Reproductive characteristics of the Kulzer’s rock lizard Phoenicolacerta kulzeri (Reptilia: Lacertidae)
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ABSTRACT

[bookmark: _GoBack]The present study aims to determine, by histological examination, the female reproductive cycle of specimens of Kulzer’s rock lizards collected in a mountainous region in Lebanon. Females of Phoenicolacerta kulzeri followed a seasonal reproductive pattern. Winter hibernation period lasted for 5 months. Females of P. Kulzeri exhibited a reproductive activity during spring characterized by the presence of vitellogenic follicles in the ovaries and eggs in the oviducts. Oviposition occurred throughout the springtime. Up to two clutches were produced with an average clutch size of 2.9 eggs. Clutch size was significantly correlated to female body size. The attainment of sexual maturity was at a minimum size of 46 mm snout-vent length. The mean body size of adult females was 55.0 mm and did no differ significantly from that of adult males. Females showed a period of sexual rest in summer and none of them showed a reproductive activity in autumn. The female reproductive activity of P. kulzeri was well-synchronized with that of the males in spring; however, an autumnal asynchrony was observed between the female and male reproductive cycles, since males continued to exhibit a spermatogenetic activity. 
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1. INTRODUCTION

The Lacertidae family is a diverse family of wall lizards of about 40 genera with more than 180 species widely distributed across Europe, the Middle East and North Africa [1]. Some of them reached Eastern Asia [1,2]. Lebanon, with its Mediterranean climate characterized by a wet cool winter and dry warm summer, has different species of lacertid lizards [1,3] including Acanthodactylus Schreiberei which distribution is restricted to the Mediterranean coastal areas, Ophisops elegans very common in Lebanon with a wide distribution in Turkey reaching Southwest Asia and Parvilacerta fraasii endemic to Lebanon. Two more species that belong to the genus Phoenicolacerta, are also found in Lebanon [1,3]. They were previously classified and known as species of the genus Lacerta [4]. The Lebanon lizard, Phoenicolacerta laevis is the most widespread species in the Middle East and extends from Lebanon and Jordan to Turkey and Georgia [1,5] and the Kulzer’s rock lizard, Phoenicolacerta kulzeri (Müller & Wettstein, 1932) comprises three subspecies: two of them Phoenicolacerta kulzeri petraea and Phoenicolacerta kulzeri khazaliensis are found in Southern Jordan [6,7] and our studied subspecies Phoenicolacerta kulzeri kulzeri found in rocky areas of high altitude mountains in Lebanon [3], presumably its distribution extends to neighbouring countries [8]. 
Molecular and phylogenetic studies showed close relationships between P. laevis and P. kulzeri but they were considered as distinct species [4,9,10,11]; The genus Phoenicolacerta includes two other species, the Syrian rock lizard Phoenicolacerta cyanisparsa, found in Syria Arab Republic and Turkey [12]; and the Troodos rock lizard Phoenicolacerta troodica endemic to Cyprus [13]. Phoenicolacerta kulzeri was classified as endangered species with a population trend decreasing [8], while the population trend of P. cyanisparsa, P. troodica and P. laevis is stable [12,13,14]. 
Like most of lizards of the Lacertidae family, Phoenicolacerta species are all oviparous. However, the genus Eremias contains both viviparous and oviparous species and one lacertid species the European common lizard Zootoca vivipara exhibit reproductive bimodality [15]. Oviparous species can produce multiple clutches during the breeding season. The stages of embryonic development at the time of oviposition depend on the lacertid species and vary from stage 22 - 34 [15] (early organogenesis - late organogenesis) according to the classification of Dufaure and Hubert [16]. Reproductive cycles have been well-documented in lizards [17, 18]. They were classified as either seasonal or continuous reproductive cycles based on relationships between gametogenesis, mating behavior and hormones production [19,20]. Lizards inhabiting temperate zones and high elevations show in general a seasonal reproductive pattern, while others from tropical regions display a continuous spermatogenic cycle in which species breed continuously throughout the year [17, 18]. However, each species brings its own characteristic and variations in the reproductive pattern such as the length of the reproductive activity, attainment of sexual maturity, clutch size. Therefore, the objective of this study was to determine the reproductive characteristics of the female reproductive cycle of P. kulzeri lizards. This will contribute to better understand the reproductive strategy of this species knowing that males of P. kulzeri from the same herpetological collection, exhibited spermiogenesis throughout all the reproductive period [21].

2. Material and Methods

Female reproductive organs (ovaries and oviducts) of 57 specimens of P. kulzeri were processed for histological analysis. They were removed from lizards collected in 2000, from April to November, and in 2001, from April to September, and deposited at the Natural Museum of the Lebanese University by Souad Hraoui-Bloquet. No specimens were collected during the hibernation winter which lasted from November to March. The area of collection was the mountainous region of Mahrouka - Sannine with an altitude of around 2000 m (34° 00’N, 35° 52’E). The habitat was described to be predominantly rocky with sparse vegetation, with a mean annual temperature of 14.9°C and a total precipitation of 44.8 mm [21] (10 years mean for the period 1998-2007). Snout-vent length (SVL) of each specimen was measured to the nearest 0.01mm using a caliper. Ovarian follicles (yolky and enlarged follicles) and oviductal eggs were counted and measured. They were fixed in Bouin’s solution, dehydrated in increasing concentrations of ethanol, starting in 70% and ending in absolute ethanol. The clearing step was performed with butanol. Samples were kept in butanol until paraffin embedding using standard protocol. The blocks of paraffin-embedded ovaries were cut into sections of 5µm thickness using a rotary Reichert Jung microtome. Sections were stained with the routine combination of the two histological dyes, haematoxylin followed by eosin counterstain. Ovary slides were examined with a light Olympus CHB microscope for the state of follicles, vitellogenic or atretic follicles and the presence of corpora lutea which indicate recent oviposition. Five various female reproductive stages were determined based on the size and the type of the ovarian follicles and the presence of eggs in the oviducts, as shown in Table 1. The software SPSS 20® was used for statistical analysis. All variables were log transformed and tested for normality. Analysis of variance by means of ANCOVA was run using the logarithm of SVL as a covariate. ANCOVA was used when all assumptions were met. Spearman’s rank order correlation was run to determine the relationship between clutch size and female body size. 

Table 1: Main characteristics of the ovaries and oviducts used to establish the different stages of the female reproductive cycle of the specimens of P. kulzeri collected in the mountainous region of Sannine in Lebanon

	Main characteristics
	Stage

	Vitellogenic follicles (2.25--5.5 mm) with yolk accumulation 
	Vitellogenesis

	Enlarged ovarian follicles ≥ 5.5 mm and vitellogenic follicles
	First Clutch

	Eggs in the oviducts and vitellogenic follicles
	

	Enlarged ovarian follicles, corpora lutea and vitellogenic follicles
	Second Clutch

	Enlarged follicles, eggs in the oviducts and vitellogenic follicles
	

	Degeneration of the ovarian follicles
	Atresia

	Non-vitellogenic follicles 
	Quiescent



3. Results and Discussion

The female of P. kulzeri with the smallest SVL and exhibiting enlarged ovarian follicles was considered to be sexually mature and reproductively active. Sexually maturity in lacertids is attained at a minimum body size of the lizard and is independent from the age [17]. The smallest reproductively active female exhibiting enlarged ovarian follicles, measured 46 mm in SVL and was from June (Figure 1). Consequently, only females having SVL ≥ 46 mm were considered to be adults. No differences were found in female adult stages between both years (24 females from 2000 and 29 from 2001) with respect to body size (ANCOVA, F (1,50) = 0.9, p > 0.01). Therefore, the data of both years were pooled for subsequent analysis. The SVL for adult females ranged from 46 to 65 mm, with mean SVL = 55.09 mm ± 4.25 SD, n = 53 and the SVL for subadults ranged from 40 to 45 mm with mean SVL = 42.75 mm ± 2.63 SD. Mean SVL was 53.50 mm ± 4.55 SD for adult males [21]. An independent t-test was conducted to compare SVL in females and in males. 
There was no significant difference between adult male and female body sizes, t (106) = -1.84, p > 0.05. Similar observation, with no sexual body size dimorphism was reported in sympatric lacertid Ophisops elegans [22]; However, sexual dimorphism is more common in lizards with the majority of males larger than females [23]; Variation in body size may be explained by sexual selection [23,24,25] where the males maintain larger body size to compete for territory and access to females [24,25]. Females with larger body size than males are common. This might be due to the effects of their reproductive mode and their lineage identity [25,26]. Environmental factors such as temperature, water and food availability may also be implicated in the variation in body size in reptiles [22,25,26]. 
No difference was found between the number of enlarged follicles and oviductal eggs with respect to female body size (ANCOVA, F (1,9) = 1, p = 0.34). Therefore, these data were pooled for estimating clutch size and the number of eggs produced per clutch. The mean clutch size was 2.92 ± 1.27, range = 2-6. However, there was a significant correlation between clutch size and female body size (RSpearman = 0.75, p = 0.00, n = 27). The larger females produced up to two clutches whereas smaller females laid only a single clutch. This increase in egg number with female body size is a common occurrence in most lizards including lacertids with multiple clutch sizes [27], where clutch size is adjusted to the changing body size of the female as she grows [28].
The reproductive activity of P. kulzeri lizards lasted from April to October. No specimens were collected during the hibernation period between November and March. The first females with enlarged follicles were observed in April. This the first clutch was produced in April. Six of the 8 females examined, exhibited their first enlarged follicles in their ovaries; the two remaining were in vitellogenesis (Figure 1). Among 21 females examined in May and June, 3 females showed eggs in their oviducts whereas 2 females had enlarged follicles in their ovaries and 16 exhibited concomitant presence of enlarged follicles and oviductal eggs indicating a possible second clutch. Nineteen females out 24 females’ specimens collected from July through October had mainly non-vitellogenic follicles. Two females showed atretic follicles in their ovaries and three showed early vitellogenesis in September and October (Figure 1). Winter hibernation period lasted for 5 months, from November to March. Mating occurred most probably upon emergence from winter hibernation. Females of P. kulzeri exhibited a seasonal reproductive cycle that is common to that of most lacertid lizards from temperate region. After they emerged from hibernation in spring, females of P. kulzeri undergo vitellogenesis, followed by a sexual reproductive activity (egg laying period) and a subsequent period of sexual rest (Figure 2). Simultaneously, males of P. kulzeri exhibited continuous spermatogenetic activity which lasts from April to October. Similar pattern of reproduction was described in the sympatric lizard P. laevis [29,30,31] (Figure 2) and in mountainous populations of lacertids such as Podarcis vaucheri [32,33] and Takydromus hsuehshanensis [34]. However, no autumnal reproductive activity was described in none of these species. Indeed, production of eggs by the females showed a seasonal pattern while males produce sperm at all times of the reproductive period [29-31]. Differences in the reproductive pattern and reproductive characteristics in each population could reflect phylogenetic constraints on the reproductive pattern or an adaptive response to the environmental conditions.

4. Conclusions

This study highlights the specific reproductive characteristics and activities in females of the oviparous lacertid lizard P. kulzeri and contribute to a better knowledge of the reproductive biology of this species. Females of P. kulzeri exhibited a seasonal reproductive pattern with maximum activity in spring. Each female produced up to two clutches per breeding season, with a clutch size which is correlated with snout-vent length of females.



[image: ]Figure 1. Female reproductive cycle of P. kulzeri. Females deposited their first clutch (enlarged follicles or oviductal eggs) in April and May. A second egg clutch (enlarged follicles and oviductal eggs) was laid in May and June. Numbers on the right indicate the number of specimens with a same stage and having a same SVL.X2
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Figure 2: Female and male reproductive cycles of P. kulzeri compared with those of the sympatric P. laevis. Females of P. kulzeri and P. laevis showed seasonal activity while males had more or less continuous spermiogenesis.
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