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Abstract

Successful reintroduction of the European pond turtle Emys orbicularis with a small 
number of founders: results from a 20-year, small-scale experiment. Reintroduction 
programs can be an effective management tool for conservation of threatened 
chelonians, yet the success of such programs relies highly on numerous factors, such 
as the number of founders and the size of introduced individuals. We conducted a 
reintroduction experiment of the European pond turtle Emys orbicularis in a pond 
located within its historical range, using a small number of founders (N = 20), most 
of which were hatchlings maintained over winter and then released in June 2004 
(mean weight about 33 g, head-started cohort, N = 7), and others were released 
within one month after hatching in October 2006 (mean weight about 8 g, con-
trol cohort, N = 8). One female contributed two hatchlings (out of seven) to the 
2004 cohort and the eight hatchlings released in 2006, so most hatchlings were 
half siblings. Two adult males and three females from nearby recovery centres 
were also released in order to increase the genetic variability of the population. 
At the end of 2023, at least five founder individuals were alive and their weight 
was about 500 g. The growth rate was similar for both cohorts and is among the 
highest recorded for the species, suggesting that the habitat in the main pond is 
optimal. Based on Jolly-Seber and Manly-Parr estimates, reproduction within this 
population was confirmed by the increase to 42-44 individuals by 2023, respectively. 
Genetic analysis confirmed the expected low level of genetic diversity, the lowest 
for the subspecies E. o. occidentalis distributed across the Iberian Peninsula and 
northern Morocco.. For this population to thrive, a management plan with long-
term monitoring is needed to maintain a favourable habitat and genetic diversity, 
and thus minimize the risk of extinction. Our findings suggest that a small number 
of E. orbicularis hatchlings can be used as founders to successfully reintroduce the 
species in suitable habitats, even without headstarting.

Key words: Captive breeding, Freshwater turtles, Headstarting, Reintroduction, 
Survival rate

Resumen

Reintroducción exitosa del galápago europeo Emys orbicularis con un pequeño 
número de fundadores: resultados de un experimento en pequeña escala de 20 años 
de duración. Se ha sugerido que los programas de reintroducción son una her-
ramienta de gestión eficaz que contribuye a la conservación de los quelonios 
amenazados; sin embargo, el éxito de dichos programas depende en gran me-
dida de numerosos factores, como el número de fundadores y el tamaño de los 
individuos introducidos. Llevamos a cabo un experimento de reintroducción del 
galápago europeo Emys orbicularis en un estanque situado dentro de su área de 
distribución histórica, utilizando un pequeño número de fundadores (N = 20), 
la mayoría de los cuales eran neonatos que se habían mantenido durante el 
invierno y luego se liberaron en junio de 2004 (peso medio aproximado de 33 g; 
cohorte de fundadores criados en cautividad [headstart], N = 7) y otros que se 
liberaron al cabo de un mes desde la eclosión en octubre de 2006 (peso medio 
aproximado de 8 g; cohorte de control, N = 8). Una hembra contribuyó con dos 
crías a la cohorte de 2004 (de un total de siete) y las ocho crías liberadas en 
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Introduction

Estimates of extinction rates suggest that we are 
confronting a mass extinction due to anthropogenic 
causes, namely habitat loss, overexploitation, the intro-
duction of exotic invasive species, and global change. 
This scenario could yield extinction rates a thousand 
times higher than natural background rates (De Vos et 
al 2014). To confront these biodiversity threats, it is 
vital to identify the causes of population decline and, 
once these causes are controlled, direct management of 
populations might be used to restore lost biodiversity, 
unless global extinction occurs. 

The reintroduction of species to their historical 
ranges is a common management strategy in verte-
brate conservation (Seddon et al 2007) and is used to 
restore ecological interactions when key species have 
been extirpated (Polak and Saltz 2011). For example, 
the reintroduction of wolves into Yellowstone National 
Park produced a series of cascading effects on major 
vertebrate species, but also on vegetation, effectively 
rewilding the Yellowstone area (Boyce 2018). Long-term 
monitoring and a higher effort in publishing the results 
of relocations are needed to improve our knowledge 
of the factors that affect the success of these projects 
(Fischer and Lindenmayer 2000).

Chelonians (turtles and tortoises) are among the 
vertebrate groups with the highest extinction risk, 
with 35 % of the recognized species considered Criti-
cally Endangered or Endangered (CR + EN)  according 
to IUCN criteria (Rhodin et al 2018) due to a variety 
of anthropogenic causes, and thus in need of human 
intervention to prevent the expected extinctions in 
coming decades (Stanford et al 2020). The release of 
captive-bred turtles to reinforce natural populations is 
a widely used conservation strategy with Chelonians 
(e.g., Mitrus 2005, Bona et al 2012, Mullin et al 2020, 

Golba et al 2022). For example, it has been proposed 
as a management strategy for the Vietnamese pond 
turtle Mauremys annamensis, threatened by over-
collection and habitat loss (McCormack et al 2014). 
This technique has several potential vulnerabilities 
because animals maintained in captivity may become 
habituated to human presence, have less ability to sur-
vive without food supplementation, may not recognize 
predators once released, or may serve as vectors of 
diseases and parasites. 

The European pond turtle Emys orbicularis (Linnaeus, 
1758), is considered near threatened by the IUCN 
across its wide distribution in the Western Palaearctic 
(Tortoise and Freshwater Turtle Specialist Group 1996). 
Captive breeding and the release of reared turtles 
have been used in conservation programs aimed at 
reinforcing local E. orbicularis populations across its 
range (Fritz and Chiari 2013). As these programs often 
used abandoned or confiscated individuals of unknown 
origin, maintained in zoos and recovery centres. Good 
practices in conservation programs were not always 
followed (see Velo-Antón 2013), accounting for pos-
sible national and international translocations via the 
pet trade market identified in E. orbicularis (Velo-Antón 
et al 2007, 2011a, 2021). 

Hatchlings maintained in captivity during the first 
months (or years) and thereafter released into natural 
habitats are expected to show higher survivorship if this 
limits predation during the first ages, and these animals 
are said to be 'headstarted' (Heppell et al 1996). Mitrus 
(2005) evaluated the results of an experiment where 
123 one-year-old E. orbicularis were head-started and 
released into their original population. He concluded 
that this technique only increases population size if 
a large percentage of the hatchlings are artificially 
reared, and suggested that, until the long-term effects 
of headstarting are known, these programs cannot be 

2006, por lo que la mayoría de las crías liberadas eran medio hermanas. Tam-
bién se liberaron dos machos y tres hembras adultos procedentes de centros de 
recuperación cercanos, para aumentar la variabilidad genética de la población. A 
finales de 2023, al menos cinco individuos fundadores seguían vivos y su peso 
era de unos 500 g. La tasa de crecimiento, que fue similar en ambas cohortes, es 
una de las más altas registradas para la especie, lo que sugiere que el hábitat en 
el estanque principal es óptimo. La reproducción de esta población se confirmó 
a partir de 2010, ya que en 2023 el número estimado de individuos fue de 42 
y 44, según las estimaciones de Jolly-Seber y Manly-Parr, respectivamente. El 
análisis genético confirma la baja diversidad genética prevista, que es la más baja 
en la subespecie E. o. occidentalis distribuida por la península Ibérica y norte de 
Marruecos. La persistencia futura de esta población requiere un seguimiento a 
largo plazo y un plan de gestión para aumentar tanto la disponibilidad de hábitats 
favorables como la diversidad genética, a fin de minimizar el riesgo de extinción. 
Este experimento sugiere que se puede utilizar un pequeño número de neonatos 
de E. orbicularis como fundadores para reintroducir la especie de forma exitosa 
en los hábitats adecuados, incluso sin haber sido criados en cautividad. 

Palabras clave: Cría en cautiverio, Galápagos, Cría en cautividad de neonatos 
(headstarting), Reintroducción, Tasa de supervivencia
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considered as useful management strategies for this 
species. Subsequently, Mitrus (2008) simulated the 
effect of headstarting in E. orbicularis populations in 
Poland and concluded that the most relevant parameter 
for population persistence is adult survival, and did 
not recommend captive breeding as it was ineffective. 
Population viability analyses of the same species in NW 
Spain also concluded that juvenile and adult survival 
was the critical parameter for population persistence 
(Cordero-Rivera and Ayres Fernández 2004). Another 
experiment released 14 hatchlings of E. orbicularis. 
These hatchlings were head-started for one year, and 
it was found that their survival was higher than that of 
hatchlings that remained in the nest for overwintering. 
Two of the females were found nesting after 11 years, 
suggesting that headstarting could help to increase 
population size in this species (Bona et al 2012). 
However, given the limited experimental evidence on 
the effectiveness of headstarting (Golba et al 2022), 
our knowledge of the benefits of this technique for 
E. orbicularis reintroduction is limited. The success of 
reintroductions is also highly variable (for an unsuc-
cessful example see Bertolero and Oro 2009), but a 
large of number of founders is normally associated with 
successful projects (Fischer and Lindenmayer 2000). 

Here we present the results of a small-scale, long-
term experiment, the main objective of which was to 
test the appropriateness of an area for the reintroduc-
tion of E. orbicularis, because there were historical 
records of the species in that area from the second 
half of the XIX century (López Seoane 1877). Given the 
scarcity of E. orbicularis in the region, translocation of 
adult individuals was considered too risky for the rem-
nant populations, and therefore only hatchlings from 
three females from the nearest population, and five 
adults from nearby recovery centres, were introduced. 
Secondarily, following the availability of European pond 
turtles raised in captivity, we observed whether there 
were changes in survival potentially attributable to the 
maintenance time of hatchlings in captivity

Methods

Study area and data collection

We released hatchlings of E. orbicularis in a man-made 
pond (about 0.3 ha estimated from GoogleEarth im-
ages, fig. 1), excavated in the 1980’s to obtain sand 
for construction works. The area is behind the largest 
mobile sand dune in NW Spain, situated in the locality 
of Olveira (Ribeira, A Coruña province), which since 1992 
has been protected as a Natural Park ('Complexo Dunar 
de Corrubedo e Lagoas de Carregal e Vixán'; abbreviated 
here as N. P. of Corrubedo), and it has been protected as 
a Ramsar site since 1993. The pond became colonised 
by vegetation and is now home to a diverse commu-
nity of aquatic flora (Pulgar Sañudo 2010) and fauna, 
including one of the very few populations of Iberian 
spadefoot toads Pelobates cultripes in the region (Galán 
Regalado 2006), and a large population of a regionally 
rare dragonfly Brachytron pratense (Cabana et al 2018).

Emys orbicularis occidentalis is the westernmost 
subspecies of the European pond turtle. It is charac-
terized by mitochondrial DNA lineage VI (Stuckas et al 

2014), and distributed throughout most of the Iberian 
Peninsula (Pereira et al 2018) and northern Morocco 
(Velo-Antón et al 2015). This subspecies recolonised 
the Iberian Peninsula from Morocco and rapidly ex-
panded northwards, decreasing genetic diversity and 
causing genetic drift through allele-surfing processes 
(Velo-Antón et al 2008, Pereira et al 2018), and an 
increase in the carapace malformations (Velo-Antón et 
al 2011b). The European Pond turtle is a rare species 
in NW Spain (Galicia), where small populations (Louro, 
Arnoia, Barbaña and Avia rivers) persist despite show-
ing the lowest genetic diversity patterns (Velo-Antón 
et al 2008) and facing numerous threats (i.e., habitat 
loss, pollution). It is thus considered endangered in the 
regional list of protected species (Decree 88/2007 that 
regulates the Galician catalogue of endangered species). 
Consequently, this experiment was constrained by the 
limited availability of hatchlings, which were obtained 
for an experiment aimed at evaluating the effect of 
incubation conditions on the presence of carapace 
anomalies (Cordero-Rivera et al 2008, Velo-Antón 
et al 2011a). The first cohort of seven newborns 
was released in the N. P. of Corrubedo on 5th June 
2004. These were the descendants of three females 
(numbers 63, 66 and 92) from Gándaras de Budiño 
population (Pontevedra province) about 60 km to the 
South. This first group of newborns was obtained from 
eggs laid in the laboratory and hatched in September 
2003, constituting the head-start group. They were 
maintained in captivity with food ad libitum in a cli-
mate-controlled chamber, with a temperature of 20 ºC 
and a photoperiod of 15:9 h (day:night). Their weight 
was 32.6 ± 2.5 g on the release date (mean ± SE), when 
they were nine months old. 

The second cohort consisted of eight hatchlings, all 
descendants of female 63, and therefore half-siblings of 
two of the newborns released in 2004. They hatched in 
September 2006 and were released in the N. P. of Cor-
rubedo on 27th October 2006, with an average weight 
of 7.8 ±  0.2 g (control cohort). Therefore, hatchlings were 
not randomly assigned to headstarted and control groups, 
and any factor that might have differentially affected 
both cohorts is confounded with the treatment. This 
fact must be considered when interpreting the results.

With the aim of increasing the genetic variability of 
this small population, we released, in the same pond, 
two adult males in 2004, and one adult female in 
each of the years 2006, 2011 and 2012. These three 
turtles were from local recovery centres whose exact 
geographical origin was unknown, but they showed a 
phenotype similar to autochthonous E. o. occidentalis. 
Genetic assignment analysis recently conducted to cap-
tive individuals from Galician recovery centres indicated 
a Galician origin for most of the samples (Velo-Antón et 
al 2021), suggesting that the adults used in this experi-
ment probably came from one of the remnant Galician 
populations. The males had disappeared by 2008, but 
the females were found in subsequent years. 

All specimens were measured and weighed before 
their release, and a photo of the carapace and the plas-
tron was taken for future identification. Identification 
was possible because the number of specimens was 
low, and because most of them had unique anomalies 
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in their carapace (Cordero-Rivera et al 2008) which were 
maintained over time. We did not mark newborns with 
shell notches until they were about one year old. Each 
year since 2004 to 2013, in 2017-2018 and 2022-2023, 
we sampled this pond with traps, using marine fish as 
bait (normally sardines), because this would impede 
possible parasites from being introduced with the bait. 
The pond showed large fluctuations in water level, but 
never became completely dry. We used four to seven 
traps distributed over the deeper parts of the pond. In 
2022 and 2023, we increased the number of water bodies 
sampled by situating 1-2 traps at eight additional sites 
(fig. 1). However, only one pond, situated 170 m from the 
first pond, showed presence of E. orbicularis individuals. 

Traps were checked every 1-2 days and were maintained 
in the pond for 5-7 consecutive days in spring (March-June) 
and autumn (September-November). To avoid drowning of 
the animals, we introduced one empty plastic bottle in each 
trap (see fig. 1) to act as a floating device.

Captured animals were measured to the nearest 
0.1 mm using callipers. They were then sexed, weighed, 
and photographed, and released in the same pond after 
biometric measurements were obtained. Sex was deter-

mined by the presence of concavity in the plastron of 
males, combined with brownish-red colouration in the 
eyes, whereas females show a flat plastron, and their 
eyes are not red (Fritz 1998). Individuals under 100 mm 
in carapace length were considered juveniles because, 
at that size, the secondary sexual characters become 
visible (Escoriza et al 2020). We recorded the presence 
of carapace anomalies, and marked all new individuals 
with marginal notches using the method of Pérez et al 
(1979). In 2022-2023 all animals were also marked with 
a Passive Integrated Transponder (PIT) under the skin 
of the hindlimb, to allow for long-term identification.

Population size

To estimate the number of individuals present in the 
population over the study period, recapture histories were 
analysed using the POPAN 5 program (Arnason et al 1998), 
with two different models, the Jolly-Seber method (Jolly 
1965), which includes births and deaths during the study 
period, and the Manly-Parr method (Manly and Parr 1968), 
which in essence is similar to the above but assumes that 
there is heterogeneity in the probability of survival (i.e., it 
is not the same for all individuals). 

Fig. 1. Sites sampled during 2022-2023 to check for the presence of Emys orbicularis, in the Natural Park of Corrubedo and surrounding 
areas. The distribution of E. orbicularis in the Iberian Peninsula (white squares; map obtained from the Spanish and Portuguese Herpetological 
Atlas) is shown in the top left embedded figure (the red circle indicates the location of the N. P. of Corrubedo). Emys orbicularis was 
established in the two Olveira ponds (yellow circles) but not in any surrounding water bodies (red circles). Pictures of the traps and the 
habitat characterising the Olveira ponds are shown in the middle and bottom left embedded figures. An adult of E. orbicularis is represented 
in the top right embedded figure. 

Fig. 1. Sitios muestreados durante 2022-23 para comprobar la presencia de Emys orbicularis en el Parque Natural de Corrubedo y alrededores. 
La distribución de E. orbicularis en la península ibérica (cuadrados blancos; mapa obtenido de los Atlas Herpetológicos de España y Portugal) se 
muestra en la imagen incrustada superior izquierda (el círculo rojo indica la ubicación del P. N. de Corrubedo). Emys orbicularis se estableció en 
los dos estanques de Olveira (círculos amarillos), pero no en ninguno de los cuerpos de agua circundantes (círculos rojos). Las trampas y el hábitat 
que caracteriza a los estanques de Olveira se muestran en las imágenes incrustadas central e inferior izquierda. En la imagen incrustada superior 
derecha se muestra un adulto de E. orbicularis.
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Survival, recapture and growth rates

To estimate survival (Phi) and recapture (p) rates, we 
analysed the histories of recaptures of each individual 
using Cormack-Jolly-Seber models with the software 
MARK 10 (White and Burnham 1999), using pre-defined 
models that include variation in both parameters in rela-
tion to year and group (male, female, juvenile). First, we 
estimated the degree of fit of the saturated model (which 
includes time, groups and their interaction) by means of 
the program Release from within Mark, because if the 
saturated model did not fit the data, any reduced model 
would be worse. The saturated model was appropriate 
to explain the variability of the data (Test 2 + Test 3 by 
groups, x2 = 10.40, df = 26, p = 0.997). Standard errors 
and confidence intervals were corrected by the overdis-
persion parameter, c-hat, which was estimated as 1.378, 
by dividing the deviance of the saturated model by the 
mean deviance of 100 bootstrap runs, using the option 
implemented in Mark. Models were ranked by QAIC cor-
rected for overdispersion (Burnham and Anderson 1998). 

In a second step, we compared the survivorship of 
the two cohorts, using only the recapture histories of 
the newborns that were released in 2004 and 2006. In 
this case, the saturated model (time dependent) also 
explained the variability of the dataset in a satisfac-
tory way (Test 2+ Test 3 by groups, x2 = 3.06, df = 13, 
p = 0.998). Models were ranked by QAIC corrected by 
the overdispersion parameter, which was estimated as 
1.472, using the same method as above.

We estimated growth in carapace length and weight 
by averaging the values for all the individuals of each 
cohort found in each month. Means are presented 
with their standard errors. 

Genetic analysis 

During the 2022-23 fieldwork, we obtained blood 
samples from 25 unmarked (new) individuals. Genomic 

DNA was extracted from blood samples following the 
manufacturer’s protocols of the EasySpin commercial 
kit (iNtrON Biotechnology, WA, USA), which were later 
amplified with seven microsatellite markers, following 
PCR protocols in Pereira et al (2018) and Velo-Antón 
et al (2021), and genotyped in an ABI 3130xl genetic 
analyzer (Applied Biosystems, Foster City, CA, USA). 
GeneScan™-500 Liz was used as size standard and 
allele scoring was performed in Geneious Prime 2023 
(www.geneious.com).

The presence of null alleles was assessed in MI-
CRO-CHECKER 2.2.3 (Van Oosterhout et al 2004) 
and the genetic data were analysed in GenAlex 6.5 
(Peakall and Smouse 2012) to calculate the following 
genetic diversity indices: the average number of alleles 
per locus (Na), the number of effective alleles (Ne), the 
observed heterozygosity (Ho), the unbiased expected 
heterozygosity (He), and the inbreeding coefficient (Fis).

Results

Population size

The estimates of population size ranged from seven to 
18 individuals until 2018, with a value of around 13-15 
individuals per year, but the population increased to 
three times that number in 2022, reaching 42-44  ani-
mals (Jolly-Seber and Manly-Parr, respectively). The two 
models used to estimate population size provided similar 
results (fig. 2). Reproduction was first confirmed in 2010 
when the first newborn was found. A second newborn 
was found in 2011, and two more hatchlings were found 
in 2012. By the end of 2023, a total of 50 individuals 
had been recorded, and 30 of these were born in place. 

Survival and recapture rates

Animals were grouped as: males, females, and juveniles. 
The most supported QAICc model is {Phi(g) p(.)}, with 

Fig. 2. Estimates of population size (± SE) for Emys orbicularis at the Natural Park of Corrubedo since the release of the first seven newborns 
in 2004, using the methods of Jolly-Seber and Manly-Parr. Reproduction was first confirmed in 2010.

Fig. 2. Estimación del tamaño poblacional (± DE) de Emys orbicularis en el Parque Natural de Corrubedo, desde la liberación de los siete primeros 
recién nacidos en 2004, utilizando los métodos de Jolly-Seber y Manly-Parr. La reproducción se confirmó por primera vez en 2010.
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three values for survival (Phi, one for each group) and 
a single recapture value (p) for all groups and years 
(table 1s). This model had a weight of 0.799, and 
was 4.23 times more statistically supported than the 
following model, so we used it to estimate survival 
and recapture rates (table 1). This analysis suggested 
that survival was similar in females and males and that 
juveniles had lower annual survival. The annual recap-
ture rate was 0.68 ± 0.05 irrespective of the group.

The analysis by cohort (table 2s) indicates that the 
best model was the reduced model, with only one 
survival and recapture rate for all animals (model {Phi(.) 
p(.)}). The second most supported model included a 
different survival rate for each cohort and a common 
recapture rate (model {Phi(g) p(.)}). The relative weight 
of the first model compared to the second was only 
1.13 (0.342/0.303), so both are well supported. The 
second model estimated a survival rate of 0.89 ± 0.05 
for the 2004 cohort and 0.96 ± 0.02 for the 2006 co-
hort. Two further models, including different recapture 
rates but a common survival ({Phi(.) p(g)}), and different 
survival and recapture rates for both cohorts ({Phi(g) 
p(g)}), also have some support (table 2s).

Individual growth rate

Using carapace length (CL) and weight values of re-
captured individuals, we reconstructed the growth of 
the two cohorts, with the limitation that in the case 
of the 2004 cohort there was only one recapture in 
2022-23 (fig. 3). In 2023, the two cohorts reached very 
similar length, around 145 mm, but the 2006 cohort 
reached a higher mean weight value (between 560 
and 580 g) than the only living individual in the 2004 
cohort, weighing 460-495 g in the period when it was 
recaptured (a male and therefore smaller in size). The 
maximum growth rate occurred in the first 6 years 
after release (fig. 3), with a mean of 11.9 mm/year 
and 53.7 g/year for the 2004 cohort for the period 
2004-2010, and then the rate slowed down to an aver-
age growth rate of 0.9 mm/year (8.8 g/year) over the 
period 2010-2023. Corresponding values for the 2006 
cohort were 17.3 mm/year and 65.0 g/year for the 
period 2006-2012 and 1.1 mm/year and 13.2 g/year 
for the period 2012-2023.

Genetic diversity

Seven out of 25 samples were removed from the analy-
sis due to missing data in more than two loci. We found 
no evidence of null alleles and the total number of al-
leles was 32. Genetic diversity indexes were as follows: 
Na = 4.57 ± 0.52, Ne = 2.46 ± 0.28, Ho = 0.57 ± 0.08, 
He = 0.55 ± 0.06, and Fis = -0.06 ± 0.09.

Discussion

Our findings suggest that it is possible to reintroduce 
E. orbicularis in optimal habitats using a small num-
ber of founders. Our observations also suggest that 
headstarting practices do not necessarily increase the 
survival of newborns. However, because our sample 
size is too small for meaningful statistical compari-
sons, further experiments are needed to test whether 
headstarting, and under which conditions, might be a 
useful strategy in this species. 

Population size and growth

Population size estimates (fig. 2) indicate that the 
population remained small for a long period, at around 
13-15 individuals, and therefore natality and mortality 
were similar during that period. It should be noted 
that the population began to grow in 2010, when the 
first hatchling, born in the N. P. of Corrubedo, was 
detected. In the South of Spain, males reach sexual 
maturity at around 110-120 mm in length, or approx-
imately 4 years, while females need to reach 130 mm, 
or 6 years of age (Keller and Andreu 2002). In various 
regions of France, several authors report much older 
ages for sexual maturity. For males, estimates range 
from 8-9 years to 12-13 years, while for females the 
corresponding values are 11-12 years or 18-20 years 
(Girondot and Pieau 1993, Baron and Duguy 2000). 
Mitrus (2004) indicates that males mature at 11 years 
of age and females after 15 years in Poland. Bozhan-
sky and Orlova (1998), for Russian populations, and 
Kotenko (2000) for Ukrainian populations, suggest 
that males and females mature at the same age, 
5-8 years. Given these data, it seems unlikely that 
the first new specimens were descendants from the 
2004 cohort, and is more plausible that the adult 
female released in 2006 was reproducing, given that 
two adult males were also released in 2004, although 
none of them was found after 2008. Unfortunately, 
we were unable obtain genetic data for the previously 
released hatchlings and adults; this would have helped 
to determine the parents of the sampled individuals 
while providing insights into the sexual maturity of 
this population.

The high number of individuals in 2022 in our study 
may be due to the start of reproduction of the first 
individuals born in the park, that would be about 10-
12 years old in 2020. Although the error of the 2022 
estimate is large (because the last sampling was in 
2023) our results point to a population growth in the 
most recent period. The density of Emys orbicularis 
populations ranges between minimum values of 3-7 in-
dividuals per hectare (Naulleau 1991; Mazzotti 1995; 
Servan 1998; Duguy 2000) to very large values of 80-

Table 1. Estimates of survival (Phi) and recapture (p) 
probabilities according to the model {Phi(g) p(.)}. (Values 
corrected by c-hat = 1.378117).

Tabla 1. Estimaciones de la probabilidad de supervivencia (Phi) 
y recaptura (p) según el modelo {Phi(g) p(.)}. (Valores corregidos 
por c-hat = 1.378117).

                95% Confidence limits 

Parameter Estimate SE Lower Higher

Phi (males) 0.9547 0.0284 0.8535 0.9870

Phi (females) 0.9664 0.0237 0.8734 0.9917

Phi (juvenile) 0.7192 0.0818 0.5366 0.8500

p 0.6845 0.0495 0.5805 0.7728
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100 individuals per hectare (Szczerbak 1998; Kotenko 
2000; Ayaz et al 2007), or even more than 250 ind/
ha (Liuzzo et al 2021). The main Olveira ponds have a 
limited area of 0.3 ha, implying that the density is cur-
rently more than 140 individuals per hectare (43/0.3). 
These estimates suggest that the maximum capacity 
may have already been reached, and the population 
would be limited in growing further in this ponds. 

Survival and individual growth

Our results indicate that survival and recapture 
rates were high (table 1), with annual survival rates 
of 0.95-0.97 for adults, similar to estimates in 
Central Poland (Mitrus 2004). In Doñana National 
Park (southern Spain), Keller et al (1998) estimated 
an annual survival of 0.663 for juveniles, 0.787 for 
males, and 0.795 for females. In NE Spain, survival 
was estimated as 0.91-0.92 for females and 0.84-
0.86 for males (Escoriza et al 2020). We found that 
juveniles had lower survival rates than adults, as 
reported in other studies. However, this is partly 
because some of the individuals died before reaching 
the minimum size to be sexed, and this inevitably 
reduces the survival estimate of the juvenile group.  
According to the formula of Cook et al (1967), an 
annual survival of 0.9664 for females indicates a life 
expectancy of 67.3 years. This means that a small 
increase in annual survival (for instance by only 
0.05 per year) drastically changes life expectancy, 
given that the process is exponential. In fact, E. or-
bicularis is an extremely long-lived species, as some 
individuals have lived up to 120 years (Jablonksi 
and Jablonska 1998). The results of our experiment 
thus agree with the known biology of the species.

Both cohorts showed good acclimatation to the 
conditions of the pond, judging by their fast growth 
(fig. 3), which reached 12-17 mm and 54-65 g per year 
in the first 6 years. Hatchlings maintained in captivity 
with ad libitum food during one year grew 19.5 mm, a 
value similar to our findings (Zuffi et al 2017). However, 
captive growth data for this species in France indicate 
much slower growth: 5-6 g at year 1 of age, 13-20 g 
at 2 years, 22-26 g at 3 years, 30-33 g at 4-5 years, 
and 60-90 g at 6 years (Rollinat 1934). Estimation of 
survival of both cohorts suggests that both groups 
survived equally well, and, if any difference existed, it 
was in favour of the non headstarted group. Again, the 
evidence suggests that the pond of Olveira provides 
an optimal habitat for E. orbicularis.

Genetic diversity

Our results indicate low levels of genetic diversity in 
this small, reintroduced population. The Ho obtained 
for the N. P. of Corrubedo is the lowest reported for 
E. o. occidentalis (see Pereira et al 2018) while the 
He, Na and Ne are similar to the values observed in 
two NW Iberian populations, Ribadavia and Zamora 
(Pereira et al 2018). As expected, since the number 
of founders was very low and mostly related, this re-
introduced population showed lower genetic diversity 
than that of the source population of the hatchlings 
(Gándaras de Budiño; Ho = 0.72, He = 0.67; Ne = 3.4; 
Na = 5.8). However, our results do not indicate signs 
of inbreeding in this population (Fis near 0). This might 
be explained by the possible contribution of adults 
from recovery centres to the reproduction of the 
species in these ponds, which would help enhance 
the genetic diversity of this small population.

Fig. 3. Growth rates (mean ± SE) for the headstarted cohort (2004) and the control cohort (2006), for carapace length and weight, with 
their standard errors. After 2006 values represent the mean of the recaptured animals per month, and are plotted as if they were obtained 
the first day of the month.

Fig. 3. Tasa de crecimiento (media ± DE) de la cohorte de fundadores criados en cautividad (2004) y la cohorte de control (2006) respecto de la 
longitud y el peso del caparazón, con sus errores estándar. A partir de 2006, los valores representan la media de los animales recapturados por 
mes y se representan como si se hubieran obtenido el primer día del mes.
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The success of introduced populations from a small 
number of founders is known for invasive species (e.g., 
Ficetola et al 2008, Kinziger et al 2011) and avian 
reintroductions (Jamieson 2011). However, reduced 
genetic diversity can decrease fitness and reduce 
adaptive potential (Willi et al 2006), which may lead 
to an increased extinction risk. Reintroduction guide-
lines recommend an adequate number of founders 
to minimize loss of genetic diversity, although this 
number also depends on the population growth (Tracy 
et al 2011), among other factors (e.g., age to maturity, 
clutch size, adult and juvenile survival rates). Indeed, 
the number of founders in reintroduced populations 
is often small, and although the resulting populations 
seem to be stable, the strong population bottlenecks 
of reintroduced individuals are associated to increased 
rates of inbreeding and loss of genetic diversity (Gros-
sen et al 2018) and thus likely affecting the long-term 
viability of the introduced population. Predicting the 
fate of this small population in the N. P. of Corrubedo 
is premature due to the characteristics of chelonians 
(i.e., longevity, extended fertility and delayed sexual 
maturity). Although our demographic and growth 
parameters showed positive results, the reduced 
genetic diversity does not bring optimistic expecta-
tions for the long-term viability of this population. 
Consequently, future efforts should be allocated to 
increase the genetic variation for the success of this 
reintroduced population.

Conclusions

Our small-scale and long-term experiment adds to the 
cases of captive breeding success in reintroduction 
programs. Despite the low levels of genetic diversity and 
founders, this experiment was successful in reintroduc-
ing the European pond turtle to its historic range and 
suggests that a small number of hatchlings can serve as 
founders for this purpose. Reintroductions from a lim-
ited number of founders in captive breeding programs 
have been successful in a chelonian species rescued 
from the brink of extinction, the Española giant Gala-
pagos tortoise Chelonoidis hoodensis (15 founders, see 
Gibbs et al 2014). As the limitations of our experimental 
design prevented confirmation of whether head-starting 
is necessary, further experiments are needed. 

An increase in the availability of suitable habitat 
might be the best measure to enhance the long-term 
maintenance of this population. The fact that some 
turtles have started to use a second pond in Olveira 
may contribute to this goal, although the species was 
not detected in the remaining water bodies sampled, 
suggesting it failed to naturally occupy other ponds 
and expand its limited range in the N. P. of Corrubedo. 
Current plans to improve the habitat quality of the 
newly colonised pond in order to favour the establis-
hment of the species should be followed by a study 
of the species dispersal in the Park so as to obtain 
critical information for its management. This would 
involve the use of biologging (e.g., Gutowsky et al 
2017, Robichaud et al 2022), which would provide 
detailed information on the habitat use and connec-
tivity patterns within the Park.
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Table 2s. Results of model selection using QAIC corrected for overdispersion. Animals were divided into 2004 (headstarted) and 2006 
(control) cohorts (g, group; t, time). The two most supported models are indicated in bold. (Values corrected by c-hat = 1.471618).

Tabla 2s. Resultados de la selección de modelos mediante QAIC, corregidos por el exceso de dispersión. Los animales se dividieron en cohortes 
de 2004 (fundadores criados en cautividad) y 2006 (de control) (g = grupo; t = tiempo). Los dos modelos más apoyados se indican en negrita. 
(Valores corregifdos por c-chat = 1,471618).

Model QAICc Delta QAICc AICc Weights Model Likelihood Num. Par QDeviance

{Phi(.) p(.) PIM} 127.518 0.000 0.342 1.000 2 84.120

{Phi(g) p(.) PIM} 127.759 0.241 0.303 0.887 3 82.194

{Phi(.) p(g) PIM} 128.783 1.265 0.182 0.531 3 83.218

{Phi(g) p(g) PIM} 128.885 1.366 0.173 0.505 4 81.093

{Phi(.) p(t) PIM} 147.911 20.393 0.000 0.000 14 73.901

{Phi(g) p(t) PIM} 149.335 21.816 0.000 0.000 15 72.229

{Phi(t) p(.) PIM} 151.880 24.361 0.000 0.000 14 77.869

{Phi(t) p(g) PIM} 153.231 25.713 0.000 0.000 15 76.126

{Phi(.) p(g*t) PIM} 180.868 53.350 0.000 0.000 25 66.141

{Phi(g) p(g*t) PIM} 183.734 56.215 0.000 0.000 26 64.417

{Phi(t) p(t) PIM} 187.950 60.432 0.000 0.000 26 68.634

{Phi(g*t) p(.) PIM} 188.019 60.501 0.000 0.000 25 73.293

{Phi(g*t) p(g) PIM} 190.911 63.393 0.000 0.000 26 71.595

{Phi(t) p(g*t) PIM} 245.926 118.408 0.000 0.000 37 60.587

{Phi(g*t) p(t) PIM} 248.702 121.184 0.000 0.000 37 63.363

Supplementary materials

Table 1s. Results of model selection using QAIC corrected for overdispersion. Animals were divided into males, females, and juveniles 
(g, group; t, time). The most supported model is indicated in bold. (Values corrected by c-hat = 1.378117).

Tabla 1s. Resultados de la selección de modelos mediante QAIC, corregidos por el exceso de dispersión. Los animales se dividieron en machos, 
hembras y juveniles (g, grupo; t, tiempo). El modelo más apoyado se indica en negrita. (Valores corregidos por c-hat = 1,378117).

Model QAICc Delta QAICc AICc Weights Model Likelihood Num. Par. QDeviance

{Phi(g) p(.) PIM} 188.678 0.000 0.799 1 4 139.396

{Phi(g) p(g) PIM} 191.561 2.883 0.189 0.237 6 137.907

{Phi(.) p(g) PIM} 198.335 9.657 0.006 0.008 4 149.053

{Phi(.) p(.) PIM} 198.450 9.772 0.006 0.008 2 153.399

{Phi(g) p(t) PIM} 205.820 17.142 0.000 0.000 16 127.920

{Phi(.) p(t) PIM} 214.565 25.887 0 0 14 141.860

{Phi(t) p(.) PIM} 217.046 28.368 0 0 14 144.341

{Phi(t) p(g) PIM} 218.668 29.990 0 0 16 140.768

{Phi(t) p(t) PIM} 238.486 49.808 0 0 25 134.660

{Phi(.) p(g*t) PIM} 271.199 82.521 0 0 40 112.105

{Phi(g) p(g*t) PIM} 271.903 83.225 0 0 42 103.948

{Phi(g*t) p(.) PIM} 276.519 87.841 0 0 39 121.702

{Phi(g*t) p(g) PIM} 284.156 95.478 0 0 41 120.684

{Phi(t) p(g*t) PIM} 319.439 130.761 0 0 51 105.764

{Phi(g*t) p(t) PIM} 319.623 130.945 0 0 50 111.563

{Phi(g*t) p(g*t) PIM} 504.662 315.984 0 0 75 90.178


