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Abstract. We compared the isolated populations of Lyciasalamandra atifi,
(Basoglu, 1967) a salamander endemic to the historic Lycia region of Turkey,
that is found across a range from Antalya/Selge (Altinkaya) to
Antalya/Gazipasa. Along this distance, we determined eight isolated populations
(Selge, Fersin, Dikmen, Glzelbag, Tirbelinaz, Giindogmusg, Cebireis,
Gazipasa) in 2013 and used morphology and serology to compare them. The
collected specimens were registered under the ZMADYU (Zoology Museum of
Adiyaman University), and a total of 237 (59 33, 96 99, 82 juv.) specimens
were studied. As a result of our research, three new subspecies are described:
Lyciasalamandra atifi godmanni n. ssp. from Selge, Lyciasalamandra atifi veithi
n. ssp. from Dikmen and Lyciasalamandra atifi kunti n. ssp. from Glizelbag.
Except Cebireis (L. a. bayrami) and Gazipasa (L. a. oezi) populations, the other
isolated populations were incorporated in the nominat subspecies due to
morphological and serological similarities.

KEY WORDS: Lyciasalamandra atifi veithi n. ssp., Lyciasalamandra atifi
godmanni n. ssp., Lyciasalamandra atifi kunti n. ssp., distribution, Antalya,
serology.
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INTRODUCTION

The Lycian salamander was first identified by Steindachner (1891) as Molge
luschani from the village of Dodurga in Turkey’s Mugla province. It was trans-
ferred to the genus Mertensiella by Wolterstorff (1925) and eight taxa were
subsequently identified as subspecies of Mertensiella luschani. The specimens
from Dodurga was also accepted as the nominate subspecies of Mertensiella
luschani. (Veith et al. 2001, Gégmen et al. 2011).

Lyciasalamandra atifi was found in February 1966 for the first time during a
zoological excursion on the road between Alanya-Tirbelinaz by Atif SENGUN
(one male and three juveniles). These specimens were different from the other
Mertensiella luschani subspecies with regard to size and colouration. As a re-
sult, these specimens were described as Mertensiella luschani atifi and dedi-
cated to Atif SENGUN, who found them for the first time (Basoglu 1967). In the
light of recent molecular studies, the taxonomical status of these viviparous
tailed amphibians was revised and assigned to the genus Lyciasalamandra by
Veith and Steinfartz (2004) after detailed mitochondrial and allozyme data
studies.

Until recently, it was known that there were 9 allopatric species and 16 taxa
among Lycian salamanders between Mugla/Marmaris and Antalya/Gazipasa
along a distance of 420 km in southwestern Turkey. These were: [Lyciasala-
mandra luschani luschani (Steindachner, 1891; L. atifi atifi (Basoglu 1967);
L. fazilae (Basoglu & Atatur 1974); L. luschani finikensis (Basoglu & Atatr
1975); L. antalyana antalyana (Basoglu & Baran 1976); L. luschani basoglui
(Baran & Atatur 1980); L. billae billae (Franzen & Klewen 1987); L.
flavimembris flavimembris (Mutz & Steinfartz 1995); L. irfani Gé¢gmen et al.
2011; L. arikani Gogmen & Akman 2012; L. yehudahi Go¢gmen & Akman
2012; L. antalyana gocmeni Akman & Godmann 2014; L. atifi bayrami
Yildiz & Akman 2015; L. flavimembris ilgazi Uzim et al. 2015; L. billae
eikeae Godmann et al. 2016; L. atifi oezi Tok et al. 2016]. According to re-
cently published paper by Veith et al. (2016), based on levels of molecular
differentiation L. arikani, L. irfani and L yehudahi were considered as sub-
species of L. billae. Currently, 6 allopatric species and 16 taxa exist in Tur-
key.
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Except for L. luschani basoglui (Baran & Atatir 1980), which exists in
Megisti (Kastellorizo) island and L. helverseni (Pieper 1963) that lives on
some Greek islands (Saria, Kasos & Karpathos), other taxa are endemic to
Turkey (Eleftherakos et al. 2007). Lyciasalamandra atifi has the largest dis-
tribution range among the species of Lyciasalamandra (Akman et al. 2011;
Gogmen et al. 2013). It was known from Selge to Alanya along a range of 110
km. Recent studies, Akman et al. (2011) and Gé¢gmen et al. (2013) report that
the species’ range extends until Antalya/Gazipasa, and up to 1400 m above
sea level. Consequently, the range of L. atifi has been extended to 185 km.

MATERIALS AND METHODS

To clarify the differences between Lyciasalamandra atifi populations, we conducted
excursions in February and March in 2013. We stated eight isolated populations (Fer-
sin, Selge, Dikmen, Glzelbag, Turbelinaz, Gindogmus, Cebireis Mountain, Gazipasa)
and used morphology, serology, statistics techniques to compare them. These tech-
niques for each population were methodically described.

The collected specimens were registered under the ZMADYU (Zoology Museum of
Adiyaman University) and a total of 237 (5947, 962 Q, 82 juv.) specimens were stud-
ied. These specimens were subjected to morphological and serological studies. To
capture the ecological differences between populations and biotopes, we used Canon
1100D and Sony DCS-W510 digital cameras. Sea levels and coordinates of popula-
tions measured by using a Macellan XL GPS device.

Some specimens were studied for serology experiments by taking blood samples
and the others were etherized, then injected with 96% ethanol solution and stored
in glass jars containing 96% ethanol to facilitate future DNA analyses. All collected
specimens were deposited in Zoology Museum of Adiyaman University (ZMADYU).

To facilitate population comparisons regarding blood-serum proteins, poly-
acrylamide gel electrophoresis (PAGE) and densitometric analyses were utilized.
Blood samples were obtained in the laboratory within three days of collection after
anaesthetizing with ether, by ventral abdominal vein puncture with heparinized
hematocrit capillary tubes. The separation of blood-serum proteins followed the
polyacrylamide “disc” electrophoresis method of Davis (1964), slightly modified by
Arikan (1983).

Metric characters were measured with a Mitutoyo digital caliper of 0.02 mm
sensitivity, except total body length, rostrum-anus length and tail length, which
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were measured by a millimetric ruler. Summarized statistics were conducted with
SPSS 15.0 for Windows. Furthermore, to control the test results of raw metric
characters, they were tested again with a Student’s t-test that took indexed values
of PERCRA (percents of Rostrum-Anus Length; [each metric character / RA] x
100), which improved the analysis. The evaluation of all statistical analyses was
based on the statistical significance level of “p<0.05" (Werner 1971).

We applied ANOVA and discriminant analyses for each population and Stu-
dent’s t-test to evaluate potential sexual dimorphism in each population. For men-
sural (metric) character comparison we also used subadults (higher value of 65
mm by Rostrum-Anus Length), to avoid effects of allometry. Mensural (metric)
characters: Total Body Length —the length of the whole body including the tail
(TBL), Rostrum-Anus Length —length from the snout to the posterior end of the clo-
acal opening (RA), Length of Trunk —length from gular fold to the anterior edge of
cloacal opening (LT), Tail Length (TL), Nostril-Eye Distance (NED), Distance Be-
tween Nostrils (DBN), Eye Diameter (ED), Head Length —distance from the snout
to the gular fold (HL), Head Width (HW), Parotoid Length (PL), Parotoid Width
(PW), Fore Limb Length (FLL), Hind Limb Length (HLL), Distance between Fore-
and-Hind Limbs (DFHL), Height of dorsal protuberance on base of the tail (HPBT)
—only in males.

Ethical permission (Ege University Animal Experiments Ethics Committee,
2013#028) as well as special permission (2013#220762) for the field studies from
the Republic of Turkey, Ministry of Forestry and Water Affairs were received.

RESULTS
Selge Population

A total of 32 specimens (11 males, 10 females, 11 juveniles) were studied
from Selge-Kdpruli Canyon. Specimens were found during daytime, at a
temperature of 19.7 °C, on a steep slope beneath the limestone ridges, and at
a time of humid and cloudy weather at 482m a.s.l. Habitat photos of Selge
population are given in Figure 1.

Colouration and Pattern
Males: The background colour of the adult males of the Selge population is
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reddish dark brown, eye lids and the posterior of parotoid glands have yel-
low spots. On the back there are white spots along the paravertebral sides
until the tail base. Background colouration continues in the tail. A white
stripe begins under the eye line and lasts until the fore limbs uninterrupt-
edly. This pattern exists in all males.

Figure 1. Habitat of the Selge population from different views.

Females: Background colouration is similar to males. There are yellow
spots on the posterior of the eye lids and parotoid glands. Scattered white
spots start from the top of the head and continuous until the tail tip. A white
stripe begins under the eye line on both right and left sides, lasts until the
fore limbs, as in the males. All females have that uninterrupted white stripe
pattern.

Juveniles: Posterior of parotoids have yellow colouration. The entire
body has white spots, which are randomly scattered on the back and per-
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sist until the fingertips and the body is dominated by a reddish dark brown
dorsal ground colour. Juveniles have a reddish fleshy tone in the ventral
aspect, scattered white spots are also visible. Photos of specimens from
Selge population are in Figure 2.

Figure 2. Specimens from Selge. a) Adult male b) Adult female
c) Juvenile d) Dorsal view of a juvenile

Serological Evaluation

Blood serum proteins of a male and female individuals from Selge popula-
tion, were evaluated by polyacrylamide disc electrophoresis method. Both
male and female blood samples were divided into 12 fractions. 10 of them
were found in the globulin, 1 albumin and 1 pre-albumin. Figure 3 shows
the electrophoretic separation of blood serum proteins.

Body measurements and rates
The Student’s t-test indicated significant differences between the sexes and
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morphological characters. Summarized statistics and P values from the raw
data, ratios and PERCRA index values are given in Table 1. The abbrevia-
tions are provided in the Materials and Methods section. According to the
Student’s t test, we determined statistical significance difference of (p<0.05)
between males and females in terms of characters from raw data and by
the PERCRA index values (Eye Diameter, Head Length, Head Width and
Parotoid Length).
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Figure 3. Electrophoretic separation of blood serum protein electropherograms and
densitometric curves of the Selge population. (OD: optical density. S: Border be-
tween the stacking gel and separating gel. G: Globulin region. PE: Prealbumin. A:
Albumin region)

Fersin Population

31 specimens (9 males, 16 females, 6 juveniles) were studied from Fer-
sin/Guclikdy. We found the specimens under limestone slabs in daytime.
The weather was humid and cloudy, the terrain was smooth, with high
vegetation. Some specimens were found sheltering inside historical walls.
The photos of the habitat of Fersin are in Figure 4.

Colouration and Pattern
Males: The background colour is dark brown and continues to the finger-
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Table 1. Body measurements, PERCRA index values and Student’s t-test analyses

results of the Selge population. 1: Raw data; 2: PERCRA; N: number of specimens;

SD: Standard deviation;

p<0.05. The other

SE: Standard error of mean;

abbreviations of characters are given in Materials and Methods.
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Table 1. (continued)
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tips. There are white spots on the head and on the back, along the paraver-
tebral lines until the base of the tail. There are discontinuous white stripes
that start under the eye level and continue between the fore and hind limbs.

Figure 4. Habitat of the Fersin population from Fersin/Guiglikdy.

Females: Posterior of the eyelids and parotoid glands have scattered
white spots on the head. Limbs, discontinuous white stripes on right and left
sides and the ground colouration are the same colouring scheme with
males.

Juveniles: Posterior of the parotoids on juvenile specimens have yellow
spots in the back part of the head and there are many white spots. Body
and tail colouration is the same as in adult specimens. Photos of speci-
mens from the Fersin population are in Figure 5.

Serological Evaluations

Blood serum proteins of a male and female from Fersin were evaluated by
polyacrylamide disc electrophoresis method. Blood serum sample of the
male specimen divided into 12 fractions. 10 of them were found in the glob-
ulin zone, others are albumin and pre-albumin proteins. Female samples
divided into 11 fractions. There are 9 globulin, 1 albumin and 1 pre-albumin.
Figure 6 shows the electrophoretic separation of blood serum proteins of
Fersin population.

Body measurements and rates
The Student’s t-test indicated significant differences between the sexes
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Figure 5. Specimens from Fersin. a) Adult male b) Adult female
c¢) Juvenile d) Ventral view of a juvenile.
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Figure 6. Electrophoretic separation of blood serum protein electropherograms and
densitometric curves in the Fersin population. (OD: optical density. S: Border be-

tween the stacking gel and separating gel. G: Globulin region. PE: Prealbumin. A:
Albumin region)
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Table 2.Body measurements, PERCRA index values and Student’s t-test results of

Raw data; 2: PERCRA; N: number of specimens; SD:

Fersin population. 1:
Standard deviation; SE: Standard error of mean; p<0.05. The other abbreviations of

characters aregiven in Materials and Methods.
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and morphological characters. Summarized statistics and p values from the
raw data, ratios and PERCRA index values are given in Table 2. According
to the Student’s t test, we determined statistical significance difference of
(p<0.05) between males and females in terms of characters from raw data
and by the PERCRA index values (Head Length and Head Width).

Dikmen Population

25 specimens (6 males, 11 females, 8 juvenile) were found in Dik-
men/Akseki region. In this place, specimens were found in walls left over
from ancient settlements. It was hard to reach the specimens inside the
walls, so fieldwork continued into the night to acquire enough specimens for
statistics. The weather was humid and cloudy, temperature of 17°C. Habitat
photos of Dikmen population are given in Figure 7.

Figure 7. Habitat photos from Dikmen and views
of the old walls that sheltered the specimens.

Colouration and Pattern
Males: Background colour is dark brown and there are white spots on the
eyelids, anterior of the parotoids and in the back in a scattered pattern.
Posterior of the parotoids have yellowish spots. Dorsal part of the tail is
light brown and white spots at the limbs continue to the fingertips. No white
striping on lateral parts.
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Females: Yellowish spots are visible posterior of the parotoids. In the
dorsal of the body, there are white spots on a dark brown background col-
our. The dorsal colouration of the tail is light brown. No white striping on
lateral parts.

Juveniles: Yellow spots on the posterior of the parotoids are visible in ju-
veniles. In the dorsal, there are scattered white spots on the head and back
on a dark brown background colouration. Other colour pattern features are
the same as males. Photos of specimens from the Dikmen population are
in Figure 8.

Figure 8. Specimens from Dikmen. a) Adult male b) Adult female c) Juvenile d)
Dorsal view of adult female, adult male and juvenile.

Serological Evaluations

Blood serum proteins of a male and female from Dikmen population were
evaluated by polyacrylamide disc electrophoresis method. Both male and
female blood serum samples were divided into 11 fractions. Nine of them

South west J Hortic Biol Environ (2016)
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were found in the globulin, 1 albumin and 1 pre-albumin (Figure 9).
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Figure 9. Electrophoretic separation of blood serum protein electropherograms and
densitometric curves of the Dikmen population. (OD: optical density. S: Border
between the stacking gel and separating gel. G: Globulin region. PE: Prealbumin.
A: Albumin region).

Body measurements and rate

The Student’s t-test indicated significant differences between the sexes and
morphological characters. Summarized statistics and p values from the raw
data, ratios and PERCRA index values are given in Table 3. According to
the Student’s t-test, we couldn’t determine statistical significance difference
of (p<0.05) between males and females in terms of characters from raw da-
ta and by the PERCRA index values.

Giundogmus (Bayirkéy) Population

The Glndogmus population is 9 km away from Glizelbagd and near the Bay-
irkdy/Takanlar neighborhood. A total of 20 specimens (5 males, 8 females,
7 juveniles) were found in the area. The weather was cloudy, humid, tem-
perature of 17.5°C and the elevation was 710m a.s.l. Habitat photos of the
Glndogmus population are in Figure 10.

South west J Hortic Biol Environ (2016)



Table 3. Body measurements, PERCRA index values and student T-test analyses

results of Dikmen population. 1: Raw data; 2: PERCRA; N: number of specimens;

SD: Standard deviation;

p<0.05. The other

SE: Standard error of mean;

abbreviations of characters aregiven in Materials and Methods.

9000 200 ¥20 10 020 11118008000 ¢c¢00 0C0 SL°0 8L'0 9 | TH/A3AN

2100 900 €v0 820 G0 1 ]¥500|0200 SO0 6¥0 9€0 oo 9 | 1d/Md

1100 ¥00 vS0 90 0s0 L1]9¢€1'0|0L0O0 €00 S50 810 €60 9 | 149l/1lL

¢l00 v0'0 180 890 ¥.0 V121209000 100 ¥.0 040 ¢/0 9 | TH/MH
€l¥'0 ¢60 G6¥ €97¢ 89¢ G ¢ L9dH
9¢€0 G0 I8¢ 8’1l 6¢ G |

6¢0¢ €9 <¢1'99 €28y 899 LI |¥lCc0|€9¥'C €09 €¥99 666y 8609 9 ¢ qH4a

8G0'¢ €89 /8/G 82¢€ €6¥y LI |/250|¥VkL'C 8L'GS v9VS 080y G89%y 9 |

6¥8'0 ¢8¢ 00¢€y L¥cE ¥99€ LI |00V0|099°L LOV G6LEF 180 0€8E 9O ¢ 11

8890 8Z¢C 98¢€€ 19G¢ 888C LIl |12L'0|/60}V 69C 89¢€E [GGZ GE€6C 9 |

L0 9€¢ Ov'ese v.'8C <clce L1 €cl’0|8l0L 6¥V¢C ¥y8E G60E LZ¥e 9 ¢ T4

000 ¢€¢ ¢€l'6c 8€<¢Zc vE€SCc L1 |S.€0|€0L0 22}V Gl'6c LeEye G29C 9 |

87¢'0 ¢80 02§ 00°€ 6Ly L1]9210|¥l€0 LL'O0O 986 v Ly 9 ¢ Md

Ll20 ¢/0 vy 8€¢C LE'C L1 ]90€0|6E€C0 850 <29v VL€ 99¢ 9 |

L0€'0 00'L 60¥L 680l 60CL LI 2080 |G¥9°0 851 LL'¥L 066 O06LL 9 ¢ d

¥61°0 ¥9'0 Ly¥0L 8E8 ¢s'6 L1]2610|S¥C0 090 <266 [44] 606 9 |

6/¢c0 160 <¢/l6L GE€9L GL/LL L1 |O0v80|LL¥FO 2Ol 068L Ov9lL 98/l 9O ¢ MH

¢ee0 0L’k e629F vs¢l LOvWL LL|/SPO|O¥CO0 690 LSvlL LO€EL 0L€L 9 |

9060 89t 969¢ 86l €L¥C LI |8¥E0O|CEY'O Q0L 99GC 96¢C 8.¥C 9 ¢ H

¥G€0 8Lk v¥90C 10ZL LO6L L1 |Z296°0|SS¥0 LLL 120 08/ZL €06L 9 |

€9¢0 /80 0¢€. ST 4 L€9 L1 €8L0|CLL0 ¢v0O 1EL (AR 6.9 9 ¢ a3

/G20 G680 ¥99 vv'e 66 Ll | ¥¥S0|Z6L°0 8¥0 109 €Gy 61 9 |

Geco 8.0 198 88'G 669 LL|000°} 87L'0 9€0 V9L 8G9 669 9 ¢ Ngd

c0c’0 /90 99 0Lv ¢SS 1101909210 €¥0 188G 9.y 8¢S 9 |

80L°0 9¢€0 <¢€9 eV 6.v LL]06L°0 000 6V0 1O'G 98'¢ vy 9 ¢ aaN

8¢l'0 ¢vro Ll'¥ G¢'e 62°¢ 119910/ €610 L¥O <Ly 0L¢C vwe 9 1

S6cy GCvl Ove6LlL 1268 <¢leol LI |cvhl'0|89¢€¥y 0L0L GO'LCL LS'L6 O0LLLL 9 ¢ 1L

996'€ GL'€l 00¥0L 0019 €208 LI |v/.€0|¥68€E ¥56 0066 009.L €8G8 9 |

6G.¢ GL'6 9¥'¢8 9c6v 89¢€L LI |1800|€LEC L9G €698 ¢80L <¢v08 9 ¢ 19

¢6L¢ 9¢6 9/¢. ¢€6/¢ €€89 LI |v¥S€0|.LvE€C GG LE€L. 00VS €819 9 |

S6cy GCvl Ov6lc LL'G8L ¢l'coCc LI |cvhl'0|89€Y 0L0L GO'LcCc LS'L6L 0Ll 9 ¢ 191

88¢’G /8'/l 00'G6L 00°0€L ¢86SL L1 |80.L0|¥cL'S ¢OvlL 00°G8L 009¥L €829l 9 |

¥0l'c 869 0016 0049 606. L1 |2S9°0|€89¢ /LS9 0098 000L 002 9 | vd

s as xen UIN - uesN N d 3s as xXen UIN - UesN N

slewsa 1s9)-1 sle




Table 3. (continued)

G000 ¢00 v¢0 SLo 60 Z1]8000 <200 SZ0 10 020 8 |} 1H/A3N
710’0 900 6v0 82°0 /€0 /LL| €00 Z00 6v0 L€0 00 8 | Td/Md
8000 €00 SS90 9’0 G0 /1| 8200 800 €90 L0 IS0 8 | T49l/1L
8000 €00 180 890 €20 /L[| vI0OO ¥00 €80 10 S0 8 | TH/MH
€El¥'0 260 S6F €9¢ 89¢ G 14 L9dH
9¢€0 G/0 I8¢ 8L 6.¢ G I
809'L €99 ¢€¥99 €28y 9285 Ll | 269G ¢8GL 62v6 GCZEr V09 8 ¢ qH4a
€0S'L 029 /8/G 82€E 009Gy /Ll | 080C 88G €€9€ 9.0C L0/LC 8 |
/6.0 62¢€ 6lL€y 180€ ¢c'le LlL| ¥v8L'y €8LL 9099 0G¢c 6¥vyr 8 ¢ T
¢/S0 9€¢ 98¢€ /L9Ge ¥06Z LlL| 6LV SG¥E€ G0GZ 9C¢SL G/6L 8 |
L19°0 G99C v¥8€ ¥.8C 98¢t LlL| LZ0€E 998 <2999 ¥60€ LL'8E 8 ¢ 14
VIGO0 Zl'¢ SGl'6¢ 8E€<¢Z 9962 /Ll | €SI’V 9C€ vvee SveEL vI'/LL 8 |
¢0c’0 €80 988G 00°€ 6y LL| 1990 /8L €06 GL'€ 8.6 8 ¢ Md
G910 890 <29V 8€C vwe L] 260 ¥S0 O0OL'€ 9L’} GG¢ 8 |1
8820 6L} ZlL'¥L 066 <¢0¢cl LlL| 9060 99¢C¢ <88l ¢cELL <dcvl 8 ¢ 1d
9G1'0 G990 IyolL <ZZ8 /€6 /L] 660 L0V GZ'8 80°G o9 8 |1
€2¢C0 ¢60 <¢L6L GEOL 6L/LL LL|<ceeL vL€ Zl'6c €08L L9LE 8 ¢ MH
6¢¢0 v6'0 629L ¥S¢CL 06€L ZL| S9%0 1€V 9v'LL /08 06 8 |1

19’0 6¥'L 96'9¢ 86l 9€Vve LL| LVl 8LV LL/LE 8SVC 068 8 C H
120 ¢’V 120 L0ZL 206l ZL)| 8€S0 <ZSL v2SlL OLLL 66¢k 8 |
G8L'0 940 L€L ¢y 9¥9 L | 8L¥0 8L'L GE0L €69 9¢8 8 ¢ e
L/1'0 €0 ¥99 '€ 906G /1| G€EL0 80 9€¥ GEC 1Le 8 |
/510 S90 198 88'G 669 /LL| l6¥0 6€1L 9¢LL /89 ¢é8 8 ¢ Ngd
crl’'0 650 ¥99 0Lv ¥S L] OWL'O 6€0 SS¥ ¢C€¢€ e8¢t 8 |
€0L’'0 evo ¢€9 98¢ 89y /L] 9€€0 G660 G8'Z 06t €8'G 8 ¢ aaN
cLll’o 9¥o LLvy 0L¢  19€ LV /ZZ1'0 QS0 V9€ 16} ¥9¢ 8 |
86¢'€ 09'¢€l G0'lclk 1268 06G0L ZlL|OPvCcl 6L'GE G9°/9L €80L 8./0L 8 ¢ 1L
668°Cc S6'LL 00¥0L 0019 €9¢8 /L | €L0S 8L'vl 0089 00¢CE G287 8 |
L/0°Cc LS8 €698 9c6v 909. [LlL| 9.6V v6'¢ClL GE€¢L 68YV9 <CZlL 8 ¢ 11
€86°') 818 9/¢/ €6/.¢ 9965 /Ll | ¥8l¢ 8L'9 €8V ¢€¥iC 68VE 8 |
86C°€ 09'€l G0'lcc 12'G8L 0G'S0C /Ll |OPv ¢l 6L'GE 8S'GeCc 9¢'6GL 8.°.0C 8 ¢ 19l
GE6'€ ¢C’9l 00'G6L 00°0EL 88091 ZL| 6G9'9 €88l 000Ck 00¢. €L'v6 8 |
29V 19 0016 0049 G€8. /L) [€C€ 916 0009 O00¥E 888Gy 8 | vd

3s a xen UIN  UEBSN N | 3S a xew UIN UesN N

Hnpy sjiusanr




Compatrison of Lyciasalamandra atifi populations with description 79
of three new subspecies from Antalya Province

Figure 10. Habitat photos of the Gindogmus population.

Colouration and Pattern

Males: Head and background colour of the males is dark brown and white
spots on the parotoids are visible. Dorsally, white spots continue along the
paravertebral lines until the tail base. On the sides, there are intermittent
white stripes which start under the eye level and continue between the fore
and hind limbs. The background colour continues to the fingertips.

Females: Head and background colour in females contain scattered
white spots on a dark brown colouration. On the sides, intermittent white
stripes start under the eye level and ongoing continue between the fore and
hind limbs. The background colour continues to the fingertips.

Juveniles: Intense and scattered white spots present at the eyelids
around the parotoid glands and yellow spots are visible on the paratoids.
White spots on the body continue intermittently to the fingertips on the dark
brown background colour. Photos of specimens from Gundodmus popula-
tion are given in Figure 11.

Serological Evaluations

Blood serum proteins of a male and female from Gindogmus, were evalu-
ated by the polyacrylamide disc electrophoresis method. Blood serum
samples of the male were divided into 12 protein fractions. 10 of them were
found in globulin and the others are albumin and pre-albumin, female’s
blood serum samples were divided into 13 fractions. There are 11 globulin
and 1 albumin and 1 pre-albumin proteins. Figure 12 shows the electropho-
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Figure 11. Specimens from Giindogmus. a) Adult male b) Adult female

c-d) Juveniles.
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Figure 12. Electrophoretic separation of the Glindogmus population, blood serum
protein electropherograms and densitometric curves. (OD: optical density. S: Bor-
der between the stacking gel and separating gel. G: Globulin region. PE: Prealbu-
min. A: Albumin region).
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Table 4. Body measurements, PERCRA index values and Student’s t-test results of

the Glindodmus population. 1: Raw data; 2: PERCRA; N: number of specimens;

SD: Standard deviation; SE: Standard error of mean; P<0.05. Other abbreviations of

characters aregiven in Materials and Methods.
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retic separation of blood serum proteins of the Gindogmus population.

Body measurements and rates

The Student’s t-test indicated significant differences between the sexes and
morphological characters. Summarized statistics and p values from the raw
data, ratios and PERCRA index values are given in Table 4. According to
the Student’s t-test, we determined statistical significance difference of
(p<0.05) between males and females in terms of characters from raw data
and by the PERCRA index values (Distance between nostrils).

Guzelbag Population

A total of 28 specimens (6 males, 12 females, 10 juveniles) were found in
Glzelbag. The weather was rainy, temperature of 18°C and the elevation
was 829 m a.s.l. The specimens collected from under the white-striped
limestone rocks. The field was smooth open. Habitat photos of the Giizelbag
population are in Figure 13.

Figure 13. Habitat photos of the Glizelbag population.
Habitat destruction is visible on the right-hand photo.

Colouration and Pattern

Males: Background colour is dark brown and there are markedly large white
spots on the head and dorsum, which continue until the fingertips. Yellow
spots are visible at posterior of the parotoids. In the sides, there are frag-
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mented and discontinuous white stripes which start under the eye level and
go on between the fore and hind limbs.

Females: There are white spots at the above the head and yellow ones
posterior of the parotoids. Background colour is dark brown but, unlike
males, white spots are smaller and less in number. On the sides, there are
intermittent white stripes which start under the eye level and continue be-
tween the fore and hind limbs.

Juveniles: There are yellow spots at the posterior of the eyelids and the
parotoids. Numerous scattered white spots on dark brown background col-
our continue to the fingertips. Photos of specimens from the Giizelbag
population are in Figure 14.

Figure 14. Specimens from Giizelbag a) Adult male b) Adult female
c) Juvenile d) View of an adult female, adult male and a juvenile.

Serological Evaluations
Blood serum proteins of a male and female from Glizelbad population,
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were evaluated by the polyacrylamide disc electrophoresis method. Both
male and female blood samples were divided into 11 fractions, 9 of them
were found in the globulin zone, 1 albumin and 1 pre-albumin proteins. Fig-
ure 15 shows the electrophoretic separation of blood serum proteins.
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Figure 15. Electrophoretic separation of the blood serum protein electrophero-
grams and densitometric curves of the Glzelbag population. (OD: optical density.
S: Border between the stacking gel and separating gel. G: Globulin region. PE:
Prealbumin. A: Albumin region.

Body measurements and rates

The Student’s t-test indicated significant differences between the sexes and
morphological characters. Summarized statistics and p values from the raw
data, ratios and PERCRA index values are given in Table 5. According to
the Student’s t-test, we could not determine statistical significance differ-
ence of (p<0.05) between males and females in terms of characters from
raw data and by the PERCRA index values.

Tirbelinaz Population

30 specimens (7 males, 16 females, 7 juveniles) were found in Turbelinaz.
They were found beneath the limestones when the weather was sunny and
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Table 5. Body measurements, PERCRA index values and Student’s t-test results of

Guzelbag population. 1: Raw data; 2: PERCRA; N: number of specimens; SD:
Standard deviation; SE: Standard error of mean; p<0.05. The other abbreviations of

characters are given in Materials and Methods.
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clear. Habitat photos of Turbelinaz population are given in Figure 16.

Figure 16. Habitat photos of Turbelinaz population from Turbelinaz/Alanya.

Colouration and Pattern
Males: Yellow spots are visible at the eyelids and posterior of the parotoids.
There are white spots in rows extending to the base of the tail on the dor-
sum. A continues white stripe is available between the fore and hind limbs.

Females: There are yellow spots on the head and posterior of the paro-
toids. Scattered white spots are commonly seen on the dorsal surface, on a
dark brown background colour. Colour of limbs and the lateral stripes are
as in males

Juveniles: Yellow spots on the parotoids and scattered white spots on
the eyelids are seen. Other details the same as those adult populations on
a dark brown background colour. Dorsal section of the tail is covered with
the yellow spots and continues to fingertips. Photos of specimens from the
Tlrbelinaz population are in Figure 17.

Serological Evaluations

Blood serum proteins of a male and female from Tirbelinaz, were evalu-
ated by polyacrylamide disc electrophoresis method. Blood serum sample
of male was divided into 12 fractions. 10 of them were found in the globulin
zone, others are albumin and pre-albumin. Female’s blood serum sample
was divided into 11 protein fractions. There are 9 globulin and 1 albumin
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Figure 17. Specimens from Tirbelinaz. a) Adult male b) Adult female
¢) Juvenile d) Dorsal view of adult female, adult male and juvenile.
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Figure 18. Electrophoretic separation of blood serum protein electropherograms
and densitometric curves of the Turbelinaz population (OD: optical density. S:
Border between the stacking gel and separating gel. G: Globulin region. PE:
Prealbumin. A: Albumin region).
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Table 6. Body measurements, PERCRA index values and Student’s t-test results of

Tilrbelinaz population. 1: Raw data; 2: PERCRA; N: number of specimens; SD:
Standard deviation; SE: Standard error of mean; p<0.05. The other abbreviations of

characters are given in Materials and Methods.

8000 €00 920 clo ZL'0 91 ]GLL'0| 2000 200 12O SL°0 610 Z | TH/A3AN
2100 200 #v¥0 [440) G0 91 |6¥C0|¥C00 900 €¥0 €20 €0 /2 I Td/Md
G000 ¢00 €90 ¥'0 87’0 91 |€€0°0|9000 200 ¢S50 Lv'0 0s0 Z | 19l/1lL
2100 200 /60 890 ¥.0 91]G€20|6100 SO0 980 040 420 /L V TH/MH
vi¥'0 60l 0€'S 08’1 g0e L ¢ L9dH
2/€0 00V 19v  6v') vse L )
oL8'L 8¥.L G2'€9 /LG98E L1CG 9l |€2E0|L6LV GL'y ¢2c9 VT'Ly GC29G L ¢ H4a
098'L €2/L V19§ €L'GE 1G¢y 9l |2h00 | veS'L €0y <20'LS /[90¥ Svoy L |
0890 6/¢C LLOyY 6.6¢ LS¥PE 9L G990 |v6€0 +vO'L GL9E€E 69€E I8VE L C 1H
0680 9¥'c LI'vE [LZ'€c [9/C 91 |G€L'0|64L0 90¢C GS0E€E <2SvZ 0882 L )
LLE0 6¥L GL¢E ¢S/ LE0E 91 | ¢€00| G050 ¥E'L €TPE GEOE 86'LE L ¢ T4
0¥9'0 6¥'¢ <2082 8L'0C ¥O0O¥Z 9l |2000)|S9v'0 €21 208 80VZ Lv9C L |}
00¢'0 ¢80 0¢€¢S 65°¢C 00y 9L |1l9L0|vlE0 €80 68Y G9¢C .G€ L ¢ Md
6Zl'0 050 /LI'¥y L0¢C 60€ 9l |€1G0|2¢C0 090 O¥ ZLZ¢ €6¢ L |}
08L'0 8.0 09€l 6v0lL 691L 9l |€8E0 (V90 €21 60€L L68 O¥VLL L C d
0€¢0 060 ¢€1LL 018 16 91 199€0|60€0 ¢80 ¢c0L 89/ ove L |
oleo ect ¢€l'le 166Gl ZG/ZL 9L |9GL°0|v0€0 080 96/LL 89GL VOLL L C MH
oLeo 6L L Z¥Sk 9L'¢L ¢l€lL 91 G/1°0)|2E€C0 €90 99vL L0€L L0OWL L )
Y860 ¢¥'¢ G/l'/c €€/l 19€¢ 918000 ccc0 G80 Lvec 890C Llce L ¢ 1
0660 0€¢ 6¢¢¢ €.¥L ¢98lL 91|1560|/€6€0 +¥0'L 186l 9691 /228l L |
01’0 €0 9c8 196 G669 91|66.0|G¥€0 L60 8€Q 09 89 L ¢ as
010 890 989 6’y /€6 91 ]0¢€0|S0€0 180 ¥6'9 9%y 99§ L |
80Cc0 €80 €./ 86V 8¢9 91|¢66'0/08C0 ¥.0 G9L 8Y'G 099 /L ¢ Ngd
0€L’'0 ¢S50 999 9g'e 96y 91 |8¢L'0|L¥C0 ¥9°0 LG9 69v S¥Ss L |
0610 6.0 ¢89 9/'¢ ey 91 6L20|/991°0 vw0 8SY  6E¢C Sty L ¢ aaN
€510 190 8l'¥ Ic¢ GZ'¢ 91 |62L'0|ZEL0 9€0 V6'C 06°¢ e L )
0eS'¢c Sv'0L 00GLL 8/./. G668 9l | 0rV00 €S€C €29 ¢€.L0L €268 0€66 L C 1L
0c6'c €Ll 00¢6 0045 000L 91/9000)2/0C 05G 0088 00¥.L ¢0¢C8 L |
09¥'L <¢09 9008 0019 [90L 91|./00(|8€CL 82€ 698L 0989 €LV, L ¢C 19
098} gL 69¢. €.y 8.¥S 91200021V CL'€ 6LV9 <¢C98 €19 L |}
0€G'¢ Sv'0lL 00GlLc 8L'//1 G6'68L 9l |OV00|€SEC €29 ¢€.L0C €268l 0€66L L ¢ 19l
0€l’'G €661 00G8L 00°GClL 9G°/¥L 9l |9L0°0|9€EC'EC €88 00CLL 00ZvL L2¥9L L |
0ls¢ G6/6 0046 0029 9G// 916800882V €.F¥ 0048 00¢C. 0.¢8 L |} vy
3s das 's¥eN  UIN  uesN N d dS dS 'SYeN CUIN  uesiN N
159}
slewsa -1 oIen




Table 6. (continued)

9000 €00 9¢0 42 8,0 €2|100 €00 ScC0 10 0 Z | TH/A3N
¥100 Z00 v¥0 [44) ¥€'0 €¢|/2100 S00 Ov0 8¢°0 9¢0 /2 | Td/Md
G000 ¢O00 €S0 144 8’0 €¢|vl00 +¥00 0G0 0v'0 S¥0 /2 L 79111
€00 900 /60 890 G0 €¢|¥¢00 900 ¢80 €90 620 /L | TH/MH
viv'0 60'L 0€S 08l goe 2L 14 19dH
£/€0 00V 9% 6¥l vee 1L I
vve'L L6'G GL'€9 /LG8E 6.€S €C|0L¥VL €0V LSVYS €L'Sy ¢vlS L ¢ qH4a
06€L ¢S99 ¥lL'9G €1'GE ¢8'¢h €2|989'L 9v'vy Lyv¥E €GEC €96C L L
Svv'0 vl'¢c 1.0y 6.6¢ 09vE €C|0cL0 90¢ G6.€ ¢¢ce 90SGe L ¢ 1H
0990 90€¢ LL'vE [LZ€ ¥0'8C €C|¥6L0 OL'Cc +v0€ 1¢'LL €20C L )
6¢€0 8G'L €¢vE <¢G/lc ¢80€ €¢|08¥0 LEL G6¢CE 89/LC VEOE L ¢ 14
0lG0 I¥c /L08C 8L'0C €8%C €C|S€L0 ¥6'L €60¢ v6vlL L1621 L )
041'0 €80 0€9 6G°C /8¢ €2/09¢°0 0.0 696G 69°¢ 6y L ¢ Md
60L'0 ¢s0 /LIy L0¢C ¥0'€ €2/991°0 v¥0 0€€ S0°¢ 8¢ L |}
80¢'0 00V 09¢€L 168 091l €2]/0cC0 +v90 LEVL LSLL LCZ€L L ¢ d
G610 v6'0 <¢€LL 89/ /26 €2 |v/.1'0 9¥0 0€'8 69 19,2 L}
¥G¢'0 ¢¢'tV ¢€l'le 89GL Lyl €2|0¢¥0 0C'L L00C LE€9L 898l L C MH
¥9¢'0 92’V L¥'SlL 9l¢L 68€lL €040 /80 /S¢L <¢/6 960 L |}
GG¥'0 8l'¢c G/l/¢ €Ll 0c€C €C|0LL'0 6¥0 L09C GL0C €6VC L ¢C H
¢Sv'0 L' 6¢¢c¢ €LVl v¥98L €2]0€€0 90°L L9k 122 09VL L )
6Gl'0 G0 8€8 19°G 169 €2|0S€0 660 196 G0'. v6'L L ¢ a3
6510 90 ¥6'9 6vy 099 €2|0vl'0 G¥'0 8¥S €6°€ 6SY L |
G910 60 €L/ o'y G¥9 €2|06L0 GG'0 8C'8 099 oL, L ¢ Ngd
¢¢l’'0 690 /S99 ¢k’ 02S €2|0€EL0 O¥0 69V 9€€ 8l'y L |
0610 690 ¢89S 9.7¢C 6Ly €2|082°0 ¢.0 <209 6Ly 8y L ¢ aaN
ZLl'0 990 8I'¥ I1¢¢ L2€ €2]091°0 1S0 9¢€ €v'e SL¢ L}
0L0'¢ 9101 00'GLL 8L99 <¢0€6 €C|0€L€ C90L ¢81l0L €989 ¥6'98 L ¢ 10
ovec'¢ ¥S°0L 00¢6 8L/.9 909. €C|0v€EC v¥'. 00/.G 00GE E€veyr L |
0GL'L ¢9¢ 9008 09/.9 081L €|0290 8.1 veEVY. 6069 LSLL L C 1
Ol¥'L 099 69¢. €Ly L1'8G €209l 0L€ L6€y 0C'LE 850V L |
0£0'¢ 910l 00'GLZ 8L'99L ¢O'€6l €C|0cL'€ C90L ¢810C €989l 698l L ¢ 19l
008'C €821 0098L 009ZL 8€9SL €2|095°€ CE€LL 00'GLL 0098 +v1'90L L |
008} 9¥'8 2'/6 /LL1'/9 <CE€08 €C|0€81L €8S 00¢9 O001LS 1299 /L | vd
ES) dS 'S¥eN UIN  uesN N | IS ds 's¥eN  UlIN  uesiN N

Hnpy s|lusAnf




92 Oguz, M.A. et al.

and 1 pre-albumin proteins. Figure 18 shows the electrophoretic separation
of blood serum proteins of Turbelinaz population.

Body measurements and rates

The Student’s t-test indicated significant differences between the sexes and
morphological characters. Summarized statistics and p values from the raw
data, ratios and PERCRA index values are given in Table 6. The abbrevia-
tions are provided in the Materials and Methods section. According to the
Student’s t-test, we determined statistical significance difference of (p<0.05)
between males and females in terms of characters from raw data and by
the PERCRA index values (TBL, LT, TL, HL, FLL, DFHL and TL/TBL).

Cebireis Population

On Cebireis Mountain, near the Yalcl village, Kaplanhani plateau, Dim river
and Kusyuvasi region, we found 40 specimens (6 males, 11 females, 23 ju-
veniles). Cebireis Mountain has the largest distribution of Lyciasalamandra
atifi among other populations. This population was described as Lyciasala-
mandra atifi bayrami by Yildiz and Akman in 2015. We also applied sero-
logical comparison and statistics to facilitate the differences among the
populations.

Colouration and Pattern

Males: There are yellow spots on the posterior of the parotoids and con-
tinuous white spots are visible on paravertebral lines until the base of the
tail. An uninterrupted white stripe starts from the eyes level and continues
between the fore and hind limbs at lateral sides. The background colour is
dark grey but the dorsal aspect of the tail is dark brown.

Females: The dorsal sides of the head and the back shows grayish dark
brown colouration and there are no white spots on the dorsal surface. An
uninterrupted white stripe at the lateral sides, and the tail colouration is sim-
ilar to male specimens. Yellow spots are visible posterior of the parotoids.

Juveniles: Posterior of the eyelids and parotoids have yellow spots and
there is an intense speckling of white spots on the entire body. The back-
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ground colour is dark brown and yellow spots can be seen on the dorsal
surface and the tail. Photos of specimens from Cebireis population are giv-
en in Figure 19.

Figure 19. Specimens from Cebireis. a) Adult male b) Adult female
c) Juvenile d) Dorsal view of adult female, juvenile and adult male.

Serological Evaluations

Blood serum proteins of a male and female from Cebireis population were
evaluated by the polyacrylamide disc electrophoresis by Yildiz and Akman,
2015. We put the same graphic to compare with the others. Both male and
female blood samples were divided into 12 fractions. 10 of them were found
in the globulin, 1 albumin and 1 pre-albumin proteins. Figure 20 shows the
electrophoretic separation of blood serum proteins.

Body measurements and rates
The Student’s t-test indicated significant differences between the sexes and
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Figure 20. Electrophoretic separation of blood serum protein electropherograms
and densitometric curves of the Cebireis population. (OD: optical density. S: Bor-
der between the stacking gel and separating gel. G: Globulin region. PE: Preal-
bumin. A: Albumin region) (From Yildiz and Akman, 2015).

morphological characters. Summarized statistics and P values from the raw
data, ratios and PERCRA index values are given in Table 7. The abbrevia-
tions are provided in the Materials and Methods section. According to the
Student’s t-test, we determined statistical significance difference of (p<0.05)
between males and females in terms of characters from raw data and by
the PERCRA index values (RA, TBL, LT, DBN, HW and HLL).

Gazipasa Population

31 (9 males, 12 females and 10 juveniles) specimens were found during
fieldwork in Gazipasa. Arbutus ardachne (the Greek strawberry tree) is
abundant at the area, and specimens shelter under limestone slabs at the
moisture-holding roots of the trees. Three localities were found by Go¢gmen
et al. 2013 (Karagukur, Cighk, Gircam) and three new localities were found
during our excursion in April 2015. The localities are Dagliblik mevkii
(Cakmak - Corus village road), Kuglkli village and llica village; during
search the weather was cloudy and temperature was 18°C. Habitat photos

South west J Hortic Biol Environ (2016)



Table 7. Body measurements, PERCRA index values and Student’s t-test results of

Raw data; 2: PERCRA; N: number of specimens; SD:

Cebireis population. 1:

Standard deviation; SE: Standard error of mean; p<0.05. The other abbreviations of

characters are given in Materials and Methods.
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of the Gazipasa population from Daglibik mevkii and Gurgam are in Figure
21, Kucgikli and Ihca village are in Figure 22. This population was de-
scribed as Lyciasalamandra atifi oezi by Tok et al. (2016).

Figure 21. Habitat photos of Daslibik in left-hand and Girgam where Arbutus
ardachne (the Greek strawberry tree) plants are visible, alongside moisture-
retaining limestone slabs in right-hand photo.

Figure 22. Habitat photos from Kiigiiklii and Ilica village respectively.

Colouration and Pattern
Males: The background colour is dark brown and there are no white spots
on the dorsal surface of the head, but white spots exist along the paraver-
tebral lines until the base of the tail. An uninterrupted white stripe starts
from the eye level and continues between the fore and hind limbs at lateral
sides.

Females: The background colouration is completely dark brown and

South west J Hortic Biol Environ (2016)
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there are no white spots on the dorsal surface of the body. As in the adult
males, the white stripe, starts at the eye level continues between the fore
and hind limbs.

Juveniles: The dorsal aspect of the head and body have a large amount
of white spots, but there is no yellowish colouration on the parotoids. The
white stripes between the fore and hind limbs exist as in the males and fe-
males, and the white spot on the dorsal surface of the body continues until
the tail tip. Photos of specimens from the Gazipasa population are in Figure
23.

Figure 23. Specimens from Gazipasa. a) Adult male b) Adult female
c¢) Juvenile d) Dorsal head view of a juvenile.

Serological Evaluations

Blood serum proteins of a male and female from Gazipasa population were
evaluated by the polyacrylamide disc electrophoresis method. Both male and
female blood samples were divided into 13 fractions. 11 of them were found
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in the globulin, 1 albumin and 1 pre-albumin proteins. Figure 24 shows the
electrophoretic separation of blood serum proteins.
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Figure 24. Electrophoretic separation of blood serum protein electropherograms and
densitometric curves of the Gazipasa population. (OD: optical density. S: Border
between the stacking gel and separating gel. G: Globulin region. PE: Prealbumin.
A: Albumin region).

Body measurements and rates

The Student’s t-test indicated significant differences between the sexes and
morphological characters. Summarized statistics and p values from the raw
data, ratios and PERCRA index values are given in Table 8. According to
the Student’s t-test, we determined statistical significance difference of
(p<0.05) between males and females in terms of characters from raw data
and by the PERCRA index values (Parotoid length and Parotoid width).

Analysis of variance (ANOVA) has been performed using the raw data of all
populations of mature individuals (Table 9). Significant differences (p<0,05)
were found and discriminant analysis graphics were provided. (Table 10,
Figures 25-27) According to ANOVA results, TBL, TL, NED, HL, PL, FLL,
and DFHL characters were stated as different in males. NED and HW
characters were stated as different in females.

South west J Hortic Biol Environ (2016)



Table 8. Body measurements, PERCRA index values and Student’s t-test results of

Gazipasa population. 1: Raw data; 2: PERCRA; N: number of specimens; SD:
Standard deviation; SE: Standard error of mean; p<0.05. The other abbreviations of

characters are given in Materials and Methods.
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As a result of discriminant analysis of males, the distinction was done in
two steps according to TL and NED/HL. In females, the distinction was also
done in two steps according to NED and TL/TBL. When we look at the dis-
tinctions among all populations, we can see that the distinction was per-
formed in four steps according to the TBL, NED/HL, ED and PW/PL charac-
ters.

Table 9. Results of One-way analysis of variance of all populations (ANOVA) (df:
degrees of freedom, F: table values, P: significance level).

Males df F  Sig. Females df F P Adults df F Sig.
RA 7 0.86 0.54 RA 7 124 029 RA 7 0.92 0.50
TBL 7 271 0.02 TBL 7 274[0.01 TBL 7 6.31.0.00
LT 7 1.03 042 LT 7 132 025 LT 7 1.18 0.32
TL 7 18.21/0.00 TL 7 441[0.00 TL 7 8.91/0.00
NED 7 2.30 [0.04 NED 7 3.9210.00 NED 7 5.15[0.00
DBN 7 1.02 0.43 DBN 7 3.02/0.01 DBN 7 2.290.03
ED 7 090 0.52 ED 7 158 0.15 ED 7 1.81 0.09
HL 7 6.28 [0.00 HL 7 2.83[0.01 HL 7 5.1210.00
HW 7 182 0.10 HW 7 250[(0.02 HW 7 3.80/0.00
PL 7 3.41 0.00 PL 7 2.36/0.08 PL 7 4.600.00
PW 7 162 015 PW 7 148 0.18 PW 7 2.790.01
FLL 7 6.49 0.00 FLL 7 3.4410.00 FLL 7 5.43/0.00
HLL 7 591 000 HLL 7 2.30/0.08 HLL 7 5.66[0.00
DFHL 7 3.48 [0.00 DFHL 7 257/0.02 DFHL 7 4.89/0.00
HWMHL 7 066 071 HWMHL 7 22110.04 HW/HL 7 2.03 0.06
TL/TBL 7 256 [0.02 TL/TBL 7 4.76,0.00 TL/TBL 7 4.46[0.00
PW/PL 7 1.94 0.08 PW/PL 7 1.08 0.39 PW/PL 7 2.54/0.02
NED/HL 7 4.88 [0.00] NED/HL 7 2.500.02 NED/HL 7 6.010.00

Lyciasalamandra atifi godmanni n. ssp.

Holotype and type locality. ZMADYU 2013/18-6, male, collected by Bayram
GOCMEN, M. ANIL & Onur OGUZ on April 15, 2013 in Selge, Antalya, Turkey,
482 m. a.s.l.

Paratypes: ZMADYU 2012/19: 1-8, 2 males, 1 female, 5 juveniles collected
by B. GOCMEN, B. AKMAN on March 2, 2012; 2013/18: 1-5, 7-18, 9 males,
11 females, 4 juveniles collected by B. GOCMEN, M. A. & O. OGUZ on April
15, 2013 in Selge, Antalya, Turkey, 482 m. a.s.l.
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Figure 25. Discriminant (Distinction) distribution of males of all populations in
the analysis. (1: Selge, 2: Fersin, 3: Dikmen, 4: Guzelbag, 5: Giindogmus,
6: Cebireis, 7: Turbelinaz, 8: Gazipasa).

Diagnosis: Individuals of the Selge population have reddish dark brown
ground colouration. The white stripes begin under the eye line on lateral sides
and last until the fore limbs uninterruptedly. So, the individuals of the Selge are
different from the other populations because of these morphological features.
The population’s serological results are different from the others as well (Fig-
ure 3).

Etymology: This subspecies is dedicated to Mr. Olaf GODMANN, who sig-
nificantly contributed to Lyciasalamandra studies in Turkey.

Description of the ho/otype: Total bOdy Iength 148 mm [10089 Percra],
tail length 71 mm [108.54 Percra]. Eyes big, eye diameter 6.43 mm [4.38
Percra]. Head length and head with 15.92 and 17.75 mm, respectively
[20.70 and 12.10 Percra]. Parotoids distinct, parotoid length 12.42 mm
[8.46 Percra] and parotoid width 8.85 mm [6.03 Percra]. Hind limb longer
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Figure 26. Discriminant (Distinction) distribution of females of all populations
in the analysis. (1: Selge, 2: Fersin, 3: Dikmen, 4: Guzelbag, 5: Gundog-
mus, 6: Cebireis, 7: Tlrbelinaz, 8: Gazipasa).

than fore limb, hind limb length 23.77 [16.20 Percra], fore limb length
24.2mm [16.49 Percra]. Nostril to eye distance 3.28 mm [2.23 Percra], dis-
tance between nostrils 5.43 mm [3.70 Percra]. Ratios HW/HL, TL/TBL, PW/
PL and NED/HL are 1.11, 0.70, 0.71 and 0.21, respectively.

Paratypes and variations: Thirty one more specimens collected from
Selge were designated as paratypes. Three of eleven males do not have
any white spot on the dorsum. In females, two of ten specimens have red-
dish colouration in both dorsal and ventral sides of the tail and we did not
came across the variations among juveniles. All the specimens has the
same white stripe patterns on lateral sides.

Habitat and ecology: Specimens in the Selge population were found on
a steep slope with high vegetation (Figure 1). The weather was humid and
cloudy, it was noon and temperature was 19.7 °C. They inhabit the edge of a
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Figure 27. Discriminant (Distinction) distribution of mature specimens of all
populations in the analysis. (1: Selge, 2: Fersin 3: Dikmen, 4: Guzelbag, 5:
Gundogmus, 6: Cebireis, 7: Tlrbelinaz, 8: Gazipasa).

steep slope at an elevation of 482 a.s.l.

Lyciasalamandra atifi veithi n. ssp.
Holotype and type locality. ZMADYU 2013/20-1, male, collected by Bayram

GOCMEN, M. ANIL& Onur OGUZ on March 16, 2013 in Dikmen village, Ak-
seki, Antalya, Turkey, 889 m a.s.l.

Paratypes: ZMADYU 2012/17: 1-8, 4 females, 4 juveniles collected by B.
GOCMEN, B. AKMAN, N. iGCI, M. VEITH, O. GODMANN on March 8, 2012;
2012/45: 1-2, 1 male, 1 female collected by B. GOCMEN, B. AKMAN on April
11, 2012; 2013/20: 2-15, 4 males, 6 female, 4 juveniles collected by B.
GOCMEN, M. A. & O. OGUZ on March 16, 2013 in Dikmen village, Akseki,
Antalya, Turkey, 889 m. a.s.l.

Diagnosis: In Dikmen population, dark brown ground colour and reddish
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fleshy coloured ventral part combine on lateral sides of the body uninter-
ruptedly and there are numerous small white spots and no uninterrupted
white stripes on lateral sides. With the longest mean total length and ab-
sence of the white stripes on lateral sides, this population is different from
the others.

Etymology: The subspecific epithet veithi is derived from Prof. Dr. Michael
VEITH who made valuable contributions to the studies on Lyciasalamandra
species in Turkey.

Description of the holotype: Total body length 153 mm [188.88 Percral],

tail length 72 mm [92.21 Percra]. Eyes big, eye diameter 5.30 mm [6.54
Percra]. Head flat, head length and head with 17.32 and 12.68 mm, respec-
tively [21.38and 15.65 Percra]. Parotoids distinct, parotoid length 9.62 mm
[11.87 Percra] and parotoid width 2.88 mm [3.55 Percra]. Hind limb longer
than fore limb, hind limb length 26.78 [33.06 Percra], fore limb length
23.17mm [28.60 Percra]. Nostril to eye distance 3.31 mm [4.08 Percra], dis-
tance between nostrils 4.48 mm [5.53 Percra]. Ratios HW/HL, TL/TBL, PW/
PL and NED/HL are 0.73, 0.47, 0.29 and 0.19, respectively.

Paratypes and variations: Twenty four more species collected from Dik-
men were designated as paratypes. One of the five males has light brown
tail colouration regarding the other males and three of eleven females has
light brown tail colouration regarding the other ones. In juveniles, yellow
spots on the posterior of the parotoids are visible and in the dorsal side,
there are numerous white spots on the head and dorsum. We could not en-
counter any variation among the juveniles.

Habitat and ecology: Specimens were found sheltering inside walls left
over from ancient settlements. It was hard to reach them because of the
continuing walls to underground. So, we could reach some of them by dig-
ging the mud which exist next to walls. The weather was humid and cloudy
at a temperature of 17°C. The vegetation was thin and there were not much
trees around (Figure 7). We observed that they shelter almost underground
and they were very fearful against humans regarding to other populations.

Lyciasalamandra atifi kunti n. ssp.
Holotype and type locality. ZMADYU 2012/46-7, female, collected by Bayram
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GOCMEN, Bahadir AKMAN on April 12, 2012 in Glzelbag, Turkey, 829 m.
as.l

Paratypes: ZMADYU 2012/46 1-6, 8-11, 6 females, 4 juveniles collected by
B. GOCMEN, B. AKMAN on April 11, 2012; ZMADYU 2012/47: 1-9, 5 males, 3
females, 1 juvenile collected by B. GOCMEN, B. AKMAN on April 12, 2012;
ZMADYU/2013-23: 1-8, 1 male, 3 females, 4 juveniles collected by B.
GOCMEN, M. A. OGUZ on March 16, 2013 in Giizelbag, Antalya, Turkey, 829
m. a.s.l.

Diagnosis: There are markedly large and very intense white spots on the
head and dorsum in both males and females. In the sides, there are frag-
mented and discontinuous white stripes which start under the eye level and
go on between the fore and hind limbs. Sexes have also different pattern.
Unlike males, white spots are smaller and less in number in females re-
garding the males. But nevertheless bigger then the other populations.

Etymology: This subspecies is dedicated to Kadir Boga¢g KUNT who is an
arachnologist in Turkey and contributed to science with valuable researches.

Description of the holotype: Total body length 110 mm [183.33 Percral],

tail length 50 mm [83.33 Percra]. Eyes big, eye diameter 5.10 mm [8.50
Percra]. Head at, head length and head with 15.11 and 11.54 mm, respec-
tively [25.18and 19.23 Percra)]. Parotoids distinct, parotoid length 7.36mm
[12.26 Percra] and parotoid width 2.56 mm [4.26 Percra]. Hind limb longer
than fore limb, hind limb length 23.008 [38.46 Percra], fore limb length
20.01mm [33.50 Percra]. Nostril to eye distance 2.87 mm [4.78 Percra], dis-
tance between nostrils 4.01 mm [6.68 Percra]. Ratios HW/HL, TL/TBL,
PW/PL and NED/HL are 0.76, 0.45, 0.34 and 0.19, respectively.

Paratypes and variations: Twenty seven more specimens collected from
the Glzelbag were designated as paratypes. There are intense and mark-
edly large white spots on the head and dorsum on both males and females.
This situation similar with juveniles but two of ten juveniles have yellow
flecks on the dorsal side of the tail instead of the dark brown colouration.

Habitat and ecology: The specimens in Guzelbag population were found
under white-striped limestone rocks and smooth open area. The weather
was rainy, temperature of 18°C and elevation was 829 m. a.s.l. The vegeta-
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tion is low and there are not trees around the field (Figure 13). White stripes
on the rocks look like similar with the specimens’ intense white spots.

DISCUSSION

Among the eight isolated populations, this study describes three new sub-
species of Lyciasalamandra atifi from Selge, Dikmen and Glzelbag region
in Antalya regarding morphology and serology.

Yildiz & Akman (2015) reported that the mean body length value of the
subspecies bayrami is 136 mm (range: 102-171 mm) and Tok et al. (2016)
also reported the mean body length of subspecies oezi is 139 mm (range:
127-154). These two values are close to each other and lower then the
previous studies [158 mm (range: 134-176 mm) by Basoglu (1967); 161
mm (range: 134-181 mm) by Baran & Uclincii (1994); 141 mm (range: 105-
164 mm) by Oz et al. (2004)]. We stated the mean body length value of the
new subspecies godmanni n. ssp. is 142 mm (125-159). This value is high-
er then the subspecies bayrami and oezi as well. The mean body length
value of the new subspecies veithi n. ssp. in Dikmen village is different from
the other total body length values. It was calculated as 160 mm (range:
130-195 mm). Basoglu & Baran (1977) calculated the largest specimen as
181 mm. According to these results, with 195 mm total body length, we
have encountered the biggest adult specimens so far (Table 3). The third
new subspecies kunti n. ssp. in Gizelbag was calculated as 146 mm
(range:127-165) and this value is bigger than the subspecies both bayrami
and oezi as well (Table 5). Thus, Dikmen population has the biggest mean
of total body length value among all L. atifi populations.

Lyciasalamandra atifi has the largest range among other Lyciasalamandra
species. The distribution of species was extended 75 km through eastern part
of Gazipasa and reported 1400 m above sea level in Cebireis mountain (Ak-
man et al. 2011; Gdgmen et al. 2013). According to Gebhard et al. (1990), L.
atifi is exist around Manavgat stream. We made two different excursions to
that location in November 2013, but we couldn’t success to find any speci-
mens.
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Gogmen et al. (2013) mentioned that the individuals of Gazipasa popula-
tions show some morphometric differences. They say that the specimens
from around Gazipasa, including juveniles, do not have yellow colouration
and further research is required in order to clarify their taxonomic status. Al-
though this study finished in 2015 as a Master Thesis by mentioning mor-
phology, serology and statistics differences of Gazipasa population and it
was about to be published, this population was described as Lyciasala-
mandra atifi oezi by Tok et al. (2016) regarding to colour pattern. During our
excursion, we noted that the specimens from Gazipasa region where hiding
under limestone slabs near the roots of Arbutus ardachne (Greek straw-
berry tree) plants, which retain water abundantly as well.

The Dikmen population was reported for the first time by Basoglu & Baran
(1977). According to their investigation, this population was similar in morphol-
ogy with the type locality. But we found that the Dikmen population is not com-
patible with the type locality because of the absence of lateral stripes on the
sides. Individuals in the Dikmen population are also extremely fearful of hu-
mans when compared with the individuals of other populations. Furthermore,
Fersin, Glindogmus and Turbelinaz populations fit properly to the diagnostic
features of the description of Lyciasalamandra atifi (Basoglu 1967). Among all
populations, reddish dark brown colouration is visible in Selge population re-
garding the others’ colour pattern and the white stripes on lateral sides are only
visible uninterruptedly in the Selge population. So, we named the Selge popu-
lation as Lyciasalamandra atifi godmanni n. ssp.

We stated the Dikmen population as Lyciasalamandra atifi veithi n. ssp. es-
pecially because of the absence of the white stripes on lateral sides, being iso-
lated from the others, having serological differences and mentioned mor-
phomectric features on this study. Glizelbag population was also recorded for
the first time by Gé¢gmen et al. (2013) and they say that Glzelbag populations
show some morphometric differences by being much more white-spotted than
any other known L. atifi populations. There are big, with very intensive white
spots on the surfaces of individuals. Our study results agree with them and we
named the Glizelbag population as Lyciasalamandra atifi kunti n. ssp.

As we can see the results of ANOVA and disciriminant analysis, almost
all the populations were calculated as different acording to statistics (Table
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10, 11, 12). But we applied serology techniques to be sure the distinction

degrees among the populations as well. Electropherograms and densitomet-
ric curves of blood samples were taken from two males and two females per
population and compared with each other. Equal amounts of albumin and pre-
albumin proteins were defined as one fraction in all the populations. It was ob-
served that the males in Selge, Fersin, Glindogmus, Turbelinaz and Lyci-
asalamandra atifi bayrami populations’ globulin areas were divided into 10
fractions. However, the males of the new subspecies veithi n. ssp. from Dik-
men and kunti n. ssp. from Guizelbad populations were divided into 9 fractions
at the globulin areas. Globulin areas in females of the Fersin, the new subspe-
cies veithi and kunti n. ssp. and Turbelinaz populations were divided into 9
fractions. Globulin areas in females of the new subspecies godmanni n. ssp.
from Selge and L. atifi bayrami populations were divided into 10. In the fe-
males of Glindogmus and L. atifi oezi populations’ globulin areas were divided
into 11 fractions. Furthermore, unlike other populations, the greatest fraction
number in globulin areas was observed in the Lyciasalamandra atifi oezi popu-
lation for the first time. Males and females both had 11 fractions at globulin ar-
eas.

Veith et al. (2008) also showed that the Selge population has different hap-
lotypes among the Lyciasalamandra atifi populations. It was determined that
except of the Fersin, Gindogmus and Turbelinaz populations, the other Lyci-
asalamandra atifi populations which are isolated in different habitats, are not
compatible with the diagnostic characteristics of the species description given
by Basoglu (1967). The distribution of these isolated populations is in an area
about 190 km from Selge to Gazipasa. Accordingly, it was determined that the
some isolated populations in the distribution area are different from each other
in morphological, colour-pattern and serological aspects. Examination of the
blood-serum protein analysis shows that they are different, and populations
with equal numbers of blood serum proteins appear to be incompatible among
each other in terms of colour-pattern characteristics. There are also differences
among them in terms of measurements and ratios in statistics. Thus, the taxo-
nomic status of each population was reassessed and revealed that three new
subspecies (L. atifi godmanni n. ssp., L. atifi veithi n. ssp. and L. atifi kunti n.
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ssp.) had to be established. However, the taxonomic status of populations will
become more clear with the conclusion of ongoing genetic studies.
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