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Ali İhsan Eroğlu, Ufuk Bülbül∗, Muammer Kurnaz and Yasemin Odabaş
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Abstract
The present study was designed to compare the life history traits of two Podarcis muralis populations
located at sites of different elevation. The age at maturity was similar in both populations, whereas
longevity was found to be lower in the lowland one (Dereköy). The males and females of both popula-
tions had a similar snout-vent length (SVL) and mean age. Sexual size dimorphism (SSD) was weak in
the highland population, males being slightly larger than females, whereas a strong male-biased SSD
was observed in the lowland one. The growth coefficient (k) and growth rates were similar in both pop-
ulations. This study indicates that the age at maturation (2-3 years) and growth rates (2.37 mm/year)
are similar in two populations of P. muralis exposed to different climatic and environmental condi-
tions. Longevity was slightly higher in the highland population (16 years) compared to the lowland
one (14 years).
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Introduction

The common wall lizard, Podarcis muralis (Laurenti, 1768) is widely distributed in
the southern, western and central part of Europe and in northwestern Turkey, and
it was introduced in the United States of America (Böhme et al., 2009; Sillero et
al., 2014). Podarcis muralis populations can be found from sea level to 2500 m
a.s.l. The IUCN Red List of Threatened Animals classifies P. muralis as LC (Least
Concern) (Böhme et al., 2009). Although there are some reports concerning the size
(Vogrin, 1999) and population dynamics (Strijbosch et al., 1980; Barbault & Mou,
1988; Allan et al., 2006) of P. muralis, age estimation by skeletochronology was
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only performed by Castanet & Roche (1981) and Vollono & Guarino (2002), the
former being from France and the latter from Matese Regional Park, Italy.

Age and growth are two important parameters used to characterize the population
dynamics of a given species (Halliday & Verrell, 1988; Rahman & Tachihara, 2005;
Tao et al., 2012). Two important methods (mark-recapture and skeletochronology)
are used to estimate age and growth in ectotherms (Halliday & Verrell, 1988; Gül
et al., 2014; Sinsch, 2015). The mark-recapture method provides the most robust
information, but it is also time-consuming. Skeletochronology is an alternative way
to estimate an individual’s age by observing the presence of growth layers in the
bone tissue and by counting the lines of arrested growth (Castanet & Smirina, 1990;
Castanet, 1994). Both the age structure and the growth rate provide important data
concerning the persistence and survival rate, as well as the reproductive potential of
a certain population (Newman & Dunk, 2002).

Previous studies (Wapstra et al., 2001; Roitberg & Smirina, 2006a; Guarino et al.,
2010) indicate that lizard populations inhabiting lower elevation sites are smaller
(i.e., mean snout-vent length, SVL) compared to those from high elevations. On the
other hand, body size variation is not shaped by geographical gradients only (lat-
itude and altitude) (Sinsch et al., 2015). Growth rates depend on food availability
and the thermal environment (Adolph & Porter, 1993). Previous examples of growth
rate variation throughout bioclimatic gradients in lizards support the hypothesis that
populations living in cooler sites should either grow faster (Caley & Schwarzkopf,
2004; Conover et al., 2009) or compensate their slower growth rate with larger eggs
and hatchlings and delayed sexual maturity (Bülbül et al., 2016a). Therefore, the
main purpose of the present study was to determine and compare the age structure
and growth parameters in two populations of P. muralis inhabiting contrasting alti-
tudes and habitats in Turkey. We also aimed to assess the relationships of longevity
and age at sexual maturity with sexual size dimorphism (SSD) and growth rates.

Material and methods

A total of 93 Podarcis muralis individuals (43 ♂♂ and 50 ♀♀) were caught in the
present study. Lizards were collected from two populations: 53 individuals (21♂♂
and 32 ♀♀) from Dereköy, Kırklareli Province (June 18, 2016), and 40 (22 ♂♂
and 18 ♀♀) from the Kazdağı, Balıkesir Province (June 20-21, 2016), during the
breeding season. The Kazdağı population (39°42′190′′N, 26°51′569′′E) is located
in a highland area at an altitude of 1646 m a.s.l. The habitat consists of a rocky
area in the alpine zone. The lizards were caught on rock surfaces of the slope on
the Babadağ highland way. P. muralis lives in sympatry with Lacerta viridis in this
area. The Dereköy population (41°53′845′′N, 27°21′554′′E) is located in a lowland
area at an altitude of 475 m a.s.l. The lizards were caught on a rocky slope on the
edge of the Kırklareli-Bulgaria highway. The common wall lizard lives in sympatry
with Testudo graeca, Ablepharus kitaibellii, L. trilineata, L. viridis, Dolichophis
caspius and Vipera ammodytes in this area.
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The activity periods for lizards ranges from early May to early September in
Kazdağı and from early April to late October in Dereköy (according to our observa-
tions and climate data including temperature, rainfall and moisture supported by the
11th Trabzon Meteorology Regional Directorate). In 2016, the mean annual temper-
ature, precipitation, and humidity at the Kazdağı site were 7.7°C, 108.80 mm, and
48.80%, respectively. During the activity period of the lizards, the mean tempera-
ture, precipitation, and humidity were 15.1°C, 41.04 mm, and 41.12%, respectively.
In the same year, the mean annual temperature, precipitation, and humidity at
Dereköy were 13.7°C, 52.40 mm, and 71.90%, respectively. During the activity
period of the lizards, the mean temperature, precipitation, and humidity here were
18.1°C, 42.04 mm, 66.37%, respectively.

The lizards were caught by hand and the sex of the animals was determined
by applying pressure to the base of the tail to force eversion of the hemipenes of
males. Snout-vent length was measured with a digital caliper (0.1 mm precision).
For subsequent histological analyses, the second phalanges from the longest toe of
the hind limb of the lizards were clipped and preserved in 10% formalin solution.
After measuring SVL and toe-clipping, the lizards were released back into their
natural habitats. The animals were treated in accordance with the guidelines of the
local ethics committee (KTÜ.53488718-651/2014/56).

The toes were first preserved in a 10% solution of formaldehyde, followed by
peeling, and subsequently were kept in 5% nitric acid solution for 2.5 hours to de-
calcify the bone tissue. Later, all toe samples were loaded into a tissue processing
system (Leica TP1020 tissue processor, Germany). The skeletochronology protocol
lasted 16 hours with 80 minute periods (change time of solution) using solutions
of alcohol (eight times), xylene (two times) and paraffin (two times), respectively.
Then, all tissue samples were embedded in paraffin with a tissue embedding device
(Thermo Scientific, UK). The cross-sections (8 μm) were obtained from embed-
ded phalanges with a rotary microtome, they were then stained using hematoxylin
(Non-Acidified type, Thermo Scientific™ Shandon™ Harris Hematoxylin, UK) for
2 minutes. Entellan (“Entellan® new”, rapid mounting medium for microscopy,
Merck, Germany) was used for mounting the stained cross-sections on microscope
slides. Finally, the cross-sections were observed under a light microscope.

We assessed endosteal resorption of the first lines of arrested growth (LAGs)
by comparing the diameters of eroded marrow cavities with the diameters of non-
eroded marrow cavities in sections from the youngest specimens.

Age determination was estimated by following the standard protocol proposed by
Castanet and Smirina (1990) and Castanet (1994). LAGs on the cross-sections were
independently counted by three observers (A.İ. Eroğlu, M. Kurnaz and U. Bülbül)
and results were compared. Observed double lines were considered as one LAG for
age determination. The distance between two adjacent LAGs is a good indicator
of individual growth in a given year (Kleinenberg & Smirina, 1969; Bülbül et al.,
2016a). The point where an obvious decrease in spacing between two subsequent
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LAGs was observed, was taken to mark the age when sexual maturity was achieved
(Ryser, 1988; Bülbül et al., 2016a).

In order to determine whether the age and SVL differed between males and fe-
males, we used a general linear model (GLM) and employed multivariate analysis
of covariance (MANCOVA). Pearson’s Correlations Test (P < 0.01) was applied to
measure the strength of the relationship between age and SVL. In the MANCOVA,
sex and population (location) were used as fixed factors and SVL and age were used
as dependent variables. All statistical tests were carried out with IBM SPSS 21.0
for Windows and the level of significance chosen was P < 0.05.

Sexual Size Dimorphism (SSD) was quantified with the Lovich & Gibbons
(1992) size dimorphism index (SDI) according to the following formula:

SDI = (mean length of the larger sex/mean length of the smaller sex) ± 1.

In this formula, +1 is used if males are larger than females and defined as negative,
or −1 if females are larger than males and arbitrarily defined as positive.

The growth patterns were estimated following von Bertalanffy’s growth model,
as previous studies have shown that it decribes the relationship between body size
and age better (James, 1991; Wapstra et al., 2001; Roitberg & Smirina, 2006b;
Guarino et al., 2010). The general form of von Bertalanffy’s growth equation used
is Lt = L∞(1 − e−k(t−t0)), where Lt is length at age t , L∞ is a parameter depict-
ing average asymptotic length, e is the base of the natural logarithm, k is a growth
coefficient, and t0 is the age at hatching, which is the starting point of the growth
interval presently under study. As applied in the study of Guarino et al., 2010, we
used as size at hatching (Lt0 = 24.1 mm) the mean value provided by In den Bosh
& Bout (1998). The parameters L∞ (asymptotic SVL) and k, and their asymptotic
confidence intervals (CI), were estimated by means of a non-linear regression pro-
cedure using the IBM SPSS 21.0 software program. Then, the growth rates were
calculated as R = k(L∞ − Lt) (Bülbül et al., 2016a; Lu et al., 2017). The growth
curves were considered to be significantly different if the 95% confidence intervals
of the growth coefficient k did not overlap (James, 1991; Wapstra et al., 2001).

Results

The resorption zone reached the first LAG in 12 specimens (22.60%) from the
Dereköy population and in 16 specimens (40%) from the Kazdağı population with-
out creating any difficulty in terms of age determination. Double lines were ob-
served in 17 (32.10%) specimens from Dereköy and in 7 specimens (17.50%) from
Kazdağı.

The oldest females and males in the Dereköy population were found to be 12 and
14 years old, whereas they were 13 and 16 years old, respectively, in the Kazdağı
population (fig. 1). The age at maturity was two years in four individuals, and three
years in 49 individuals in the Dereköy population while it was three years in all
individuals of the Kazdağı population.
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Figure 1. Age distributions for male and female P. muralis from the Dereköy (A) and Kazdağı (B)
populations.

Lowland population

In the Dereköy population, age ranged from 3 to 12 years in females and 3 to 14
years in males. The mean age of the specimens was found to be significantly dif-
ferent between the sexes (MANCOVA; F = 4.979, df = 51, P < 0.05). Intersexual
differences in body size (length) were male-biased (SDI = −0.047). The mean SVL
was found to be significantly different between the sexes (MANCOVA; F = 4.527,
df = 51, P < 0.05). A positive correlation was observed (Pearson’s correlation)
between SVL and age for males (r = 0.647, P < 0.01) and females (r = 0.708,
P < 0.01). The growth pattern estimated following von Bertalanffy is given in
fig. 2A. For both sexes, the estimated asymptotic SVL was smaller than the maxi-
mum SVL recorded (SVLasym ± SE, males: 57.61 ± 9.70 mm; females: 55.67 ±
6.86 mm). CI ranges for SVLasym were 38.60-76.62 for males and 42.22-69.12 for
females. The growth coefficient was found to be similar between the sexes (k ± SE,
males: 0.50 ± 0.17; females: 0.36 ± 0.13). CI ranges for k were 0.17-0.83 for males
and 0.11-0.61 for females. The growth rates of the specimens were not significantly
different (independent-samples t-test; t = −0.773, df = 13, P > 0.05) between the
sexes.

Highland population

Age ranged from 4 to13 years in females and from 6 to 16 years in males from the
Kazdağı population. The mean age was significantly different between the sexes
(MANCOVA; F = 4.784, df = 38, P < 0.05). Intersexual differences in body
size (length) were male-biased (SDI = −0.025). The mean SVL was not differ-
ent between the sexes (MANCOVA; F = 1.015, df = 38, P = 0.320). A positive
correlation was observed (Pearson’s correlation) between SVL and age for males
(r = 0.857, P < 0.01) and females (r = 0.875, P < 0.01). The growth pattern es-
timated following von Bertalanffy is given in fig. 2B. For both sexes, the estimated
asymptotic SVL was smaller than the maximum SVL recorded (SVLasym ± SE
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Figure 2. Von Bertalanffy growth curves for males (open circles, solid line) and females (solid circles,
dashed line) of P. muralis from the Dereköy (A) and Kazdağı (B) populations. The open square shows
snout-vent length mean of the lizards at hatching as reported by In den Bosch & Bout (1998). Growth
parameters are given in the text.

males: 62.68 ± 6.80 mm; females: 63.30 ± 6.89 mm). CI ranges for SVLasym were
49.36-76 for males and −49.8-76.8 for females. The growth coefficient was found
to be similar between the sexes (k ±SE, males: 0.19 ± 0.11; females: 0.20 ± 0.12).
CI ranges for k were 0.02-0.42 for males and −0.3-0.43 for females. The growth
rates of the specimens were not found to be significantly different between the sexes
(independent-samples t-test; t = −2.002, df = 16, P > 0.05).

Comparison of both populations

A growth zone and thin basophilic outer line corresponding to a winter line of
arrested growth were present in cross sections of the phalanges in all individuals
of both populations (fig. 3). Males of the highland population had significantly
different SVL (MANCOVA; F = 10.235, df = 41, P < 0.05) and age (MAN-
COVA; F = 9.741, df = 41, P < 0.05) than males from the lowland, although
there was no difference in growth rate (independent-samples t-test; t = 0.173, df =
16, P > 0.05). Similar results were found for SVL (MANCOVA; F = 10.482, df =
48, P < 0.05), age (MANCOVA; F = 14.885, df = 48, P < 0.05) and growth rate
(independent-samples t-test; t = −0.220, df = 13, P > 0.05) analyses performed
for females from both populations. Descriptive statistics of age, snout-vent length
(SVL) and growth rates for both populations are given in table 1.

Discussion

We estimated and compared age and growth parameters in two Turkish populations
of P. muralis from contrasting altitudes. The age at maturity was similar in both
populations, while mean lifespan and longevity were lower in the lowland popula-
tion.

Altitudinal variations may influence the life-history traits of reptiles. As a rule,
individuals inhabiting higher elevation sites are older than those from the lower ones
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Figure 3. Hematoxylin sections (8 μm thick) through phalanges of male (A) and female (B) P. mu-
ralis. (A) Five-year-old male (57.8 mm SVL) from the Dereköy population. (B) Eight-year-old female
specimen (60.0 mm SVL) from the Kazdağı population. Abbreviations: MC, marrow cavity; EB, en-
dosteal bone; RL, resorption line; P, periphery.

(Wapstra et al., 2001; Roitberg & Smirina, 2006b; Guarino et al., 2010; Bülbül et
al., 2016a). In addition, lizards in cooler areas show a larger body size than those
from warmer areas (Roitberg & Smirina, 2006a).

Longevity and age at maturity

Castanet & Roche (1981) found specimens of maximally five years old (longevity
was five years in males and four in females) of the common wall lizard and re-
ported that longevity would be at least six years for P. muralis. Similarly, Vollono
& Guarino (2002) reported the longevity of the species as five years. Compared to
these results, we found higher longevity in both populations (14 years in the low-
land and 16 years in the highland). Boretto et al. (2015) studied age and growth
in an endemic Argentinian lizard species (Phymaturus punea ) from 3100-4200 m
a.s.l where the longevity was 18 years in males and 20 years in females.

Some lizards from colder climates delay age at which maturity is reached, in-
vesting prematuration energy into their growth and maintenance, presumably to
maximize future reproduction (Tinkle et al., 1970; Wapstra et al., 2001; Roitberg



154 A.İ Eroğlu et al. / Animal Biology 68 (2018) 147–159

Table 1.
Descriptive statistics of age, snout-vent length (SVL) and growth rates for both populations. Abbre-
viations: CI, confidence intervals; GR, growth rate; k, growth coefficient; n, number of samples; SE,
standard error.

Characters Sex Dereköy Kazdağı

n Mean Range SE n Mean Range SE

SVL ♂♂ 21 56.6∗ 45.1-60.4 0.83 22 60.1 54.1-64.9 0.75
Age 21 6.95∗ 3-14 0.52 22 9.63∗ 6-16 0.65
GR 8 1.95∗ 0.03-6.41 0.78 10 1.81∗ 0.57-3.81 0.35

SVL ♀♀ 32 54.0∗ 44.4-63.5 0.80 18 58.9 50.8-65.5 0.89
Age 32 5.66∗ 3-12 0.32 18 7.67∗ 4-13 0.60
GR 7 2.85∗ 0.28-6.81 0.86 8 3.08∗ 0.95-5.68 0.56

SVL 53 55.0∗ 44.4-63.5 0.61 40 59.5∗ 50.8-65.5 0.57
Age ♂♂ + ♀♀ 53 6.17∗ 3-14 0.29 40 8.75∗ 4-16 0.47
GR 15 2.37 0.03-6.81 0.58 18 2.37 0.57-5.68 0.34

Characters Sex n Mean 95% CI SE n Mean 95% CI SE

k ♂♂ 8 0.50 0.17-0.83 0.17 10 0.19 0.02-0.42 0.11
SVLasym 21 57.61 38.60-76.62 9.70 22 62.68 49.36-76 6.80
k ♀♀ 7 0.36 0.11-0.61 0.13 8 0.20 −0.3-0.43 0.12
SVLasym 32 55.67 42.22-69.12 6.86 18 63.30 49.8-76.8 6.89

& Smirina, 2006b). In our study, the highland population (Kazdağı) was exposed
to colder climatic conditions than the lowland one (Dereköy). Accordingly, age at
maturity and longevity were found slightly higher (two to three years in the lowland
population and three years in the highland population) in the Kazdağı population.
Similar to our results, Castanet & Roche (1981) reported an age of sexual maturity
of two to three years in a population of P. muralis.

Mean age and age distribution

The highland population had a significantly higher mean age than the lowland
one. Similarly, lizards were older in highland populations of Darevskia parvula,
D. clarkorum, Lacerta agilis and L. strigiata (Bülbül et al., 2016a, b; Roitberg &
Smirina, 2006a). Contrarily, a few reports indicated that some lizards (D. rudis and
D. bithynica) from lowland populations were older than those from highland ones
(Gül et al., 2014, 2015).

Sexual size dimorphism (SSD)

Sexual size dimorphism in body size is commonly seen among lizard species (Her-
rel et al., 2010). According to Andersson (1994) and Fairbairn et al. (2007), females
have a larger body size and SSD appears female-biased. On the other hand, there
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are also studies including male-biased SSD (Kaliontzopoulou et al., 2007; Bülbül
et al., 2016a; Eroğlu et al., 2017a, b). In the present study, P. muralis showed male-
biased SSD in both lowland and highland populations, in accordance with the resuls
of Castanet and Roche (1981). In addition, Eroğlu et al. (2017a, b) reported a male-
biased SSD in Turkish populations of P. tauricus and P. siculus. These findings may
be due to the fact that males are advantaged by larger size and consume energy for
male combat. Bigger male body size occurs in those species where males engage in
fights and copulation enforces male-male combats for female partner choice (Ols-
son et al., 2002; Cox et al., 2003; Kaliontzopoulou et al., 2007). Moreover, Gül et al.
(2014) reported higher levels of SSD in results from colder environmental tempera-
tures at the higher elevation sites of the highland population in their study. Although
the highland areas had a colder climate than the lowland ones, the individuals from
the lowland population exhibited a higher level of male-biased SSD than those from
the highland one in the present study. On the other hand, SSD is shaped by dispar-
ities in growth rates in many adult lizards (John-Alder & Cox, 2007; Kolarov et
al., 2010; Bülbül et al., 2016a). We found that the growth rates were not different
between the sexes in both populations.

Growth rates of the populations

Growth rate is an important component of the life-history strategy of any organ-
ism (Shine & Charnov, 1992; Lemos-Espinal & Ballinger, 1995). In addition, many
factors such as temperature (Christian, 1986; Dunham et al., 1989), altitude (Fox,
1983), food availability (Ballinger, 1977; Dunham, 1978), presence of predators
(Williams, 1966), water supplies (Jenssen & Andrews, 1984), inter- or intraspe-
cific competition (Pianka, 1970; Tokarz, 1985), age at sexual maturity (Gadgil
& Bossert, 1970; Andrews, 1976), active period (Grant & Dunham, 1989) and
energy requirement (Williams, 1966) affect growth rates of lizards among differ-
ent populations. Although food availability, presence of predators and intraspecific
competition are lower in the highland population (personal observation), both pop-
ulations mentioned here had similar growth rates. After reaching sexual maturity,
longer activity periods of the individuals in a population allow them to grow faster
and have smaller size (Adolph & Porter, 1993). Moreover, the faster growing pop-
ulation reaches sexual maturation earlier (Cabezas-Cartes et al., 2015).

Conclusion

Climatic data indicate that individuals from the lowland population have a longer
activity period, compared to those from the highlands. Although the activity period
was longer in the lowland, age at maturity was similar in both populations. Similar
growth rates of both P. muralis populations appear to be a result of similar age at
maturity and mean rainfall in the activity periods. In conclusion, even though the
age at maturity and growth rate were similar, the mean age, longevity and mean
SVL were different in the P. muralis populations studied.
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