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Skeletochronology is a commonly
used method for age determination in verte-
brates based on the regular deposition of
bone tissue layers (usually annually or sea-
sonally accelerated/decelerated) of varying
width, paralleling cyclical processes in the
animal’s seasonal activity (enloW 1969;
heMelAAr & VAn gelder 1980).  this tech-
nique was used in age determination of

many lizards.  the skeletochronological
studies available on the age structure of
species of the family Scincidae are com-
mented in the discussion. to the authors’
knowledge, there is no skeletochronological
study on any species of the genus Able -
pharus lichtenStein, 1823, which includes
some of the smallest scincid species in the
world.

MAteriAlS  And  MethodS

For age determination of A. kitaibelii,
55 alcohol-fixed specimens (24 males, 24 fe -
males and 7 juveniles) from different local-

ities in Bulgaria were examined.  Following
ljUBiSAVljeVić et al. (2002), specimens of
snout-vent-length below 32 mm were con-
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kUrzFASSUng

Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833) ist eine der kleinsten Skinkarten weltweit.
Bis auf eine einzige Beobachtung an A. kitaibelii in gefangenschaft, fehlen daten über die lebensdauer in der
gattung Ablepharus lichtenStein, 1823.  in der vorliegenden chronologischen Studie an Skeletten von A. kitai-
belii betrug die maximale Anzahl an Überwinterungen in beiden geschlechtern drei.  Mit zunehmendem Alter der
individuen wurden Umgestaltungen im lamellären Aufbau der knochen beobachtet.  nach der dritten Überwin-
terung traten signifikante Unterschiede in der körperlänge zugunsten der Weibchen auf.  die Studie unterstützt die
hypothese, daß kleine Arten früh geschlechtsreif werden und eine relativ kurze lebenserwartung aufweisen.

ABStrAct

Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833), is one of the smallest scincid species in
the world.  Apart from a single observation in captive A. kitaibelii, there is no information on the lifespan of any
species of the genus Ablepharus lichtenStein, 1823.  in the present skeletochronological study the maximal num-
ber of hibernations was three in both sexes of A. kitaibelii.  remodeling of the lamellar bone structure with age was
observed.  the significantly longer body length of the females became most pronounced after the third hibernation.
this study supports the hypotheses of small species arriving at maturity at comparativerly young age and having a
rather short lifespan. 
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the body length was 35 mm in the
smallest studied male specimen and 45 mm
in the largest; the smallest and the largest
females were 35 mm and 53 mm long,
respectively (table 1).  derived from the
number of lAgs on sections from the femur
bones (Fig. 1A-d), the largest specimens of
both sexes had gone through three hiberna-
tions, i.e., their age was four years at most.
Females between 42 and 53 mm body length
showed three lAgs, males from 35 to 43
mm two and those between 43.2 and 46 mm

three.  no difference in maximum age be -
tween sexes was observed.  in cases of
endosteal resorption, the hatching line can
be resorbed during bone growth and remod-
eling (cAStAnet & SMirinA 1990).  Ap -
parently, there was never complete resorp-
tion of the endosteal bone tissue in the exam-
ined specimens since in all the hatching line
was at least partially visible. 

As the bone grows, processes of
remodeling (resorption and deposition of
bone tissue) occur, which cause modifica-

sidered juveniles.  the specimens came
from the following 10 km x 10 km UtM
squares: gM48, FM59, gl19, Mg79,
Mg11, kg86, FM46, gl39, MF29, Mh84,
kh90, Mg45, FP70, nj08, Mg95, ng16,
gl28, ng45, lg23, nj27, FP91, FM59,
nh14, nh35, Mg47, FM46, gn41, ng75,
Mj75 and Fn75.  All specimens are stored
in the collection of the national Museum of
natural history, Sofia, Bulgaria (see Ap -
pendix i).  the body length of each speci-
men was measured from the tip of the ros-
trum to the posterior end of the cloacal
scales.  considering the small size of the
studied object, the femur bone was chosen
to be most appropriate for the skeletochro -
nological study.

the extracted femoral bone parts were
washed in water for several hours, and dem-
ineralized with 5 % hno3 for 2-3 hours.
After 24 hours of washing in running water,
the specimens were dehydrated with
ethanol, cleared with xylene and embedded
in paraffin wax.  the samples were sec-
tioned at 15 µm.  After deparaffinizing and
hydration, the sections were stained with
heidenhain’s iron-haematoxylin, dehydrat-
ed with ethanol and mounted in euparal or
canada balsam.  in search of a more inform-
ative staining technique, several slides were
stained with harris’ haematoxylin, which
resulted in pictures with higher contrast.

the sections were prepared from the
diaphysis, where the lines of arrested
growth (lAgs) were most distinct.  the
slides were observed under a compound
microscope and the lAgs were counted
independently by each author (cAStAnet et

al. 1977; heMelAAr & VAn gelder 1980).
An Amplival (carl zeiss jena) microscope
equipped with apochromatic objectives and
digital camera canon eoS 70d were used
for photography.  the method of age deter-
mination and the terminology for the struc-
tures observed follow cAStAnet & SMirinA
(1990) and enloW (1969).

descriptive data of the body length by
age group (determined by the number of
lAgs) were calculated separately for males,
females and juveniles.  Significance of size
differences between age groups was tested
with AnoVA.  growth models were estimat-
ed according to Von Bertalanffy’s equation
(chapman’s method) used in other studies on
scincids (WAPStrA et al. 2001; gUArino
2010).  the presumed age of each specimen
was calculated from the lAg number (corre-
sponding to the number of hibernations) plus
the days between the median hatching date
and capture date.  Since the specimens from
northern and southern Bulgaria hatch at dif-
ferent periods (VergiloV unpubl.), the spec-
imens were assigned to northern and south-
ern populations with the Stara Planina Moun -
tains as a physical border between them.  the
median hatching date was estimated as 18
july for the southern and 18 August for the
northern populations.  Specimens with un -
known date of capture and juveniles were ex -
cluded from the analyses.  Seventeen females
and 18 males entered the analysis. Sigma -
Plot ver. 12.0 (Systat Software, inc., San jose
california USA, < www.systatsoftware.
com >) and Past ver. 3.18 (hAMMer et al.
2001) were used for the calculations and rep-
resentation.

reSUltS
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the present skeletochronological
study is the first on the age and growth of
free ranging specimens of the genus Able -
pharus. its results are in line with studies on
other scincid species (rohr 1997; WAPStrA
et al. 2001; kUMBAr 2008; gUArino 2010),
supporting the expected correlation between
the body length and the age of the specimens
and contradict other studies on scincid spe -
cies where no strong or expressed correla-
tion between body length and number of

lAgs was found (see Mccoy et al. 2010;
Andreone & gUArino 2003).  Similar to
other scincid species (dUBey et al. 2013),
both sexes of A. kitaibelii have the same
maximum longevity, despite differences in
maximum snout-vent-length.  Both female
and male A. kitaibelii continue to grow up to
four years.  the accelerated growth of the
female body (Fig. 2) is most probably relat-
ed to demands to increase reproductive suc-
cess in terms of high egg numbers.  gUArino

tions in the bone structure (enloW 1969).
Prominent changes were observed after the
third hibernation, when most specimens
demonstrated “drifting” of the lamellae
(Fig. 1F).  in nine specimens the lAg pat-
tern looked blurred in most sections (Fig.
1e), yet in some sections countable lAgs
were recognized.  Absence of recognizable
lAgs due to extensive remodeling was reg-
istered in one specimen only (Fig. 1e).

in a single specimen, sections from
different parts of the diaphysis showed signs
of a large fracture.  the femur appeared
elliptical (not circular) in cross section with
irregular endosteal and peripheral surfaces.
despite the fracture, two lAgs and rem-
nants of the hatching line were counted.

Sex-specific differences in body length,
although not prominent, appeared after the
first hibernation.  the growth curves of the
males and females are presented in Fig. 2.  

the AnoVA analysis of dispersion
showed that the body length differed signif-
icantly between the male (F = 35.6, P <
0.0001) and female (F = 26.3, P < 0.0001)
age groups.  

comparison of the body length be -
tween male and female specimens at the age
of two hibernations showed non-significant
(Student’s t-test, t = 1.15, P = 0.268), and at
the age of three hibernations significant (t =
2.4, P = 0.024) differences.  thus, differ-
ences in body length between males and
females were most pronounced after the
third hibernation.  After the third hiberna-
tion the males reduced their growth rates,
whereas the females continued growing.
considering the short lifespan of the
species, this probably enables females to
develop more (up to five – FUhn 1970) eggs
in their abdomina.

diScUSSion

table 1: descriptive statistics of body length (mm) by age group in 24 males, 24 females and 7 juveniles
of Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833), from Bulgaria.  Se – Standard error of the
mean, Sd – Standard deviation.

tab. 1: deskriptive Statistiken der körperlänge (mm) in Abhängigkeit von der Altersklasse bei 24 Männ -
chen, 24 Weibchen und 7 jungtieren von Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833) aus
Bulgarien.  Se – Standardfehler des Mittelwertes, Sd – Standardabweichung.

hibernations n Minimum Maximum Mean Se Sd
Überwinterungen Mittel

juveniles 0 2 20.0 24.0 22.0 2.00 2.83
jungtiere 1 5 27.0 31.3 29.4 0.73 1.64

Males 1 3 35.0 37.0 36.2 0.60 1.04
Männchen 2 13 35.6 43.0 40.4 0.56 2.01

3 8 43.2 46.0 44.9 0.34 0.97
Females 1 1 35.0 35.0 35.0 — —

Weibchen 2 5 39.0 47.5 41.8 1.51 3.39
3 18 42.0 53.0 47.5 0.71 3.01
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Fig. 1:  Sections of femoral diaphyses from specimens 
of Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833) of different age.  

A – no hibernation; B – one hibernation; c – two hibernations; d – three hibernations; 
e – undefined number of hibernations, no lAgs are recognizable due to extensive bone remodeling; 

F – “drifting“ of the lamellae, the hatching line is still detectable in the right half of the section.  
the white arrow denotes the hatching line, black arrows denote lAgs.  

Scale bars represent 20 µm in A-d and 50 µm in e-F.  Sections A-d and e were stained 
with heidenhain’s iron-haematoxylin, section F was with harris’ haematoxylin.

Abb. 1:  histologische Schnitte von oberschenkeldiaphysen unterschiedlich alter 
Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833). 

A – keine Überwinterung; B – eine Überwinterung; c – zwei Überwinterungen; 
d – drei Überwinterungen; e – Anzahl an Überwinterungen unbestimmt; 

aufgrund starker Umgestaltung des knochengewebes sind keine Wachstumslamellen erkennbar; 
F – Verschiebung der lamellen, die „hatching line“ (Schlupflinie) 

ist in der rechten hälfte des Querschnittes noch erkennbar.  
der weiße Pfeil bezeichnet die „hatching line“ (Schlupflinie); schwarze Pfeile Wachstumslamellen.  

der Maßstab entspricht 20µm bei A-d, 50µm bei e-F.  die Schnitte A-d und e wurden 
mit eisenhämatoxylin nach heidenhain, F wurde mit hämatoxylin nach harris gefärbt.
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Fig. 2:  Von Bertalanffy growth curves of females (black) and males (grey) 
of Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833) from Bulgaria. 

note that the increase in length is more rapid in females.
Abb. 2:  Von Bertalanffy Wachstumskurven für Weibchen (schwarz) und Mänchen (grau) 

von Ablepharus kitaibelii (BiBron & Bory de SAint-Vincent, 1833) aus Bulgarien. 
Man beachte die raschere längenzunahme bei den Weibchen.
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(2010) revealed that the females of Calcides
chalcides (linnAeUS, 1758) grow more rap-
idly than males (similar to A. kitaibelii), but
live longer.  the current study also accords
with the hypothesis of small species having
short lifespan and being of young age at
maturity (AndreWS 1982; Shine & chAr -
noV 1992; SteArnS 1992; BAUWenS & diAz-
UriArte 1997; ko lAroV et al. 2010; ÇiÇek
et al. 2012; ArAkelyAn et al. 2013).  the
growth in males and females, established
here (Fig. 2), is similar to those in other rep-
tile species (FloWer 1925; SteArnS 1984;
dUnhAM & MileS 1985; AVery 1994; BAU -
WenS & diAz-UriArte 1997; o’MeArA &
ASher 2015).

lAgs are easily recognized in many
lacertidae (cAStillA & cAStAnet 1986;
roitBerg & SMirinA 2006; gUArino et al.
2010; kolAroV et al. 2010; ArAkelyAn et
al. 2013; tok et al. 2013), Agamidae (er -
gÜl et al. 2014) and liolaemidae (PiAntoni
et al. 2006; gUtièrrez et al. 2013; cABezAS-
cArteS et al. 2015), whereas they are not
always well defined in A. kitaibelii and other
Scincidae (kUMBAr 2008; gUArino 2010),
especially in older specimens.  this could be
explained with bone remodelling and spe -

cifics in bone formation in the species of
Scincidae.  Similar cyclical depositions in
the bones were typical even for tropical liz -
ards such as Eutropis carinata (Schneider,
1801) (kUMBAr 2008), Calotes versicolor
(dAUdin, 1802) (PAtnAik & BeherA 1981),
Psammophilus dorsalis (grAy, 1831) (MA -
hAPAtro et al. 1989), Hemidactylus brooki
(grAy, 1835) (PAnchArAtnA & kUMBAr
2005) and Sitana ponticeriana cUVier, 1829
(rAth & PAl 2007).  

the persistence of the hatching line, at
least partially, is observed also in other
species (gUArino 2010).  the correct inter-
pretation of the lAg number is supported by
the reported lifespan of 3.5 years in captive
A. kitaibelii (grUBer 1981), which roughly
corresponds to the maximal lAg number of
three (i. e., hibernations).

in the present study, only Bulgarian
specimens, i.e., individuals from the middle
of the species’ distribution were examined.
considering its vast range area from southern
Slovakia to Anatolia covering various climat-
ic belts from continental to Medi terranean,
minor skeletochronological differences to the
Bulgarian populations are to be expected in
other parts of the species’ territory. 
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Appendix i

Museum numbers of the studied specimens of Ablepharus kitaibelii (BiBron & Bory
de SAint-Vincent, 1833), from the national Museum of natural history, Sofia, Bulgaria -
nMnhS.

inventarnummern der untersuchten exemplare von Ablepharus kitaibelii (BiBron &
Bory de SAint-Vincent, 1833) des naturhistorischen nationalmuseums, Sofia, Bulgarien -
nMnhS.

nMnhS 39, 40, 42, 44-48, 54-56, 58-60, 89, 94, 96, 98, 111, 122, 131, 135, 137, 140,
148, 151-152, 155-156, 161, 166, 168-169, 184, 187-188, 190, 192, 195, 197, 199, 203-209,
211-212, 215, 223, 226, 227 and 230.
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