
Body size and age structure of a highland population of
Hyla orientalis BedriAgA, 1890, in northern turkey
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kurzFAssung

unter Verwendung skelettochronologischer Arbeitsmethoden wurden körpergröße und Altersstruktur in
einer Population von Hyla orientalis BedriAgA, 1890 (n = 41) aus kantarlı untersucht.  der ort liegt auf etwa 800
m ü. m. in der schwarzmeerregion der türkei.  das höchste festgestellte Alter betrug 8 Jahre bei Weibchen und
sieben Jahre bei männchen.  die geschlechtsreife trat in dieser Population im Alter von drei (Weibchen) bzw. zwei
Jahren (männchen) ein.  der unterschied im Alter von männchen und Weibchen war signifikant (independent
sample t test, p < 0.05, t = -2.455).  eine signifikante positive korrelation zwischen Alter und kopf-rumpf-länge
bestand sowohl bei männchen als auch bei Weibchen.  um den einfluß der seehöhe auf Altersstruktur und körper -
größe der Population von kantarlı aufzuzeigen, wurden die möglichen Wirkungen der Parameter ‘dauer der Aktivi -
tätsperiode’ und ‘höhe des standortes über dem meer’ mit ergebnissen anderer studien verglichen. 

ABstrACt

Body size and age structure of a highland population of Hyla orientalis BedriAgA, 1890 (n = 41) from
kantarlı, located at about 800 m a.s.l. in the Black sea region of turkey, was studied using skeletochronology.
the maximum observed longevity was eight years in females and seven  in males.  Age at maturity in this popula-
tion was three years in females and two  in males.  there was a significant difference in age between males and
females (independent sample t test, p < 0.05, t = -2.455).  A significant positive correlation was found between age
and snout-vent-length both in males and females.  to demonstrate the role of altitude on age structure and body
size of the kantarlı population, the potential effects of the parameters ‘duration of activity period’ and ‘altitude’
were analyzed by comparing present data with data available from the literature.
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Although the size of an organism is
influenced by many features of its environ-
ment, the relationship between temperature
and body size has captivated generations of
biologists (AngillettA et al. 2004).  the
tendency for organisms to be larger in cool-
er climates (i.e., BergmAnn’s rule) is wide-
ly observed in endothermic vertebrates and
has been suggested to apply also to some
ectothermic vertebrates, such as amphibians
(AngillettA et al. 2004; AdAms & ChurCh
2008).  however, its general applicability to
ectotherms has been questioned, as many
ectotherms have been found to follow the
converse to BergmAnn’s rule, i.e., decreas-

ing body size with cooler climate (mous -
seAu 1997; Ashton 2002; Belk & houston
2002; lAugen et al. 2005; AdAms &
ChurCh 2008). 

the environmental factors that are
likely to promote variations in physiological
activity of amphibians are temperature,
humidity and food availability, which may
vary seasonally depending on the latitude
and altitude of the site (Feder & Burggren
1992; Özdemİr et al. 2012).  in temperate
regions, studies comparing age, size or
growth along a gradient of latitude, altitude
or temperature provided convincing evi-
dence of a relationship between life-history
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traits and environmental variables (FiCeto -
lA et al. 2010).  in these regions, the length
of the cold period has been identified as one
of the most important variables in differen-
tiating growth patterns concomitantly with
latitudes and altitudes (CAetAno & CAstA -
net 1993).

two species of treefrog are currently
recognized to occur in turkey: Hyla savi-
gnyi Audouin, 1827 (southeastern parts of
turkey) and Hyla orientalis BedriAgA,
1890 [“1889”] (stÖCk et al. 2008; gVozdik
et al. 2010; gül et al. 2012) the range of
H. orientalis, which was usually referred to
as Hyla arborea (linnAeus, 1758) in the
previous herpetological literature, includes
the Black sea, marmara, Aegean, Western
mediterranean, Central mediterranean and
Central Anatolian regions of turkey. 

only a few demografic studies were
conducted on West Palearctic treefrogs
(switzerland: tester 1990; germany: Frie -

dl & klumP 1997; greece: kyriAkoPou -
lou-sklAVounou & grumiro 2002; tur -
key: Özdemİr et al. 2012).  most of these
refer to H. arborea, and there is only one
(Özdemİr et al. 2012) that definitely deals
with H. orientalis.  since this study was per-
formed at sea level, no comparative data
was available from a highland population of
H. orientalis.

in this study, mean body size, sexual
size dimorphism (ssd) and age-related
population structure were analyzed in a
highland population (kantarlı Village, 800
m a.s.l.) of H. orientalis occurring in the
Black sea region of turkey.  the particular
aim of the study was to (i) explore the effect
of altitude on the population; (ii) assess age
at sexual maturity, longevity and the rela-
tion of body size to age for this higland pop-
ulation; and (iii) compare the results with
data available for lowland populations of H.
orientalis.
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mAteriAls  And  methods

A total of 41 adult H. orientalis (32
males, 9 females) were collected at a per-
manent pond in a forested area during the
breeding season (may) in 2010 from
kantarlı Village (40º58’n, 40º52’e, 800 m
a.s.l.) in the Province of rize, in northeast
turkey. For each individual, sex was deter-
mined by examination of external secondary
sexual characters, snout-vent length (sVl)
was measured to the nearest 0.01 mm using
digital callipers (mitutoyo Corp., kawasaki,
Japan), and the longest toe was clipped,
including the first and second phalanges.
toe samples fixed in 10% formalin and
stored in 70 % ethanol were subject to his-
tological analysis.  After sampling, each
individual was released at the place of cap-
ture.

the climate of the area is temperate
oceanic (submediterranean) (riVAs-mArti -
nez et al. 2003, diagram of trabzon), there
is neither a dry nor a real frost period.  tree -
frogs are active there from early may to late
september.  

the age was estimated by skeletochro -
nological methods (CAstAnet & smirinA
1990; olgun et al. 2005).  After  dissection

and preparation, the phalanges were washed
in running tap water for 24 h, decalcified in
5 % nitric acid for 2 hours and then washed
again under running tap water for 12 hours.
Cross-sections (18 μm) of the diaphyseal
part of each phalanx were obtained using a
freezing microtome and stained in ehrlich’s
haematoxylin.  sections were submerged in
water-based mounting media for observa-
tion under a light microscope.  endosteal re -
sorption of the first lines of arrested growth
(lAg) was assessed by comparing the dia -
meters of eroded marrow cavities with the
diameters of non-eroded marrow cavities in
sections from the youngest specimens. 

on each section, the numbers of lAgs
were assessed by two observers independent-
ly and the results compared.  double lines
and endosteal resorption did not cause any
serious interpretation problems concerning
age estimation, and full agreement between
the observers was achieved for all samples.
the distance between two adjoining lAgs
is a good indicator of individual growth in a
given year (kleinenBerg & smirinA 1969).
Consequently, an obvious decrease in the
spacing between two subsequent lAgs ob -
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served, was taken to mark the age when sex-
ual maturity was achieved (ryser 1988;
yilmAz et al. 2005).

student’s t-test was applied to com-
pare variables between sexes, while Pear -
son’s correlation coefficient was computed
to infer the pattern of relationships between
sVl and age.  kolmogorov-smirnov and
levene tests were used to test for differ-
ences in distributions and variances, regres-
sion analysis was applied to calculate the
correlation equation between age and sVl.
data analysis was performed using sPss
18® statistical software package.  sexual
size dimorphism was quantified with the
ssd index by loViCh & giB Bons (1992). 

results were compared with published
data on body size and age patterns from
populations of H. orientalis in Asia minor
(Özdemİr et al. 2012) and treefrogs of the
H. arborea group of continental europe
(tester 1990; Friedl & klumP 1997; ky -
riAkoPoulou-sklAVounou & grumiro
2002). 

results

Both sVl and age showed normal dis-
tribution (kolmogorov-smirnov test; p >
0.05) and homogeneity of variance (levene
test; p > 0.05).  descriptive statistics of age
and body length are summarized in table 1.

in all phalangeal cross-sections, lAgs
were clearly marked and relatively easy to
count, as can be seen in Fig. 1.  endosteal
resorption, which created partial erosion of
the periosteal bone on the edge of the mar-
row cavity, was observed in 78.04 % of the
individuals from the kantarlı population.
the first (innermost) lAg was partially
eroded in 60.97 % of the individuals and
completely eroded in 17.07 %.  intersexual
differences in body size were female-biased
(standard deviation index - sdi: 0.07).
Females were significantly larger than
males (independent sample t test; p < 0.01,
t = -3.304).  sVl ranged between 36.7 -
48.38 mm (mean: 43.56 ± 2.56) in males
and 40.24 - 53.12 mm (mean: 47.02 ± 3.49)
in females.

in the kantarlı population, the oldest
individual was an eight years old female.
Age ranged between 3 - 8 (mean: 5.77 ±

Body size and age structure in a north turkish highland population of Hyla orientalis 51

ta
bl

e 
1:

 d
es

cr
ip

tiv
e 

st
at

is
tic

s 
of

 l
if

e 
hi

st
or

y 
va

ri
ab

le
s 

of
 H

. 
o
ri

en
ta

li
s

po
pu

la
tio

ns
 o

f 
tw

o 
t

ur
ki

sh
 l

oc
al

iti
es

. 
 s

d
 –

 s
ta

nd
ar

d 
de

vi
at

io
n;

 s
sd

 –
 s

ex
ua

l 
si

ze
 

di
m

or
ph

is
m

 p
re

se
nt

; s
V

l
 –

 s
no

ut
-v

en
t l

en
gt

h;
 F

 –
 F

em
al

e;
 m

 –
 m

al
e;

 y
 -

 y
es

.
ta

b.
 1

: 
B

es
ch

re
ib

en
de

 s
ta

tis
tik

en
 b

io
lo

gi
sc

he
r 

k
en

ng
rö

ße
n 

vo
n 

H
. 

o
ri

en
ta

li
s

- 
Po

pu
la

tio
ne

n 
zw

ei
er

 n
or

dt
ür

ki
sc

he
r 

Fu
nd

or
te

. 
 s

d
 –

 s
ta

nd
ar

da
bw

ei
ch

un
g;

 
ss

d
 –

 g
es

ch
le

ch
ts

di
m

or
ph

is
m

us
 in

 d
er

 k
ör

pe
rg

rö
ße

 v
or

ha
nd

en
; s

V
l

 –
 k

op
f-

r
um

pf
-l

än
ge

; F
 –

 W
ei

bc
he

n;
 m

 –
 m

än
nc

he
n;

 y
 -

 J
a.

l
oc

al
ity

 
se

x
n

m
ea

n 
sV

l
r

an
ge

 s
V

l
 

m
ea

n 
A

ge
  

A
ge

 a
t m

at
ur

ity
l

on
ge

vi
ty

 
ss

d
(a

lti
tu

de
)

±s
d

 (
m

m
)

(m
in

-m
ax

) 
m

m
± 

sd
 (

ye
ar

s)
(y

ea
rs

)
(y

ea
rs

)
Fu

nd
or

t 
m

itt
le

re
 s

V
l

 
sp

an
nw

ei
te

 s
V

l
 

m
itt

le
re

s 
A

lte
r

A
lte

r 
be

i g
es

ch
le

ch
ts

-
h

öc
hs

ta
lte

r
(s

ee
hö

he
)

±s
d

 (
m

m
)

(m
in

-m
ax

) 
m

m
± 

sd
 (

Ja
hr

e)
 

re
if

e 
(J

ah
re

)
(J

ah
re

)

k
an

ta
rl

ı
m

32
43

.5
6 

± 
2.

56
36

.7
1-

 4
8.

38
4.

88
 ±

 0
.8

3
2

7
y

(8
00

 m
)

F
9

47
.0

2 
± 

3.
49

40
.2

4 
-5

3.
12

5.
77

 ±
 1

.3
9

3
8

y
r

iz
e

m
66

37
.2

 ±
 3

.2
0

30
.0

 -
 4

3.
8

2.
5 

± 
0.

9
1

5
y

(2
6 

m
)

F
12

41
.2

 ±
 2

.5
0

37
.8

 -
 4

5.
8

3.
4 

± 
0.

9
2

5
y

Altunsik_Oezdemir_Hyla_arborea_age_structure_TR__HERPETOZOA.qxd  21.06.2013  13:08  Seite 3



52                                                          A. Altunişik &  n. Özdemİr

Age (years)

Fig. 1:  Cross-section (18 μm thick) at the diaphysis level of a second phalanx of the longest toe of a male 
Hyla orientalis from the kantarlı population, northern turkey.  the six lAgs are indicated by black arrows; 

m.c. - marrow cavity; r.l. - resorption line; e.b. - endosteal bone.
Abb 1:  Querschnitt (dicke: 18 μm) auf höhe der diaphyse eines zweiten Phalangenknochens 

der längsten zehe eines männchens von Hyla orientalis der Population aus kantarlı (nordtürkei).  
die sechs linien verminderten Wachstums (lAg) sind durch Pfeile gekennzeichnet; 

m.c. – markhöhle; r.l. – resorptionszone; e.b. – endostaler knochen.

Fig. 2:  Age frequency distributions of male and female Hyla orientalis from kantarlı Village, northern turkey.
Abb. 2:  häufigkeitsverteilung der Altersklassen bei männchen und Weibchen 

der Hyla orientalis - Population aus kantarlı (nordtürkei).
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disCussion

Body size and age structure in a north turkish highland population of Hyla orientalis 53

1.39) years in females and 3 - 7 (mean: 4.88
± 0.83) in males (Fig. 2).  there was a sig-
nificant difference in age between males
and females (independent sample t test; p <
0.05, t = -2.455).  in this population, the
youngest breeding females were three years
old, whereas some males became sexually
active at the age of two. 

A significant positive correlation
(cubic function) was found between age and
sVl both in males (n = 32, r = 0.747, p <
0.01, y = 43.21 – 4.675 x + 1,44 x2 – 0.097
x3) and females (n = 9, r = 0.943, p < 0.01,
y = 9.63+ 17.10 x – 2.82 x2 + 0.16 x3).

this is the first demographic data
about a highland population (kantarlı Vil -
lage, rize - 800 m a.s.l.) of H. orientalis in
northeast turkey. A previous study (Özde -
mİr et al. 2012) conducted in about the
same region (viz. İslampaşa, rize – 26 m
a.s.l.) analyzed a population of H. orientalis
(H. arborea in Özdemİr et al. 2012) at sea
level.  Although there is a demographic
study from greece (kyriAkoPoulou-sklA -
Vounou & grumiro 2002), which includes
a highland population (population #1: hal -
kidiki, 0 m a.s.l. , n = 24; pop. #2: lake
kerkini, 38 m a.s.l., n = 26; pop. #3: lake
mikro Prespa, 853 m a.s.l., n = 25; pop. #4:
imeros, 0 m a.s.l., n = 9), analyses were
performed using pooled data.  thus, there is
no information about body size and age of
H. orientalis exclusively from a highland
population. 

the maximum observed lifespan
found in the present study was eight years
for females and seven for males, whereas
Özdemİr et al. (2012) observed longevities
of five years in both sexes of the nearby
lowland population.  the discrepancy in
lifespan may be explained by different alti-
tudes of the habitats, viz. 800 m a.s.l. versus
26 m a.s.l. 

Amphibians living in higher latitudes
or altitudes go through a longer period of
hibernation during which the metabolism of
the animals is shut down (irWin & lee
2003; lu et al. 2008), and thereby would
expend less energy per year allowing for an
extension of their lifespan (zhAng & lu
2012).  Among anuran species, individuals
in high-altitude populations lived longer com -
pared to those in low-altitude populations
(zhAng & lu 2012).  Analogously in this
study, comparing high altitude (this study)
and low altitude populations (Özdemİr et al.

2012) of H. orientalis, body size and age
increased with increasing altitude.  this
effect is probably associated with the dura-
tion of the active period of the animals.
temperatures can affect the ability of
amphibians to acquire and process food in
many ways.  Anurans in cool climates are
limited in both their seasonal and daily
activity periods by low temperatures
(mullAlly & CunninghAm 1956, sinsCh
& sheriF 1989).  this circumstance may be
reflected by Bergmann’s rule, which formu-
lates a well-known ecogeographic pattern
that predicts larger body size with increas-
ing latitude or decreasing temperature. 

in the present study, Hyla orientalis
females reached sexual maturity at the age
of three, and males two years, whereas the
corresponding time spans in a lowland pop-
ulation of the same region were two years
for females and one year for males  (Öz -
demİr et al. 2012).  the results of this study
were also in line with the data from greek
populations (kyriAkoPoulou-sklAVounou
& grumiro 2002).  A life history theory pre-
dicts that delayed maturation and the result-
ing increase in maturation size may be adap-
tive in cold environments because fecundity
increases with body size (roFF 2002).  the
meta-analyses in the study of zhAng & lu
(2012) revealed that, in all cases, the overall
(grand) mean correlation coefficient was not
significant between longevity and latitude,
although significantly positive between
longevity and altitude.  

As previously reported for Hyla orien-
talis (referred to as H. arborea) in turkey
(Özdemİr et al. 2012) and greece (kyriA -
koPoulou-sklAVounou & grumiro 2002)
but also for H. arborea in germany (Friedl
& klumP 1997), the present study found a
positive significant correlation between
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body size (sVl) and age for both sexes, as
expected.  

significant differences in sVl were
found between sexes.  like previous studies
on West Palearctic treefrogs (tester 1990;
Friedl & klumP 1997; kyriAkoPoulou-
sklAVou nou & grumiro 2002; Özdemİr et
al. 2012) and e.g., Hyla annectans (Jerdon,
1870) (liAo & lu 2010), results of the pres-
ent study showed that females grew larger
than males (sdi: 0.07). 

endosteal resorption was found in
78.04 % of the highland population individ-
uals versus 76 %, 50 % and 28 %, respec-
tively, in three lowland populations of H.
orientalis (Özdemİr et al. 2012). the extent

of endosteal resorption in long bones may
be linked to environmental conditions
(smirinA 1972).  in the study of CAetAno
&CAstAnet (1993), less resorption was
observed in populations living at low alti-
tudes than in highland populations, even
though a converse trend was reported in
other cases (esteBAn et al. 1996, 1999). 

in conclusion, comparison of the pres-
ent observations with published data sug-
gests that tree frogs inhabiting higher alti-
tudes gain larger mean body size and longer
lifespan than their lowland conspecifics,
potentially in connexion with lower meta-
bolic rates, shorter activity periods and
smaller total energy requirements. 
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