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Abstract: Life history characteristics (e.g., longevity, age at maturity, body size, and body mass) of the green toad, Bufotes variabilis,
were investigated from 2 populations inhabiting different altitudes (Cankiri, 960 m a.s.l,, n = 57; Adana, 13 m a.s.1, n = 52) in Turkey.
Age was determined using skeletochronology. The oldest individual was 11 years old (range: 4-11 years) in the highland population,
while the oldest individual was 6 years old in the lowland population (range: 2-6 years). Sexual maturity was estimated at 3-4 years in
the highland population and 2-3 years in the lowland population by the skeletochronological pattern. Mean body length was found
to be 70.41 and 69.42 mm and 54.18 and 56.11 mm for females and males of the highland and the lowland populations, respectively.
While mean body mass of the females and males from the highland population was 44.83 and 42.73 g, it was 19.09 and 19.66 g in the
lowland population, respectively. Mean age, SVL, and body mass in the highland population were found to be significantly higher than
in the lowland population. Colder climate, sufficient food availability, less human impact, and lower predator density in the highland
population may explain the differences between the 2 populations. In addition, a significant positive correlation was found between age

and body measurements (SVL and body mass) in both males and females of the populations.
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1. Introduction

Life-history traits of an individual, e.g., longevity, age at
maturity, body size, and growth rates, indicate important
variation among populations along environmental and
altitudinal gradients. Change in life-history traits among
populations of the same species arises from differences
in environmental variables that substantially affect the
genetically fixed growth pattern (Ozdemir et al., 2012).
Ectothermic vertebrates such as amphibians and reptiles
are more sensitive to this variation.

Body size, age at maturity, and longevity variation across
environmental gradients are some of the most intensively
studied ecogeographic trends (Sinsch et al., 2007; Adams
and Church, 2008; Hasumi, 2010; Altunisik and Ozdemir,
2013). The most well-known ecogeographic trend, known
as Bergmanns (1847) rule, states that, in wide-ranging
endothermic animal species, individuals living in a cold
climate tend to be larger than individuals living in a warm
climate. Amphibians usually do not conform to this rule
(Laugen et al., 2005; Adams and Church, 2008; Ficetola
et al,, 2010). Some amphibians even follow the reverse of
Bergmann’s rule (decreasing body size with cooler climate)
(Ashton, 2002; Ma et al., 2009).

Demography is the key to life history theory, because
life histories include some demographic traits that have
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evolvedinresponse to environmental factors (Stearns, 1992;
Heino et al., 1997; Sinsch et al., 2007). The environmental
factors that are likely to encourage variations in life
history parameters of amphibians are temperature, food
availability, and humidity, which may vary seasonally
depending on the latitude and altitude of the site (Feder
and Burggren, 1992). In temperate regions, including
Turkey, the length of the cold period has been identified
as one of the most important variables in differentiating
growth patterns concomitantly with latitudes and altitudes
(Caetano and Castanet, 1993). If we know the age structure
of an ectothermic animal with indeterminate growth, we
can understand its population’s demographic parameters
from an ecological, developmental, ontogenetic, and
evolutionary angle (reviewed in Hasumi, 2010). The effect
of climatic conditions on the metabolism of ectotherms
is recorded in their bone growth, which is a good tool
for determining the animals’ individual ages in natural
populations (Olgun et al., 2005).

The green toad, Bufotes variabilis (syn. Pseudepidalea.
variabilis (Pallas, 1769), according to Frost, 2013), which is
the subject of this study, belongs to the family Bufonidae,
which is composed of 50 genera. B. variabilis has a
widespread distribution, from the eastern Mediterranean
countries to Central Asia (AmphibiaWeb, 2014). According
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to Stock et al. (2006), the species is distributed from Greece
eastwards through Turkey; in a recent phylogenetics study
(Ozdemir et al., 2014), this species was reported to be
found throughout Turkey. In the present study, we aimed
to reveal life history characteristics (e.g., longevity, age
at maturity, body size, and body mass) of 2 populations
of B. variabilis inhabiting different altitudes by using the
skelotochronological method.

2. Materials and methods

One hundred and nine (57 && and 52 Q2) B. variabilis
adults were collected as part of a broader study within
the guidelines of the local ethics committee for animal
experiments (Rize University, approval reference number:
2012/4) during the breeding season in 2012 from the
vicinity of Adana (Yesilbaglar district), with an altitude
of 13 m (36°28'794"N, 36°13'835"E; 29 Jd&, 23 29),
and the village Seydikdy (Cankir1), with an altitude of
960 m (40°31'595"N, 33°29'578"E; 28 3, 2999), in
Turkey. Adana is located in the south of Turkey and has a
typical Mediterranean climate with dry and hot summers.
Cankar1 is located in the north of Central Anatolia and
has a continental climate with dry and hot summers.
Since meteorological data were not available for Seydikéy
(960 m), meteorological data from the vicinity of Cankiri
(720 m a.s.l.) were used instead. However, it is possible
that Seydikoy has lower temperatures than the vicinity
of Cankiri. In addition, sufficient food, lower predator
density, and less human impact were observed in Seydikéy.
Mean temperature was 23 °C and 18 °C for Adana and
Cankir1 during the activity periods (8 months and 6
months), respectively (www.dmi.gov.tr).

For each individual, sex was determined by the
examination of external secondary sexual characters.
Individuals’ body mass was weighed to the nearest 0.01
g using microbalances, and snout-vent length (SVL) was
measured using a digital caliper with an accuracy of 0.01
mm. The longest toe was then clipped, including the first
and second phalanges. Toe samples were fixed in 10%
formalin, stored in 70% ethanol, and successively used
in histological analysis. After sampling, specimens were
released at the place of capture.

Age was investigated by using the skeletochronological
method (Castanet and Smirina, 1990). After dissection
and preparation, the phalanges were purified from the
ethanol in running tap water for roughly 12 h, decalcified
in 5% nitric acid for 1 h, and then washed again under
running tap water for 12 h and embedded in cryomatrix
(Thermo). Cross sections (18-20 um) of the diaphyseal
part of each phalanx were acquired using a freezing
microtome and later stained in Ehrlich’s hematoxylin. The
sections were submerged in glycerol for ascertainment
under a light microscope. Endosteal resorption of the
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first lines of arrested growth (LAG) was assessed by
contrasting the diameters of eroded marrow cavities with
the diameters of noneroded marrow cavities in sections
from the youngest specimens. The number of LAGs was
assessed independently by 2 observers (A. Altunisik and
N. Ozdemir).

Since age classes and body measurements (SVL and
body mass) were normally distributed (Kolmogorov-
Smirnov test, P > 0.05), parametric tests were utilized to
compare variables between sexes (independent samples
t-test). Levene’s tests were used to test for differences in
variances, while Pearson’s correlation coefficient was
computed to establish the pattern of relationships among
body size, body mass, and age. Regression analysis was
applied to calculate the correlation equation between
age and body measurements (SVL and body mass). Data
analysis was performed using SPSS 21.

We quantified sexual size dimorphism (SSD)
according to the Lovich and Gibbons (1992) index: sexual
dimorphism index (SDI) = (size of larger sex/size of
smaller sex) + 1, where the result is arbitrarily defined as
positive (-1) when females are larger and negative (+1) in
the opposite case.

3. Results

Descriptive statistics of age, body length, and body mass
are given in Table 1. In all phalangeal cross sections, LAGs
were clearly marked and relatively easy to count, as can be
seen in Figure 1. Endosteal resorption, the sign of partial
erosion of the periosteal bone, was observed in 79% (n =
45) and 33% (n = 17) of the individuals from the Cankir1
and Adana populations, respectively.

Although males from the lowland population were
slightly larger than females, no significant difference
was observed between the sexes (independent samples
t-test, t = -1.099, df = 51, P = 0.277, sexual dimorphism
index (SDI): -0.035). While no significant difference
(independent samples t-test, t = 0.439, df = 55, P = 0.663)
was found between the sexes in the highland population,
the female was larger, and SDI was 0.014 in this population.
Minimum body length was 51.88 mm (average 70.41 +
1.40) and 55.84 mm (average 69.42 * 7.55) for females
and males of the highland population, respectively. The
smallest reproductive female was 44.42 mm (average 54.18
+ 6.73) and the smallest male was 47.94 mm (mean: 56.11
+ 5.87) in the lowland population. While body mass of
the females and males from the highland population was
16.91-80.63 g (mean: 44.83) and 15.83-69.84 g (mean:
42.73), it was 10.91-31.95 g (mean: 19.09) and 13.27-34.06
g (mean: 19.66) in the lowland population, respectively.

For both sexes, there were significant differences
between the populations in terms of both mean SVL
(independent samples t-test, for females: t = 6.986, df =
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Table 1. Descriptive statistics on age (year), snout-vent length (SVL, mm), and body mass (g)
of the Bufotes variabilis from the Seydikoy and Adana populations (n: number of individuals).

Cankir1 (Seydikoy) Adana (Yesilbaglar)
Parameters N Mean Range N Mean Range
Males
4-10
Age 28 6.42 £ 1.50 29 3.51 £1.08 2-6
SVL 28 6942+755 OFEETY g9 sgi1asgy  AONTLE
Mass 28 42.73 +14.23 15.83-69.84 29 19.66 +5.03  13.27-34.06
Females
Age 29 6.51 +1.78 4-11 23 4.08 £0.79 3-6
SVL 29 70.41 £1.40 51.88-88.00 23 54.18 £6.73  44.42-71.61
Mass 29 4483 +040 16.91-80.63 23 19.09+0.33  10.91-31.95
50 um 50 um
A B
e
< <
m.c B <
e
<« < <«

Figure 1. Cross-sections at the diaphysis level of a phalanx of a male (A) and a female
(B) of Bufotes variabilis individuals (m.c. = marrow cavity, e.b. = endosteal bone). The

LAGs are indicated by black arrows.

50, P < 0.001; for males: t = 7.444, df = 55, P < 0.001) and
mean body mass (independent samples t-test, for females:
t =6.595, df = 50, P < 0.001, for males: t = 8.215, df = 55,
P < 0.001), indicating that the Seydikdy individuals had
larger values than the Adana ones.

In the highland population, the oldest age was 11 years,
and age ranged between 4 and 11 years (mean: 6.51 +
1.78) in females and 4 and 10 years (mean: 6.42 + 1.50) in
males (Figure 2). However, maximum lifespan was found
to be 6 years in the lowland population, and age ranged
between 3 and 6 years (mean: 4.08 + 0.79) for females and
2 and 6 years (mean: 3.51 + 1.08) for males. There was a
significant difference in terms of average age between
males and females (independent samples t-test, t = 2.103,
df = 50, P < 0.05) for the lowland population. In contrast,
no significant difference was found between the sexes in
terms of mean age for the Seydikéy population (P > 0.05).
Mean ages of both sexes in the highland population were

significantly higher than those of the lowland population
(independent samples t-test, females: t = 6.062, df = 50,
P < 0.001; males t = 8.402, df = 55, P < 0.001). Sexual
maturity was estimated at 3-4 years in the highland
population and 2-3 years in the lowland population by the
skeletochronological pattern.

A significant positive correlation was found between
age, SVL, and body mass in both males and females for the
2 populations (Table 2).

4. Discussion

Anurans in cool climates are limited in both their seasonal
and daily activity periods by low temperatures (Mullally
and Cunningham, 1956; Sinsch and Sherif, 1989). The
body size of adults depending upon the timing of maturity
is influenced by the effect of cold temperatures on
amphibian larval and juvenile growth and development
rates. It is possible that high-altitude populations are
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Figure 2. Age frequency distributions of the highland (A) and
the lowland (B) populations.

exposed to cooler temperatures and shorter activity
periods as compared with low-altitude populations. As
a consequence of these effects, high-altitude amphibians
commonly have a larger body size (Uziim and Olgun,
2009).

The response of body size to temperature (the most
commonly used environmental variable) is subject to
the “developmental temperature-size rule” (Berrigan
and Charnov, 1994). This rule is often associated with
Bergmann’s rule, in which populations or species in colder
climates tend to have larger adult sizes. Since there are
altitude and mean temperature differences in relation to
elevation between the 2 populations conforming to this
trend in the present study, it was found that the body lengths
of females and males of the highland population were
larger than those of the lowland population. However, this
tendency is not always observed. Parameters such as food
availability, habitat quality, and predation pressure on age
at maturity and limited altitudinal gradients have effects
on body size (Morrison and Hero, 2003). Colder climate,
sufficient food availability, and lower human impact
and predator density in the highland population may be
an explanation for differences between the populations
(personal communication).
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The maximum observed longevity found in the present
study was 11 years for females and 10 years for males.
Similar to our results, in the studies by Sinsch et al. (2007;
60-100 m a.s.l.), the oldest females were reported as 11
years for Bufo viridis. Furthermore, Castellano et al. (1999)
recorded the same result (11 years) only for males of this
species in both Portuscoso (island; 50 m a.s.1.) and Zucchea
(mainland; 350 m a.s.1.) populations. In a study conducted
on Buyfotes variabilis (referred to as Bufo viridis) in Georgia
(Borjami Canyon, 900-1200 m a.s.l.), age ranged from
3 to 10 years for females and from 2 to 6 years for males
(Gokhelashvili and Tarkhnishvili, 1994). Maximum
lifespan was 5 and 8 years for Armenian and Iranian
populations, respectively (Ledentsov and Melkumyan,
1986; Ashkavandi et al., 2012). The single demographic
study (Kutrup et al., 2011) on Bufotes variabilis in Turkey
was conducted on island (Giresun Island, 0-30 m a.s.l.) and
mainland (Giresun Province, 20-100 m a.s.l.) populations
from northeastern Turkey. The researchers reported age
as ranging from 2 to 8 years for island and from 3 to 8
years for mainland populations. Since their study was
performed at approximately sea level, no comparative data
were available from a highland population of this species
in Turkey. In the present study, we aimed to test the effects
of elevation by choosing populations from 2 different
altitudes.

The mean age of males and females respectively was
calculated as 3.51 and 4.08 years in the Adana population,
and 6.42 and 6.51 years in the Seydikéy population. In the
lowland population, the age difference between males and
females was found to be statistically significant, indicating
that adult females were on average older than the males.
Ashkavandi et al. (2012) also found that females had a
significantly higher mean age than males. In contrast
to these results, no significant difference was observed
between the sexes in terms of age in either population in
Kutrup et al’s (2011) study and the highland population of
our study. When focused on interpopulation differences in
terms of age, our data showed highly significant variations.
The mean ages of both sexes in the highland population
were higher than those of the lowland population. In
general, average age is expected to be higher in highland
populations (Ledentsov and Melkumyan, 1986; Miaud
et al., 2000, Kutrup et al., 2005; Altunisik and Ozdemir,
2013), and our data also conform to this tendency. This
result may be related to habitat quality, predator density,
and climate variations. In contrast to this trend, in a study
conducted on Pelophylax ridibundus, Gul et al. (2011)
reported that the average age of the lowland population
was higher than that of the highland population.

In general, amphibians attain sexual maturity after
having reached a certain minimum size but a variable
age (Gibbons and McCarty, 1984; Hemelaar, 1986; Ryser,
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1988). We observed that individuals from the highland
population attained maturity later (3-4 years) than
individuals from the lowland population (2-3 years).
However, in the study by Kutrup et al. (2011), it was
reported as 2-3 years for both populations. Similar to the
findings for our high-altitude population, Gokhelashvili
and Tarkhnishvili (1994) determined age at sexual
maturity as 2-3 years for males and 3-4 years for females
in a Georgian population (1200 m a.s.l.). Since anurans are
often exposed to cold temperatures at high altitudes, both
their seasonal and daily activity periods are limited by low
temperatures. Thus, delayed maturity is generally expected
to be the case.

The age of B. variabilis adults was significantly
correlated with their size for both lowland and highland
populations as expected. In addition, a significant positive
correlation was found between both body size and mass,
and age and body mass, except in the males of the Adana
population. Both Castellano et al. (1999) and Kutrup et al.
(2011) found significant differences between island and
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