized per dry and 
warm summers, with average temperatures over 22ºC, and humid and rainy winters. The average precipita-
tion ranges between 400 and 500 mm per year. 
The Valencian water bodies are inhabited by two species of pond turtles, Emys orbicularis catalogued Lower 
Risk/near threatened (UICN 2012) but In Danger CR A2ac for the populations of the east of Spain, and Maure-
mys leprosa, catalogued Vulnerable A2ac+3c (UICN, 2012). 
The distribution of the European pond turtle in the Valencia Region is restricted to coastal marshlands, from 
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Peñíscola (Castellón) to Pego-Oliva (Valencia and Alicante). Spanish pond turtle inhabits in slow running rivers 
but may also reach coastal wetlands.
At the end of the 90’s starts a survey of the Emys orbicularis populations by capturing with adapted fishnets; within 
that survey, the presence and spreading of exotic invasive turtles was detected in Valencian wetlands. The impor-
tance of such a process was realized with further research, after discovering nesting sites and hatchlings emergence.
In this paper, the present situation of the spreading of T. s. elegans in this area is exposed, as well as its relative 
abundance, its overlapping with endangered species and protected areas, and the localities and causes that 
have lead its wide and quick expansion. 

Advances in Trachemys LIFE project. Strategy and control techniques in freshwa-
ter alien turtles

José Teixeira1, Vicente Sancho2, Ignacio Lacomba2, Bruno Martins1, Jael Palhas1, Ana Alves3, Fábia Azevedo4, 
José Vicente Bataller2, Antonio Pradillo2, Eduardo Díaz2 & Raúl Orero2

1 CIBIO. Campus Agrário de Vairão. Rua Padre Armando Quintas, 4185-661 Vairão, Portugal
2 Conselleria d’Infraestructures, Territori i Medi Ambient. Ciutat Administrativa 9 d’Octubre-Torre 1, Cl. Castán 
Tobeñas, 77, 46018 València, Spain
3 Biological Park of Gaia, PBG, Avintes, Portugal
4 Recovery Center of Wild Animals, RIAS/Aldeia
Email: jteixeira@mail.icav.up.pt

LIFE+Trachemys Project’s main objective is the control of the populations of the Red Eared Slider and other 
exotic freshwater turtles, in order to promote native populations of freshwater turtles and fish, creating a 
methodology and developing techniques to eradicate invasive turtles.
The project, coordinated by the Department of Infrastructure, Planning and the Environment of the Genera-
litat Valenciana is 50% financed by the European Union through the LIFE + funds involving two Spanish and 
three Portuguese entities.
Throughout the two years leading up the project there have been captured nearly 300 exotic turtles in 
the action areas of Portugal (Algarve) and over 13,000 in the Valencian Community. Moreover advances 
have been made in the design and improvement of various types of traps to optimize captures in diffe-
rent environmental conditions.
In order to improve the Emys orbicularis populations, captive breeding has been started for first time in Portu-
gal, while in Valencia continues with the breeding and reintroduction project started years ago.
To locate freshwater turtle’s nests different techniques such as the use of ground penetrating radar and the 
use of trained dogs are been applied.
To these direct actions are added the exchange of experiences with similar projects and an intense informa-
tion campaign and awareness of the problem through conferences and workshops at schools, town halls, etc.

Control methods of alien turtles

Antonio Pradillo1, Bruno Martins2, José Vicente Bataller1, Eduardo Díaz1, Raúl Orero1, Vicente Sancho3 & 
Ignacio Lacomba3

1 CRF La Granja, Avda. Los Pinares, 106, 46012 El Saler, Valencia, Spain
2 CIBIO. Campus Agrário de Vairão. Rua Padre Armando Quintas, 4185-661 Vairão, Portugal
3 Conselleria d’Infraestructures, Territori i Medi Ambient. Ciutat Administrativa 9 d’Octubre-Torre 1, Cl. Castán 
Tobeñas, 77, 46018 València, Spain
Email: lifetrachemys@gva.es

One of the objectives of the LIFE+Trachemys Project (LIFE09 NAT/ES/000529) is the development of 
control tools for invasive turtles. Within this objective, the project has tried different types of capture 
methods among which are both passive gears (funnel, basking and bait traps and also longlines) and 
active gears (fishing rods, scoop and cast nets). 
In this paper we discuss the results obtained for each of them, limitations of use, the environments in which 
each trap is more effective.
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The expansion of the racoon and the racoon dog – the end of the Emys orbicula-
ris relict populations on the northwest border of distribution?

Norbert Schneeweiß & Manfred Pletz
Landesamt für Umwelt, Gesundheit und Verbraucherschutz
Conservation Station Rhinluch, Nauener Straße 68. D-16833 Linum
E-mail: norbert.schneeweiss@lugv.brandenburg.de

During chronic investigations of European pond turtles (Emys orbicularis) which commenced in 1995 
in North East Germany (Brandenburg), the population development as well as predator-inflicted 
injuries and losses, were evaluated in two populations. Considerable declines in numbers of adult 
animals have occurred since 2005. At the same time the injury and casualty rates increased signifi-
cantly. These developments coincide with the immigration and exponential increase of the racoon 
and racoon dog populations (Procyon lotor and Nyctereutes procyonoides) in north-eastern Bran-
denburg. 
In the course of current examinations a high dominance of the racoon was registered by photo traps 
in the shore areas of waters populated by E. orbicularis. The racoon dog and autochthonous local 
predator species (wild boar, fox, otter) were by far less frequently recorded although their popula-
tions reach high abundances in this area. Racoon and racoon dog were also registered at the nest 
sites of E. orbicularis. Racoon caused predations of all age groups of E. orbicularis were documented 
several times. A new conservation project will be introduced that aims to protect pond turtle popu-
lations from these predators.

Session V. Conservation projects

Management of a temporary pond system for the conservation of the European 
pond turtle in the Southwestern coast of Portugal

Pedro Segurado
Centro de Estudos Florestais, Instituto Superior de Agronomia, Universidade Técnica de Lisboa. Tapada da 
Ajuda, 1349-017 – Lisboa

In Portugal, the European pond turtle, E. orbicularis, is locally abundant in temporary pond systems 
along the coastal platform. This is an additional factor of concern, since coastal zones have been sub-
ject in the last years to a strong urbanization pressure.  Since 2009, the National Association for Nature 
Conservation, Quercus, has been promoting a management action for the conservation of E. orbicula-
ris in a system of interconnected temporary ponds located in the Southwestern coast of Portugal. This 
system is the home for a population of E. orbicularis, which is among the most important in Portugal. 
The pond system is practically enclosed in a single land property largely dominated by extensive pastu-
res, which might explain the persistence of this important population. This pioneer action involves an 
agreement with a private land owner in order to ensure good agriculture and livestock practices from 
the point of view of turtle conservation. A main action involved the installation of fences surrounding 
two important temporary ponds, in order to prevent access from the Livestock. The aim of this action 
is to prevent an excess organic load in ponds and to avoid cattle tramping on turtles, especially during 
the driest months when both the cattle and the turtles tend to concentrate on the remaining water 
bodies. This action was accompanied by other compensatory actions such as the installation of a pho-
tovoltaic water pump to allow the automatic supply of water to the cattle troughs. Since the beginning 
of the project, annual population monitoring programs have been undertaken, with the primary pur-
pose of following the evolution of the population structure. In the present year, a telemetry program 
will be carried out on female turtles, mainly to identify turtles’ nesting and hibernating sites. Programs 
such as this, with a direct involvement of private land owners, provide a promising management tool 
for the conservation of turtles.
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Long term perspective in population reinforcement of freshwater turtle: a com-
putational analysis 

Marco A.L. Zuffi1, Aureliano Rama2, Andrea Maggiolo-schettini2, Paolo Milazzo2 & Roberto Barbuti1,2

1 Museo di Storia Naturale, Università di Pisa, via Roma 79, I-56011 Calci, Pisa, Italy
2 Dipartimento di Informatica, Università di Pisa, Largo Pontecorvo 3, I-56127 Pisa, Italy

Theoretical and practical proposals for the conservation of habitat and species have long been of interest in 
conservation biology. A number of results are currently available in the biology, ecology and life-history traits 
of many vertebrates, however very little has been done to provide a robust and long-lasting tool in the mana-
gement of long living organisms, especially for reptiles.
In this study, life-history traits of a well-known population of European pond turtles (Emys orbicularis) from central Italy 
were used in a computational model, whose implementation is freely available as open source software. We used mo-
del-based simulations to predict the demographic structure of turtle populations, taking stochastic variations into ac-
count, for a period of 500 years (that is about 38 turtle generations). These simulations showed that,  after a period of 
55-60 years, the population structure reaches stability, irrespectively of both the initial number of adults and the metho-
dology for population reinforcement. After the initial period, when stability is reached, the observed variations of each 
age class and of the whole population suggest that the population can remain stable for at least for five centuries. 

What are the needs of a turtle near the species’ border – the example of the Eu-
ropean pond turtle (Emys orbicularis L.) in Lithuania

Anne-Claire Martina Meeske
Lithuanian Fund for Nature, Algirdo g. 22-3, LT-03218 Vilnius 
E-mail: europeanpondturtle@gmail.com

Although there was and is a heavy decline of turtle occurrences in many European countries and in Lithuania 
in the last centuries, many local populations in the southern parts of Lithuania still exist living in areas with 
small human impact and extensive land use. As in other countries habitat fragmentation and destructions are 
the main reason for the decline of turtle populations because of the big loss of suitable aquatic and terrestrial 
habitats. Due to the relative good situation of the existing Lithuanian turtle populations in comparison with 
other northern regions the species is quite useful for studies on its needs near the species’ border.
Since 1997 a lot of different investigations of the European pond turtle have been being carried out in Lithuania. Most 
of the studies were done with the focus on turtle occurrences, habitat use and requirements as well as population 
and reproduction ecology. The small number and sizes of suitable habiats and the small number and sizes of local 
turtle populations inidicate that the survival of the species heavily depends on different requirements and conserva-
tion activities in Lithuania. Therefore, the results of the studies were/are the basis for different conservation activities 
and projects. Additionally, all new information and data gathered during the current work and management in the 
turtle areas are integrated to the current and future planned conservation actions.
After the first LIFE-Nature Project „Protection of Emys orbiculatris and amphibians in the North-European 
lowlands” a 2nd one started in 2010.  In the LIFE+Nature Project, “Development of a Pilot Ecological Network 
through Nature Frame areas in South Lithuania” the turtles are one of the target species in the project for 
developing connectivity and corridors between different types of aquatic habitats. 

Development of an ecological network for Emys orbicularis between protected 
areas in south Lithuania

Dalia Bastytė
Lithuanian Fund for Nature
E-mail: dalia.b@glis.lt

European pond turtle (Emys orbicularis) is listed in the Lithuanian Red data Book in a category 1(E) as endangered 
species, which survival requires special conservation measures to be implemented. Therefore a LIFE+ Nature 
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project ECONAT is being carried out. The project aims to create an ecological network in Southern Lithuania, 
where the biggest viable E. orbicularis populations occur. The project aims to ensure favourable conservation 
status for and the saving of threatened populations of E. orbicularis (and other native reptilian and amphibian 
species listed in Annexes II and IV of the Habitats Directive) and simultaneously enhance the ecological value of 
the target area. The main actions of the project are: development of criteria setting up ecological network within 
nature frame (integral network of natural ecological compensation areas); restoration of the species habitats 
(creating 100 new ponds, 40 restored ponds, 10 ha of wetlands, 40 egg laying sites) in the ecological corridors 
between protected areas; protection of populations (covering of egg clutches with metal net against predators, 
collecting and incubating eggs, which were laid in unsafe places, rearing of juveniles until 3 years old); education 
of the general public (publications, excursions, exhibitions and other events about reptiles and amphibians) and 
knowledge exchange between the experts (study tours, workshops, publications). 

Estimating time-budget in freshwater turtles using animal-borne simple sensors

Jean-Yves Georges1,2,*, Florian Bresson1,2,3, Mathieu Brucker1,2, Nicolas Chatelain1,2, Francis Crenner1,2, Odeli-
ne Dallongeville1,2,4, Akiko Kato-Ropert1,2, Philippe Knibiely5, Robin Laesser1,2, Thê Duc Lê1,2, Fabrice Levres-
se6, Mélanie Levy1,2,4 & Marc Richer1,2

1 Institut Pluridisciplinaire Hubert Curien (IPHC), Strasbourg, France
2 CNRS, UMR7178, 67037 Strasbourg, France
3 Université de Rennes 1, UFR Sciences de la Vie et de l’Environnement, Rennes, France
4 Université de Strasbourg, Faculté des Sciences de la Vie, Strasbourg, France
5 Réserve naturelle de la Petite Camargue alsacienne, St Louis, France
6 Conseil Général du Bas Rhin, Strasbourg, France
* E-mail : jean-yves.georges@iphc.cnrs.fr

Basking, through which animals warm up at sun heat, plays a key rule in ectotherms’ physiological, beha-
vioural and ecological strategies. In the context of an emerging project of reintroducing the European pond 
turtle Emys orbicularis in Alsace, NE of France, we tested prototypes of temperature and light miniaturised 
autonomous dataloggers deployed on subadult held in semi-natural captivity at Réserve Naturelle de la Petite 
Camargue Alsacienne, St Louis, Alsace, France. We show that a recursive partitioning analysis (RPA) of these 
simple parameters permits to detect 85% of basking events observed during focal sessions.
The duration of basking events detected by RPA was on average 10% longer than observed, resulting in a global 
difference of 1% in terms of basking duration between these two methods. This original approach represents 
a promising alternative method to time-consuming behavioural observations but also to currently available 
conductivity sensors (salt water switch) whose sensibility is not adapted to low conductivity of groundwater in 
Alsace. It thus represents a cost-effective method that can be applied in natura in any freshwater turtle species 
that may provide a better understanding of the ecology of these species.

A living fossil returns – reintroduction of the European pond turtle (Emys orbicu-
laris L.) in Lower Saxony in Germany

Anne-Claire Martina Meeske
Naturschutzbund Niedersachsen, Alleestraße 36, DE-30167 Hanover, 
E-mail: Martina.Meeske@NABU-Niedersachsen.de

The European pond turtle is one of the most endangered animal species in Germany and became extinct in most of the 
historical turtle areas in the country. Particularly the destruction of habitats was responsible for the heavy decline of the 
German turtle populations. The regulations of streams and drainages of land led to the huge loss of aquatic habitats. 
Furthermore, changes of historical land use and the increase of the intensive agriculture resulted in the deficit of suitable 
land habitats. Additionally, the big loss of individuals accelerated the extinction of local populations due to the direct 
pursuit for lenten food and keeping of turtles as well as the death of turtles in fish traps and because of fishing hooks.
Current autochthonous relict populations of Emys orbicularis are known for the federal states in Brandenburg 
und Mecklenburg-West Pomerania. On the basis of subfossils findings it could be proven that the turtle spe-
cies also existed in Lower Saxony, too. In the last centuries individuals were still observed and caught. 



75

On the basis of this knowledge the German nature conservation organisation Naturschutzbund initiated a reintroduc-
tion project for the European pond turtle for Lower Saxony. In preparation of the project a feasability study was con-
ducted in order to check the suitability of the area “Steinhuder Meer” where the last turtles were caught in the 80’ies.  
The main aim of the project is the establishment of a viable turtle population in the project area “Steinhuder 
Meer”. In the frame of the project the reintroduction of turtles with the suitable haplotype II without affecting 
natural relict German populations and the establishment of a turtle breeding group in the centre for species 
conservation of the Naturschutzbund Niedersachsen are planned. Furthermore the creation and preservation 
of suitable turtle habitats in the project area and the study of the efficiancy of the project activities in coope-
ration with universities as well as public relations works are part of the project.
The first reintroduction project is designed for 3 years and started in April 2013. In summer 2013 the release of the 
first individuals with a minimum age of 3 years is foreseen. Some of the released juveniles will be controlled with 
radiotracking during the first months in nature in order to study the juveniles’ behaviour and their movements, dis-
tribution and habitat use in the project areas as well as the possible losses of indviduals due to human activities and 
predation. These investigations will help to react on and to improve promptly the reintroduction strategies. 

Emys orbicularis in Latvia: distribution, threats and conservation

Mihails Pupins & Aija Pupina 
Daugavpils University, Latgales Zoo
E-mail: eco@apollo.lv; bombinalatvia@inbox.lv

The Plan on protection of E. orbicularis in Latvia singles out the main natural limiting factors for Emys orbicularis 
in Latvia: 1) the coldest climate in all the area of E. orbicularis; 2) overgrowing of biotopes; 3) influence of natural 
predators (traumatized by predators compose 52,94% from the number of examined E. orbicularis (n=17). The main 
negative factors of anthropogenic origin are the following: 1) capture and removal from nature of adult Emys orbicu-
laris by people (people catch E. orbicularis in nature in 44% of all cases (n=90), here in 33% of all cases E. orbicularis 
finally eliminates from nature; 2) destruction of biotopes (amelioration); 3) influence of transport (traumatism and 
probable death of Emys orbicularis on the roads), 23,53% (n=4) of examined E. orbicularis (n=17) are traumatized by 
transport; 4) exotic predators introduction into Latvia (Nyctereutes procyonoides, Neovison vison, possible Ondatra 
zibethicus) and others; 5) exotic turtles (registered 7 species and subspecies now).
The realized Emys projects in Latvia are: 

1.	 authors’ private permanent project “Emys-Latvia” (since 1985) – research of distribution and ecology, 
zooculture ex-situ (Pupins, Pupina, 1996); 

2.	 “Research of pond turtle (E. orbicularis L.) ecology in Latvia” (2001) – research of ecology ex-situ; 
3.	 “The peculiarities of forming of negative attitude towards nature” (2001-2003) – research of attitude 

towards E. orbicularis; 
4.	 “Looking for pond turtle in Latvia” (2005) – research of distribution, education; 
5.	 “Research in ecology and conservation of E. orbicularis, Bombina bombina, Dytiscus latissimus in Latvia” 

(2006) – research of distribution, ecology ex-situ, biotopes; 
6.	 “Support to realisation of Daugavpils University doctoral studies” (2004-2007) – research of distribu-

tion, ecology in-situ and ex-situ (Pupins, 2007; Pupins, Pupina, 2008; 2009; 2011); 
7.	 “Development of the Plan of conservation of pond turtles E. orbicularis (L.)” (2007) – development of 

the official strategy of conservation in Latvia, description of main threats and conservation measures 
(Pupiņš, Pupiņa 2007); 

8.	 “Printing of two brochures on fire-bellied toads, pond turtles and its conservation in Latvia” (2007) – 
education; 

9.	 “Development of entrepreneurship as an element that forms municipal environment” (2008) – educa-
tion, creation of E. orbicularis granite sculpture in Daugavpils, South-East part of Latvia.

Current conservation project: LIFE+ Project “Conservation of rare reptiles and amphibians in Latvia” (Acronym: 
LIFE-HerpetoLatvia) # LIFE09 NAT/LV/000239. Project duration: 2010-2014. The main results of the project are 
and will be the following: 1) restored biotopes in Silene Nature Park that create a green corridor for contacts 
of E. orbicularis populations; 2) renovated and entirely functioning Rare reptiles and amphibians breeding 
centre; 3) for the first time in the history of Latvia 42 young turtles, that were reared in the Centre, will be 
released in wild in 2014; 4) a wide network of educational arrangements, notice boards and brochure about E. 
orbicularis. The present project has apparent very long-term after-LIFE effectiveness and sustainability.
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The part of the information was received by realization of LIFE+ Project LIFE09 NAT/LV/000239 “Conservation 
of rare reptiles and amphibians in Latvia”.

Session VI. Public awareness and policy

Serious trade and serious turtle keeping

José María López 
SOHEVA, Spain

Making animals available to everybody can be a tricky problem.  But turtle world has its own issues. They have 
been overall for the last 40 years, so there are many advanced keepers around, in contrast to the “dime turtle” 
problem. Experience shows that restricting some species to the market has proven to be effective, now being 
only available captive bred by these advanced keepers.  
Wild caught animals are often stressed and many of them die before they supply a growing market that un-
dervaluates them.  
Farmed turtles are a problem as well. But only as they supply a hungry business model based on inadequate 
care and false advice provided by sellers. Misinformation combined with an indecent search of benefit, toge-
ther with animalist campaigns have created a problem that would only be resoluble with the disappearing of 
this business model. Another sustainable model is possible.

Emys orbicularis – Species of the year 2013

Cesar Ayres
Asociación Herpetológica Española (AHE), Apartado de correos 191, 28911 Leganés, Madrid, España. 
E-mail: cesar@herpetologica.org

Since 2012 AHE chooses one species as the Species of the Year to draw attention about the situation of any of 
the species of the Spanish herpetofauna that deserves a special attention due to its conservation problems.
On 2012 the Species of the Year was the Baetic midwife toad (Alytes dickhilleni), and the species chosen to 
replace it during 2013 is the European pond turtle (Emys orbicularis).
This species had a wide distribution across all the Iberian Peninsula, but currently appears as isolated populations of 
small size, which represents a problem to ensure genetic flow, and also increases the risk of local extinctions. 
As a species linked to the aquatic environment has suffered fragmentation and / or destruction of wetlands, 
especially those of small size. In addition, in recent decades has had to face a new danger, the presence of 
invasive alien species such as red-eared slider (Trachemys scripta elegans), known popularly as Florida turtle. 
These invaders reach a larger size and compete for food and basking sites. Recently it has been shown that 
there is also a health risk, with the transmission of parasites or pathogens from both species that can cause 
mortality in populations of Emys orbicularis.
Therefore, the AHE has decided to declare the European pond turtle as the Species of the Year in 2013. Among 
the activities during this year will be informative sessions, volunteer activities, and the publication of a mono-
graph which reflects the current status of the species.

Projecte Emys: citizen participation for autochtonous turtles conservation 

Lucía Moreno Fernandez1, Rafael Marquina Blasco2, Matthieu Lassalle1, Jorge Bonet2, Laura Martínez2, Mi-
guel Crespo2, Santiago Gasset3,  Sara Aunés4, Juan Ruiz4 & Carlos Villalba4

1 Acció Ecologista Agró, Tancat de la Pipa, Natural Park of Albufera, Valencia, Spain
2 Acció Ecologista-Agró, Marjal de Rafalell y Vistabella, Valencia, Spain
3 Acció Ecologista-Agró, Moixent
4 Acció Ecologista Agró, Marjal de Almenara, Sagunto, Spain
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Due to the clear decline of native turtles (Emys orbicularis and Mauremys leprosa) populations in coastal 
wetlands of Eastern Spain, the competent authority launched more than a decade ago a reintroduction mo-
nitoring plan which integrate LIFE+Trachemys with the intention of controlling the spread of invasive species 
and improving the conservation of native species.
Within this frame, Projecte Emys was created in 2010 by the NGO Acció Ecologista-Agró with the main objec-
tive of promoting citizen participation in the monitoring of different populations of native turtles in wetlands 
where AE-Agró performs land stewardship. Projecte Emys, was initially established in one area, growing along 
a period of three years, and nowadays takes place in four locations (three coastal wetlands and a portion of 
an inland river). The activities include volunteers training through workshops, public turtle release, radio trac-
king, captures by passive trap (traditional nets), animal marking and biometric data collection.
Very good results were obtained both in terms of participation and conservation. More than 200 people have 
been directly involved along the project. A wide and active network of local volunteers has been established, 
involving traditional fishermen, associations such as a sports club and an electronic company that provided 
support and material for radio-tracking tasks. The high volunteer’s involvement and a large effort permitted 
in one hand, to remove a lot of exotic species from the studied wetlands and on the other hand, to obtain 
numerous data related to dynamics of the surveyed populations. Some achievement can be emphasized: the 
successful establishment of a new population in a natural area, confirmed by the detection of several juve-
niles and the work accomplished with populations of both native and allochthonous turtles, which were not 
described or studied so far. In terms of awareness, Projecte Emys enable to value the importance of wetland 
conservation using the European pond turtle as a flagship species.

The LIFE+Trachemys Project – How to explain it to the little ones?

Ana Alves
Biological Park of Gaia (PBG, Avintes, Portugal)

The problem of introducing alien species in the environment, like exotic turtles, is difficult to explain to chil-
dren. “Mauro and Emilia - Our turtles are in danger, let us help them!” is a real history that tell the journey of 
the first pregnant female of Emys orbicularis captured in a coastal lagoon in Algarve (south of Portugal) and 
went to LIFE+Trachemys Project facilities at Gaia Biological Park, with the purpose to begin the captive bree-
ding program for population reinforcement. At the same time, this history shows how invasive turtles could be 
such a problem to the environment, to native turtles, and to a lot of others species too. 
With games and stories like this, the environment education is easier. There for, a European net, sharing edu-
cative materials with translation possibilities would be very useful for educators of several institutions.
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Session I. Population ecology and conservation genetics

Preliminary sampling of autochthonous terrapins (Emys orbicularis and Maure-
mys leprosa) in the Sotos de Alfaro Natural Reserve (La Rioja, Spain)

Aitor Valdeón1,2, Ricardo Zaldívar3, César Aguilar3, Javier Álvarez3, Carlos Zaldívar3 & Virginia Rada1

1 Departamento de Herpetología. Sociedad de Ciencias Aranzadi. Zorroagagaina 11, 20014 Donostia-San Sebastián, Spain
2 Departamento de Geografía y Ordenación del Territorio. Universidad de Zaragoza. Pedro Cerbuna, 12, 50009 Zaragoza, Spain
3 Grupo Ornitológico de la Rioja-Ecologistas en Acción 

The European pond turtle (Emys orbicularis (L., 1758) and the Spanish pond turtle (Mauremys leprosa (Schweiger, 
1812)) are two reptile species that are very rare and unknown to the La Rioja region of Spain. The limited and isolated 
data that is available in La Rioja was registered a few decades ago, without the use of any systematic and specific surveys.
The Sotos de Alfaro Natural Reserve (449 ha), is included in the Natura 2000 network and is the best preserved 
riparian forests in La Rioja. In the last years, several observations have been made in this reserve, but its po-
pulation size and conservation conditions remain unknown. Another question to be answered is whether the 
populations are native or whether they originate from other sites or other river basins.
To determine the status and distribution of these species in the reserve, 4 sites of the reserve were sampled during August 
and September 2012. Several  types of traps were used. 5 European pond turtles (3 females and 2 males), 3 Spanish pond 
turtles (1 female and 2 males) and 1 male yellow-bellied slider turtle (Trachemnys scripta scripta (Schoepff, 1792) were cap-
tured. Another red-eared slider female (Trachemys scripta elegans (Wied-Neuwied, 1839) was observed and photographed.
During this survey no mature population was detected and therefore only a limited number of specimens were cap-
tured. From the information gathered we think that all the Spanish pond turtles in the reserve have been introduced, 
and at least one of the European pond turtles. There are however native populations of European pond turtle in 
Navarre both upstream and downstream of the reserve, so it is possible that some of these specimens may be native. 
New samplings are planned for 2013 to know more about this population.

Monitoring of the Emys orbicularis population inhabiting the Natural Monument 
in Cañada del Hoyo (Cuenca)

Enrique Ayllón, Pedro Hernandez & Cesar Ayres
Asociación Herpetológica Española (AHE), Apartado de correos 191, 28911 Leganés, Madrid, España
E-mail:  tesoreria@herpetologica.org

Between 2009-2013 an assessment of the population of European pond turtle (Emys orbicularis) inhabiting 
the sinkholes that are part of the lagoons in the Natural Monument of Cañada del Hoyo has been made. The 
population has been monitored using capture-mark-recapture (CMR techniques), being captured almost 80 
turtles. A population of 60 individuals was estimated based on the survival rates detected. Sex ratio is biased 
towards males (2:1). The percentage of adults is 45% of the total population. Recruitment appears to be high, 
since the population has about 55% of juveniles and immatures. Movements between lagoons (up to 1 km) 
were detected in 2012 and 2013 using a combination of CMR and visual censuses.

Limnology of coastal wetlands and the ocurrence of freshwater turtles in Eastern Spain

María Sahuquillo, Ignacio Lacomba, Vicente Sancho, Antonio Pradillo, José Vicente Bataller, Eduardo Díaz & Raúl Orero 
Conselleria d’Infraestructures, Territori i Medi Ambient. Ciutat Administrativa 9 d’Octubre-Torre 1; c/ Castán 
Tobeñas, 77 (46018 València, Spain)
E-mail: lifetrachemys@gva.es

Coastal wetlands in eastern Spain (Comunitat Valenciana) currently host two autochthonous freshwater turtle 
species (Emys orbicularis, Mauremys leprosa) and, more recently (from the end of the 80’s) the exotic invasive 
Trachemys scripta elegans. During the development of the LIFE+Trachemys Project (LIFE09 NAT/ES/000529) 
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a seasonal monitoring of limnological, hydrological and biological variables was carried out in 15 coastal wet-
lands, aiming to determine the environmental factors involved in the dynamics of the invasion process. Main 
objectives of the study were: (1) to define limnological characteristics of coastal wetlands where freshwater 
turtles (autochthonous and/or invasive species) were present and (2) to detect potential relationships be-
tween wetlands characteristics and the occurrence of these species. 
Targeted wetlands are  shallow (from 10 cm depth in summer till 2 meters or more after rainfall), showing in 
some cases high water level fluctuations and summer desiccation, whilst others have more permanent water 
level. Mineralization ranged from fresh to brackish waters (650 to 19800 µS/cm). Trophic status, based on 
chlorophyll-a concentrations, varied from oligotrophic to eutrophic, with higher values during summer dessi-
cation. Human alteration of hydroperiod was detected; however the most important habitat deterioration was 
due to habitat fragmentation, agricultural uses and human occupation.
With respect to authochtonous turtle species occurrence, previous results suggest some different habitat pre-
ferences. Mauremys leprosa is a Mediterranean river dweller (temporary or permanent), and seems to prefer 
slow running waters (Acequia Rei –Peñíscola- or Estany del Duc -Gandía). Emys orbicularis is restricted to lentic 
coastal wetlands, temporary or permanent, fresh or brackish waters, and support a wide range of trophic 
status. The exotic invasive Trachemys scripta elegans shows an opportunistic profile, and invades a wide range 
of aquatic habitats, from lentic coastal wetlands till spring-ponds and reservoirs on rivers. However, better pre-
served wetlands surrounded by a large proportion of natural landscapes still resist the invasion of alien spe-
cies, supporting that changes in land use or habitat deterioration increase opportunities for its expansion. Mid 
and long term situation of this invasion process should be provided and prevented before it will be too late.

Freshwater turtles of the Facultad de Ciencias herpetological collection, Univer-
sidad de la República, Uruguay

Santiago Carreira1, Manuel Merchán2 & Antonio Castro3

1 Laboratorio de Sistemática e Historia Natural de Vertebrados, Facultad de Ciencias, Universidad de la Repú-
blica, Iguá 4225, CP 11400, Montevideo - Uruguay. (carreira@fcien.edu.uy)
2 Asociacion Chelonia. c/ Aristóteles, 3, 28027, Madrid, Spain. (chelonia@chelonia.es)
3 Asociacion Chelonia - Colombia. Calle 19A No. 88 - 24 Apt. 401 T2, 110921, Bogotá, Colombia. (colombia@chelonia.es)

The collection of the Facultad de Ciencias of the Universidad de la República is one of two significant national 
collections for the reptile group in Uruguay. At present, it is home to more than 6,500 reptile specimens.
Turtles are represented by 36 taxa within 22 genera, corresponding to 6.7% of the collection’s specimens. 
In total, the collection has turtles species from ten countries, the majority from Uruguay (81%) and the 
remainder from the Unites States (9%), Brazil (4%) and other countries (6%). Of the ten turtles species 
distributed within Uruguayan territory, nine are represented in the collection. The hawksbill sea turtle (Eret-
mochelys imbricata), which has only been recorded on a couple of occasions in the country, is the only 
species not represented.
The majority of the collection’s turtles species belongs to the five continental species present in the country 
(83%). Within this group, three species are represented in the greatest numbers: Trachemys dorbigni (33%), 
Hydromedusa tectifera (23%) and Phrynops hilarii (20%). The other two species are Acanthochelys spixii (16%) 
and Phrynops williamsi (8%).
The turtle specimens in the collection are relatively scant compared to the other reptile groups; several as-
pects may cause a lower collection rate for turtle specimens, such as the individuals’ sizes or cultural aspects. 
Nevertheless, the occurrence of this reptile group within the collection indicates the record frequency of these 
species in the field. Consequently, the species most frequently recorded in the wild are those best represented 
in the collection, such as is the case of T. dorbigni, the species with the highest number of records and the 
highest number of specimens in the collection.
Logically, the most numerous species in the collection are those that have the widest distribution in the 
country; at the same time, the species with a reduced distribution range in Uruguay, such as A. spixii and 
P. williamsi, are less represented.
In addition, coincidences between the number of specimens and their conservation status have been ob-
served. Thus, non threatened species such as T. dorbigni, H. tectifera and P. hilarii have a higher number 
of specimens, whereas threatened species such as A. spixii and P. williamsi are the turtles less represented 
in the collection.
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Session II. Captive breeding

Growth of the European Pond Turtle (Emys orbicularis, Linnaeus, 1758) in capti-
vity during the six first months of life

César Pérez-Muñiz1, 2 & Manuel Merchán2

1 Oceanogràfic, Ciudad de las Artes y las Ciencias. Cl. Eduardo Primo Yufera, 1. 46013 Valencia, Spain. cperez@
oceanografic.org
2 Asociación Chelonia. Cl. Aristóteles, 3. 28027 Madrid, Spain. chelonia@chelonia.es

Numerous studies on growth and age estimation in reptiles have been carried out developed according to 
several analysis techniques. The monitoring of the body measurements’ evolution, knowing the born date, is 
the only completely reliable method, which permits to calculate accurately the ages of the specimens when 
the body measurements are taken and recorded.
The current work analyzes the growth of the European Pond Turtle Emys orbicularis, Linnaeus, 1758) newbor-
ns within the activities of the LIFE+Trachemys Project (Generalitat de Valencia and Oceanogràfic de Valencia, 
Spain). The project is aimed to minimize the negative impact of the exotic introduced turtles in the territory of 
the Comunidad Valenciana (Spain), focused mainly on the genus Trachemys, in addition to contribute to the 
conservation of the native turtles populations of Mauremys leprosa and Emys orbicularis.
Body measurements were taken in 33 specimens at the hatch time in natural conditions, what allowed 
knowing the exact age of every individual. The measurements taken were the Straight Carapace Length 
(SCL) and the Weigh (W). Both measurements were adjusted through a regression, considering the time as 
independent variable, for the calculation of the species growth rates. In the case of the SCL, a linear regres-
sion equation Y=ax+b was obtained. In the case of the W, the data were adjusted through an exponential 
regression Y=b*eax. 
Both regression analyses were statistically significant (r2 > 0.92). Significant differences in the growth rates 
related to both measurements were not observed.
Regarding the implications of the results on the specimens’ maintenance in captivity, their distribution 
was initially at random, but posteriorly the specimens were separated according to their size classes to 
reduce the food competition. Likewise, the water volume in the facilities was increased after the most 
critical stages related to the drowning risks were overcome. We could confirm that the reduction in 
the proportion of individuals per volume promoted a significant reduction on the impact of the fungi 
infections. Thus, a proportion of liters per specimen’s gram was established, being not inferior than 
0.03. The project continues its implementation to establish the remain variables to contribute to the 
improvement on the management of the species in captivity

Preliminary results of a biometric study on newborns of the European Pond Turt-
le (Emys orbicularis, Linnaeus, 1758) in captivity

César Pérez-Muñiz1, 2 & Manuel Merchán2

1 Oceanogràfic, Ciudad de las Artes y las Ciencias. Cl. Eduardo Primo Yufera, 1, 46013, Valencia, Spain. cperez@
oceanografic.org
2 Asociación Chelonia. Cl. Aristóteles, 3, 28027 Madrid, Spain. chelonia@chelonia.es

The biometric studies are a very useful tool for the description of new taxa, the differentiation of populations and 
the identification of the body condition indexes. Its use is especially important in conservation projects of threatened 
species as an instrument to contribute to the control and monitoring of the specimens raised in captivity.
We present in the current work the results from a biometric study that is being carried out on the newborns 
of the European Pond Turtle (Emys orbicularis, Linnaeus, 1758) within the goals of the LIFE+Trachemys Project 
(Generalitat de Valencia and Oceanogràfic de Valencia, Spain). The project is aimed to minimize the negative 
impact of the exotic introduced turtles in the territory of the Comunidad Valenciana (Spain), focused mainly 
on the genus Trachemys, in addition to to contribute to the conservation of the native turtles populations of 
Mauremys leprosa and Emys orbicularis.
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For this study thirty individuals were periodically measured. The specimens were gathered at the hatch 
time in natural conditions, so that it was possible to estimate the age of the specimens when measured. 
The Straight Carapace Length (SCL) and the Weigh (W) of every specimen were recorded every seven 
days, beginning on the fourth day after hatching, when the specimens arrived at the Oceanogràfic faci-
lities, and ending on the day 178. An exponential regression from every measurement data was imple-
mented to estimate the variation of the allometric coefficients of the W variable in relation to the SCL, 
according to the expression W=b*SLCax, where “b” is a parameter and “a” the coefficient to estimate 
the allometric deviation between both variables. In all the cases, the results from the mentioned re-
gressions showed very high correlation coefficients (always higher than R=0.92), what evidences the 
goodness of fit. The “a” coefficient had always a value comprised between 0.089 and 0.054, with the 
maximum value corresponding to the day 4 and the minimum one corresponding to the day 178. The 
coefficient showed a downward trend, what indicates that, taking into account a constant growth of the 
W related to the SCL, this growth rate diminishes throughout the ontogeny.
The study is still in progress at the Oceanogràfic facilities to confirm the preliminary results obtained from the 
current work and to provide additional data to improve the monitoring process of the captive specimens with 
the aim of contributing to the species’ conservation.

Comparative morphometric analysis in neonates of three Neotropical slider turt-
les: Trachemys callirostris, T. emolli and T. venusta

Manuel Merchán1, José M. Caperos2 & Antonio Castro3

1 Asociación Chelonia. Cl. Aristóteles 3, 28027, Madrid, Spain. chelonia@chelonia.es
2 Dpto. de Psicología, Universidad Pontificia Comillas, jcaperos@upcomillas.es
3 Asociación Chelonia Colombia. Calle 19A No. 88 - 24, 110921, Bogotá, Colombia. colombia@gmail.com

Slider turtles Trachemys, are widely distributed in the New World. Their range comprises large areas of North 
and Central America, the Caribbean islands, and South America from Colombia to Southern Brazil and La Plata 
region in Argentina and Uruguay. The phylogeny of Trachemys is not well understood and proposed nomen-
clatures change according to the latest molecular studies.
T. callirostris callirostris is distributed in the Caribbean coast and inter-Andean valleys of northern Colombia 
and the Maracaibo lake basin in Venezuela; T. emolli is concentrated in the Pacific watershed of Nicaragua and 
Costa Rica; and, T. venusta is divided into several subspecies which are widely distributed in Central America 
from southern Mexico entering western Colombia through the isthmus of Panama, in both the Pacific and 
Caribbean watersheds.
We aim to explore morphometric differences among neonates of the three mentioned Trachemys species. 
Eight morphometric parameters, SCL (Straight Carapace Length), SCW (Straight Carapace Width), SPL (Straight 
Plastral Length), SPW (Straight Plastral Width), HE (Height), HL (Head Length), HW (Head Width) and TL (Tail 
Length), were measured in neonates of T. callirostris callirostris (n=83; Colombian specimens from the Hum-
boldt Research Institute collection, Colombia), T. emolli (n=48; Costa Rican specimens from the collection of 
the Universidad Nacional of Heredia, Costa Rica) and T. venusta venusta (n=80; Mexican specimens from the 
Smithsonian National Museum of Natural History, United States). Using SCL as predictor and species as a fixed 
factor, we performed a regression analysis, including each parameter as a dependent variable. The interaction 
between the predictor and the factor reveal differences in allometry coefficients between species.
We found differences between T. callirostris and T. emolli in the SCW (p=.16), SPL (p=.003) and HE 
(p=.003), and between T. emolli and T. venusta in the SCW (p=.26) and HE (p=.005). No significant sta-
tistical differences were observed between T. callirostris and T. venusta, which indicates their similarity 
regarding the biometrical parameters considered. The results obtained indicate significant biometrical 
differences between T. emolli newborns and the other two species considered, especially regarding 
body depth. This fact supports the last phylogenetic considerations regarding the proximity between T. 
callirostris and T. venusta venusta, both closely connected to Trachemys ornata, with distribution in the 
Mexican Pacific coast. On the other hand, T. emolli, with distribution in the Pacific coast of Nicaragua 
and Costa Rica, has been considered linked to the T. v. grayi complex (Pacific of Mexico and Guatemala) 
and T. v. panamensis (Panama). Further examinations are necessary to confirm the morphometric clo-
seness among the newborns of these latter taxa and among the newborns of T. callirostris, T. venusta 
venusta and T. ornata.
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Benefits of using logistic regression to predict species classification based on biome-
trical indexes: case study of Trachemys scripta elegans and Trachemys scripta scripta

José M. Caperos1, Manuel Merchán2 & Ana M. Fidalgo3
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Taxonomic classification is especially important in cases of phylogenetically closely related taxa. Discriminant 
Analysis is one of the most used procedures for species classification, although it is limited by statistical as-
sumptions (e.g., multivariate normality) and the impossibility of including categorical independent variables. 
In this study we illustrate other methods for classification based on Logistic Regression. We use samples of two 
closely related subspecies of Emydid turtles from North America: T. s. elegans and T. s. scripta.
We registered the following measurements: SCL (Straight Carapace Length), SCW (Straight Carapace Width), SPL (Strai-
ght Plastral Length), SPW (Straight Plastral Width), HE (Height), HL (Head Length), HW (Head Width) and TL (Tail Length) 
from newborn individuals of both species (n=57 and n=59, respectively). Each variable was normalized by the SCL to 
be used for the species classification in two steps. First, for the entire sample, we adjusted the model using backwards 
elimination to select the variables for the final model. Then, using the ROC plot we identified the threshold value to 
distinguish between species. Secondly, we randomly divided samples in training (4/5) and testing (1/5) values and ad-
justed the previous model, evaluating the classification of the test subsample instead of the training subsample model. 
This procedure was repeated 20 times to obtain the average percentage of the model’s correct predictions. 
The final model included only the variables SCW and HE (X2

2=131.07; p<.001; r2
Nagelkerke=0.92), and the predic-

tions showed no significant deviations from the observed values (X2
8=2.81; p=.95). In all 20 trails the model 

allowed a significant classification (p<.001). The average classification indexes revealed 93.2% (SD=10.3) for 
correct classifications in the case of T. s. elegans and 96.2% (SD=5.7) for T. s. scripta. Logistic regression pro-
vides an adequate method for species classification with fewer restrictions in terms of variables used and 
statistical assumptions. In our study we found a very high percentage of successful classification. 

Emys orbicularis hatchlings sex identification: a comparison of morphological 
and histological methods

Catarina Loureiro1, Ana Alves2, Antigoni Kaliontzopoulou3 & José Teixeira3

1 Faculdade de Ciências da Universidade do Porto, Portugal
2 Parque Biologico de Gaia (PBG), Avintes, Portugal
3 CIBIO-UP, Centro de Investigação em Biodiversidade e Recursos Genéticos
E-mail: ana@parquebiologico.pt

Identifying hatchling turtle sex is a very difficult task due to the absence of obvious dimorphic characters. In order 
to attain feasible non-invasive and less expensive sex identification techniques we tested the possibility of detecting 
significant dimorphism in the carapace and plastron shape in Emys orbicularis hatchlings. Using landmark-based mor-
phometric methods, direct gonad observation through histological procedures and temperature-controlled incuba-
tion, we studied 130 hatchlings born through the LIFE+Trachemys (LIFE09 NAT/ES/000529) programme, taking place 
in Portugal (Algarve) and Spain (Valencia). The hatchlings born at non-controlled conditions were individually marked 
and perpendicularly photographed (dorsal and plastron). Shape dimorphism assessment through landmark-based 
morphometrics was initialised with the recording of 13 anatomical landmarks for the plastron and 17 for the cara-
pace. The individuals that later died from unknown causes were used for histological gonad identification (n=32), 
providing a reference sample for the morphometric design. In addition, 7 eggs were incubated at female producing 
temperature (30°C) so their photos could be used as a control for female carapace and plastron size and shape. 
The morphometric analyses of carapace and plastron size and shape showed no significant differences between females 
and males born at non-controlled conditions. However we found significant difference in size and shape of the hat-
chlings incubated at female producing temperature compared with those born under common-garden conditions (both 
males and females). This indicates that incubation temperature has a strong effect on prenatal growth, resulting in larger 
and differently shaped plastron and carapace in hatchings. As such, incubation conditions should be taken into account 
for studies involving sex identification through body size and shape, since the use of temperature-controlled incubation 
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as a reference tool for assessing the sex of individuals from non-controlled temperature conditions can be doubtful.
Nevertheless, this is an on-going study and a larger sample is needed in order to confirm the results obtained and as-
sess whether significant morphological differences can be detected between female and male carapace and plastron 
at a hatchling stage. For conservation purposes, such a methodology would allow to accurately access Emys orbicula-
ris hatchlings sex using a fast, cheap and noninvasive procedure, which could be used to adjust incubation conditions 
and the liberation of the animals in the wild to best contribute to correct the sex ratio of different populations.

Emys orbicularis captive breeding in Portugal - Trachemys LIFE+ Project (LIFE09 
NAT/ES/000529)

Fábia Azevedo1, Ana Alves2, Ana Carvalho1, Thijs Valkenburg1, André Tomás1, Sara Machado1, Bruno Mar-
tins3, Vanessa Soeiro2 & Sara Lóio2
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2 Parque Biológico de Gaia (PBG)
3 CIBIO-UP, Centro de Investigação em Biodiversidade e Recursos Genéticos

In Portugal, the European pond turtle (Emys orbicularis) is classified as Endangered (EN) (Cabral et al., 2005), and 
it is suspected to have suffered a continued regression during the last 100 years, not only of their population size, 
but also of their distribution area (Barbadillo, 1987; Crespo & Oliveira, 1989; Araújo et al., 1997). 
Actually, the populations of this discreet freshwater turtle are still declining in much of their distribution 
range and there is an urgent need for the implementation of conservation actions (Segurado, 2000). 
For the first time in Portugal, during the development of LIFE+Trachemys Project (LIFE09 NAT/ES/000529), we 
started in 2011 the European pond turtle captive breeding program in the Wildlife Rehabilitation and Investi-
gation Centre of the Ria Formosa (RIAS/ALDEIA) and Gaia Biological Park (PBG).

Session III. Sanitary issues

Occurrence of blood parasites on spanish terrapins (Mauremys leprosa) from 
southwestern iberian peninsula 

Alex Ibáñez1, José Martín1, Pilar López1 & Alfonso Marzal2

1 Dpto. de Ecología Evolutiva, Museo Nacional de Ciencias Naturales, C.S.I.C., José Gutiérrez Abascal 2, Madrid, 
28006, Spain. alexibanez@mncn.csic.es
2 Dpto. de Biología Animal, Universidad de Extremadura, Badajoz, 06071, Spain

A total of 54 adult Spanish terrapins (Mauremys leprosa) from two localities on Southwestern population of Iberian 
Peninsula, were screened for apicomplexan parasites of the three genera Haemoproteus, Plasmodium and Hepatozoon 
using a recently developed polymerase chain reaction method. Overall prevalence was 57 %. Prevalence of Hepatozoon 
spp. (54%) and Plasmodium spp (9%) was detected. No individual was infected with Haemoproteus spp. Of the infected 
turtles, 6% carried mixed infections. We also found four genetically distinct parasite lineages infecting terrapins 
(2 Plasmodium, 2 Hepatozoon). Turtles from different localities significantly differed in their overall prevalence. Howe-
ver, overall prevalence did not differ between sexes. These new methods might have strong impact on several aspects of 
research on turtle blood parasites and could be applied for management and conservation of wild populations. 

Are free-living turtles a reservoir for Salmonella and Campylobacter?

María Aurora Colvée Bosch, Sofía Ingresa Capaccioni, Sara González Bodí, Clara Marín Orenga & Santiago Vega García
Universidad CEU Cardenal Herrera. Facultad de Veterinaria. Cl. Tirant lo Blanc, 7, 46115, Alfara del Patriarca

Different studies have shown the prevalence of Salmonella in turtles and its role in reptile-associated salmonellosis in 
humans, but there are few studies in scientific literature related with the epidemiology of Campylobacter in turtles. 
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The aim of this study was to asses the prevalence of Campylobacter and Salmonella in free-living native (Emys orbicu-
laris, n=83) and exotic (Trachemys scripta elegans, n=117) turtles from 11 natural ponds in Eastern Spain. Moreover, 
different types of samples (cloacal swabs, intestinal content and water from turtle containers) were taken and com-
pared.  Regardless of the turtle species, natural ponds where individuals were captured and the type of sample taken, 
Campylobacter was not detected. However, Salmonella was isolated in similar proportions in native (8.0±3.1%) and 
exotic (15.0±3.3%) turtles (p=0.189). In addition, there was an effect of sample type on the detection of Salmonella. 
The highest isolation of Salmonella was obtained from intestinal content samples (12.0±3.0%), while lower percen-
tages were found for water from the containers and cloacal swabs (8.0±2.5% and 3.0±1.5%, respectively). Our results 
shows that free-living turtles are a risk factor for Salmonella transmission, but do not seem to be a reservoir for 
Campylobacter. In this context free-living turtles do not represent a risk factor for human campylobacteriosis. Never-
theless, further studies should be undertaken to confirm these results.

Abnormal winter activity and mortality associated in an Emys orbicularis popula-
tion from North-western Spain

César Ayres1 & Antonio Acuña2

1 Asociación Herpetológica Española (AHE), Apartado de correos 191, 28911 Leganés, Madrid, España. teso-
reria@herpetologica.org
2 Veterinary surgeon, OAM Parque das Ciencias Vigozoo, A Madroa, Teis 36316, Vigo, España. antonio.acuna@
vigo.org

During winter 2012-2013 an unusual winter activity in a population of Emys orbicularis inhabiting the SCI 
Gandaras de Budiño e Ribeiras do Louro (Nw Spain) was detected. On December 19th the first individual was 
detected on land under the rain. The turtle appeared motionless but with no symptoms of illness. After a quick 
assessment the turtle was released. Up to ten different turtles were detected the following weeks.
On December 27th the first dead turtle was detected, floating in one of the ponds of the complex. The turtle 
presented no symptoms of illness. During January 2013 four additional turtles were found dead or dying. Two 
dead turtles were detected later, during March and April.
Necropsy was performed in six wild turtles that were found dead. A number of gross pathological changes were common 
in all of them but were considered non specific findings. They included cachexia, ascites, cardiovascular lesions, enteritis, 
necrotic material into intestinal lumen, petechial hemorrhages, and ulcerated lesions on the gastrointestinal surface. 
Microscopically, only three animals were examined. The most significant findings were the presence of para-
site eggs in brain, lungs, heart, liver, kidney, and gastrointestinal tract. Characteristic lesions included miliary 
egg granulomas, which were observed most readily on serosal surfaces, particularly of the small intestine. 
Cardiovascular lesions included endocarditis, arteritis, and thrombosis.
Based on characterisatic necropsy findings and the presence of trematode eggs we can confirm that the cause of death 
was direct or indirectly involved with spirorchidiasis, an intravascular fluke described in many other species of turtles.

Session IV. Invasive species. Problems and solutions

Reproductive biology of the red eared slider (Trachemys scripta elegans) in a 
coastal wetland on East Spain

José Vicente Bataller1, Antonio Pradillo1, Eduardo Díaz1, Raúl Orero1, Vicente Sancho2 & Ignacio Lacomba2

1 CRF La Granja, Avda. Los Pinares, 106. 46012 El Saler, Valencia, Spain
2 Conselleria d’Infraestructures, Territori i Medi Ambient. Ciutat Administrativa 9 d’Octubre-Torre 1, Cl. Castán 
Tobeñas, 77, 46018 València, Spain
E-mail: lifetrachemys@gva.es

Reproduction of the red eared slider (Trachemys scripta elegans) at the surroundings of Almenara lagoons 
(Castellón province, East Spain) is confirmed since 2003. Data collected show that nest density can be high: 
237 nests in 2 Ha on a single year.
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Total eggs and hatchlings collected along years 2006 and 2007 in 303 nests is 3129; that is, an average of 10.3 
eggs per nest. Maximum clutch size was 18 eggs, and the minimum 2.
Ovoscope examination of 1329 eggs collected in 2006 have revealed three main factors:

-	 Laying period comprises about 18 weeks and ranges from the end of March until the end of July; being 
June the most prolific. 

-	 Ratio of unfecundated eggs is around 10-20% although for many nests (n=22) hatching ratio is 100%.
-	 Average incubation period is 79 days, that is, a little more than 11 weeks.

Does the invasive species Trachemys scripta and Pseudemys concinna able to 
reproduce in the northern coast of Portugal?

Ana Alves1, Albert Martínez-Silvestre2, Anabela Alves3 & José Júlio G. B. Martins3

1 Wildlife Recovery Center of Biological Park of Gaia (CRF-PBG), Avintes, Portugal
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3 University of Trás-os-Montes and Alto Douro (UTAD), Vila-Real, Portugal

In the last decades, misinformed owners released countless specimens of Trachemys scripta elegans turtles, 
commonly known as Red-eared sliders, in wetlands worldwide. Established in several countries, these reptiles 
became a threat to the biodiversity of freshwater ecosystems, particularly for native turtles.
With this study we intend to evaluate the reproduction ability in the north of Portugal of both this species and 
another freshwater species from the USA - Pseudemys concinna - now also quite popular as a pet, and that we 
believe can soon become a problem species.
To study this, we isolated 3 females and 2 males of each species on reproducing cells, from March 2011 to 
April 2012, under conditions as close as possible to the natural environment, at Gaia Biological Park, which is 
located in Vila Nova de Gaia, Portugal.
From these reproductive stocks, eighteen Trachemys scripta elegans hatched, but apparently all were males.
No births of Pseudemys concinna were recorded, however we colected evidence of births on a owner back-
yard, 50 km from the study area, that reinforce the suspicion that this species may come to reproduce in our 
country, so it’s important to carry out further studies on this subject.
Based on the results obtained, some measures on these animals trade law are suggested. These might, in our 
opinion, halt and prevent an environmental problem that lies ahead, preventing and avoiding the high costs 
involved in its resolution.

Allochthonous pond turtles in Brandenburg (NE-Germany) – a current danger for 
relict populations of E. orbicularis

Norbert Schneeweiß & Heidrun Beckmann
Landesamt für Umwelt, Gesundheit und Verbraucherschutz
Conservation Station Rhinluch, Nauener Straße 68. D-16833 Linum
E-mail: norbert.schneeweiss@lugv.brandenburg.de

195 individuals of at least 9 non-indigenous aquatic turtle species have been detected in Brandenburg since 
1990. Most of these individuals belong to Trachemys scripta elegans or to different sub-species of Chrysemys 
picta, despite an import and trade embargo for these species. These released turtles represent a latent threat 
for local relict populations of Emys orbicularis (illnesses, competition etc.). Some of the allochthonous species 
are able to survive and also to reproduce under the climatic conditions in northern Germany (e. g. Chelydra 
serpentina, C. picta subspp.).
Besides allochthonous species, individuals from non-local European pond turtle populations of different 
subspecies (i.e. allochthonous populations) are also released illegally. Allochthonous E. orbicularis have been 
found in the habitats of two autochthonous relict populations in Brandenburg. Authochthonous and alloch-
thonous individuals may mate, which harbours the risk that F1 individuals originate which are not adapted 
to the ecological conditions at the edge of the species’ geographic distribution. Attempts are being made by 
volunteers of conservation project to remove allochthonous individuals at least in the regions with known 
populations of autochthonous pond turtles.
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Finding of alien turtles species in Latvia

Mihails Pupins & Aija Pupina
Daugavpils University, Latgales Zoo
E-mail: eco@apollo.lv; bombinalatvia@inbox.lv

Historically, only two species of turtles are registered in Latvia: Emys orbicularis (Linnaeus 1758) and Caretta 
caretta (Linnaeus 1758) (Siliņš & Lamsters 1934) - single animal, caught in 1829. Only Emys orbicularis perma-
nently inhabits Latvian territory, at the northern edge of its European area in Latvia, all through its life cycle. 
Management of allochthonous turtles in Latvia is necessary for preservation of autochthonous biodiversity. 
The main aim of the management is to prevent allochthonous turtles from appearance in the nature of Latvia. 
This aim may be achieved by the efficient removal of allochthonous species from wild and preventing them 
from appearing in the nature of Latvia.
The main idea of the management of allochthonous turtles in Latvia is an active involvement of specially 
educated population. In order to cover the whole territory of Latvia, and due to the small number of allo-
chthonous turtles in Latvia and difficulty searching for some water species of turtles, we have purposefully 
prepared (work with mass media) and used local population of Latvia for receiving information on turtles and 
capturing them.
In result of the study before 2013 we found in Latvia for the first time 7 allochthonous species and subspecies 
of allochthonous turtles: Trachemys scripta troostii, Mauremys caspica, Mauremys rivulata, Pelodiscus sinen-
sis, Testudo horsfieldii, Testudo hermanni hercegovinensis and Trachemys scripta elegans in wild in Latvia. 
Most of findings are single adults animals and were removed from wild.
The part of the information was received by realization of LIFE+ Project LIFE09 NAT/LV/000239 “Conservation 
of rare reptiles and amphibians in Latvia”.

Session V. Conservation projects

France national action plan for the Spanish terrapin (Mauremys leprosa) 2012 – 2016

Lionel Courmont (Chargé de misión)
Comité de pilotage Emyde lépreuse 2013
Groupe Ornithologique du Roussillon, 4 rue Pierre Jean de Béranger, 66000 Perpignan, France. E-mail: gor2@
orange.fr

The Spanish terrapin Mauremys leprosa is a river turtle which distribution reaches its northern limit in 
France. Because it is mainly localized in the “departement” of Pyrenées-Orientales, the Spanish terrapin 
is considered as one of the most threatened reptiles in France. The National Action Plan’s objective is 
to ensure the conservation of the species in France. This plan gathers the knowledge about its ecology 
and settles a national conservation strategy. The main actions to implement are organized according to 
4 themes:

-	 Data acquisition,
-	 Protection of the populations,
-	 Conservation and management of habitats,
-	 Communication and consciousness-raising.

The first major goal of this 5 years plan (2012-2016) is to improve the knowledge about this species in France: 
its distribution, populations and ecology.
At the same time, the protection area network for its habitats in France will be improved (Natura 2000, 
Protected Areas at the “département” level, national Strategy of Protected Areas Creation…) and fur-
ther information about the interactions between Mauremys leprosa and American exotic turtles will be 
collected.
Finally, an important awareness-raising program towards elected bodies, landowners and consultancies will 
be implemented all along the next 5 years, to ensure that the Spanish terrapin is taken into account in the 
different development plans.
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Effects of nest-relocation on hatching success of yellow-spotted and six-tuber-
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The yellow-spotted Podocnemis unifilis and six-tubercled P. sextuberculata river turtles are two fresh water 
chelonians widespread throughout the Amazon river systems. Both species are hunted for human consump-
tion and overexploitation of eggs, hatchlings and adult turtles have led to severe population declines leading 
to both species to be classified as vulnerable by IUCN.
In 2003 a community-based conservation program was initiated along 11 spawning and hatching areas of the 
Erepecu river in the Rio Trombetas Biological Reserve (REBIO Trombetas), Central Amazon, Brazil. The project, 
entitled “Turtles of the Amazon: Conserving for the future”, results from a partnership between the Amazo-
nian Association of Ichthyologists and Herpetologists (AIHA), the National Institute for Amazonian Research 
(INPA) and the Chico Mendes Institute for the Biodiversity Conservation (ICMBio). Every year several local 
families and a team of volunteers collaborate to the hatchling success of Podocnemis unifilis and P. sextuber-
culata across the project target areas. On the beginning of each nesting season (that extends from September 
to December) nests are located and depending on their location, are transferred to one of the beaches were a 
local family is responsible for their protection (hereafter “relocated nests”) or left untouched on their original 
location (hereafter “natural nests”). Here we assess the effects of nest-relocation on the hatchling success of 
P. unifilis and P. sextuberculata in Erepecu Lake, inside REBIO Trombetas.
During the 2012 hatchling season each one of the 11 beaches targeted were visited on a daily basis and a total 
of 340 natural nests and 661 re-located of nests of P. unifilis and 84 natural nests and 73 re-located of nests 
of P. sextuberculata were followed to access hatchling success. Every nest was protected with a box above it 
(preventing predation and avoiding that recently hatched turtles escaped without being accounted for). Com-
bine species hatchling success was 72.9 ± 0.88 (mean ± SE) and hatchling success differed significantly across 
beaches. For P. unifilis, hatchling success was significantly higher for natural nests (88.5±1.17) than for reloca-
ted nests (66.1±1.20) and the same was observed for P. sextuberculata (76.3±2.83 in natural vs 57.8±3.59 in 
relocated nests). No significant differences were detected between the hatchling successes of relocated nests 
of both species but natural nests of P. unifilis presented a significantly higher hatching success (88,5±1,2) than 
the natural nests of P. sextuberculata (76,3±2,8).
Our results show a clear reduction in the hatchling success of relocated nests of both species. However, these 
results do not indicate that nest relocation is an unsuccessful conservation strategy. By the contrary, if nests 
would not be relocated and placed under supervision of the local family responsible for the beaches they 
would be more exposed to human predation and poaching leading to worse conservation outputs.

Conservation herpetocultures of Bombina bombina and Emys orbicularis in Latvia

Aija Pupina & Mihails Pupins 
Daugavpils University, Latgales Zoo
E-mail: eco@apollo.lv; bombinalatvia@inbox.lv

Emys orbicularis and Bombina bombina are rare species of European herpetofauna, Latvia is situated on the northern 
edge of the species distribution. As a result of human activities new factors of anthropogenic origin appear which 
negatively influence the species in Latvia. In connection with this it is important to conserve E. orbicularis and 
B. bombina on the northern edge of the species’ distribution in Latvia. The one of the recommended by official Plans 
of conservation of E. orbicularis and B. bombina in Latvia measures is conservation ex-situ: rearing in a zooculture for 
an introduction in wild. This also determines the importance of solutions of problems of E. orbicularis and B. bombina 
herpetocultures in Latvia. By the rearing we met some important problems: creation of breeding group, rearing of ju-
veniles, etc. Most of the problems were successfully solved. For many years we use the solutions for these problems.
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The part of the information was received by realization of LIFE+ Project LIFE09 NAT/LV/000239 “Conservation 
of rare reptiles and amphibians in Latvia”.

Radiotracking of Emys orbicularis in two populations at Valencia Region (East Spain)

Eduardo Díaz1, Matthieu Lassalle2 & Jorge Godoy1

1 CRF La Granja, Avda. Los Pinares, 106, 46012 El Saler, Valencia, Spain
2 Acció Ecologista Agró, Tancat de la Pipa, Natural Park of Albufera, Valencia, Spain

Since 1997 a wide extensive monitoring program of European pond Turtle (Emys orbicularis) populations is carried 
out by the Regional Council of Environment in Valencia (Comunidad Valenciana). Part of the program was to radio 
track some individuals in order to recognize the habitat most frequented by the populations. The study was carried 
out in two different areas (Rafalell and Vistabella marsh and Corinto Marsh) with a total of 17 individuals, between 
2007 and 2010. Tracking down were performed every 2-3 days per week during the active season. All the spotted 
points have been registered and geo referenced in order to calculate the home range of each individual. 
The results showed that most of the tagged animals used ditches and channels as corridors in their move-
ments, but they prefer shallow flooded areas with dense vegetation as vital domain and hibernation sites. 
Regarding the fidelity of the hibernation site, only one individual has held twice the same area to hibernate 
while others have occupied several ones. 

Session VI. Public awareness and policy

A review of the historical and present use of the Amazon River Turtle (Podocne-
mis expansa)

Antonio Castro1, Manuel Merchán2, Miguel Cárdenas1 & Santiago Carreira3

1 Asociación Chelonia Colombia. Calle 19A No. 88 - 24, 110921, Bogotá, Colombia. colombia@chelonia.es
2 Asociación Chelonia. C/ Aristóteles 3, 28027, Madrid, Spain. chelonia@chelonia.es
3 Laboratorio de Sistemática e Historia Natural de Vertebrados, Facultad de Ciencias, Universidad de la Re-
pública, Iguá 4225, CP 11400, Montevideo, Uruguay and Dpto. de Herpetología, Museo Nacional de Historia 
Natural, 25 de mayo 582, CP 11000, Montevideo, Uruguay. carreira@fcien.edu.uy

The intense exploitation of the Amazon River Turtle (Podocnemis expansa) in the Orinoco and Amazon basins 
has been related by several chroniclers who expressed the large quantity of eggs, hatchlings and females used 
or commercialized mainly between the XVIII and XIX centuries.
P. expansa is listed as a Lower Risk (LR) conservation dependent species by the IUCN, and is the focus of a con-
tinuous conservation program. Nevertheless, in Colombia it is categorized as Critically Endangered (CR) for the 
Orinoquia and as Endangered (EN) for the Amazon Basin; in Venezuela it is considered Critically Endangered 
(CR) for its entire distribution range. The IUCN/SSC Terrestrial and Freshwater Turtles Specialist Group (TFTSC) 
have provisionally included this species in the CR category.
The objective of this review is to analyze and highlight the important historical traditional uses of P. expansa, 
as well as some of the present ones, and the influence of the colonization process which led to over-exploi-
tation of the species and a dramatic decrease in its wild populations. A bibliographic review of travelers’ 
chronicles from the XVIII to the beginning of the XX centuries was carried out. In addition, more recent papers 
on the uses of the species have been reviewed. P. expansa has been one of the more appreciated freshwater 
turtles, traditionally used by natives and, between the XVII and XX centuries, by missionaries and settlers. The 
habit of collective nesting meant that some specific places became important exploitation centers to produce, 
commercialize and export oil extracted from the eggs. On only three beaches of the Orinoco river’s middle 
course, between 75,000 and 90,000 liters of oil were produced annually. Between 25 and 50 million of eggs 
were estimated to be used; between 250,000 and 500,000 Amazon River Turtles should have arrived for that 
level of production. Additionally, a large number of eggs were used for consumption and another amount 
spoiled; therefore the number of P. expansa females that arrived to nest must have been even higher.
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The species’ historical uses were numerous. The turtle meat was eaten fresh or dried and the eggs were eaten 
fresh, cooked or salted; they were also used to extract oil for human consumption or as combustible. The 
hatchlings were also cooked and eaten. Medicinal purposes were attributed to the egg-oil (skin protection) 
and turtle grease (stomach cleansing). The grease was also used for skin ornamentation and to caulk canoes 
and boats. The turtle shell could be used as pots, seats, agriculture tools, troughs, as decoration and, when 
powdered, to produce ceramics. The neck skin was used to produce tobacco cases and tambourines.
At present, P. expansa continues to be an important source of protein through its meat (boiled or roasted) and eggs 
(boiled, salted or cooked with sugar); their sale can earn extra income for the indigenous and countryside inhabitants. 
The turtle grease is commercialized and used for several medicinal purposes: to treat respiratory illnesses, rheumatism, 
muscle pain, acne, and skin ailments; it is also used as a cosmetic product, a sun blocker and to stimulate wound healing. 
The egg shell is used to treat the pterigium and powder from the carapace is used for hemorrhage treatments. The cara-
pace has other uses as well, for example as a decorative element (commercial or non-commercial) and in the production 
of handicrafts and percussion instruments. Finally, the hatchlings are caught to be used or sold as pets.

Freshwater turtles & environmental volunteering: well-trained volunteers can 
provide reliable data.

Limne Foundation
Cl. Quart,  80, Valencia, Spain 

It is difficult for management agencies or conservationist organizations to effectively monitor the huge volume 
of aquatic ecosystems into a watershed. Environmental volunteers and concerned citizens could fill the gap.
We trained volunteers to properly identify both types of autochthonous terrapins (Mauremys leprosa & Emys 
orbicularis) and the red-eared slider. We also showed them how to use a standard protocol in order to sex, 
measure, weight and mark captures with notches on the marginal scutes.
Local community volunteers were trained in workshops organized by the Limne Foundation in collaboration 
with the LIFE+Trachemys team. Seventy two participants assisted to the five training sessions organized last 
year. Some of them agreed to volunteer in our freshwater turtles monitoring. 
A study of exotic and autochthonous turtles was made in the outlet of the river Mijares (Spain), where natu-
ralized populations of Trachemys scripta had been previously detected. Fyke nets and basking traps were used 
to capture individuals. Traps were checked two times per week.
Fieldwork was carried out by volunteers under the occasional supervision of the Limne Foundation staff.
One of the main goals of the monitoring program was to remove as many invasive individuals as possible and 
to collect data about the Spanish pond turtle or the European pond turtle (historical data about the study area 
was not conclusive).  Despite this, the key goal was to educate and bring awareness of invasive species as a 
serious threat to the native biodiversity.
The survey started on March 2012 and ended on November 2012. Our volunteers confirmed the presence of 
both autochthonous terrapins, removed 20 red-eared sliders and obtained new data on the structure of fres-
hwater turtle population. Thus, we confirmed that trained citizens could successfully collaborate in fieldwork.
Freshwater turtle monitoring brings an excellent opportunity for the community to become actively involved 
in contributing to the management of their own local ecosystems.

Rangers paper in wildlife investigation. The case of the European pond turtle in 
Aragon region (Spain)

Aitor Valdeón1,2, Joaquin Guerrero3, Javier Puente3 & Luis Alberto Longares1

1 Department of Geography and Regional Planning. University of Zaragoza. Cl. Pedro Cerbuna, 12, 50009 Za-
ragoza, Spain
2 Department of Herpetology. Aranzadi Society of Sciences. Zorroagagaina 11, 20014 Donostia-San Sebastián, 
Gipuzkoa, Spain
3 Gobernment of Aragon. Paseo Mª Agustin, 36, 50071 Zaragoza, Spain

Aitor Valdeon´s PhD thesis concerned with the modelling of the habitats of the European pond turtle (Emys orbicula-
ris (L., 1758)), presently counts with the collaboration of the Government of Aragon and its rangers, who are sampling 
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the Aragon Region, one of the two most unknown Regions of Spain herpetologically along with Extremadura. 
Until 2011 a few sites were sampled, whose populations were monitored using the capture-mark-recapture 
method. The Holland code is presently being used to identify the turtles individually in the whole of the Ebro 
basin, except in the Delta, avoiding the replication of numbers.
During 2012 an intense sampling campaign was carried out by the rangers of Aragon (called APNs: Agents 
for the Protection of Nature). Prior to the campaign a short training session was performed by Aitor Valdeón, 
and coordinated by Joaquín Guerrero and Javier Puente. Several types of traps that were adapted for turtle 
trapping were used during a week at each site by the APNs.
Some previously sighted populations some decades ago were confirmed and other new populations were dis-
covered. New samplings are planned for 2013, with two main aims; to discover new populations and monitor 
the known ones (survivorship, population size, population structure).

Public awareness and education for the European pond turtle in Alsace, NE Fran-
ce. Let’s play!

Mathieu Hilaire1,*, Yann Delahaie1,*, Marie-Claire Fuchs2, Jean-Yves Georges3,4, Jean-Philippe Langrand5, Cyril 
Leroy1, Uwe Meiβner6 & Fabrice Levresse7

1 ARIENA, Selestat, France
2 Reserve Naturelle de la Petite Camargue Alsacienne, St Louis, France
3 Institut Pluridisciplinaire Hubert Curien (IPHC), Strasbourg, France
4 CNRS, UMR7178, 67037 Strasbourg, France
5 Maison de la Nature du Delta de la Sauer, Munchhausen, France
6 Kreisverwaltung Germersheim, Germersheim, Germany
7 Conseil General du Bas Rhin, Strasbourg, France
* E-mail: mathieu.hilaire@ariena.org; yann.delahaie@ariena.org

Public awareness and education is a concrete conservation action. This is particularly true in the case of 
re-introduction programs, since the public at large, but also stakeholders have to re-appropriate the concer-
ned, yet eventually forgotten, species that used to be part of their local biodiversity, ecosystem services and 
management policies.
In the frame of the INTERREG program C12 aiming at reintroducing the European pond turtle Emys orbicularis 
in Alsace, North-East of France, the local council (Conseil General du Bas-Rhin) commissioned a local environ-
mental NGO (ARIENA Association Regionale pour l‘Initiation a l‘Environnement et a la Nature en Alsace) for 
producing a ludic yet pedagogic game intended to school pupils. This game, named “A turtle’s life”, is based 
on the “snakes and ladders” game: It consists in a plateau illustrating a path representing, on a seasonal ba-
sis, each life stage of a freshwater turtle female, from spring awakening to wintering. Upstream of the game 
itself, an illustrated pedagogic book is intended to school teachers, providing scientific-based information on 
freshwater turtles’ habitats, biology, ecology and conservation. This information is required by the players to 
go ahead in the game. As such, the game is played by teams of several pupils to encourage discussion around 
any point of concern. The winner is the team who, thanks to its correct questions and some throw of dices, 
drove safely its turtle throughout the annual cycle with most offspring. The game is proposed in both French 
and German languages, based on the international collaboration through the INTERREG program.
By destining this game to youngest age-classes of the public at large over the borders, this initiative aims at 
contributing on the long-term and at widest scale, to public awareness and education regarding this emble-
matic species that vanished from Rhine wetlands more than one century ago.
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Conclusions
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Session I. Population Ecology and Conservation Genetics
•	 Promote the study of Emys orbicularis populations for which there is little information.
•	 Promote the use of molecular tools to detect invasive turtles in wetlands, and to discover the origin of nati-

ve turtles that arrive in recovery centres.
•	 Promote standard methods for genetic studies of turtles in the scientific community.
•	 Review ecological knowledge of native turtles and identify information gaps.
•	 Conduct more detailed studies of reproductive ecology including:  nest sites, nest characteristics, and envi-

ronmental variables.
•	 Use captive facilities for experimental studies on ecology and competition between native and exotic turtles.

Session II. Captive Breeding
•	 Justify the need for captive breeding.
•	 Improve communication between captive breeding facilities.
•	 Monitor environmental conditions in breeding facilities.
•	 Monitor sex ratios of captive animals and ensure that releases have the optimum ratio of males and females.
•	 Standardise and distribute protocols for captive breeding and release.
•	 Monitor hatchlings after their release.

Session III. Sanitary Issues
•	 Inform the research community of the risks posed by turtles as vectors for the spread of diseases and parasites.
•	 Inform society about the risks posed by pet turtles as carriers of diseases and parasites.
•	 Apply appropriate prophylactic techniques to prevent the spread of parasites and diseases.

Session IV. Invasive Species
•	 Maintain an effective early alert network for detecting new incursions and the spread of invasive species 

into areas where they have not previously been found.  
•	 Improve knowledge of the distribution of Trachemys scripta elegans especially in areas where it reproduces.  
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•	 Control Trachemys scripta elegans at breeding sites and where overwintering animals emerge.     
•	 Respond to climate change by promoting a coordinated European program for the control and eradication 

of alien invasive species.
•	 Eradicate or control of alien invasive species where they are sympathetic with native turtles.

Session V. Conservation Projects
•	 Draw attention to the serious decline of native turtle species brought about by alien invasive species such 

as raccoons, raccoon dogs, American mink, exotic turtles and new parasites.
•	 Use scientific criteria to establish a native turtle conservation network. 
•	 Identify corridors, stepping stones and buffers within the proposed conservation network.
•	 Identify and protect aquatic and terrestrial turtle habitat in order to reduce mortality of turtles throughout 

their life cycle.
•	 Promote best practices for mapping native turtles and their habitats.

Session VI. Public Awareness and Policy
•	 Promote the creation of native turtle reserves on private properties, promote good land stewardship, and 

promote volunteering.
•	 Disseminate information and create awareness of the current status of native turtles among landholders 

and ins civil society.
•	 Improve communication 
•	 Effectively communicate information about the most problematic alien invasive species to society.
•	 Encourage civic participation in turtle research and conservation
•	 Improve awareness of the problems with alien invasive species among decision makers and within the 

legal system. 
•	 Improve coordination between the scientific community, technicians and trade inspection authorities. 
•	 Improve the efficacy of pet trade regulations.
•	 Encourage the extension of European trade regulations to include currently traded potentially invasive spe-

cies, subspecies, varieties, and animals circulating under pseudonyms.  
•	 Ensure that European trade regulations are properly enforced.
•	 Cooperate with the pet trade sector to discourage the use  of exotic turtles as pets.
•	 Making a proposal for the UE authorities in order to highlight the problems of conservation of native turtles.
•	 Create an environmental education network that uses a web site to distribute materials produced by orga-

nisations working for turtle conservation.
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