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Abstract. The Snake-eyed Skink Ablepharus kitaibelii (Bibron & Bory de Saint-Vincent, 1833) is one of the smallest lizards in Europe, 
and this, combined with its secretive lifestyle, makes population studies on the species very difficult. Only a few studies concerning 
sparse data, mainly on the species’ activity, have been published, but its population ecology has received less attention. We aimed to 
collect information about population parameters such as population size, survival rate, Body Condition Index (BCI), and individual 
movements. Here we present data from a four-year Capture–Mark–Recapture study on a population of A. kitaibelii from 
Northwestern Bulgaria. We marked 415 individuals (136 females, 108 males, and 171 juveniles). Rapid sexual maturation and 
extended egg-laying period led to an overlapping of the generations in time – in many individuals, the onset of sexual maturity 
overlaps with the period of the next hatchlings – probably crucial for the survival of the species. The Cormack–Jolly–Seber model 
estimated that the average adult population size for the study period was N = 220 (95%CI: 102–490). Long-term recaptures suggest 
that it is generally sedentary, likely without performing many long-distance movements more than 60 m and usually maintaining a 
small individual range. A low and uneven recapture rate by season was due to the secretive lifestyle of the species and seasonal 
changes in habitat characteristics such as overgrowing with grasses and/or bushes. 
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Introduction 
 
The Snake-eyed Skink, Ablepharus kitaibelii (Bibron & Bory de 
Saint-Vincent, 1833), distributed from southernmost 
Slovakia and reaching the southern edge of the Balkan 
Peninsula in Greece (Gruber 1981), is the only representative 
of the family Scincidae in Bulgaria. The species has a patchy 
distribution across the country. It inhabits dry meadows and 
sparse oak forests mainly in lowlands up to medium 
elevations in mountainous areas, typically up to 1000 m a.s.l. 
Its distribution in the lowland areas, especially in Northern 
Bulgaria, is limited to fragmented relict populations due to 
deforestation. During the hot summer months, the species 
predominantly hides under fallen leaves and stones, but 
remains highly secretive throughout its active period 
(Beshkov & Nanev 2006, Stojanov et al. 2011).  

Although some ecological information on the activity 
and reproduction of A. kitaibelii in Bulgaria was published 
recently (Vergilov & Natchev 2018, Vergilov et al. 2018a, b), 
data on its population parameters are largely lacking. This 
limits future scientific studies and evidence-based 
conservation practices. 

Capture–Mark–Recapture (CMR) is a robust method for 
collecting population estimation data. It is used widely in 
population studies on amphibians and reptiles (Henderson 
2003, Rockwood 2006, Sutherland 2006). CMR has been 
applied to different Scincidae species (Towns 1975, Henle 
1989, Pitt 2001, Bloomberg & Shine 2001, Sumner et al. 2001, 
Akani et al. 2002, Stow & Sunnucks 2004, Chapple & Keogh 
2006, Lettink et al. 2011, Dubey et al. 2013, Hoehn et al. 
2015). Permanent marking as part of CMR has been 
performed previously on lizards (e.g., using heat-branding 
techniques that burn off a scale: Stumpel 1985, Ferreiro & 
Galán 2004, Vervust & Van Damme 2009, Ehmann 2000, 

Hitchmough et al. 2012); the most widely used markings 
have been practiced for a long time, and they do not induce 
long-lasting negative effects to individuals. 

So far in Bulgaria, few publications used CMR for 
amphibians (Beshkov 1972, Beshkov & Jameson 1980, 
Beshkov & Angelova 1981, Beshkov et al. 1986, Naumov et 
al. 2020, Lukanov et al. 2021, Lukanov in press) and only two 
for a single viperid species (Dyugmedzhiev et al. 2018, 2020). 
We used heat-branding using a portable soldering iron to 
mark the Snake-eyed Skinks individually (Vergilov & 
Tzankov 2018).  

The present study aims to fill knowledge gaps on the 
ecological characteristics of the small and secretive Snake-
eyed Skink, utilizing the CMR to obtain population 
parameters (size, individual survival rate) and individual 
movements. 
 
 
Material and Methods 
 
The study area was located on Pastrina Hill (almost entirely within 
the Natura 2000 Site of Community Importance “Pastrina”), a low 
elevation (563 m) continental climate site in northwestern Bulgaria 
(Fig. 1; see Vergilov & Natchev 2017). We concentrated our search 
efforts on the ecotone zone between an oak forest and a meadow 
because it is among the species' most suitable habitats (Fejérváry 
1912, Fuhn 1970, Gruber 1981, Herczeg et al. 2007, Stojanov et al. 
2011, Vacheva et al. 2020). The small size of the study area (app. 3 ha) 
corresponded to the size of the species and its presumed limited 
mobility. The study area was visited for six to seven days per month 
in May (spring), July (summer), and September (autumn) for four 
years (2013–2016). The active searching was approximately 3 hours 
per visit; over 95% of the time, only one person (VV) was actively 
catching and searching for the lizards. May and September fall into 
the peak of the active period for the species when individuals move 
above ground; July was sampled to obtain life history data of lizards 
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Figure 1. The study area (bottom left) in Pastrina Hill and the SCI “Pastrina”, Bulgaria. Inset: a satellite image of the 
study area showing the ecotone. 

 
 
when they spent less time visible above ground and instead hide 
under fallen foliage due to the elevated environmental temperatures. 

We used CMR, capturing individuals by hand after detecting 
them visually. 

The following data were taken for each individual at (re)capture: 
individual code, capture location (using a hand-held GPS Garmin 
Map62s, accuracy: 3–5 m), body length (SVL, from the rostrum to the 
end of the cloacal scales, using a plastic ruler, to the nearest mm), tail 
length (TL, from the end of the cloacal scales to the tip of the tail), 
weight (W, measured with a small portable electronic scale My 
Weight DuraScale D2 300, accuracy ± 0.01 g), and sex (determined 
visually by habitus for adults) (see Ljubisavljević et al. 2002). Based 
on the skeletochronology and the histology of the gonads (Vergilov 
et al. 2018а, b), individuals with SVL less than 38 mm were 
considered juveniles. 

When captured, lizards were marked individually by heat-
branding with a unique number via a portable soldering iron on 
batteries, following a new coding system applicable for small 
squamates (see Vergilov & Tzankov 2018, and references therein). 
Each individual was photographed with a high-resolution digital 
camera from the dorsal, ventral, and in some cases, lateral sides. 
Individual recognition of marked individuals was based on the 
brand marks and was compared to the photographic material, the 
size, weight, and coloration of the lizards. Photographic and 
morphometric verification was especially helpful for old markings 
that had faded or merged because of growth (Vergilov & Tzankov 
2018). 

For population parameters estimations, we used only data on 
adult individuals (SVL ≥ 38 mm; at least 11–12 months after 
hatching), grouped by sampling month for each year of the study (12 
capture-recapture sessions); the recapture rates of juveniles were 
insufficient to provide usable results. Estimation of the survival rate 
(phi), capture probability (p), and the population size (N) were 
performed in MARK 8.1 (White & Burnham 1999), using the 
Cormack–Jolly–Seber (CJS) (Lebreton et al. 1992) model for open 
populations.

To estimate long-term movements and individual range, we used all 
capture and recapture data without grouping them by age or sex. We 
used the Geospatial Modelling Environment 0.7.4  extension in 
ArcGIS 10.3 (ESRI, Redlands, California) to obtain the distances 
between consecutive recaptures. 

For morphometric analyses, we used only data from the first 
capture of an individual to avoid pseudoreplication. Boxplots of SVL 
and weights of individuals (both adults and juveniles) of the 
populations by seasons were created with SigmaPlot 12.0 (Systat 
Software, San Jose, CA). Body Condition Index (BCI) was estimated 
using a logarithmic regression between weight and SVL (Jakob et al. 
1996, Rodríguez-Prieto et al. 2010). Statistical analyses were 
performed with STATISTICA 10.0 (StatSoft. Inc. 2011,). The statistical 
significance level was set at 0.05. 
 
 
Results and Discussion 
 
We marked 415 individuals (136 females, 108 males, and 171 
juveniles). To estimate population parameters, we obtained 
165 recaptures between seasons (86 for females, 69 for males, 
and 10 for juveniles). Capture rates were uneven across 
seasons in each year of the study (Fig. 2), which corresponds 
to the differential seasonal activity of the species. The 
potential for bias in (re)capturing individuals due to the 
chosen method also must be considered. 

Despite the unequal number of individuals captured per 
season (Fig. 2), some major trends can be noted. Although 
adult individuals were captured throughout the year, most 
(re)captures were during the spring, when the animals are 
supposed to be more active (Herczeg et al. 2007, Stojanov et 
al. 2011, Vergilov 2017) and mating and fertilization take 
place (Vergilov et al. 2018b). Juveniles were captured mainly 
in the autumn; those captured in the spring were individuals
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that hatched the previous year and had not grown enough to 
become sexually mature. The low number or complete 
absence of juveniles in the summer is explained by the fact 
that juveniles from the spring have become sexually mature, 
while the hatching of the next generation of Snake-eyed 
Skinks has not yet occurred. During the autumn of 2014, 
fewer juveniles were captured and observed than in the 
other years (2013: 27 captured, 0 recaptured; 2014: 14 
captured, 1 recaptured; 2015: 21 captured, 1 recaptured; 
2016: 34 captured, 3 recaptured). We speculate that the 
unusually large amount of precipitation in the summer of 
2014 compared to the other years resulted in considerable 
moisture within the soil during the egg laying period and 
increased embryonic mortality. Furthermore, A. kitaibelii 
generally inhabits dry and warm habitats, such as sparse oak 
forests, with soil that is not exposed to prolonged water 
saturation while retaining sufficient soil moisture to prevent 
eggs from drying out (Vergilov & Popgeorgiev, pers. obs.). 

Females were significantly larger than males (for females 
– range: 39.00–54.30 (mean = 46.27 ± SD = 3.55) mm, n = 136; 
for males: 38.00–49.00 (42.59 ± 2.33) mm, n = 108; one-way 
ANOVA: p < 0.001, F = 899.21). Females were also heavier 
than males (for females – range: 0.55–1.72 (mean = 1.04 ± SD 
= 0.23) g, n = 136; for males: 0.51–1.53 (0.99 ± 0.18) g, n = 108; 
one-way ANOVA: p < 0.001, F = 642.47). Captured juveniles 
had mean SVL = 29.7 mm (range: 21.5–37.8 mm, SD: 4.22, n = 
169) and a mean weight of 0.34 g (range: 0.12–0.80 g, SD: 
0.16, n = 169). 

On recapture, individuals had usually grown since the 
last capture, i.e., the data on the growth and 
skeletochronology (Vergilov et al. 2018a) confirmed the 
results from the population study. The largest female had 
SVL of 56 mm at last recapture. 

Vergilov & Natchev (2018) suggest that juveniles 
between 0.09 and 0.18 g were captured shortly (within a 
week) after the hatching. The earliest juvenile individual 
within this weight interval was caught on 26.07.2015 (0.13 g), 
and the latest – on 2.10.2015 (0.18 g). This confirms the 
results of Vergilov et al. (2018b) about the extended hatching 
period. The smallest newly hatched individual, after 
incubation, had SVL of 19 mm (Vergilov & Natchev 2018), 

and the smallest caught on Pastrina Hill was 21.5 mm. Rotter 
(1962) stated that the newly hatched juveniles of A. kitaibelii 
had SVL of 33 mm, which greatly differs from Vergilov & 
Natchev (2018), Vergilov et al. (2018b) and this study. 

Most of the largest females (50 mm and more; n = 26) 
were initially captured in the spring (n = 15) (Fig. 3); during 
the summer, we captured only eight, and in the autumn – 
three. This suggests that they likely reach such sizes at the 
end of their life, and many probably die as the active season 
progresses. Although males grow slower than females 
(Vergilov et al. 2018a), their growth continues throughout 
their life. The largest females and males lived up to four 
years (Vergilov et al. 2018a), although some individuals may 
live for some time after the fourth hibernation. The largest 
individuals were generally the heaviest (Figs. 4, 5).  

Correlations (Fig. 5) for females were: spring r = 0.83, p < 
0.001, y = –1.16 + 0.05x; summer r = 0.40, p < 0.005, y = –0.08 
+ 0.02x; autumn r = 0.46, p < 0.005, y = –0.33 + 0.03x; for 
males were: spring r = 0.67, p < 0.001, y = –0.97 + 0.05x; 
summer r = 0.64, p < 0.001, y = –1.21 + 0.05x; autumn r = 
0.47, p < 0.01, y = –0.59 + 0.04x. Мales had less variation in 
the BCI than females, overall and across seasons (Figs. 4, 5), 
likely due to the faster growth and egg deposition in 
females’ abdomens (Vergilov et al. 2018a). Moreover, the BCI 
of the males was slightly higher in summer, probably due to 
the lower energy expenditure during the reproductive 
period. Still, BCI values should be treated with caution as 
BCI can be an unreliable indicator of fitness (Dudek et al. 
2015). 

When comparing the SVL of juveniles across different 
seasons (Fig. 3), we measured newly hatched ones with SVL 
of 20–24 mm in the summer and autumn, comparable to the 
18–22 mm reported in Vergilov & Natchev (2018). Also, 
there were individuals with SVL of 37–39 mm in the spring 
and summer. Individuals with SVL of 39 mm had 
undergone two hibernations (Vergilov et al. 2018a), which is 
also the SVL of sexual maturation (Vergilov et al. 2018b). 
Furthermore, the presence of immature individuals in July 
suggests that they probably hatched later in the previous 
year (in the autumn; op. cit.). Comparison between the 
histological studies and the population study reveals an 

Figure 2. Number of captured and 
recaptured female (F), male (M), and 
juvenile (J) individuals of A. kitaibelii 
for four years’ active seasons (Sp – 
spring, Su – summer, Au – autumn). 
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Figure 4. Body Condition Index (BCI) of females (left) and males (right) of A. kitaibelii. Dashed lines are 

95% confidence intervals. Correlation for females was r = 0.63, p < 0.001, y = –0.79 + 0.04x; for males was 
r = 0.63, p < 0.001, y = –1.00 + 0.05x. 

 
 

 
Figure 5. Body Condition Index (BCI) of females (left) and males (right) of A. kitaibelii in spring, summer 

and autumn. 

Figure 3. Body length (SVL, top) and 
weight (W, bottom) of adult 
females, adult males, and juveniles 
of A. kitaibelii at first capture in 
spring (Sp), summer (Su), and 
autumn (Au) in 2013–2016. 
Numbers on the top x-axis are 
respective sample sizes. 
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overlapping of the generations in time – in many 
individuals, the onset of sexual maturity overlaps with the 
period of the next hatchlings in the summer and autumn 
seasons. The incubation period is about one month, and the 
egg-laying period is extended (Vergilov et al. 2018b). Based 
on the data of this study and the data from the histological 
studies (Vergilov et al. 2018a, b), we can conclude that the 
individuals that hatch earlier (at the beginning or the middle 
of July) have more time to grow before and after the first 
hibernation, i.e., they could become sexually mature at a 
body length of 38–39 mm in the spring, after their first 
hibernation. On the other hand, individuals that hatch later 
(late September) have less time to grow up to 39 mm. They 
could become sexually mature much later after the first 
hibernation or after the second hibernation, especially 
considering that the growth rate slows before hibernation. 
This overlapping of generations is probably one of the main 
strategies for the species’ survival. 

We generated 16 models within CJS. Based on the ΔAIC, 
we chose the second-best model due to its low Akaike’s 
Information Criterion (Akaike 1973) that also resulted in the 
smallest confidence intervals and represented the most 
feasible results. This model was based on a constant capture 
probability (p) and variable survival rate over time {phi(t)} 
(AIC = 839.56; ΔAIC = 13.28). The model with the lowest 
ΔAIC was {phi(t) p(g*t)} (AIC = 834.62; ΔAIC = 8.34), and the 
third model was {phi(t) p(g)} (AIC = 841.59; ΔAIC = 15.32). 

The Cormack-Jolly-Seber model estimated that the 
average adult population size (N) for the study period was N 
= 220 (95%CI: 102–490). The estimated N matches the 
number of marked adults (n = 265), considering the 
population is open, and during the study duration there 
were mortality and recruitment/transition of juveniles to 
adults, as well as likely emigration and immigration. We 
excluded juveniles from the estimations because they highly 
increased the variance in the confidence intervals due to 
their low recapture rate. The low p-value (mean = 0.346; 
95%CI = 0.270–0.432) is most likely due to difficulties 
capturing the small agile individuals, seasonal changes in 
microhabitat conditions such as the growth of grasses, and 
changes in the seasonal activity of individuals linked to 

increased secretive lifestyle. The high phi value (mean = 
0.995; 95%CI = 0.987–0.998) suggests that a more accurate 
estimation of survivability requires surveying for a longer 
period. 

We estimated movements based on 242 consecutive 
capture/recaptures of 132 individuals. Our results suggest 
that A. kitaibelii is highly sedentary, with most recaptures < 
10 m away from each other (Table 1; Appendix 1). 
Calculations of home ranges and exact distances moved are 
not feasible, given the method of recapture and the intrinsic 
error of the hand-held GPS that may be as low as ± 5 m 
under best conditions – 38% of the distances are < 5 m. This 
compromises comparison between age, sex, or seasonality 
and statistical analyses. 
 
 

Table 1. Frequency of distances moved by A. kitaibelii, 
in 10-m bins. Included are all recaptures, including 
within the same capture sessions and seasons. 
Range (m) Frequency Cumulative % 
0–10 180 74.38% 
10–20 39 90.50% 
20–30 10 94.63% 
30–40 9 98.35% 
40–50 1 98.76% 
50–60 3 100.00% 

 
 
However, a few interesting observations lend further 

support to the sedentary lifestyle of A. kitaibelii. Overall, we 
have 18 capture-recaptures more than 365 days apart, with 
an average distance of 13.3 m (range: 3.1–39.0 m) between 
original and subsequent locations. The longest period 
between a recapture of an individual was 1105 days (6 May 
2013 to 15 May 2016); the adult male was located 6.4 m away 
from the original capture location. Furthermore, the four 
individuals with the most recaptures (11, 8, 7, and 6) all seem 
to have stayed within small individual ranges (Fig. 6); three 
of them had made single long-distance dispersals (ID 154: 
21.9 m, ID 74: 32.7 m, ID 241: 53.5 m), but then returned 
almost exactly to the previous capture location. There are no 

 

 

Figure. 6. Capture/recapture locations of the four  
A. kitaibelii with the highest number of recaptures. 
Squares = 5 × 5 m. 
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published data supporting territoriality in this species, 
although there are some sparse data concerning interspecific 
aggression (Teschler 1885, Vergilov & Kornilev 2019), likely 
due to the presumably small and overlapping home ranges 
of the Snake-eyed Skink’s individuals. 

For future CMR studies on the Snake-eyed Skink or 
similar species, finding means to increase the recapture rate 
will yield more robust estimates. Initially, we planned to 
capture individuals by hand and with non-lethal pitfall traps 
(Enge 2001, Sutherland 2006). The traps were plastic 
cylinders approx. 120 mm high and 100–120 mm in 
diameter, with a perforated bottom to prevent rainwater 
accumulation. During each session in the first year of the 
study, we set up 49 traps, at a distance of five m from each 
other, on both the ecotone and the more open grass areas. 
However, only one individual was found in a trap, 
suggesting this method is unsuitable for the species. 

The Snake-eyed Skink generations overlap over time due 
to the delayed maturation of some individuals. This species 
is generally sedentary, likely without performing many 
long-distance movements more than 60 m and usually 
maintaining a small individual range. Uneven recapture by 
seasons was due to the secretive lifestyle of the species and 
the overgrowing of grasses and/or bushes of the habitat, 
with the change of seasons decreasing recapture rates. In 
future population studies on species with biology similar to 
that of A. kitaibelii, we stress the importance of using a 
method that will provide an increased recapture rate and 
implementing the Robust Design (Kendall & Bjorkland 
2001). 
 
 
Acknowledgments 
We thank all the colleagues who helped us with the fieldwork – S. 
Georgieva, A. Antonov, S. Stefanov, L. Dimitrov, E. Vacheva, G. 
Iliev, S. Lukanov, M. Slavchev, S. Popova, G. Hristov, and P. 
Todorov. We are very grateful to B. Zlatkov and S. Lukanov for the 
valuable advice on the manuscript. This study was conducted under 
permits No. 411/14.07.2011 and No. 520/23.04.2013 from The 
Ministry of Environment and Water of Bulgaria. 
 
 
References 
 
Akaike, H. (1973): Information theory and an extension of the maximum 

likelihood principle. pp. 267-281. In: Petrov, B.N., Csáki, F. (Eds.), 2nd 
International Symposium on Information Theory. Akadémiai Kiadó, 
Budapest. 

Akani, G.C., Capizzi, D., Luiselli, L. (2002): Community ecology of scincid 
lizards in a swamp rainforest of South-Eastern Nigeria. Russian Journal of 
Herpetology 9: 125-134. 

Beshkov, V. (1972): Biology and distribution of the Greek stream Frog Rana 
graeca (Blgr.) in Bulgaria. Bulletin de L’Institut de Zoologie et Museé 36: 125-
136. (In Bulgarian). 

Beshkov, V., Angelova, V. (1981): One unusual breeding migration of the 
common frog (Rana temporaria L.). Ecology (BAS, Sofia) 8: 34-42. (in 
Bulgarian) 

Beshkov, V.A., Jameson, D.L. (1980): Movement and abundance of the Yellow-
bellied Toad Bombina variegata. Herpetologica 36: 365-370. 

Beshkov, V., Nanev, K. (2006): The Amphibians and Reptiles in Bulgaria. 
Pensoft, Sofia. 

Beshkov, V.A., Nedelcheva, M.N., Dobrev, D.D. (1986): Breeding movements 
and strict fidelity to the place of egg-laying of the Common Toads (Bufo bufo 
(L.)) in stream water reservoirs. Ecology 19: 62-70. (In Bulgarian). 

Bloomberg, S.P., Shine, R. (2001): Modelling life history strategies with capture-
recapture data: Evolutionary demography of the water skink Eulamprus 
tympanum. Austral Ecology 26: 349-359. 

Chapple, D.G., Keogh, S. (2006): Group structure and stability in social 

aggregations of White’s Skink, Egernia whitii. Ethology 112: 247-257. 
Dubey, S., Sinsch, U., Dehling, M.J., Chevalley, M., Shine, R. (2013): Population 

demography of an endangered lizard, the Blue Mountains Water Skink. BMC 
Ecology 13: 1-8. 

Dudek, K., Sajkowska, Z., Gawałek, M., Ekner-Grzyb, A. (2015): Using body 
condition index can be an unreliable indicator of fitness: A case of sand 
lizard Lacerta agilis Linnaeus, 1758 (Sauria: Lacertidae). Turkish Journal of 
Zoology 39: 182-184. 

Dyugmedzhiev, A., Tzankov, N., Natchev, N., Naumov, B. (2018): A non-
traumatic multi-operational method for individual documentation and 
identification of nose-horned vipers (Vipera ammodytes (Linnaeus, 1758) 
(Squamata, Viperidae)) allows reliable recognition of recaptured specimens. 
Biharean Biologist 12: 92-96. 

Dyugmedzhiev, A.V., Popgeorgiev, G.S., Tzankov, N.D., Naumov, B.Y. (2020): 
Population estimates of the Nose-horned Viper (Vipera ammodytes (Linnaeus, 
1758)) (Reptilia: Viperidae) along the latitudinal gradient in Bulgaria. Acta 
Zoologica Bulgarica 72: 397-407. 

Ehmann, H. (2000). Microbranding: a low impact permanent marking technique 
for small reptiles and frogs as an alternative to toe clipping. Anzccart News 
13: 6-7. 

Enge, K.M. (2001): The pitfalls of pitfall traps. Journal of Herpetology 35: 467-
478. 

Ferreiro, R., Galán, P. (2004): Reproductive ecology of the slow worm (Anguis 
fragilis) in the northwest Iberian Peninsula. Animal Biology 54: 353-371. 

Fejérváry, G.I. (1912): Über Ablepharus pannonicus Fitz. Zoologische Jahrbücher 
33: 457-574. 

Fuhn, I.E. (1970): Über die Unterarten von Ablepharus kitaibelii (Bibron & Bory de 
St. Vincent, 1833) (Sauria, Scincidae). Věstník  Československé  Zoologické  
Společnosti 34: 9-17. 

Gruber, U. (1981): Ablepharus kitaibelii Bibron and Bory 1883 – Johannisechse. pp. 
292-307. In: Böhme, W. (ed.), Handbuch der Reptilien und Amphibien 
Europas, Echsen I. Wiesbaden: Akademische Verlagsgesellschaft.  

Henderson, P.A. (2003): Practical Methods in Ecology. Hoboken: Blackwell 
Publishing company. 

Henle, K. (1989): Population ecology and life history of the diurnal skink 
Morethia boulengeri in arid Australia. Oecologia 78: 521-532. 

Herczeg, G., Kovács, T., Korsós, Z., Török, J. (2007): Microhabitat use, seasonal 
activity and diet of the snake-eyed skink (Ablepharus kitaibelii fitzingeri) in 
comparison with sympatric lacertids in Hungary. Biologia 62: 482-487. 

Hoehn, M., Henle, K., Gruber, B. (2015): The effect of toe-clipping on the 
survival of gecko and skink species. Herpetological Conservation and 
Biology 10: 242-254. 

Hitchmough, R., Neilson, K., Goddard, K., Goold, M., Gartrell, B., Cockburn, S., 
Ling, N. (2012): Assessment of microbranding as an alternative marking 
technique for long-term identification of New Zealand lizards. New Zealand 
Journal of Ecology 36: 151-156. 

Jakob, E.M., Marshall, S.D., Uetz, G.W. (1996): Estimating fitness: a comparison 
of body condition indices. Oikos 77: 61-67. 

Kendall, W.L., Bjorkland, R. (2001): Using open robust design models to 
estimate temporary emigration from capture-recapture data. Biometrics 57: 
1113-1122. 

Lebreton, J.D., Burnham, K.P., Clobert, J., Anderson, D.R. (1992): Modeling 
survival and testing biological hypotheses using marked animals: a unified 
approach with case studies. Ecological Monographs 62: 67-118. 

Lettink, M., O’Donnell, C.F.J., Hoare, J.M. (2011): Accuracy and precision of 
skink counts from artificial retreats. New Zealand Journal of Ecology 35: 236-
246. 

Ljubisavljević, K., Džukić, G., Kalezić, M.L. (2002): Morphological 
differentiation of the Snake-eyed Skink Ablepharus kitaibelii (Bibron & Bory, 
1833), in the north-western part of the species’ range: systematic 
implications. Herpetozoa 14: 107-121. 

Lukanov, S. (2021): Inter-pond migration during the aquatic phase by male 
Triturus ivanbureschi. Russian Journal of Herpetology, in press. 

Lukanov, S., Lazarkevich, I., Dimitrova, B. (2021): Persistent winter activity in 
Triturus ivanbureschi Arntzen & Wielstra, 2013 (Amphibia: Caudata). Acta 
Zoologica Bulgarica. http://www.acta-zoologica-bulgarica.eu/2021/002573. 

Naumov, B., Popgeorgiev, G., Kornilev, Y., Plachiyski, D., Stojanov, A., 
Tzankov, N. (2020): Distribution and ecology of the Alpine newt Ichthyosaura 
alpestris (Laurenti, 1768) (Amphibia: Salamandridae) in Bulgaria. Acta 
Zoologica Bulgarica 72: 83-102. 

Pitt, W.C. (2001): Density of Prairie skinks (Eumeces septentrionalis) in old-field 
habitats. American Midland Naturalist 146: 86-93. 

Rockwood, L.L. (2006): Introduction to Population Ecology. Blackwell 
Publishing company, Malden, MA. 

Rodríguez-Prieto, I., Martín, J., Fernández-Juricic, E. (2010): Habituation to low-
risk predators improves body condition in lizards. Behavioral Ecology and 
Sociobiology 64: 1937-1945. 

Rotter, J. (1962): Biologische Beobachtungen an der nördlichen Johannisechse, 
Ablepharus kitaibelii fitzingeri Mertens, 1952. Zoologische Garten 26: 312-318.



V. Vergilov et al. 
 

46 
 

Stojanov, A., Tzankov, N., Naumov, B. (2011): Die Amphibien und Reptilien 
Bulgariens. Chimaira, Frankfurt am Main. 

Stow, A.J., Sunnucks, P. (2004): High mate and site fidelity in Cunningham’s 
skinks (Egernia cunninghami) in natural and fragmented habitat. Molecular 
Ecology 13: 419-430. 

Stumpel, A.H.P. (1985): Biometrical and ecological data from a Netherlands 
population of Anguis fragilis (Reptilia, Sauria, Anguidae). Amphibia-Reptilia 
6: 181-194. 

Sumner, J., Rousset, F., Estoup, A., Moritz, C. (2001): ‘Neighbourhood’ size, 
dispersal and density estimates in the prickly forest skink (Gnypetoscincus 
queenslandiae) using individual genetic and demographic methods. Molecular 
Ecology 10: 1917-1927. 

Sutherland, W.J. (2006): Ecological Census Techniques: a Handbook. Cambridge 
University Press, Cambridge. 

Teschler, G. (1885): Ablepharus pannonicus Fitz. Mathematikai és 
Természettudományi Közlemények 20: 207-451. (In Hungarian). 

Towns, D.R. (1975): Reproduction and growth of the black shore skink, 
Leiolopisma suteri (Lacertilia: Scincidae), in north-eastern New Zealand. New 
Zealand Journal of Ecology 2: 409-423. 

Vacheva, E., Naumov, B., Tzankov N. (2020): Diversity and Habitat Preferences 
in Lizard Assemblages (Reptilia: Sauria) from Model Territories in Western 
Bulgaria. Acta Zoologica Bulgarica 72(3): 385-396. 

Vergilov, V. (2017): Notes on the defensive behavior and activity of Ablepharus 
kitaibelii (Bibron & Bory de Saint-Vincent, 1833) in Bulgaria. ZooNotes 116: 1-

4. 
Vergilov, V.S., Kornilev, Y.V. (2019): Injuries reflecting intra- and interspecific 

interactions in the Snake-eyed Skink Ablepharus kitaibelii (Bibron & Bory de 
Saint-Vincent, 1833) (Squamata, Scincidae) from Bulgaria. Herpetozoa 32: 
171-175. 

Vergilov, V., Natchev, N. (2017): First record of tail bifurcations in the snake-
eyed skink (Ablepharus kitaibelii Bibron & Bory de Saint-Vincent, 1833). 
Arxius de Miscellania Zoologica 15: 224-228. 

Vergilov, V., Natchev, N. (2018): Notes on the hatching phases and the size of 
the juveniles in the Snake-eyed skink Ablepharus kitaibelii (Bibron & Bory de 
Saint-Vincent, 1833). Acta Scientifica Naturalis 5: 69-74. 

Vergilov, V.S., Tzankov, N.D. (2018): Contribution to the individual marking 
techniques for small lizards: heat branding on Ablepharus kitaibelii (Bibron & 
Bory de Saint-Vincent, 1833). North-Western Journal of Zoology 14: 270-273. 

Vergilov, V.S., Tzankov, N.D., Zlatkov, B.P. (2018a): Age structure and growth 
in Bulgarian populations of Ablepharus kitaibelii (Bibron & Bory de Saint-
Vincent, 1833) (Squamata: Sauria: Scincidae). Herpetozoa 30: 179-185. 

Vergilov, V.S., Necheva, V., Zlatkov, B.P. (2018b): Reproduction of Snake-eyed 
Skink Ablepharus kitaibelii (Bibron & Bory de Saint-Vincent, 1833) (Squamata: 
Scincidae) in Bulgaria. Acta Zoologica Bulgarica 70: 507-516. 

Vervust, B., Van Damme, R. (2009): Marking lizards by heat branding. 
Herpetological Review 40: 173-174. 

White, G.C., Burnham, K.P. (1999): Program MARK: Survival estimation from 
populations of marked animals. Bird Study 46(Supplement): 120-138. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
Appendix 1. Average distances between (re)capture-recapture of Ablepharus kitaibelii, by season. Included are all recaptures, including within 
the same seasons. n = number of recaptures. (1) denotes a season one calendar year after the previous (re)capture, (2) – two years after, (3) – 
three years after. 

 n Distance (m) Min. Max. SD 
Summer – Autumn 45 7.86 0.39 34.37 6.84 
Autumn – Autumn 37 8.24 0.96 52.05 11.88 
Spring – Spring 30 6.11 0.49 20.60 4.26 
Autumn – Spring (1) 28 8.68 0.89 53.26 10.52 
Spring – Summer 22 8.52 0.92 29.26 7.52 
Summer – Summer 18 7.55 1.83 23.68 5.83 
Spring – Autumn 16 8.92 1.38 31.00 8.91 
Summer – Spring (1) 10 12.88 2.84 39.10 11.21 
Spring – Spring (1) 8 7.11 3.09 16.29 4.61 
Autumn – Summer (1) 7 20.11 4.47 55.49 17.57 
Autumn – Autumn (1) 5 5.96 1.45 18.92 7.28 
Spring – Summer (1) 3 15.02 4.02 34.02 16.52 
Summer – Summer (1) 3 12.33 8.45 19.85 6.51 
Summer – Autumn (1) 3 7.41 3.05 10.91 4.00 
Autumn – Spring (2) 2 22.18 5.32 39.03  
Autumn – Summer (2) 2 23.20 14.69 31.72  
Spring – Spring (3) 1 6.36    
Spring – Autumn (1) 1 36.32    
Summer – Spring (2) 1 3.32    
Total 242       8.88 0.39 55.49 9.44 

 


