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POPULATION STRUCTURE AND MORPHOMETRICS OF THE EUROPEAN POND TURTLE (Emys orbicularis (LINNAEUS, 1758)) AT LAKE TONGA, ALGERIA

A total of 100 specimens of Emys orbicularis were collected and marked at Lake Tonga (northeastern of Algeria) during 3 consecutive years (2013, 2014, 2015). Most of the turtles inhabit a canal where they remain throughout the whole activity season (March to October) and where they overwinter as well. Carapace Length (CL) and body weight (BW) were measured for each individual of E. orbicularis. The size of the turtles of our population was more similar to those of northern European populations than to the Mediterranean populations; females were significantly larger than the Spanish and Italian populations. The population size was calculated as 108.50 and the density as 8.63 turtles/ha. From 6.52 to 12.77% of the population were juveniles. The adult sex ratio was slightly in favor of males (males:females = 1.12, P < 0.005).

INTRODUCTION

The European Pond Turtle, Emys orbicularis (Linnaeus, 1758) is one of the most widely distributed water turtle species ranging from Northwestern Africa in the west to the former Aral sea in the east, and from the Latvia in the north to the Turkish-Syrian border in the south [START_REF] Fritz | Emys orbicularis (Linnaeus, 1758) -Europäische Sumpfschildkrote[END_REF][START_REF] Fritz | Die Europaische Sumpfschildkrote[END_REF]. Populations of the European pond turtle are considered endangered in several parts of their range [START_REF] Servan | Réflexions sur la gestion des reptiles et des tortues en particulier en France: 1-La protection des espèces[END_REF][START_REF] Fritz | Distribution, variety of forms and conservation of the European Pond Turtle[END_REF]. The populations of the species are threatened by destruction and disappearance of their habitats, pesticide use, habitat loss and alteration, and agriculture [START_REF] Fritz | Emys orbicularis (Linnaeus, 1758) -Europäische Sumpfschildkrote[END_REF][START_REF] Fritz | Die Europaische Sumpfschildkrote[END_REF]. The population ecology of European populations of E. orbicularis has been studied by many authors during the last two decades [START_REF] Fritz | Die Europaische Sumpfschildkrote[END_REF]. However, very little information is available on Maghreb populations [START_REF] Fahd | Zur Verbreitung und zum Bedrohungsstatus der Europäischen Sumpfschildkröte (Emys orbicularis) in Marokko[END_REF][START_REF] Donaire | Nuevas localidades para Emys orbicularis occidentalis Fritz, 1993 (Testudines: Emydidae) en El Rif (Noroeste de Marruecos)[END_REF]. Phylogenetic studies have suggested that the eastern Algerian and Tunisian pond turtles represent an undescribed distinct subspecies [START_REF] Fritz | Checklist of chelonians of the world[END_REF][START_REF] Stuckas | Where are you from stranger? The enigmatic biogeography of North African pond turtles ( Emys orbicularis)[END_REF]. However, their population structure and morphometrics remains unknown [START_REF] Fritz | Zur innerartlichen VariabilitaÈt von Emys orbicularis (Linnaeus, 1758). Zwei neue Unterarten von der Iberischen Halbinsel und aus Nordafrika, Emys orbicularis fritzjuergebnosti subsp. nov. und E. o. occidentalis subsp. nov. (Reptilia, Testudines: Emydidae)[END_REF]. In this paper, we study the population structure (age structure, population size, density and sex ratio) and morphological parameters (size structure and weight) of an Algerian population of E. orbicularis. The study took place at Lake Tonga, in the National Park of El Kala, Algeria, in a region where E. orbicularis has never been studied before even if it may represent an important geographical refuge for the north-African subspecies of this chelonian. We compare our results to other populations in the Mediterranean and in Europe.

MATERIAL AND METHODS

Study area. This study was carried out in the National Park of El Kala, in north-eastern Algeria. The study area is a part of the north-eastern Algerian Tell (De [START_REF] Belair | Structure, fonctionnement et perspectives de gestion de quatre complexes lacustres et marécageux (Est algérien)[END_REF]. The climate is Mediterranean [START_REF] Seltzer | Le climat de l'Algérie. Trav. bits Météo. Et Phys. Du globe[END_REF][START_REF] Toubal | Phytoécologie, biogéographie et dynamique des principaux groupements végétaux du massif de l'Edough (Algérie Nord orientale)[END_REF] with moderate rainfall concentrated during winter months. Total annual rainfall was about 630 mm, and the mean monthly rainfall was about 52 mm. The study was carried from March to August in 3 consecutive years (2013 -2015) in the "Canal Messida" situated in the north of Lake Tonga (36°53N 8°31' E). The lake is about 2500 ha with a shallow water body covered by extensive vegetation beds of emergent and floating-leafed plants. It represents one of the most important freshwater areas of northeastern Algeria 1). The main plant species are common reed (Phragmites australis Cav.) and lesser reed mace (Typha angustifolia L.) with some admixture of common bulrush (Scirpus lacustris L.), branched burred (Sparganium erectum L.), and yellow iris (Iris pseudoacorus L.). The submerged and surface-floating vegetation of this lake is dominated by white water-lily (Nymphea alba L.), pondweeds (Potamogeton lucens L.), and water-milfoil (Myriophyllum verticillatum L.) [START_REF] Bakaria | Long-term changes in the size, structure and location of whiskered tern Chlidonias hybrida (P.) nests in deteriorating environmental conditions of a north African lake[END_REF]. The Mediterranean pond turtle (Mauremys leprosa) is another freshwater turtle which is also present in the study site.
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Fieldwork. Only caught by hand method was used in this work because of the lack of traps especially fyke nets, ideal to catch turtles. The turtles were caught in an area of 5 ha of the entire canal. The coastal strip is inspected, and when a turtle is observed in the shallow area, we usually use a net to catch it. Four surveys sessions by one people were carried out. The session consist of the prospection of the canal from 10:00 to 16:00 h. Five in 2013 (from 21 March to 15 August), 6 in 2014 (from 27 March to 18 August), and three in 2015 (from 12 March to 24 August). An interval of at least two week separated the surveys to facilitate the redistribution of the individuals [START_REF] Gibbons | Sex ratios and their significance among turtle populations[END_REF]. From 2013 to 2015, a total of 100 European Pond Turtles were marked by notching its marginal scutes [START_REF] Cagle | A system for marking turtles for future identification[END_REF]. Measures have been taken when turtles are marked, particularly the disinfection of the lime, as well as scutes before and after the notching. On every specimen caught, seven morphometrical variables were measured (Fig. 3) before the release of the individual on the site of capture. Carapace length was measured by a digital caliper (precision ±0.1 mm) with thesame measurement criteria as in [START_REF] Stubbs | The ecology of the Mediterranean tortoise (Testudo hermanni ): a declining population[END_REF]. Body mass of the turtles was measured using a digital balance (precision ±1 g). Sex was determined by secondary sexual characters (e.g., plastral concavity and tail length) [START_REF] Servan | Détermination du sexe ratio adulte de la tortue E. orbicularis dans des populations provenant de 7 étangs de Brenne (Indre, France)[END_REF]. Turtles of less than 12 cm were considered too small to be sex reliably and were classified as juveniles.

Statistical analyses. Population size was estimated using capture-mark-recapture procedures. This method consists in the capture of a certain number of individuals within a natural population, their marking and releasing to the capture point, during a "first capture survey." Then, after a period with no surveys, a "second recapture survey" is done. Population size (N) was determined by Lincoln-Petersen-Bailey formula (1951) for small sample sizes (m 20): where M is the sample of individuals that were captured, marked and measured during the first survey period, n is the number of individuals captured during the second survey period, and m is the number of individuals, captured during the second survey period, that were already marked. Population density (d ) was estimated as d = N/a with N the mean population size and a the sampled area (5 ha).

Age was estimated by counting the number of growth annuli on the shell [START_REF] Castanet | Les méthodes d'estimation de l'âge chez les chéloniens[END_REF][START_REF] Germano | Age determination in turtles: evidence of annual deposition of scute rings[END_REF].

The exact age was difficult to determine on large old turtles by counting annular rings; therefore those turtles were classified as adults on class age superior to 10 years. We used the carapace length to estimate the growth rates, and placed this measure against the age of the various individuals [START_REF] Barbault | Structure et dynamique d'un peuplement de lézards: Les Scincidés de la savane de Lamto[END_REF]. The instantaneous growth rate (IGR) was expressed in mm per time unity (j ) according to the following formula:

CL2 and CL1 are respectively the carapace lengths of the animal at the time t2 and t1.

The growth rate estimates were generated from the turtle's individuals which were first captured in 2013 and then recaptured in 2014 and 2015. We also omitted turtles for which the time between capture and recapture was less than 1 year, in order to ensure that the growth inter-vals cover at least an entire growing season. All statistical analyses were done by the Excel software and Minitab ® 15.1.30.0.

Data collected was used for the estimation of statistical description range (average, standard deviation, range), while the univaried statistics (t-test) was used to analyze the differences between genders.

RESULTS

Population size.

During the period of the study from 2013 to 2015, a total of 100 individuals was captured. The number of individuals captured did not differ from one year to another, being 47 turtles in 2013 and 2014; and 46 individuals in 2015 (Table 1). The mean size of the population for the tree years is 46.66 individuals. Adults dominate the population with 87.23% (2013) to 95.74% (2014) of individuals caught for 4.26% (2014) to 12.77% (2013) of juveniles.

Density. The population density was estimated as 8.63 turtles/ha. Sex ratio. The sex ratio was in favor of males 1.14:1 in 2014 and in favor of females 0.78:1 and 0.79:1 in 2013 and 2015, respectively. When the whole study period was considered, the sex ratio was found as 1.12:1 (÷ 2 = 25.06, P < 0.0001) and it was male-biased. Age structure. Adults dominate the population of E. orbicularis in the study area (89%) for the three years (Fig. 5), while juveniles are represented by a few individuals (11%). Mean age of captured terrapins was 8.32 ± 2.73 years (N = 100). Ages classes between 5 -6 and 9 -10 years were represented by the same rate (21.0%). The individuals with age from 7 to 8 accounted for 27% of the population. with a net increase of size and body weight in females (Fig. 7). The analysis of the growth curve (Fig. 8) for the population revealed that it is more important in females than in males. The growth is quick during the early years and tended to decreases by the 12t h year of life. More precisely, the growth of the males tended to slowdown and to eventually stop by age 10 -11 years old. For female, the growth continues beyond 12 year-old. The instantaneous growth rate of five turtles (2 males, 2 females, and 1 juvenile) that were recaptured in multiple years during the study period (Table 4) indicated that the mean IGR for the males (24.392 × × 10 -3 mm/day) corresponded to an average growth rate of 8.90 mm/year. For females, the mean IGR was 26.218 × 10 -3 mm/day, i.e., a growth rate of 9.57 mm/year. For the juvenile, the IGR is (49.632 × × 10 -3 mm/day) corresponded to a growth rate of 18.12 mm/year. As expected, the growth of juveniles is two times faster than that of males and females. These values confirm the growth curve that is quick in early years. These values also indicate that the growth of females is greater than that of males.

Tableau 2Population Sizes and Sex Ratio of Emys orbicularis on the Study Area

DISCUSSION

Density. the density of our population (8.63 turtles/ha) is close to the one found in the Po Delta Region (northern Italy) with 6.13 individuals/ha [START_REF] Mazzotti | Population structure of Emys orbicularis in the Bardello (Po Delta, Northern Italy)[END_REF]. Important densities were reported for Turkey where 81 turtles/ha were found at Lake Yayla (Ayaz et al., 2007) and up to 225 turtles/ha at Cukurkoy (Western Anatolian) [START_REF] Auer | Population structure of syntopic Emys orbicularis and Mauremys rivulata in western Turkey[END_REF]. In other regions, there were much higher densities, such as in La Selva County (north-eastern Spain) where estimated density is 1030.60 individuals/ha [START_REF] Ramos | Morphometry and biological cycle of a European pond turtle (Emys orbicularis) population from north-eastern Spain[END_REF]. It should be noted that the lack of traps especially fyke nets, ideal for catching turtles is the main cause of the low number turtles captured. Fyke nets are adapted to a site with deep water, more efficient in terms of catch because of larger. The catch by hand is very difficult and time-consuming [START_REF] Woodbury | Uses of marking animals in ecology studies: marking amphibians and reptiles[END_REF]. We estimate that only 10% of the observed turtles were caught during the capture-recapture sessions. However, it is necessary to combine these two methods (hand caught and trapping), since none, used alone, gives a complete description of the structure of the population [START_REF] Servan | Utilisation d'un nouveau piège pour l'étude des populations de cistudes d'Europe Emys orbicularis (Reptilia, Testudines)[END_REF][START_REF] Ream | The influence of sampling methods on the estimation of the population structure in Painted turtles[END_REF]. They are biased by the behavior of different age groups [START_REF] Ream | The influence of sampling methods on the estimation of the population structure in Painted turtles[END_REF]. Body size. Sexual dimorphism is related to differences in history strategies of both sexes [START_REF] Olivier | Ecologie, traits d'histoire de vie et conservation d'une population de Cistude d'Europe Emys orbicularis en Camargue, Laboratoire de Biogéographie et Ecologie des Vertébrés[END_REF]. When smaller males could be advantaged in their mobility and/or search for sexual partners; females tend to a larger size which can be correlated with the clutch size [START_REF] Olivier | Ecologie, traits d'histoire de vie et conservation d'une population de Cistude d'Europe Emys orbicularis en Camargue, Laboratoire de Biogéographie et Ecologie des Vertébrés[END_REF]. We found that females were larger than males in size as in most Emys orbicularis subspecies [START_REF] Zuffi | Body size and clutch size in the European Pond Turtle (Emys orbicularis) from central Italy[END_REF][START_REF] Fritz | Emys orbicularis (Linnaeus, 1758) -Europäische Sumpfschildkrote[END_REF][START_REF] Fritz | Die Europaische Sumpfschildkrote[END_REF][START_REF] Ayres | Sexual dimorphism and morphological differentiation in European pond turtle (Emys orbicularis) populations from northwestern Spain[END_REF]. Also in Algerian, pond turtle population, females (151.00 mm of length and 548.40 g of weight) are larger than males (129.43 mm of length and 321.21 g of weight). The plastron width is significantly higher in females than in males, and especially the posterior part of the plastron ( p < 0.0001, t-test). Considering that there is a positive correlation between the numbers of laid eggs and female size [START_REF] Mitrus | Reproduction of Emys orbicularis (L.) in Central Poland[END_REF][START_REF] Zuffi | Body size and clutch size in the European Pond Turtle (Emys orbicularis) from central Italy[END_REF], as in most Emys orbicularis subspecies [START_REF] Zuffi | Body size and clutch size in the European Pond Turtle (Emys orbicularis) from central Italy[END_REF][START_REF] Fritz | Emys orbicularis (Linnaeus, 1758) -Europäische Sumpfschildkrote[END_REF][START_REF] Fritz | Die Europaische Sumpfschildkrote[END_REF]. The body sizes vary depending on latitude and environmental factors [START_REF] Fritz | Emys orbicularis (Linnaeus, 1758) -Europäische Sumpfschildkrote[END_REF][START_REF] Fritz | Die Europaische Sumpfschildkrote[END_REF] with the populations in the southern area tending to be smaller [START_REF] Fritz | Introduction to zoogeography and subspecific differentiation in Emys orbicularis (Linnaeus, 1758)[END_REF][START_REF] Keller | Aspects of the population structure of Emys orbicularis hispanica from southwestern Spain[END_REF]. Similar observations with respect to latitude were made also in Chrysemys picta [START_REF] Moll | Latitudinal and intersubspecific variation in reproduction of the Painted Turtle Chrysemys picta[END_REF][START_REF] Iverson | Reproductive ecology of the Painted Turtle (Chrysemys picta) in the Nebraska Sandhills and across its range[END_REF].

Quite surprisingly, the size of the individuals of our population was more similar to the size of northern European populations than to the size of the Mediterranean turtles. Females were significantly larger than the Spanish and Italian populations and smaller than the French, German and Polish populations (Table 5). A possible explanation come from Phylogenetic studies which suggested that the eastern Algerian pond turtles represent an undescribed distinct subspecies [START_REF] Fritz | Checklist of chelonians of the world[END_REF][START_REF] Stuckas | Where are you from stranger? The enigmatic biogeography of North African pond turtles ( Emys orbicularis)[END_REF]. The environmental effect (phenotypic) also seems to play, but within the limits imposed by the genotypic effect (phylogenetic constraints) [START_REF] Lombardini | La cistude dans la réserve de l'étang de Biguglia bilan des recherches 2001 -2003[END_REF].

Sex ratio. In an animal species, the sex ratio is a very important ecological factor, which influences the dynamics ofpopulations [START_REF] Girondot | Effects of sexual differences of age at maturity and survival on population sex ratio[END_REF]. According to [START_REF] Fisher | The genetical theory of natural selection[END_REF], the optimum primary sex ratio should be 1:1, but several studies have shown the existence of unbalanced sex ratios [START_REF] Gibbons | Sex ratios and their significance among turtle populations[END_REF]. In the Emydidae family, this ratio varies. Such variations are due to sampling errors [START_REF] Bury | Population ecology of freshwater turtles[END_REF], mortality rate [START_REF] Girondot | Effects of sexual differences of age at maturity and survival on population sex ratio[END_REF], or different behavior between sexes [START_REF] Kofron | Observations on Aquatic Turtles in a Northeastern Missouri Marsh[END_REF][START_REF] Dodd | Population structure and biomass of Sternotherus odoratus (Testudines: Kinosternidae) in a northern Alabama lake[END_REF] influencing capture. [START_REF] Valdeôn | Datos preliminares de dos poblaciones de galâpago europeo (Emys orbicularis) en el sur de Navarra[END_REF] in Navarra obtained preliminary data with a sex ratio 1:1. Ayllon et al. (2010) in Cuenca (Spain), find a sex ratio biased towards males (3.6:1) and it is the case for other Iberian populations [START_REF] Keller | Ecología de poblaciones de Mauremys lep-rosa y Emys orbicularis en El Parque Nacional de Doñana[END_REF]Cordero-Rivera and Ayres-Fernandez, 2004;[START_REF] Segurado | La cistude d'Europe dans la Péninsule ibérique[END_REF][START_REF] Ayres | Sexual dimorphism and morphological differentiation in European pond turtle (Emys orbicularis) populations from northwestern Spain[END_REF]. This is the case of our population during 3 years, when the total number of males was higher than females and the sex ratio was biased for males (1.12:1). Inversely, very variable sex ratio values have been measured in Italian samples of Emys orbicularis, between 1:1 and 1:2.4 [START_REF] Mazzotti | Population structure of Emys orbicularis in the Bardello (Po Delta, Northern Italy)[END_REF][START_REF] Zuffi | Sexual dimorphism in Italian populations of the European pond terrapin, Emys orbicularis[END_REF][START_REF] Mazzotti | La popolazione della testuggine palustre (Emys orbicularis) del Bosco della Mesola[END_REF].

Age structure. The maximum age was 16 years for a male caught in 2014 and 14 years in two females caught in 2015. [START_REF] Auer | Population structure of syntopic Emys orbicularis and Mauremys rivulata in western Turkey[END_REF] reported maximum age almost identical to the one found in our study (i.e., 16 years). In Doñana, data estimated at 28 to 29 the maximum age for males and females respectively [START_REF] Keller | Aspects of the population structure of Emys orbicularis hispanica from southwestern Spain[END_REF]. The age structure of the population is quite common in chelonians, with a majority of adults and a small percentage of juveniles. However, we did not capture hatchlings in the site. This may be explained by the threatened factor, where juveniles stay more hidden in the vegetation and do not show up very often. This is the case for the population of Camargue Gardoise [START_REF] Lyet | La Cistude d'Europe (Emys orbicularis) en Camargue gardoise -Statut des populations et propositions de mesures de protection[END_REF] and the Ebro Delta in Spain [START_REF] Bertolero | Suivi de la population de cistude Emys orbicularis dans le delta de l'Ebre (NE Espagne)[END_REF]. This mainly reflects different behavior between adults and juveniles (Ayres and Cordero, 2007). It is possible that the aquatic habitats where used differently by adults and juveniles [START_REF] Olivier | Ecologie, traits d'histoire de vie et conservation d'une population de Cistude d'Europe Emys orbicularis en Camargue, Laboratoire de Biogéographie et Ecologie des Vertébrés[END_REF]. Finally, it is possible that bias is due to the capture method since hatchlings are smaller and therefore difficult to detect and our sampling was carried by hand. Predation pressure can also be a cause of low numbers of hatchlings, extremely vulnerable because of their soft shells. In our population juveniles are few the three years, especially with the class size between 60 -120 mm. This rate is higher in other populations such as Doñana, Spain (20%) [START_REF] Keller | Ecología de poblaciones de Mauremys lep-rosa y Emys orbicularis en El Parque Nacional de Doñana[END_REF] and Brenne, France (30%) [START_REF] Servan | Détermination du sexe ratio adulte de la tortue E. orbicularis dans des populations provenant de 7 étangs de Brenne (Indre, France)[END_REF]. [START_REF] Braitmayer | Die Europaische Sumpfschildkrote (Emys orbicularis) Menorcas[END_REF] found 12% juveniles in Menorca. This percent can be very low in some population as in . Çukurköy (western Turkey) where the rate is only 1.9%. The major difference between males and females is the size over 160 mm which is more represented in females with an average percent of 38% and with only 5.56% in males.

Growth rates. The only juvenile recaptured has a much higher growth than adults with 19.8% of growth rate. The growth trajectories are characterized by a faster growing period at the youth age and a slow growth trajectory probably after reaching the sexual maturity. The growth is much pronounced in female than male, which can explain the difference in body size between the two sexes.

The first results obtained from this work will constitute a basis for more studies on the reproduction strategy, the behavior and the use of the space in order to obtain details of the movements and to verify the zones actually used by the individuals and to highlight the corridors used. This species is not yet protected in Algeria despite its presence in a National Park and on a site Ramasar, it is often a victim of the operations of clearing the channel which can put the population at risk. Laying sites are also frequently devastated by clearing operations at the lake dykes. The disturbance is also a threat since the site is a touristic area and very frequented especially during the summer. It is, therefore, essential to involve the public, in particular, the users of the wetland (fishermen, farmers, etc.) and tourists in a process of preserving a species that is still vulnerable by the fragility of these habitats. It seems necessary that the various actors involved in wetland conservation, including Chadli Bendjedid University, the management of El Kala National Park, the services of Forests, Hydraulic Services and the services of Agriculture Collaborate to establish long-term conservation strategies for this species.
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  Figure 7Linear regression of body weight (BW) on carapace length (CL) for Emys orbicularis captured during 3 years (N = 100).
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Acknowledgments. We thank Ayres C.for his valuable corrections and suggestions and anonymous reviewer for helpful comments. We are grateful to Dr. P. Grillas, Program Director in the research center for the conservation of Mediterranean wetlands (Tour du Valat) for receiving us in the research station and for the use of their facilities during our stay. Permits to capture and analyze the turtles used in this study were released by the Director of the National Park of El Kala.