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Abstract— We describe here for the first time the body size and age of the Common Toad (Bufo bufo) from
high (Trabzon, 1090 m and Kastamonu, 925 m above sea level) and low (Yalova, 65 m above sea level) alti-
tudes in Turkey using skeletochronology. The specimens from Trabzon were significantly smaller and younger
than the ones from the Kastamonu and Yalova populations. Age at sexual maturity was three years for females
while it varied between two to three years in males in all three populations. We found the females to be sig-
nificantly larger than males in all three populations. The sexual dimorphism indices (SDI) were biased toward
the female populations. Even after accounting for the influence of age, the snout-vent length (SVL) differed
significantly among the populations. Age and SVL were closely correlated in the male populations for all the
three localities (Yalova, Kastamonu, and Trabzon) and for female individuals in the Trabzon population. In
this first report, we reveal the demographic structure of B. bufo from the Anatolia region in Turkey and pro-
vide comparative data regarding this species for further discussion and determined that age and body size of
Common Toad not differentiated among different altitudes.
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INTRODUCTION

The size of animals generally follows the tenets of
Bergmann’s rule states that the variation in body size
is dependent on the environmental temperature (ani-
mals to be larger in colder environments) [1]. How-
ever, the short growing season at higher altitudes and
latitudes may limit the time available for growth,
resulting in converse Bergmann size clines [2, 3]. In
addition, environmental conditions, especially cli-
mate change, are inducing body size changes in ani-
mals [4] and there is no generally accepted tempera-
ture-size relationship in amphibians [5].

The age of amphibians is crucial for determining
various demographic parameters such as longevity,
age at sexual maturity of populations, and other eco-
logical factors [6]. Skeletochronology is a reliable and
relatively harmless method for estimating age based on
annual rings of periods of active growth in bones
(LAGs). These rings form due to the variations in
growth rates during warm and cold seasons and show
the seasonal changes in growth rate [7].

The Bufonidae family is comprised of 52 genera, dis-
tributed globally [8]. The Common Toad (Bufo bufo L.,
1758) is the representative member of this family. Sev-
eral reports on the life-history traits like ecology [9],

toxicology [10], genetic structure [11], even age struc-
ture [12—14] of this taxon have been performed in
Europe, however, demographics of the populations of
Bufo bufo in Anatolia remains a mystery.

In the present study, we present the first reported
data on the age structure of Bufo bufo using skele-
tochronology for three populations from different alti-
tudes in Anatolia. We also tested differences in the
body size and age structure variation with the altitude
and temperature at the different sites based on the esti-
mates of age at sexual maturity, SVL and SDI.

MATERIAL AND METHODS

A total of 62 adult common toads (13 29, 49 338)
from three different localities ranging from 65 to 1090 m
above sea level in Turkey (Yalova; 65 m as.l.,
Kastamonu; 925 m a.s.l., Trabzon; 1090 m a.s.l.) (Fig. 1)
were collected by hand from regional breeding ponds
varying in March to May (depending on the mating
season). The animals were released back into their
respective habitats following sex determination, mea-
surement of snout-vent length (SVL), and toe-clip-
ping (the 4th toe of the hind limb was taken for each
toad). SVL was measured to the nearest 0.1 mm for
each specimen by using digital calipers, and sex was
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Fig. 1. Sampling sites of B. bufo specimens.

determined according to the presence of the nuptial
pad and body size. Clipped toes were preserved in 95%
ethanol at room temperature. The geographic and cli-
matic conditions of the three localities are presented in
Table 1.

The established procedure of skeletochronology as
described by Castanet and Smirina [15] was followed.
The tissue samples were decalcified in 5% nitric acid for
approximately 1.5 h and cross-sections of 17—18 um were
taken with a freezing microtome (Thermo). After
staining with Ehrlich’s hematoxylin, cross-sections
were imaged using an Olympus BX51 microscope. For
counting of the growth rings, two independent
researchers (T. Ergiil Kalayct and N. Ozdemir) deter-
mined the ring count in selected sections in which the
size of the medullary cavity was at its minimum and
that of the periosteal bone was at its maximum.

Sexual dimorphism index (SDI) was calculated
according to the formula introduced by Lovich and
Gibbons [16<]: (mean length of the larger sex/mean
length of the smaller sex) =1, (SDI>0 when females
are larger than males, SDI<0 when males are larger
than females).

The distribution of age and body size in each pop-
ulation was determined using the Kolmogorov-
Smirnov test. After determining normality of the dis-
tribution, intra-population variations of body size and
age were analyzed using Student’s-t Test. Variation of
body size and age between populations was deter-
mined by the ANOVA test. We also used analysis of
covariance (ANCOVA) to test whether body size was

still significantly different in the absence of the age
covariate.

Correlation between body size and age was calcu-
lated by Pearson’s correlation coefficient. All statisti-
cal analyses were conducted using SPSS software ver-
sion 21.0.

RESULTS

We determined the age of 62 adult individuals on
the basis of the numbers of Lines of the Arrested
Growth (LAG) (Fig. 2). Some of our LAGs look
paler than the others. It has been generally hypothe-
sized that the growth marks visible in the bones are the
result of a genetically controlled growth rhythm which
is synchronized and reinforced by particular environ-
mental conditions, such as seasonality [17]. The varia-
tion among LAGs might be the consequence of differ-
entiation of the temperature (or other environmental
condition) in the hibernation period. Descriptive sta-
tistic of study populations and comparisons with liter-
ature data were given Table 2. The maximum age was
7 years for the Tesvikiye (Yalova) and Uzungol (Trabzon)
populations and 6 years for the Taslik (Kastamonu)
population. On average, the age of males was 5.20 £
(S.D.)0.77,4.47 £ 1.06, and 4.26 + 0.87 years for Tes-
vikiye (Yalova), Tashik (Kastamonu), and Uzungol
(Trabzon), respectively. For females, it was found to
be 5.67 £ 1.15, 5.20 £ 0.45, and 5.00 £ 2.34 years for
Tesvikiye (Yalova), Taslik (Kastamonu), and Uzungol
(Trabzon), respectively. The age was differentiated at
the inter-population level (£, ;= 3.42, P <0.05). Fur-

Table 1. Geographic and climate characteristics of the three localities of B. bufo

Localities N Latitude Longitude M’ez?n a’nnual Mean annua(l)l Altitudes, m
precipitation, mm |temperature, °C
Tesvikiye (Yalova) 18 40.61 29.07 749.8 14.7 65
Taslik village (Kastamonu) | 20 41.40 33.69 480.2 9.8 925
Uzungol (Trabzon) 24 40.62 40.29 926.4 8.0 1090
RUSSIAN JOURNAL OF ECOLOGY Vol. 50 No.4 2019
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Fig. 2. Cross-sections of the phalange (18 um thick) of B. bufo from Kastamonu population at 5 years old. The black arrows show
the number of LAGs; mc, marrow cavity, rl, resorbsion line, h, hatching line.

ther, the age of males demonstrated significant varia-
tions at the three sites (F) 4= 4.75, P < 0.05) and male
individuals of the Tesvikiye (Yalova) population were sig-
nificantly older than the males of the Uzungol (Trabzon)
population (as confirmed by a Bonferroni post-hoc test,
P <0.05). In the females, no such significant difference
was found (Bonferroni post-hoc test, P> 0.05). The low
sample size of females could give rise to this discrepancy.
We also did not find any differences in ages between the
sexes at the intra-population level (Student’s-t test;
Yalova: = 0.89, df = 16; Kastamonu: ¢ = 1.48, df = 18;
Trabzon: t = 0.69, df = 4.30; P > 0.05). The age fre-
quency distributions of the individual specimens are
given in Fig. 3.

A significant decrease in the growth at the age of
maturity [ 18] was observed, which varied between two
and three years for all three populations.

The mean body size (SVL) of males was 83.03 +
4.42,79.21 = 7.13, and 69.20 *+ 4.45 mm for the Tesvi-
kiye (Yalova), Tashik (Kastamonu), and Uzungol
(Trabzon), respectively. The mean SVLs for females
was determined to be 115.98 £ 7.07, 110.32 + 3.59, and
80.53 *+ 20.41 mm in the Tesvikiye (Yalova), Taslik
(Kastamonu), and Uzungol (Trabzon), respectively.
SVL significantly varied between the sexes in all pop-
ulations as analyzed by Student’s t-Test (Tesvikiye,
Yalova: r=10.78, df= 16, P< 0.05; Taslik, Kastamonu:
t=9.25,df= 18, P<0.05; Uzungol, Trabzon: t= 2.31,

RUSSIAN JOURNAL OF ECOLOGY Vol.50 No.4

df=22, P<0.05). The females of the species were sig-
nificantly larger than males in all populations. Among
the three sites, SVL differed significantly (One-way
ANOVA F, ¢ = 11.44, P < 0.05), as did the average
SVLs between the males and females in the three pop-
ulations (male: F, 43 = 30.17; female: F,,, = 8.88, P <
0.05). The individuals collected at higher altitudes
(Uzungol, Trabzon population; 1090 m) were signifi-
cantly smaller than those found at lower altitudes (Bon-
ferroni post-hoc test, P < 0.05). Upon removing the fac-
tor of the age parameter, the mean SVLs still varied sig-
nificantly among the populations (ANCOVA: F,4, =
11.01, P < 0.05).

The SDI values generally showed an increasing
trend from 0.16 at the highest altitude site (east: Uzu-
ngol, Trabzon; 1090 m a.s.1.) to 0.40 at the lowest alti-
tude site (west: Tesvikiye, Yalova; 65 m a.s.l.), most
likely a result of the decrease in both male and female
size with the increase in altitude. The reported SDI
values indicate that the sexual size dimorphism (SSD)
is more well defined in the west than the east.

The age and SVL were significantly correlated in
the males for all three locations (Tesvikiye; Yalova,
Taghk; Kastamonu, and Uzungol; Trabzon) and
females for Uzungol, Trabzon (Pearson’s correlation
coefficient, Yalova: r = 0.69, Kastamonu: r = 0.92,
Trabzon: r=0.63, P<0.05 for males; and »r=0.99, P <
0.01 for females).
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Table 2. Life history traits comparison of European Common Toad Bufo bufo
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Localities Altitude, m Sex Mean SVL | SDI| Mean age | Range age | Longevity References

Turkey (Yalova) 65 Male 83.03 0.40 5.20 4—6 6 Current study
Female 115.98 5.67 5-7 7

Turkey 925 Male 79.21 0.39 4.47 2—6 6 Current study

(Kastamonu) Female 110.32 5.20 6

Turkey (Trabzon) 1090 Male 69.20 0.16 4.26 2-7 6 Current study
Female 80.35 5.00 3—-6 7

Netherland 15 Male 52.86 0.23 4.3 2—7 7 [11]
Female 64.85 5.2 3-8 8

Germany 25 Male 56.71 0.21 4.4 3-7 7 [11]
Female 68.52 5.4 4-8 8

France 500 Male 68.84 0.27 5.2 3-9 9 [11]
Female 87.38 6.8 4-10 10

Norway 150 Male 58.92 0.22 7.3 4—-10 10 [11]
Female 72.13 8.8 6—11 11

Switzerland 1850 Male 62.48 0.18 8.5 6—11 11 [11]
Female 73.91 10.0 8—12 12

Serbia (Zuce) 240 Male 70.40 0.37 5.5 3-9 9 [12]
Female 96.30 5.9 4—11 11

Serbia (TreSnja) 22 Male 67.20 0.38 5.00 3-9 9 [12]
Female 92.80 5.4 4-10 10

France (Brittany) 39 Male 66.90 0.16 — 2—-12 12 [36]
Female 77.70 — 3-9 9

Germany 560 Male - — - — — [37]
Female 90.10 5.6 4-8 8

Germany 720 Male — — — — — [37]
Female 80.90 4.4 3—6 6

Austria (Schlumsee) 1102 Male 66.00 0.23 6.6 5—11 11 [38]
Female 81.40 9.9 6—15 15

Austria (Ameis- 1282 Male 72.40 0.23 6.6 4-9 9 [38]

ensee) Female 89.10 7.2 5—11 11

GreatBritain 304 Male 59.50 0.24 3.4 2-5 5 [39, 40]
Female 73.60 4.8 3-8 8

DISCUSSION ations in the life-history traits. Urbanization is

The present study is the first report that identifies
the geographical variations involved in two key life-
history parameters of B. bufo, collected from three dif-
ferent altitudes in Turkey.

The mean age of toads at the high altitude and
northern population (Uzungol, Trabzon; 1090 m a.s.l.)
was significantly less than those collected at the lower
altitude and southern region (Tesvikiye, Yalova; 65 m
a.s.l.). Cvetkovi¢ et al. [13] noted the highest mean age
for the southern populations of B. bufo in the different
parts of Europe, indicating that the growth potentials
of animals may be limited by harsher conditions at
higher altitudes [19]. Although altitude exerts a strong
influence on the age structure in B. bufo [13, 20], it is
difficult to define just one specific cause for such vari-

RUSSIAN JOURNAL OF ECOLOGY  Vol. 50

another major influence on such life-history traits.
While two of the study sites (Tesvikiye; Yalova and
Taslik; Kastamonu) are mostly rural, the rapid urban-
ization of Uzungol (Trabzon) is a problem, which
might have caused loss of resident species. Very lim-
ited information is available on the adaptations that
the surviving species may inculcate to thrive in urban
environments [21]. We found seven years as the maxi-
mum age recorded for the females and 6 years for the
males. The similar maximum age structure has been
reported in a few European Common Toad popula-
tions (Netherland and Germany populations) [13],
although the majority of the European populations
seem to have a life-span of more than seven years [ 12—
14]. Each population has its own characteristic
response to the changes in environmental conditions

No. 4 2019
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such as the duration of activity period, food availability
and quality and climatic conditions. The variations
among other reported populations and ours may be a
result of such discrepancy.

We reported age at sexual maturity to be three years
for females and between two and three years for males,
although it did not vary among the three populations.
Hemelaar [12] has previously reported that the males
of B. bufo are able to reach sexual maturity at least one
year earlier than the females. The average reported the
minimum age of maturation in the Common Toad
B. bufo from six different European populations varied
from 2.1 to 5.9 years and was not found to be signifi-
cantly different among the populations [13]. The differ-
ences in life-history traits between the populations, such
as the age at maturity, might be dependent on intrinsic
(genetic) characteristics of the species and/or can be the
result of one or more environmental factors [22].

Contrary to our results, previous study have shown
that B. bufo specimens from higher altitudes are actu-
ally larger than those found in the lowland populations
[12]. We found significant differences between the
lowland (Yalova) and highland populations (Trab-
zon). The mean body length of the toads in the Trab-
zon population was smaller than those of the Yalova
population. Cvetkovi¢ et al. [13] reported no variation
among the populations from 15 m to 1850 m a.s.l. in
terms of body length in different B. bufo populations in
Europe. There were no significant differences among
the B. bufo individuals, in terms of body length, found
in geographically closed populations in England.
There is more than one reason for the variation in the
adult body size in anurans, such as age, food availabil-
ity, and temperature, all depend on geographical loca-
tion [23]. Oromi et al. [24] proposed that at higher eleva-
tions, short annual activity periods directly correlate to
the the reduced size of animals and it is a result of the
reduced feeding period between the metamorphosis and
first hibernation in natterjack toads (B. calamita). In
addition, in anurans, body condition is negatively cor-
related with the amount of snowfall [25]. Uzungol
location is characterized by snowy and cold winter
period [26] Also, there is an opinion which confirmed
in Fowler’s toads (Anaxyrus fowleri), animals are get-
ting bigger while the temperature increases [4].

In anurans, the majority (~90%) shows female-
biased sexual size dimorphism [27, 28]. In our study
too, significant size differences were noted in all sexes
and in all populations, and females were larger than
males in all of them. This is a well-known fact that
with respect to sexual dimorphism in body size of
toads, females are significantly larger than males [28].
A possible reason for this is that females, who are
viviparous, require more energy than males for the
development of the ovaries and eggs [30].

Age and body size are not always correlated in
amphibians. Sometimes they show a significant cor-
relation in both sexes [31, 32], or it was showed in one
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sex, usually in all male populations [33]. This observa-
tion is also in line with the fact that the females tend to
choose larger males because they are older and fitter,
as proven by their survival to reach a considerable body
size [34]. In our study, however, only in Uzungol (Tra-
bzon) population, the females were significantly cor-
related in terms of age and body size. Hoglund and
Saterberg [35] also found a positive correlation
between the age and body length only in females of a
B. bufo population.

CONCLUSION

In this study, we provide the first report that B. bufo
species from different altitudes show different demo-
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graphic structures. Comparative studies of populations
living in climatologically different regions are necessary
to determine the effects of differentiation of regional tem-
perature on population demography. Further investiga-
tions are required to define the underlying effects of ter-
restrial microclimate and activity period temperature.
Obviously, animals’ life circle is impressed by more than
one ecological parameters.
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