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Abstract. Assessing the extant distribution of wildlife species is a crucial step towards promoting their protection and 
management in the light of global biodiversity decline, and even more so when threatened, vulnerable, rare, or endemic 
taxa are concerned. In this context, we present an overview of the biogeography of two freshwater turtle species, namely 
the Mediterranean pond turtle Mauremys leprosa and the European pond turtle Emys orbicularis, as a basis for Conserva-
tion Action Plans. Mauremys leprosa is widely distributed in the north and centre of Tunisia and has viable populations in 
most of the study sites. Based on the evaluation of its biogeography, the size, structure and genetics of four populations, it 
appears that this species is currently not threatened in Tunisia. In contrast, E. orbicularis, which is represented in eastern 
Algeria and Tunisia by an endemic, undescribed subspecies, was absent from 11 historical sites in Tunisia, and only isolated 
small populations and scattered individuals were present in the extreme north of the country. Our study thus suggests that 
this subspecies is declining in Tunisia and its status is probably close to Endangered (EN). Therefore, it needs special at-
tention and urgent conservation measures.
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Introduction

Chelonians (Testudines) have existed on earth for more 
than 200 million years since the Triassic Era (Ernst & 
Lovich 2009). Most recent estimates indicate that there 
are just 360 extant species (Rhodin et al. 2018), while 
birds, by comparison, comprise several thousand species. 

Worldwide, turtles are exposed to intense anthropogen-
ic pressure (Rhodin et al. 2018, Stanford et al. 2018) due 
to their relatively late sexual maturity, low reproductive 
output, and high juvenile mortality (Iverson 1991, Cong-
don et al. 1993). Major threats are habitat modification and 
loss, biological invasion, and illegal collection and trade 
(Klemens 2000). Based on the IUCN Red List (2018), 61% 
of the 251 turtle and tortoise species are currently classified 
as ‘threatened’ (Rhodin et al. 2018), which renders Testu-
dines one of the most endangered vertebrate groups of the 
world (Rhodin et al. 2018, Stanford et al. 2018). Thus, 
without strategic conservation plans, several species could 
become extinct in the current century (Buhlmann et al. 
2009).

Tunisia is home to six turtle species amongst which are 
three marine species off the Tunisian coast, viz. the logger-
head sea turtle Caretta caretta (Linnaeus, 1758), the leath-
erback sea turtle Dermochelys coriacea (Vandelli, 1761), 
and the green sea turtle Chelonia mydas (Linnaeus, 1758), 
two freshwater turtle species, viz. the Mediterranean pond 
turtle Mauremys leprosa (Schweigger, 1812) and the Eu-
ropean pond turtle Emys orbicularis (Linnaeus, 1758), and 
a single terrestrial species, namely the Moorish tortoise 
Testudo graeca Linnaeus, 1758. Although all these species 
have been included in the list of rare and endangered Tuni-
sian species since 2006 (JORT n 60 of 28/7/06; art. 209–210 
of the Forest Code modified by law 2009-59 of 20/7/09), 
no specific legislation for turtle protection has as yet been 
implemented. However, several monitoring studies on the 
loggerhead sea turtle have been conducted in Tunisia as 
part of the Action Plan for the conservation of Mediterra-
nean marine turtles (CAR/ASP & PNUE/PAM 2014). This 
species has attracted special interest because it nests along 
the Tunisian coasts. Recently, some conservation programs 
have also been developed for the Moorish tortoise in the 
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shape of vulnerability assessment and wildlife rehabilita-
tion in response to poaching. For their part, the distribu-
tion and conservation status of Tunisian freshwater turtles 
are still unclear because these have remained poorly stud-
ied. Only a few attempts to these effects were made back in 
the 1950–1970s, focusing on the geographical distribution 
(Loveridge & Williams 1957, Blanc 1978), the biology 
(Rouault & Blanc 1978), and the parasitic fauna (Mishra 
& Gonzalez 1978) of these two species. 

To the best of our knowledge, the Mediterranean pond 
turtle is widely distributed in North Africa, from northwest-
ern Libya to the south of Morocco and southern Europe, 
namely across the Iberian Peninsula (Barth et al. 2004, 
Rhodin et al. 2017). It is also found in the south of France 
in the Eastern Pyrenees Department (Palacios et al. 2015, 
Rhodin et al. 2017). Based on differences in their mitochon-
drial DNA and morphology, this species can be divided into 
two distinct subspecies (Fritz et al. 2006, Verissimo et al. 
2016, Rhodin et al. 2017). Mauremys leprosa leprosa (hap-
loclade A) occurs in the north of the Atlas Mountains in 
Morocco and in Portugal, Spain and France (Fritz et al. 
2006, Palacios et al. 2015, Verissimo et al. 2016); whereas 
M. l. saharica (haploclade B) occurs in the south of the At-
las Mountains in Morocco, and north of the Atlas Moun-
tains in Algeria and Tunisia and southern France, with the 
latter being the result of recent introductions (Fritz et al. 
2006, Palacios et al., 2015, Verissimo et al. 2016). Con-
versely, the European pond turtle is represented only in iso-
lated habitat fragments in the northern African Maghreb 
region, whereas it is relatively widely distributed in Europe 
and western Asia (Fritz 2003). Nine lineages have been 
identified from cytochrome b sequences, with each of them 
characterizing a distinct subspecies (Lenk et al. 1999, Fritz 
et al. 2007, 2009, Velo-Antón et al. 2008, Stuckas et al. 
2014, Vamberger et al. 2015). North African populations 
were identified as E. o. occidentalis in earlier years (Fritz 
et al. 2007), but it was subsequently demonstrated that only 
Moroccan populations belong to this taxon and that east-
ern Algerian and Tunisian populations represent an unde-
scribed distinct subspecies (Stuckas et al. 2014). With the 
latter thus possibly representing an endemic taxon it is all 
the more important to assess their status in both countries 
to establish a basis for conservation measures.

In an evolving world challenged by frequent and un-
predictable global changes, the emergence of biotic and 
abiotic stresses can contribute to the impoverishment or 
even extinction of animal populations. In this context, sev-
eral studies were focused on the impact of environmen-
tal changes on freshwater turtles, like the impacts of inva-
sive turtle species (Cadi & Joly 2003, 2004, Polo-Cav-
ia et al. 2008, 2009, 2010, Pearson et al. 2015) and their 
platyhelminth parasites (Meyer et al. 2015, Héritier et al. 
2017a) on freshwater ecosystems, water pollution (Louli-
da et al. 2018, Héritier et al. 2017b, Venancio et al. 2013, 
El Hassani et al. 2019, Slimani et al. 2017), and climate 
change (Chessman 2011). With data on the geographical 
distribution of freshwater turtles in Tunisia dating back to 
the 1950s and no further survey results being available, up-

dating knowledge on these turtles in Tunisia is crucial for 
assessing their conservation status and developing appro-
priate measures for their protection. Therefore, the present 
study provides information on the current distributions 
of M. leprosa and E. orbicularis in Tunisia and their clas-
sification based upon mitochondrial data. It also reports 
on the size and structure of four M. leprosa populations in 
different Tunisian habitats. It thus aims to provide a start-
ing point for defining monitoring protocols for each spe-
cies and for developing a sustainable conservation plan for 
freshwater turtles at national and regional levels in Tunisia. 

Materials and methods
Study area

Tunisia is situated in the north of Africa, borders Algeria 
in the west and Libya in it’s the southwest. It has a long sea-
front along the Mediterranean Sea in the north and east. 
Despite its relatively small size, it harbours a wide environ-
mental diversity with a contrasting topography. This relief 
is composed of the eastern extension of the Atlas Moun-
tains from the Algerian border to the Cape Bon peninsula 
in the east, a plain along the eastern Mediterranean coast, 
and desert in the southern regions. Tunisian climate var-
ies from humid in the northwestern regions to desert in 
the south of the country. Climatic variations are mainly 
due to the Tunisian Atlas Mountains, which act as a barrier 
between regions influenced by the Mediterranean Sea and 
those influenced by the Sahara desert.

Fieldwork sampling and data collection

Sampling sites were selected according to the distribution 
range of each species cited in Loveridge & Williams (1957) 
and Blanc (1978), but also from various other sources such 
as turtle sightings by local people in the wild, the presence 
of freshwater resources, and the importance of habitats in 
terms of biodiversity conservation (e.g., nature reserves). 
Our survey was carried out between March 2017 and Sep-
tember 2018, with fieldwork peaking from April through 
June during the two years. We searched 48 potentially suit-
able habitats for freshwater turtles across different regions 
in Tunisia except for arid and Saharan regions where wa-
ter is very scarce. Turtles were captured using non-harm-
ful traps set for periods extending from one to three days. 
Traps were baited with sardines and fixed in place in such 
manner that trapped turtles were still able to breathe. Col-
lected turtles were marked with marginal cuts on the car-
apace for Capture-Mark-Recapture (CMR). Data recorded 
included the sexual identities of captured animals, morpho-
metrics (length, width and height of the carapace and length 
of the plastron), and identity of recaptured animals. Blood 
samples were collected from the caudal sinus at the base of 
the tail using a 1-ml syringe, preserved in 98% ethanol, and 
stored at -20°C until molecular processing. Captured turtles 
were eventually released at the exact place of their capture.
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Population sizes and sex ratios were estimated only for 
four populations selected as to be representative in terms 
of geographical location (north/south) and water qual-
ity (natural versus polluted), for which purpose at least 50 
specimens were collected per site. Straight carapace length 
was the single measure to classify specimens into three cat-
egories: juvenile, adult male, and adult female. Sexing was 
based on secondary sexual characters (e.g., plastron mor-
phology and cloaca position) (Pérez et al., 1979, Servan 
et al., 1989), thus the term “adult” was used for turtles that 
could be sexed. Based on the carapace lengths (CL) taken 
of mature females in different natural habitats (Combes-
cot 1954, Pérez el al. 1979, Da Silva 1995, Alarcos 
Izquierdo et al. 2009, Naimi et al. 2012), mature females 
are much larger than adult males in our study.

Genetic analyses

Total genomic DNA extractions were carried out from 
blood samples with the DNeasy Blood & Tissue (Qiagen) 
and E.Z.N.A® Tissue DNA Kits (Omega Bio-tek) follow-

ing manufacturers’ protocols. The cytochrome b gene was 
amplified using the forward primer mt-a-new (5’-CTC-
CCAGCCCCATCCAACATCTCAGCATGATGAAACT-
TCG-3’) (Lenk & Wink 1997) and the reverse primer 
H-15909 (5’-AGGGTGGAGTCTTCAGTTTTTGGTT-
TACAAGACCAATG-3’) (Lenk et al. 1999). PCRs were 
carried out in a final volume of 25 μl and performed in a 
Mastercycler Eppendorf under the following conditions: a 
denaturation step of 5 min at 95°C; 35 cycles of 30 sec at 
94°C, 30 sec at 54°C and 1 min at 72°C; and a final exten-
sion of 10 min at 72°C. The success of the PCR was checked 
by electrophoresis on a 1% agarose gel containing ethid-
ium bromide, and PCR products were sent to the compa-
ny Genoscreen (Lille, France) for sequencing. Chromato-
grams were carefully checked with the software Chromas 
and sequences were manually corrected if necessary. The 
obtained cytochrome b gene sequences were aligned us-
ing MEGA X software (Kumar et al. 2018) with sequences 
extracted from GenBank and reflecting the variability al-
ready detected within both turtle species. This was done 
to assess the variability along sequences and to identify the 
turtle haplotypes occurring in Tunisia.

Figure 1. Distribution map of Mauremys leprosa in Tunisia based on historical and new records. Numbers refer to the localities speci-
fied in Table 1.
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Table 1. Sampling effort and GPS records of actual and historical turtle occurrences in Tunisia. See Fig. 1A, B for the mapping of local-
ity records. Sampling effort = Number of traps × number of sampling nights; * Historical record of M. leprosa (Posner 1988, Blanc 
1978, Loveridge & Williams 1957); ∆ Historical record of E. orbicularis (Posner 1988, Blanc 1978, Loveridge & Williams 1957, 
Nouira 2001); ● Traps were moved between two sampling sessions and set again at the same locality; – No data available.

Species Latitude 
DD

Longitude 
DD

Locality Habitat type Sampling effort Number of 
captures or 

observations

Number 
of recap-

tures

M. leprosa 37.05083 11.02944 1. Oued El Ain Pond 8 × 3 32 6
M. leprosa 37.04694 11.05722 2. Haouaria dam Dam 5 × 2● 4 0
M. leprosa 37.04639 10.98667 3. Ain Halloufa Watercourse 5 × 1 6 –
M. leprosa 36.820278 10.703056 4. Oued Laabid dam Dam 10 × 1 15 –
M. leprosa 36.8625 10.72583 5. Oued Laabid village Watercourse 10 × 2 40 4
M. leprosa 36.8575 10.74139 6. Oued Gargoura Argoub Watercourse 5 × 1 15 –
M. leprosa 36.8675 10.72472 7. Oued El Abid* Watercourse 10 × 2● 57 0
M. leprosa 36.739444 10.913889 8. Libna dam Dam 10 × 1 6 0
M. leprosa 36.7125 10.42944 9. Oued Borj Cedria Watercourse 5 × 1 2 –
M. leprosa 36.69433 10.48007 10. Oued Soliman Watercourse 5 × 1 4 –
M. leprosa 36.641111 10.518056 11. Oued Grombelia Watercourse 5 × 1 1 –
M. leprosa 36.755556 10.284722 12. Oued Miliane Watercourse 5 × 1 2 –
M. leprosa 37.14167 9.80417 13. Oued Manzel Bourguiba Pond 10 × 2● 22 0
M. leprosa 37.17139 9.74222 14. Ichkeul lake* Lake 5 × 1 2 –
M. leprosa 37.19222 9.72056 15. Beni Toun pond Pond 10 × 3● 76 0
M. leprosa 37.19667 9.40194 16. El Amaria Pond 10 × 3 62 7
M. leprosa 37.195 9.37889 17. Oued Sajnen* Watercourse 10 × 2● 22 0
M. leprosa 37.15278 9.09833 18. Majen Chitana Pond 10 × 1 2 –
M. leprosa 37.155556 9.155278 19. Oued Sidi Mechreg Watercourse 5 × 1 9 –
M. leprosa 37.11059 9.21056 20. El Hania Pond 10 × 4 44 7
M. leprosa 37.08528 9.15806 21. Oued El Hania Watercourse 10 × 2● 12 0
M. leprosa 37.01639 8.94694 22. Sidi Barrak dam Dam 9 × 2● 9 0
M. leprosa 36.94889 8.78389 23. Tabarka golf course Pond 5 × 1 10 –
M. leprosa 36.91917 8.75333 24. Oued El Kabir,* Watercourse 5 × 1 6 –
M. leprosa 36.865 8.72528 25. Tabarka dam Dam 5 × 2 ● 26 0
M. leprosa 36.88167 8.70278 26. Oued Zarga dam Dam 5 × 2● 5 0
M. leprosa 36.77139 8.57944 27. Oued Hammam Bourguiba Watercourse 2 × 1 1 –
M. leprosa 36.7625 8.55167 28. Large Hammam Bourguiba 

pond
Pond 10 × 2● 23 0

M. leprosa 36.76583 8.56583 29. Small Hammam Bourguiba 
Pond

Pond 5 × 1 2 –

M. leprosa 36.76861 9.05694 30. Oued Amdoun Watercourse 2 × 1 1 –
M. leprosa 36.63278 9.23139 31. Oued Mastouta* Watercourse Observation only 5 –
M. leprosa 36.58694 9.39667 32. Sidi Salem dam* Dam 5 × 1 3 –
M. leprosa 36.4975 10.005278 33. Bir Msherga dam* Dam 5 × 1 1 –
M. leprosa 36.388056 9.906111 34. Oued El Fahs Watercourse Observation only 4 –
M. leprosa 36.31309 8.70747 35. Guelta Zargua Pond Observation only 1 –
M. leprosa 36.09556 9.78278 36. Nebhana dam Dam Observation only 1 –
M. leprosa 35.992222 9.488056 37. Lakhmes dam Dam Observation only 1 –
M. leprosa 35.87144 9.21424 38. Oued Saboun Watercourse Observation only 15 –
M. leprosa 35.41344 8.54292 39. Oued Fousana Watercourse Observation only 2 –
M. leprosa 35.3675 9.672222 40. Sidi Saad dam Dam 5 × 1 3 –
M. leprosa 35.78056 10.68056 41. Oued Hamdoun* Watercourse 5 × 2● 10 0
M. leprosa 34.10861 9.98361 42. Oued El Akarit* Watercourse 5 × 3 97 6
M. leprosa 33.87861 10.11139 43. Oued Gabes* Watercourse 5 × 1 7 –
M. leprosa 33.87361 10.05833 44. Chenini Oasis* Watercourse Observation only 0 –
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Results
Distribution range, size, structure and sex ratio  

of M. leprosa

Mauremys leprosa was captured and/or observed through-
out Tunisia in all prospected watercourses but one, i.e., 
Chenini Oasis (Fig. 1 and Table 1). Our sampling effort at 
each of the prospected sites yielded a capture success that 
was rather good at most of the sites, suggesting that popu-
lation sizes could be quite important (Table 1). A total of 
622 individuals were captured at 36 sites and 29 more were 
observed at 7 sites (Table 1). The largest populations were 
recorded in Oued El Abid in the northeast, in Beni Toun 
pond, and in El Amaria in the northwest, and in Oued El 
Akarit in the southeast (Table 1). 

CLs ranged from 30 to 90 mm injuveniles, from 93 to 
185 mm in adult males, and from 95 to 210 mm in adult 
females. A total of 57 turtles were captured in Oued El 
Abid in September 2017 and June 2018. This population 
was composed for about 80.7% of adults and for 19.3% of 
juveniles with a sex ratio of 1:0.64, i.e., slightly in favour 
of females (Table 2 and Fig. 3). A total of 76 turtles were 
captured at Beni Toun pond in June 2017 and May 2018. 
This population was composed for about 65.79% of adults 
and for 34.21% of juveniles with a sex ratio of 1.4:1, i.e., 
strongly in favour of males (Table 2 and Fig. 4). A total 
of 55 turtles were captured at El Amaria in July 2017 and 
2018. This population was composed for about 85.5% of 
adults and for 14.5% of juveniles with a sex ratio of 1:0.62, 
i.e., strongly in favour of females (Table 2 and Fig. 5). A 
total of 91 turtles were captured at Oued El Akarit in June 
2017 and August 2018. Here, the turtles were concentrated 
in small bodies of water due to the main part of the wa-
tercourse having dried up. This population was composed 
for about 82.4% of adults and for 17.6% of juveniles with a 
sex ratio of 1:0.53, i.e., strongly in favour of females (Ta-
ble 2 and Fig. 6).

Distribution range of E. orbicularis

Despite our high sampling effort in several parts of Tunisia, 
E. orbicularis was captured in only two of the 48 prospect-
ed sites from which it had never before been mentioned 
(Fig.  2 and Table 1). Captures of E. orbicularis were less 
abundant than those of M. leprosa, with only eight adults 
collected in El Hania and two specimens at Sidi Barrak 
dam (Table 1). Population size and sex ratios were there-
fore not assessed for this species.

Genetic diversity of M. leprosa and E. orbicularis

Only six specimens of M. leprosa representative of six dis-
tinct populations, sampled at the localities Oued El Ain, 
Oued El Abid, El Hania, El Amaria, the large Hammam 
Bourguiba pond, and Oued El Akarit, were genetically 
analysed. A single haplotype, i.e., B6 (Genbank accession 
number XXX) was identified, which characterizes M. l. sa­
harica from eastern Algeria and Tunisia (Fritz et al. 2006) 
(Table 3). All ten blood samples collected from E. orbicula­
ris at El Hania and Sidi Barrak dam were processed. A sin-
gle haplotype, i.e., IXa (Genbank accession number YYY), 
was identified, which, according to Stuckas et al. (2014), 
characterizes an undescribed subspecies of E. orbicularis 
that occurs in Algeria and Tunisia.

Discussion
Vulnerability assessment of M. leprosa in Tunisia

The Mediterranean pond turtle is classified as ‘vulnerable’ 
(Vu) in both the European and Mediterranean IUCN red 
lists of threatened species (Cox et al. 2006, 2009). Though 
that species has also its own status in France (UICN France 
et al. 2015) and Spain (Pleguezuelos et al. 2002) where 

Species Latitude 
DD

Longitude 
DD

Locality Habitat type Sampling effort Number of 
captures or 

observations

Number 
of recap-

tures

E. orbicularis 37.11059 9.21056 20. El Hania Pond 10 × 4 8 4
E. orbicularis 37.01639 8.94694 22. Sidi Barrak dam Dam 9 × 2● 2 0
E. orbicularis 36.8675 10.72472 7. Oued El Abid∆ Watercourse 10 × 2● 0 –
E. orbicularis 36.739444 10.913889 8. Libna dam∆ Dam 10 × 1 0 –
E. orbicularis 36.69433 10.48007 10. Oued Soliman∆ Watercourse 5 × 1 0 –
E. orbicularis 36.641111 10.518056 11. Oued Grombelia∆ Watercourse 5 × 1 0 –
E. orbicularis 37.17139 9.74222 14. Ichkeul lake∆ Lake 5 × 1 0 –
E. orbicularis 36.91917 8.75333 24. Oued El Kabir∆ Watercourse 5 × 1 0 –
E. orbicularis 35.3675 9.672222 40. Sidi Saad dam∆ Dam 5 × 1 0 –
E. orbicularis 36.72111 10.6325 45. Oued Berzik∆ Watercourse 10 × 1 0 –
E. orbicularis 36.945 8.76278 46. Oued El Amor∆ Watercourse 5 × 1 0 –
E. orbicularis 37.1192 9.7206 47. Oued El Melah∆ Watercourse 10 × 1 0 –
E. orbicularis 36.7697 8.73361 48. Oued Ezzen ∆ Watercourse 5 × 1 0 0
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it is also classified as a vulnerable species, due to the lack 
of data in Tunisia no status was attributed to this species. 
In northwestern Africa, this species is known to be tol-
erant of rather adverse conditions and to concentrate in 
places with limited freshwater reserves (Bertolero & Bu-
sack 2017, El Hassani et al. 2019). In Morocco, it occurs 
in very different ecosystems and habitats, including coast-
al rivers, mountain streams, oases, and ephemeral rivers 
on the northern fringes of the Sahara desert (Lovich et 
al. 2010, Bertolero & Busack 2017). Comparatively lit-
tle information currently exists on its distribution range 
in Algeria (Rozet 1833, Nasri et al. 2008, Mamou et al. 
2014). During our study period, M. leprosa was found to 
be common in several regions of Tunisia where it occurs 
in almost all water bodies. We also confirmed its presence 
in 10 historical localities (Loveridge & Williams 1957). It 
had previously been recorded from the Chenini Oasis in 

the arid region, but was found to be absent there during 
our study. According to local people, it is no longer present 
here due to the fact that watercourses tend to seasonally 
dry up in this region. Its overall distribution extends from 
the subhumid northern mountainous regions to the arid 
south (Fig. 1 and Table 1). This species was also found to be 
not selective in terms of environmental conditions. It was 
abundant in highly polluted watercourses (Oued Laabid 
Village, Oued Borj Cedria, Oued Soliman, Oued Grombe-
lia, Oued Manzel Bourguiba, Oued Hamdoun, and Oued 
Gabes), in those with reduced water levels (El Hania, Oued 
El Akarit), and in brackish water (Ichkeul lake and Oued 
El Akarit). The M. leprosa populations at Oued El Abid, 
Oued El Akarit, El Amaria, and Beni Toun exhibited a high 

Table 2. Proportion of adult males to females of M. leprosa sur-
veyed at four sites in Tunisia. See Table 1 for GPS coordinates 
of localities.

Locality Type of sites Males 
(M)

Females 
(F)

M/F

7. Oued El Abid Manmade 18 28 1.0:0.64
15. Beni Toun pond Natural 29 21 1.4:1.00
16. El Amaria Natural 18 29 1.0:0.62
42. Oued El Akarit Manmade 26 49 1.0:0.53

Table 3. Cytochrome b haplotypes characterizing M. leprosa and 
E. orbicularis in Tunisia. See Table 1 for GPS coordinates of lo-
calities.

Species Locality Haplotype

M. leprosa 1. Oued El Ain B6
M. leprosa 7. Oued El Abid B6
M. leprosa 16. El Amaria B6
M. leprosa 20. El Hania B6
M. leprosa 28. Large Hammam Bourguiba pond B6
M. leprosa 42. Oued El Akarit B6
E. orbicularis 20. El Hania IXa
E. orbicularis 22. Sidi Barrak dam IXa

Figure 2. Distribution map of Emys orbicularis in Tunisia based on historical and new records. Numbers refer to the localities speci-
fied in Table 1.
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Figure 4. Sizes of M. leprosa based on carapace lengths at Beni 
Toun pond.

Figure 3. Sizes of M. leprosa based on carapace lengths at Oued 
El Abid.

Figure 5. Sizes of M. leprosa based on carapace lengths at El Ama
ria.

Figure 6. Sizes of M. leprosa based on carapace lengths at Oued 
El Akarit.

percentage (more than 70%) of adult specimens. However, 
differences in our sampling methodology could have im-
pacted on the capture rates of juveniles. Given the fact that 
adults and juveniles do not necessarily occupy the same 
aquatic habitats at the same locality, exploiting different re-
sources and preferring different temperature ranges, light 
intensities, and water depths (Reese 1986), capture results 
may have been biased by where traps were set (Zuffi 2000, 
Mosimann & Cadi 2004). Overall, if differential mortality 
between sexes and/or age groups existed in turtles, the ob-
served variation in sex ratios could be due to sampling bi-
ases, as unbalanced sex ratios seem to be common in pop-
ulations of turtles (Bury 1979, McKnight et al. 2017). This 
deserves more in-depth analysis by means of CMR (Cap-
ture-Mark-Recapture) field studies.

Our genetic study of 6 M. leprosa individuals revealed 
the presence of a single haplotype B6 (Table 3) in the north-
ern regions of Tunisia (Fig. 1 and Table 1), which is charac-
teristic of M. l. saharica (clade B). The limited number of 

examined M. leprosa specimens might be the reason why 
only a single haplotype was found. This haplotype was also 
identified in M. leprosa populations in the east of Algeria 
and at one site in the northwest of Tunisia in the phylo-
geographic study of M. leprosa in North Africa (Fritz et 
al. 2006). Although haplotype B7 was found in a single 
specimen from eastern north Tunisia (Fritz et al. 2006) 
and haplotype B3 in different northern regions (Verissimo 
et al. 2016), the presence of a homogenous genetic cluster 
over a large geographical range suggests an absence of sig-
nificant landscape barriers that could hamper the dispersal 
of this species. Our evaluation of our findings regarding 
biogeography, population size and structure and the genet-
ics of M. leprosa leprosa suggest this taxon not to be threat-
ened in Tunisia at present. Nevertheless, it requires careful 
monitoring due to the drying up of water bodies following 
global temperature increases, draining of swamps for agri-
cultural uses, and illegal trade, all of which could affect its 
stability in the long term.
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Vulnerability assessment of E. orbicularis in Tunisia

The European pond turtle is classified as ‘near-threatened’ 
(NT) in both the European and Mediterranean IUCN red 
lists of threatened species (Cox et al. 2006, 2009). How-
ever, its situation seems more problematic in Tunisia. 
Whereas the species was mentioned in the List of Rare and 
Endangered Wildlife in the Tunisian Forest Code of 2017–
2018, no data on its ecological aspects existed and it was 
not afforded any protection measures in Tunisia. In North 
Africa, the distribution of E. orbicularis is fragmented (Ve-
lo-Antón et al. 2015). In Morocco, its distribution is lim-
ited to mountainous areas in the western Rif and the Mid-
dle Atlas, with isolated individuals having been recorded 
from the Gharb plain and the eastern Rif (Velo-Antón 
et al. 2015). In Algeria, populations have been confirmed 
for the wetland of El Kala in the extreme northeast of the 
country close to the Tunisian border (Tiar-Saadi et al. 
2017; Stuckas et al. 2014). In Tunisia, this species was re-
ported from 11 localities (Fig. 2 and Table 1) (Posner 1988, 
Blanc 1978, Loveridge & Williams 1957, Nouira 2001). 
The Oued El Abid population was deemed the most stable 
and its habitat was considered one of the last intact ones 
and probably the best for its protection (Nouira 2001). No 
further reports about the presence or absence of this spe-
cies at these localities have been published since Nouira 
(2001), and despite several searching sessions in the field 
during this study, E. orbicularis was neither observed nor 
captured at any of the 11 historical localities where it was 
previously encountered. Therefore, it has become either 
extinct at these localities or is present only in very small 
numbers of individuals. A few individuals were collected 
in a small pond in Sajnen near El Hania as well as around 
the Sidi Barrak dam, though. Our observations suggest 
that E. orbicularis may be more sensitive than M. leprosa 
to environmental changes and its populations appear to be 
declining in Tunisia.

The genetic study we conducted on E. orbicularis re-
vealed a single haplotype, IXa (Table 1), at the two localities 
where it was found, which confirms it as the undescribed 
Tunisian subspecies reported by Stuckas et al. (2014). This 
subspecies comprises three haplotypes, namely IXa, which 
is a common haplotype in Algeria and Tunisia, IXb, which 
is limited to northeastern Algeria, and IXc, which marks 
the turtles collected in northeastern Tunisia (Stuckas et 
al. 2014). Our unsuccessful search for E. orbicularis in the 
northeast of Tunisia during this study suggests this endem-
ic subspecies, and especially the haplotype Ixc, to be en-
dangered in this region. Protection and conservation of its 
habitat must therefore be given high priority to prevent its 
extinction. 

While our study suggests that the population of the 
European pond turtle in Tunisia is declining with a sta-
tus probably close to Endangered (EN), it does not facili-
tate the identification of the specific reasons for this situa-
tion. However, we noted that habitats from which E. orbi­
cularis was previously recorded in the literature (loc. cit.) 
have since undergone significant changes as a result of the 

construction of dams, which can have negative impacts on 
freshwater biodiversity (Vörösmarty et al. 2010, Lier-
mann et al. 2012). Our study is a first step towards the defi-
nition of longer-term conservation objectives and priorities 
and it creates a scientific basis for further ecological study.
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