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CAUCASUS AND EAST ANATOLIA

B.S. Tuniyev'*, A. Avce?, C. Ilgaz3, K. Olgun?, T.V. Petrova' %, S.Yu. Bodrov*, P. Geniez’
and A. Teynié®

Federal State Institution Sochi National Park, Moskovskaya Str. 21, 354000 Sochi, Russia; e-mails: btuniyeo@mail.ru,
Tatyana.Petrova@zin.ru

2Adnan Menderes University, Science and Art Faculty, Department of Biology, Aytepe Campus, Dogu Gazi Str., 09010 Aydin,
Turkey; e-mails: rhynchocalamus@gmail.com, aavci@adu.edu.tr, kolgun@adu.edu.tr

3Dokuz Eylil University, Faculty of Science, Department of Biology, Tinaztepe Campus, Dogus Str., 35390 Buca, Izmir,
Turkey; e-mail: cetinilgaz@gmail.com

*Zoological institute of Russian Academy of Sciences, Universitetskaya Emb. 1, 199034 Saint Petersburg, Russia;
e-mail: bodrovs@gmail.com

SPSL Research University, CEFE UMR 5175, CNRS, Université de Montpellier, Université Paul-Valéry Montpellier,

EPHE, Biogéographie et Ecologie des Vertébrés, 1919 route de Mende, F-34293 Montpellier, France;

e-mail: philippe.geniez@cefe.cnrs.fr

8Société d’Histoire Naturelle “Alcide d’Orbigny”, Route de Verneuge, 63970, Aydat, France; e-mail: ateynie@clermont.inra.fr

ABSTRACT

A high morphological specialization is noted for vipers from the isolated populations of the Otlubekli Daglari Ridge,
Zekeriya Village, Ardahan pass, Mt. Ilgar-Dag (Turkey), Javakheti Plateau (Armenia, Georgia). New forms of
shield-head vipers are described from the Turkish Lesser Caucasus and east Turkey: Pelias sakoi sp. nov. (Otlubekli
Daglari Ridge), Pelias darevskii uzumorum ssp. nov. (Southern limestone part of the Yalnizcam Daglari Ridge), Pelias
darevskii kumlutasi ssp. nov. (Northern volcanic part of the Yalnizcam Daglari Ridge). Keys to identification of spe-
cies and subspecies of the Pelias darevskii-olguni complex are given, and ecological differences of its representatives
are discussed. The cluster and discriminant analyses on morphological features allow us to consider these vipers
as separate taxa, whereas the molecular analysis on cytb does not give significant differences for most populations.
This result should not be perceived unambiguously in favor of conspecificity of the considered populations. In ad-
dition to the morphological differences of the vipers, we consider such ecological differences as biotope preference,
age and size of the puberty, the history of landscapes and habitats, mezoclimatic habitat characteristics, etc. Given
the southern location of the Otlubekli Daglari Ridge and no signs of glaciation there, the vipers from the vicinity
of Erzincan should be regarded as an ancient relic isolated form. The climate of this area has contributed to the
conservation of ancient Eastern Mediterranean relics both among plants and animals.

Key words: new species — Pelias sakoi, new subspecies — Pelias darevskii kumlutasi, Pelias darevskii uzumorum,
Pelias, Turkey, vipers
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PE3IOME

OtmeuaeTcs BBICOKast MOPGhOIOTHYECKast CIIEeIUATM3AINA Y TAIIOK U3 U30IUPOBAHHBIX MOy ¢ Xp. OTay6ekm,
OKp. Ziep. 3exepusi, ApJiaranckoro nepesasa, ropst Wmrap-/lar B Typrwu u ¢ [[»’kaBaxeTcKOro Haropbsi B ApMEHUH 1
I'pysun. B craTbe onucsiBaloTcst HOBBbIE (hOPMBI U TKOTOJIOBBIX rajiok u3 Typerikoro Masoro Kaskasa u Bocrounoit
Typuuwu: Pelias sakoi sp. nov. (xp. Otiybexnn), Pelias darevskii uzumorum ssp. nov. (10)KHasi U3BECTHSIKOBAs YaCTh
Apcuanckoro xp.), Pelias darevskii kumlutasi ssp. nov. (ceBepHasi ByJIKAaHMYECKas YacTh APCHAHCKOTO Xp.). JlaHbi
OTIpe/ieNTUTeNIbHbIE KJIIOYM JJIs BUOB W TOABUAOB KoMmiuiekca Pelias darevskii-olguni, a Takxke 00CyXmaioTcs
9KOJIOTUYECKUE DA3INYUs TIPeICTaBUTENEl 3TOTO KoMIuiekca. KiacTepHbIil M JUCKPUMUHAHTHBIN aHAJIU3BI TI0
MOPGOJIOTUYECKUM TIPH3HAKAM TIO3BOJISIOT PACCMATPUBATH TAMIOK M3 YKA3aHHBIX M30JUPOBAHHBIX MOMYJISIIUN
CaMOCTOSATENBHBIMY TAKCOHAMH, TOT/IA KK MOJIEKJISIPHBIN aHAJIU3 0 IIUTOXPOMY b He TOKa3aJl CYIECTBEHHBIX Pa3-
Jauii 171 60BIIMHCTBA TOTYJIATuit. [1oM06HbIA PE3yNBTaT He JI0JKEH PACCMATPUBATHCS OHO3HAYHO B MOJIB3Y
KOHCTIENU(DUIHOCTH KUBOTHBIX M3 M3YUE€HHBIX MOMyJIsAIuil. B momosHeHe K MOPGOTOTHYECKUM PA3TIYHSIM TaII0K
YUYUTBHIBINCH TAKUE SKOJIOTMYECKUE PA3JINUs, KaK OMOTOMMYECKast IPUYPOYEHHOCTh, BO3PACT U Pa3MEPhI HACTY-
IUIEHWS TOJI0OBO3PEIOCTH, UCTOPUS CTAHOBJIEHUs JTaHAmAahTOB 1 HOPMUPOBAHUS GHOTOIIOB, ME3OKIMMAT OUOTOMOB
u T.1. YuuThiBas 0KHOE ToJ0keHre Xp. OTIYyGeKIn U OTCYTCTBYE Ha HEM CJIEIOB OJIEICHEHNUS, Ta[I0OKU U3 OKP.
Op3UH/KAHA TODKHBI PACCMATPUBATHCS, KaK APEBHSIST PETUKTOBAs U30IMpoBanHas popma. Kiumar atoro paiiona
CIIOCOOCTBYET COXPAHEHUIO ApeBHUX BocTouHO-Cpen3eMHOMOPCKUX PEUKTOB, KAK CPE/IM PACTEHUH, TaK U CPEIU
SKUBOTHBIX.

KmoueBble ci10oBa: HOBbIe BUL — Pelias sakoi, HoBble monBunsl — Pelias darevskii kumlutasi, Pelias darevskii uzumo-
rum, Pelias, Typuusi, rafioxn

INTRODUCTION al. 2010; Gogmen et al. 2014; Tuniev et al.2014; Me-
bert et al. 2015), Georgia (Tuniyev S. et al. 2014), and

Interest to shield-head vipers of Eastern and  new findsin Armenia (Aghasyan 2008), a description

northeastern Turkey never wavered, but particularly
intensified in recent years. The findings contributed
to Pelias darevskii (Vedmederja et al., 1986) at a con-
siderable distance from the type locality, in Turkey
(Geniez and Teynie 2005; Tuniyev et al. 2009; Avci et

of a new species P. olguni Tuniyev S. et al., 2012,
closely related to P. darevskii, became the base for the
assumption of a taxonomic autonomy of vipers from
Artvin in vicinity of Zekeriya Village (Tuniyev S. et
al. 2012), which occur in different ecological condi-
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tions in comparison with those in the type locality of
P. olguni and P. darevskii biotopes. We have expanded
the geography of research in Eastern Anatolia and
analyzed the geographic variability of “P. darevskii —
P. olguni” complex from Turkey (including collection
of P. Geniez and A. Teynié), Georgia and Armenia

(Fig. 1).
MATERIALS AND METHODS

The material was collected in 2011-2012 in
Eastern Turkey. Pelias cf. darevskii found in vicinity
of Cilhoroz Village/Erzincan; in vicinity of Zekeriya
Village/Artvin and above the old fortress at Bagdasan
Village/Ardahan. In addition, we examined collec-
tion of P. Geniez (Collection BEV) and A. Teynié
(2005) from vicinity of Zekeriya Village, collection
of Pelias cf. darevskii from Ardahan pass (collectors
Y. Kumlutas, K. Olgun, C. Ilgaz, F. Iret, A. Avci),
vicinity of Cilhoroz Village (C.V. Tok) and Pelias
eriwanensis (Reuss, 1933) from different regions of
Armenia (Appendix: Table 1).

A total 97 specimens of vipers from the Caucasian
Ecoregion and Eastern Anatolia related to “kaznako-
vi” and “ursinii” complexes were examined. Pregnant
females were kept in standard terrarium to birth of
juveniles, which allowed getting additional materials
on pholidosis and biology of reproduction. In statisti-
cal and canonical analyses, information was used for
46 adults and 51 subadult specimens from Turkey and
Armenia.

The materials are kept in herpetological collec-
tion of the Sochi National Park, Russia (SNP); Ad-
nan Menderes University Aydin, Turkey and Dokuz
Eyliil University, izmir, Turkey (ZDEU); Scientific
Center of Zoology and Hydroecology of National
Academy of Sciences of Republic Armenia, Yerevan,
Armenia (ZIRA); in the Muséum National d’Histoire
Naturelle of Paris, in the “Alcide d’Orbigny” col-
lection (MNHN), and in the Centre d’Ecologie
Fonctionnelle et Evolutive, in Montpellier, France
(BEV); Philippe Geniez’s iconographical collection
(PGe), Montpellier (Appendix: Table 1).

Snakes are united into six geographical samples:
1) Pelias sp. (Erzincan, Turkey); 2) Pelias cf. darevskii
(Zekeriya Village, Turkey); 3) Pelias cf. darevskii (Ar-
dahan pass + Bagdasan Village, Turkey); 4) Pelias ol-
guni (Mt. Ilgar-Dag, Turkey); 5) Pelias darevskii (Mt.
Sevsar, Armenia + Mt. Madatapa and Mt. Gumbati,

Georgia); 6) Pelias eriwanensis (six different locali-
ties, Armenia).

The methods of traditional morphological analysis
were used based on characters offered by Nilson and
Andren (2001) with our modifications (Appendix: Ta-
ble 2). To eliminate influencing of sexual and possible
age variation, comparison of adult and young males
and females was conducted separately, and then was
presented in the generalized samples. Materials were
studied using standard methods of variation statistics
(Lakin 1990) and one of methods of multivariate
statistics — Canonical Discriminate Analysis (CDA)
(Tyurin et al. 2003) by the package of STATISTICA
6.0 for Windows. Geographical variability of morpho-
logical characters was analyzed using CDA, allowing
make a comparison of the preliminary selected groups
on the complex of characters (Tyurin et al. 2003).

DNA extraction, amplification and sequenc-
ing. 45 specimens sampled at 15 localities (Fig. 1)
were analyzed. Ten sequences were taken from Gen-
Bank (P. dinniki KC 176731; P. berus JN 204721, KC
176730, FR 727104; P. kaznakovi KC 176736; P. ebneri
KC 176745, FR 727093, FR 727094, FR 727095, FR
727096). Genomic DNA was isolated from tissues
fixed with 96% ethanol using standard salt extraction
protocol using a lysis buffer and proteinase K, deprot-
einized with NaCl and precipitated with 96% ethanol
(Miller et al. 1988). A segment (1154 bp) of the cy-
tochrome b (cytb) gene was amplified using primers
Cytb_F1 and Cytb _RC, additional internal primer
Cytb_F8 was used for sequencing (Stumpel 2012).

PCR conditions were as published in Zinenko et
al. (2015). Each PCR included a negative control.
The PCR products were purified on columns of an
Omnix kit (Omnix, Saint Petersburg, Russia) and
were sequenced in both directions using the BigDye
Terminator Cycle Sequencing Ready Reaction Kit
on an ABI PRISM 3130 (Applied Biosystems Inc.,
Foster City, CA, USA). Sequences were edited and
assembled using program Sequencher 4.6 (Gene
Codes Corporation, Ann Arbor, MI, USA http://
www.genecodes.com) and aligned with CLUSTALW
algorithm (Thompson et al. 1994) implemented in
BioEdit (Hall 1999).

Phylogenetic analyses. Tree reconstructions
were performed using 45 specimens and three
specimens as outgroup (Bitis arietans JX114025,
Montivipera xanthina KJ415303 and Causus de-
filippi AY223556). The final alignment comprised
the 910 bp cytb fragment. To choose the best model



of molecular evolution (GTR+G), we used Akaike’s
information criterion (AIC) in JMODELTEST
2.1.1 (Darriba et al. 2012). Phylogenies were re-
constructed using Bayesian inference (BI) and
maximum likelihood (ML) approaches. BI for cytb
data performed in MRBAYES 3.2.2 (Ronquist and
Huelsenbeck 2003). Each BI analysis started with
random trees and performed two independent runs
with four Markov chains Monte Carlo (MCMC) for
10 million generations with sampling every 1000th
generation. Consensus trees constructed based on
the trees sampled after the 25% burn-in. ML analysis
calculated with TREEFINDER (Jobb 2011). Boot-
strap analysis employed 1000 replicates. Final trees
obtained in FIGTREE v1.4.0 (http://tree.bio.ed.ac.
uk /software /figtree/).

RESULTS OF THE ANALYSES

1. Morphological characters

Morphological characteristics of vipers from the
discussed populations are presented in Appendix:
Tables 3—6. Basing on the results of the comparison
of meristic characters between samples we found the
following differences (see Appendix: Tables 7-8).

Comparison of meristic characteristics of
males of all age groups showed diminishing of the
number of scales around a neck (Sq.1) from Pelias
olguni (22.2) to vipers from Zekeriya (21.6), Ardahan
pass (20.5), Erzincan and P. eriwanensis (20.3), and
to P. darevskii (19.9); diminishing of the number of
scales around midbody (Sq.2) from vipers of Ardahan
pass and P. olguni (21) to P. eriwanensis (20.7) and
P. darevskii (19.9) with minimum at males of Erzinc-
an (19). Number of preventral shields (Pr.) in males
of Zekeriya (1.8), Ardahan pass (1.5), P. olguni (1.4),
P. eriwanensis (1.7), Erzincan (2.3) much is lower
than those in P. darevskii (3.2). Number of ventral
shields (Ven.) in males of Erzincan (136.3) and Ar-
dahan pass (134.5) is higher than in P. olguni (130.4).

The minimal number of crown shields of head
(C.s.) is registered in males of Erzincan (5.25), and
then increases in P. eriwanensis (6.9), P. darevskii
(7.4), vipers from Zekeriya (8.4) and maximal in
P. olguni (10.8). Number of apical shields (Ap.) in
males from Erzincan (1), P. eriwanensis (1.2), P. olgu-
ni (1.4) is lower than in P. darevskii (1.6) and vipers
from Zekeriya (2). The canthals (Can.) in males from
Erzincan (5), P. olguni (5.4), vipers from Ardahan

B.S. Tuniyev et al.

pass (5) and in P. eriwanensis (5.2) are lower than in
P. dareuvskii (5.6) and vipers of Zekeriya (6).

The number of supralabial shields (Supralab.)
in males from Erzincan (10.75) and Ardahan pass is
(10) higher than in males from Zekeriya (8.8), P. ol-
guni (9.8), P. darevskii (9.1) and P. eriwanensis (8.95).
The number of sublabial shields (Sublab.) in males
from Erzincan (8.75) and P. olguni (8.6) is lower than
at P. darevskii (9.6). Number of loreal shields (Lor.)
in males from Erzincan (2.5), Ardahan pass (2.75),
P. olguni (2.9), P. darevskii (2.6) is lower than those in
P. eriwanensis and males from Zekeriya (4.6).

The maximal number of wings of zigzag (ZZ.) ob-
served in males from Ardahan pass (92.8) is gradually
decreased in P. darevskii (88.7), vipers from Zekeriya
(85.2), Erzincan (77), P. eriwanensis (73.45) and
P. olguni (73.1).

As a result of the analysis of characters of males,
we can summarize that for vipers from Erzincan the
minimal number of scales around midbody, loreals,
apicals and crown shields of head as well as com-
paratively high number of preventrals with maximal
mean of number of supralabial shields are registered.

Comparison of meristic characteristics of fe-
males of all of age groups showed diminishing of the
preventral shields (Pr.) from P. darevskii (3) to vipers
of Zekeriya (2.3), Ardahan pass and Erzincan (2.2),
P. eriwanensis (2.1), with minimal mean in P. olguni
(1.4). The number of ventral shields (Ven.) in females
from Erzincan (138.3) higher than those in P. eri-
wanensis (136.6) and P. darevskii (136.1), and much
higher than in females from Ardahan pass (134) and
P. olguni (133.1).

The number of subcaudal shields (S. ¢.) in females
from Zekeriya (29.5) is higher than those in vipers
from Ardahan pass (28.5), P. olguni (27.2), P. eriwan-
ensis (26.5), P. darevskii (26).

The number of scales around a neck (Sq.1) in fe-
males from Zekeriya (20.3) is lower than that of P. o/-
guni (21.7). The number of scales around midbody
(8q.2) is minimal in females from Zekeriya (19.7), in
comparison with the samples as Erzincan (21), Arda-
han pass (20.8), P. olguni (21.1), P. darevskii (20.6)
and P. eriwanensis (20.8).

The number of apical shields (Ap.) is maximal in
females from Zekeriya (1.8), lower in P. olguni (1.4),
equal in females from Erzican and Ardahan pass and
P. darevskii (1.3) and minimal at P. eriwanensis (1.1).
The same pattern of decline of canthals (Can.): in
females from Zekeriya (5.9), P. olguni (5.4), equal
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Fig. 1. Localities of collecting of tissues for DNA analyses: 1. Vicinity of Erzincan, Cilhoroz Village/Turkey. 2. Zekeriya Village/Art-
vin/Turkey. 3. Ardahan pass and Bagdasan Village/Turkey. 4. Posof, Mt. Ilgar-Dag/Turkey. 5. Mt. Gumbati/Georgia. 6. Mt. Madatapa/
Georgia. 7. Mt. Sevsar, Vil. Saragjuh/Armenia. 8. Mount Arailer/Armenia. 9. Sevan Lake, Vil. Drakhtik/Armenia. 10. Sisian/Armenia.
11. Vicinity of Vil. Verin Giratakh, Bargushat Ridge/Armenia. 12. Nagorno-Karabakh. 13. Lake Manych-Gudilo/Russia. 14. Settlement

Bolshoy Kichmaj/Sochi/Russia. 15. Kamenny Klad Ridge/Abkhazia.

in specimens from Erzican and Ardahan pass with
P. darevskii (5.3) and minimal in P. eriwanensis (5.1).

The number of supralabial shields (Supralab.)
maximal in females from Erzincan (10.75), and then
is gradually decreased in vipers from Ardahan pass
(10.35), P. olguni (9.75), Zekeriya (9.4), with minimal
means in P. darevskii (9.2) and P. eriwanensis (9.2).
The number of sublabial shields (Sublab.) in females
from Erzincan (8.6) is lower, than those of P. olguni
(8.9), vipers from Ardahan pass (9.1), from Zekeriya
(9.2), P. darevskii and P. eriwanensis (9.6). The shields
around the eyes (F.c.) in females from Erzincan (7.65)
is lower, than in females from Zekeriya (9.4), P. olguni
(9.15) and P. eriwanensis (9.55). The number of loreal
shields (Lor.) is minimal in females from Erzincan
(2.9), P. olguni (3.5) and P. darevskii (3.45), whereas
it is maximal in females from Zekeriya (4.75) and
P. eriwanensis (5.45).

The minimal number of wings of zigzag (ZZ.)
observed in females of P. eriwanensis (65.35), then
ascending in Erzincan (73.15), P. olguni (73.4), Ze-
keriya (75.6), Ardahan pass (80.15), toward maximal
mean in P. darevskii (84.65).

As a result of the analysis of characters of females,
we can summarize that for vipers from Erzincan the
maximal values of ventral and supralabial shields was
registered, whereas the minimal values of number of
loreals, the shields around the eyes, and comparative-
ly low value of number of wings of zigzag is shown.

Vipers from both sexes of Erzincan differ from all
other vipers in minimal number of loreal shields and
maximal number of supralabial shields.

Due to the heterogeneity and the low number of in-
dividual samples, as well as individual population vari-
ability, sexual dimorphism in populations studied was
shown for each population (Appendix: Tables 9-19):
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Fig. 2. A, B — Results of cluster analysis (UPGMA method) of five groups of vipers based on pholidosis characters: A — males, B — females;
C, D — Two-dimensional scatterplot of samples of vipers in space of CDA function on the complex of morphometric characters: C — males,

D — females.

Pelias sp., Erzincan (n=10). The number of
subcaudals is higher in males than in females. The
number of scales around midbody is higher in females
than in males.

Pelias cf. darevskii, Zekeriya (n=17). The number
of subcaudals and number of wings of zigzag is higher
in males than in females. The upper preocular shield
is in contact with the nasal shield in 20.8% of females.

Pelias cf. darevskii, Ardahan pass (n=5). The num-
ber of subcaudals, supralabials and number of wings
of zigzag are higher in males than in females.

P. olguni, Posof, Mt. Ilgar-Dag (n=16). The num-
ber of crown shields of the head and subcaudals are

higher in males than in females, while the number of
ventrals is lower in males than in females, also the size
of the head is shorter in males than in females.

P. darevskii, Mt. Sevsar (n=25). The number of
subcaudals is higher in males, while the number of
ventrals and loreals are higher in females than in
males.

P. eriwanensis, Armenia (n=21). The number of
subcaudals and wings of zigzag are higher in males,
while the number of ventrals is higher in females than
in males.

As aresult of the cluster analysis we have dendro-
grams from 14 meristic characteristic of pholidosis



New shield-head vipers from Turkey 9

99.9 — Pelias sp. 4(1)
L0 LrPeﬁas sp. 5(1)
Pelias sp. 10(1)

%l[ Pelias cf. olguni 15(2)

Pelias cf. olguni 16(2)
Pelias cf. olguni 17(2)

- Pelias cf. olguni 18(3)

- Pelias olguni 27(4)

- Pelias olguni 35(4)

- Pelias olguni 36(4)

- Pelias darevskii 256(5)

- Pelias darevskii 303(5)

- Pelias darevskii 305(5)

[ Pelias darevskii 304(5)

— Pelias darevskii 254(5)

_L— Pelias darevskii 255(5)

Pelias darevskii 253(6)

0.99 - Pelias darevskii 252(6)

- Pelias darevskii 266(6)
Pelias darevskii 316(6)

- Pelias darevskii 317(6)

)
)
)

[$3]
I-h:
2l
o
| Rl

©
(%]
0

ki
o

_56 - Pelias darevskii 318(6

0.03 0.81 - Pelias darevskii 265(6

- Pelias darevskii 250(7

» Pelias darevskii 251(7)

Pelias dinniki KC176731(15)
90.1 _I-:_Deﬁas berus JN204721

9.99 Pelias berus KC176730
Pelias berus FR727104
Pelias kaznakovi KC176736(14)

_‘[- Pelias eriwanensis 170(8)

Pelias eriwanensis 171(8)
Pelias eriwanensis 172(8)

r Pelias eriwanensis 43(9)

* Pelias eriwanensis 45(12)
Pelias eriwanensis 220(10)

+ Pelias eriwanensis 42(11)
Pelias eriwanensis 219(11)

Pelias ebneri KC176745

_ Pelias ebneri FR727093

0.57 Pelias ebneri FR727094

% Pelias ebneri FR727095

089 pejias ebneri FR727096

97.9 [ Peﬁa's renardi 201 (13)

0.99 Pelias renardi 204(13)

o
©
-t
oo
w [
© o

n
(]
(]

]_

o
(o]
—_

outgroup

Fig. 3. Bl tree for Pelias spp. built using cytb haplotypes. Bootstrap values are as follows: maximum likelihood bootstrap supports / Bayes-
ian posterior probabilities. See Appendix: Table 1 and Figs. 4, 5 for specimen codes. Taxonomic groups are labeled. Numbers in brackets
correspond to different stations in the map in Fig. 1.
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Fig. 4. Dorsal coloration of Pelias sakoi sp. nov.: left — male (holotype); right — female (paratype: SNP 906).

forming two general clades: the earliest division
happened between P. eriwanensis and all other
forms with the subsequent division into five sepa-
rate clades (Fig. 2A, B). The minimum distance is
marked between clades of vipers from Ardahan pass
and P. darevskii.

Geographical variability of morphological char-
acters in populations of steppe vipers is considered
also with the use of CDA, allowing a comparison of
the preliminary selected groups in the complex of
characters (Tyurin et al. 2003). For comparison, the
Pelias eriwanensis was taken as an outgroup.

We use a complex of 14 meristic characters (Pr.,
Ven,, S.c., Ap., Can,, Cr., Sq.1, Sq.2, Sq.3, Supralab.,
Sublab., ZZ., Fc., Lor.), for which the reliable differ-
ences were obtained in statistical analysis. Apriori, all
examined snakes were divided into twelve sexual and
geographical groups.

The results of CDA showed the absolute accuracy
of division of geographical groups. Accuracy for males

is the following: Erzincan — 100%; Zekeriya — 100%;
Ardahan pass — 100%, P. olguni — 100%, P. darevskii
from Armenia — 100%, P. eriwanensis — 100%.

All females showed high enough accuracy of
division of geographical groups: Erzincan — 83.3%,
Zekeriya — 83.3%, Ardahan pass — 83.3%, P. olguni —
90%, P. darevskii — 100%, P. eriwanensis — 83.3%.

The results of CDA show that in space of discrimi-
nant functions males formed six groups (Fig. 2C): the
first one with males from Erzincan, the second — from
Zekeriya, the third — from Ardahan pass, the fourth —
Pelias olguni from Posof, the fifth — P. darevskii origi-
nated from Armenia and the sixth — P. eriwanensis
originated from Armenia. By the first discriminant
function, animals were divided into two groups and
by the second function — into six groups.

Distribution in space of discriminant functions
of females (Fig. 2D) looks more heterogeneous with
formation of six independent groups with varying
degrees of overlap between the clouds.
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Fig. 5. Ventral coloration of paratypes of Pelias sakoi sp. nov.: left —
male; right — female (paratypes: ZDEU 59/2003).

The results obtained confirm the high degree of
morphological separation of the compared samples
of vipers. Degree of likeness between the selected
samples in a CDA estimated on the size of distance
of Makhalonobis (Tyurin et al. 2003). The distances
between the centers of samples of males of vipers
varied from 18.3 to 90.1. Minimum value was shown
between males of P. darevskii and vipers from Zekeriya
(18.3) and between P. olguni and P. eriwanensis (27.5);
maximal (90.1) — between males from Erzincan and
Zekeriya (Appendix: Table 20). For the females, this
distance between the centers of samples varied from
7.8 to 20.6. Minimum (7.8) was recorded between
the females of P. olguni and vipers from Ardahan pass
and between the latter and Zekeriya (110.9); maximal
(20.6, 18.8) — between females P. darevskii and P. ol-
guni with females from Erzincan (Appendix: Table 21).

The contribution of different morphological
characters to discrimination of groups is different.
Because the first discriminant function takes into
account the most percent of dispersion and dividing
of animals into basic groups occurs exactly along it,
we will describe the contribution of characters to the
division of groups based on values of this function
(Appendix: Tables 22, 23).

A maximal contribution to discrimination of
groups of males (Appendix: Table 22) were made by
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the followings characters: numbers of supralabials,
shields around an eye, ventral shields, crown shields,
subcaudals, scales around the posterior part of body,
apicals, loreals, canthals, scales around neck, scales
around the midbody, preventrals, sublabials and
wings of zigzag.

A maximal contribution to discrimination of
groups of females (Appendix: Table 23) were made
by the followings characters: numbers of subcaudals,
suprelabials, scales around the posterior part of body,
preventrals, scales around neck, shields around an
eye, crown shields, scales around the midbody, lore-
als, sublabials, ventral shields and wings of zigzag.

During our study new information was obtained
about the morphological peculiarities and geographi-
cal variability of shield-head vipers of “darevskii-
olguni” and “eriwanensis” complexes from northeast of
Asia Minor. Substantial differences in the mean values
in a number of metric and meristic characters of snakes
from Erzincan, Zekeriya, Ardahan pass in comparison
with P. olguni (Posof), P. darevskii (Armenia), P. eri-
wanensis (Armenia) (Appendix: Tables 6—8) are most
valuable as well as discrimination of twelve groups
from six samples, selected on principle of geographi-
cal and sexual identity using the cluster analysis and
CDA (Figs. 4, 5; Appendix: Tables 20 and 21).

2. Genetic analysis

Cytochrome b tree (Fig. 3) showed the division
into several supported clusters. Highly supported
clade (88.4% ML and 0.99 BI supports) includes
Pelias olguni, P. dareuskii, P. dinniki and the viper from
the vicinities of Erzincan named as Pelias sp. Self-
dependence of Pelias sp. is supported with maximum
values (99.9 ML and 1.0 BI). Pelias olguni, Pelias
cf. olguni and P. darevskii formed a uniform cluster.
P. eriwanensis, P. ebneri and P. renardi formed another
cluster (without statistical support), while clades of
P. eriwanensis and P. renardi themselves are supported
enough. Pelias eriwanensis cluster is subdivided into
subclusters according to the local populations.

The values of genetic distances between species
(Appendix: Tables 24, 25) are from 2% (within the
group of P. eriwanensis, P. ebneri and P. renardi) to 8%
(between P. eriwanensis and Pelias sp.).

The results obtained on the morphology and
ecology of the studied vipers suggest taxonomic seg-
regation of all six groups — from Erzincan, Zekeriya,
Ardahan pass, P. olguni from Turkey, P. darevskii and
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P. eriwanensis from Armenia. Based on morphologi-
cal and molecular results, animals from Erzincan, in
our view, deserve the status of a distinct species.
While the low interpopulation molecular differences
in snakes from Ardahan pass and Zekeriya allows
considering them as subspecies of P. darevskii, solely
based on the results of morphological analysis. In the
light of the results obtained, P. olguni seems to be a
subsepcies of P. darevskii as well.

SYSTEMATICS

Family Viperidae Laurenti, 1768
Genus Pelias Merrem, 1820

Pelias sakoi Tuniyev, Avci, Ilgaz, Olgun, Petrova,
Bodrov, Geniez et Teynié sp. nov.

Vipera eriwanensis (Reuss, 1933) [part.]: Baran et al.
2005:2, 3

Holotype. SNP 911, adult male, Turkey, Gu-
mushane District, vicinity of Erzincan, Cilhoroz Vil-
lage (2000 m above sea level), 10.07.2012, collector
A. Avcl (Fig. 6).

Paratypes. SNP 906, one adult female, four new-
born females and two new-born males, born in terrar-
ium (Fig. 7), Turkey, Gumushkhane District, vicinity
of Erzincan, (2000 m above sea level), 10.07.2012,
collector A. Avcy; ZDEU 59/2003, adult male and
semiadult female (Fig. 5), Turkey, Gumushane Dis-
trict, vicinity of Erzincan, (2000 m above sea level),
05.06.2003, collector C.V. Tok.

Diagnosis. Small-sized snake, males have mini-
mal value of midbody scales (19), loreals, apicals and
crown shields, a relatively large number of preven-
trals, and maximum number of supralabials; females
have maximum number of ventrals and supralabials,
minimal value of sublabials, loreals and number of
shields around an eye, a relatively small number of
zigzag wings. Vipers of both sexes from Erzincan
differ from all other vipers under comparison by
minimum number of loreals and maximal number of
supralabials. From above, males are painted in grey,
females, in light brown tones (Fig. 4); zigzag consists
of not numerous transversely elongated stains, united
only in some places in males, the zigzag is well devel-
oped in females. The belly is light-grey in females and
dark-spotted grey in males. Both sexes have a white
throat (Fig. 5).

B.S. Tuniyev et al.

Description of the holotype. An adult male
having the following morphological features: total
length (T.L) — 398 mm; snout-vent length (SVL.) —
351 mm; length of tail (L. cd) — 47 mm; head length —
18.7 mm, width — 10.4 mm, height — 6.1 mm; length
of pileus (Pil.) —10.6 mm; rostral index — 58.65.
Number of preventrals — 4, ventrals — 136, subcau-
dals (S.c.) — 34, apical — 1; number of crown shields
(Cr) — 5; upper preocular shield separated from nasal
by loreal (In.) in both sides; number of canthals — 5,
rows of dorsal scales around neck — 20, at middle of
body — 19, and at posterior part of body — 17, supral-
abial shields on right — 8, on left — 9 (3 shields below
eye, supralabials b.u.eye), sublabials on right — 10,
on left — 11, shields around eyes — 9 on each side,
loreals — 5 on both sides; frontal and parietal shields
are not divided; number of wings of zigzag — 136.
Supralabials are white, on both sides, in upper part
are painted by small dots in grey tones. Dorsal side
is painted in a light-grey background, zigzag jerky
black, wings are perpendicular to the axis of the
body. Zigzag is not connected with a dark figure-
head. Coloring of throat is light; belly and tail are
grey-spotted without difference in coloration.

Description of the paratypes. The paratypes are
corresponding to description of the holotype with in-
significant variations in a size and meristic characters
(Appendix: Table 26).

The basic background of adults and juveniles
males is light grey, and of females is light brown. Zig-
zag in females are wider, almost continuous, painted
in light-brown or dark-brown, in males, zigzag is jerky
black. Zigzag of young and semiadult specimens dif-
fers from zigzag of animals from all other populations.
It is very narrow with sharp, perpendicular to the axis
of the body wings (Fig. 7). In coloring of pileus, there
are light and dark colors, brighter picture pronounced
in males. On the sides of the body, young express a
number of spots, which in adult animals are repre-
sented by narrow dark spots, brighter expressed in
males, the same color with zigzag. Stains with weakly
pronounced streaks continue on the sides of the tail.
The throat is light in all specimens, the belly is from
light gray to dark-spotted; lower side of the tail does
not differ in coloration from the belly in both sexes.
There are grey tones in coloration of upper part of su-
pralabial shields; on the sutures of supralabials, males
have dark strips, poorly expressed, or completely
absent. In the majority of specimens of both sexes, the
upper preocular shield is separated from the nasal by
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Fig. 6. Holotype of Pelias sakoi sp. nov.

Fig. 7. The young specimen of Pelias sakoi sp. nov. (paratype:
SNP 906).

the loreal shield; 20.8% females have a contact of the
preocular shield with the nasal shield.

Etymology. The species is named in honor of Sako
Tuniyev — our colleague, friend and son, who stud-
ied fauna of shield-head vipers of the Caucasus and
north-eastern Anatolia, generated the basis of this
article, and tragically died in 2015 (Fig. 8).

Geographical distribution and biotopes. Pelias
sakoi sp. nov. is at present known only from the type
locality (Fig. 9): near Cilhoroz Village, vicinity of
Erzincan, Turkey, between 1850 and 2200 m. above
sea level.

Biotopes of the vipers are at present strongly
destroyed from overgrazing sites with small outcrop-
pings of limestone rocks and taluses among moun-
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tainous xerophyte vegetation types like phrygana
with tragocanth astragals (Fig. 10).

Pelias darevskii uzumorum Tuniyev, Avel, Ilgaz,
Olgun, Petrova, Bodrov, Geniez et Teynié ssp. nov.

Holotype. SNP 904, adult female, Turkey, Art-
vin Province, the Yalniz¢am Daglari Ridge, vicin-
ity of Zekeriya Village, (2000 m above sea level),
11.07.2012, collector S.B. Tuniyev (Fig. 11).

Paratypes. SNP 908, adult female, three new-
born females born in the terrarium; Turkey, Artvin
Province, the Yalniz¢am Daglari Ridge, vicinity of Ze-
keriya Village (2000 m above sea level), 11.07.2012,
collector B.S. Tuniyev; SNP 909, two adult females;
Turkey, Artvin Province, the Yalnizcam Daglari
Ridge, vicinity of Zekeriya Village (2000 m above
sea level), 11.07.2012, collector S.B. Tuniyev; ZDEU
99/2011, adult female and new-born male born in
terrarium; Turkey, Artvin Province, the Yalnizgam
Daglari Ridge, vicinity of Zekeriya Village (2000 m
above sea level), 24.07.2011, collector A. Avcy
BEV.8369 and BEV.8855, juvenile male and adult
female respectively; Turkey, Artvin Province, the
Yalnizgam Daglari Ridge, vicinity of Zekeriya Vil-
lage (2000 m above sea level), 18.09.2000, collectors
A. Teynié and P. Geniez; MNHN-RA-2002.410, adult
male, Turkey, Artvin Province, the Yalnizcam Daglari
Ridge, vicinity of Zekeriya Village (2000 m above sea
level), 18.09.2000, collectors A. Teynié and P. Geniez
(Fig. 12 A, B; 13 A—F).

Diagnosis. Small-sized snake, back coloris lighter
than lateral background. Zigzag has winding, narrow,
not interrupted with rounded wings in females, and
interrupted with the transversely elongated spots
in males. The supralabials are poorly pigmented or
not pigmented. There are two (88.2%), rarely one
(11.8%) apicals. The vipers of both sexes from Ze-
keriya differ from all other vipers under comparison
by the maximum number of loreals, canthals and
apicals, comparatively high number of preventrals
and subcaudal shields. Females characterized by a
minimal amount of supralabials, and males have the
maximum. From above, males are painted in dark
grey, whereas the female is reddish-brown in tone;
zigzag consists of few transversely elongated spots in
males and well-developed scalloped-continuous spots
in females. The coloration in general is characterized
by smoky figure. Belly is dark-spotted grey in females
and almost black in males.
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Fig. 8. Sako Tuniyev on the slope of Mt. Ilgar-Dag (Turkey), 21.07.2011.

Fig. 9. Type locality of Pelias sakoi sp. nov. — near Cilhoroz Village, Fig. 10. Habitats of Pelias sakoi sp. nov. represented by mountain-
vicinity of Erzincan, Turkey. ous xerophyte vegetation types like phrygana with tragocanth
astragals.
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Fig. 11. Holotype of Pelias darevskii uzumorum ssp. nov.

Additional material. PGe 450-451, 453, 455-456,
two adult males and three adult females; Turkey,
Artvin Province, the Yalnizgam Daglari Ridge, vi-
cinity of Zekeriya Village (2000 m above sea level),
24.07.2011, collectors A. Teynié and P. Geniez.

Description of the holotype. An adult female
having the following morphological features: total
length (Tl.) — 440 mm, snout-vent length (SVL.) —
391.5 mm, length of tail (L. cd) — 48.5 mm, head
length — 20.0 mm, width — 11.1 mm, height — 8.4 mm,
length of pileus (Pil.) —12.5 mm, rostral index —
75.68. Number of preventrals — 3, ventrals — 130,
subcaudals (S. c¢.) — 28, apicals — 2; number of crown
shields (Cr) — 5; upper preocular shield separated
from the nasal by loreal shield (In.) in both sides;

A
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number of canthals — 6, rows of dorsal scales around
neck — 21, at middle of body — 20, and at posterior
part of body — 17, supralabial shields on each side — 9
(3 shields below eye, Supralab b.u.eye), sublabials
on each side — 10, shields around eyes — 8 on both
sides, loreals on left — 3, on right — 4, frontal and
parietal shields are not divided; number of wings of
zigzag — 152. Supralabials are light, on both sides, the
first one is completely grey, the second to the fifth are
more than half colored in grey tones by small dots;
posterior four supralabials with black stripe from
above. It is light brown smoke with dark brown wavy
continuous zigzag pairing with a dark figurehead. On
the head, there are a X-shaped dark stain and a crown
stain. Coloring of throat is light; belly is grey-dotted
on a light background. Low part of the tail is grey-
dotted; the tip of the tail is yellow.

Description of the paratypes. The paratypes are
corresponding to description of the holotype with in-
significant variations in size and meristic characters
(Appendix: Table 27).

The main background is dark grey in adult
males, and reddish-brown, smoky in females.
Zigzag of females is wider, almost continuous,
undulating, painted in dark-brown or red-brown;
males zigzag is jerky black. Zigzag is connected or
separated from a picture of the head. Young and
semiadult specimens have zigzag wavy, relatively
wide (Fig. 13F). In coloring of the pileus, there are
light and dark grey tones in males and brown tones
in females; brighter picture is evident in males. On
the sides of the trunk in young and adults, there are
stains, often blending in continuous lateral stripes,

Fig. 12. Part of the type series of Pelias darevskii uzumorum ssp. nov. (SNP): A — view from above; B — view from below.
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Fig. 13. Some of the paratypes of Pelias darevskii uzumorum ssp. nov.: A, B — SNP 909; C — ZDEU 99,/2011; D — MNHN-RA-2002.410;

E - BEV 8855; F — SNP 908.

brighter expressed in males. The throat of all speci-
mens is light, the belly is dark-speckled in females
to almost black in males; bottom of the tail in both
sexes is not different in coloration from the belly,
tail tip is bright yellow. In coloration of supralabi-
als grey tones are present or not, dark stripe in the
middle, or upper edge of the shields can be weakly
present in both sexes.

Etymology. The subspecies is named in honor
of Prof. Dr. Nazan UZUM and her husband Prof.
Dr. Omer Baris UZUM, to acknowledge their pro-
lific contribution to the herpetology of Turkey.

Geographical distribution and biotopes. This
taxon distribution covers the southern part of the
Yalnizgam Daglari Ridge in its most warm calcareous
part (Fig. 14).
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Fig. 14. Type locality of Pelias darevskii uzumorum ssp. nov. — vicinity of Zekeriya Village, Artvin, Turkey.

Biotopes of Pelias darevskii uzumorum ssp. nov.
in vicinity of Zekeriya Village is represented by
subalpine hemixerophyt meadows close on edaphi-
cally signs to meadow-like steppes with juniper lying
shrubs (Juniperus oblonga Bieb.) on limestones in
altitudinal range 1990 — 2100 m a.s.l. Along all the
habitats the stony areas, small talus, acanguares and
rocky outputs of limestone are located (Geniez and
Teynié 2005; Tuniyev et al. 2012) (Fig. 15).

Pelias darevskii kumlutasi Tuniyev, Avci, Ilgaz,
Olgun, Petrova, Bodrov, Geniez, Teynié ssp. nov.

Vipera eriwanensis (Reuss, 1933) [part.]: Baran et al. 2005:

2-3.

Holotype. SNP 910, adult female; Turkey, Arda-
han Province, the Yalnizcam Daglari Ridge, vicinity
of Bagdasan Village, 12.07.2012, collector B.S. Tuni-
yev (Fig. 16).

Paratypes. ZDEU 145/2001, three adult females,
two juvenile females, two juvenile males, Turkey,

Ardahan Province, Ardahan pass (2200 m above sea
level), 04.07.2001, collectors Y. Kumlutas, K. Olgun,
C. Ilgaz, F. iret, A. Avci (Fig. 17A, B).

Diagnosis. Small-sized broad-head snake, occu-
pying an intermediate position in a number of charac-
ters between the northern and southern populations
of Pelias darevskii. Tt differs from all other vipers
under comparison by a maximum number of zigzag
wings in males, which is less only than in females of
the nominate subspecies; comparatively high number
of sublabials. From above, males are painted in grey
and yellowish-grey tones, and females, in yellowish-
grey and light brown tones; zigzag in both sexes
consists of numerous transversely elongated spots,
interrupted only in some places. The belly is light
grey to black in females and spotty black, or almost
black in males.

Description of the holotype. An adult female
having the following morphological characters:
total length (T.) — 465 mm, snout-vent length
(SVL) — 417 mm, length of tail (L. cd) — 48 mm, head
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Fig. 16. Holotype of Pelias darevskii kumlutasi ssp. nov.

length —20.6 mm, width — 12.7 mm, height — 6.9 mm,
length of pileus (Pil.) — 12.6 mm; rostral index —
54.35. Number of preventrals — 2, ventrals — 134,
subcaudals (S.c.) — 24, apicals — 2, number of crown
shields (Cr) — 9, upper preocular shield separated
from nasal by loreal (In.) in both sides; number of can-
thals — 6, rows of dorsal scales around the neck — 21,
at mid-body — 21, and at posterior part of body — 17,
supralabial shields on both sides — 9 (3 shields below
eye, Supralab b.u.eye), sublabials on both sides — 10,
shields around eyes — 9 on left and 10 on right, lore-
als — 4 on each side; the frontal and parietal shields
are not divided; number of wings of zigzag — 176.
Supralabials are light and covered by small grey dots
in upper part. There are rather broad black stripes at
sutures of shields in males. Color is light brown from
above with a broad black zigzag consisting of trans-
versely elongated spots, interrupted in anterior third,
not connected with the drawing the head. The head
is almost completely black. Lower side of the head
and belly are black, not differ in coloration from the
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Fig. 17. Paratypes of Pelias darevskii kumlutasi ssp. nov.,, ZDEU 145/2001: A — view from above; B — view from below.

T .

Fig. 18. A — Habitat of Pelias darevskii kumlutasi ssp. nov. at Ardahan pass, Turkey; B — Type locality of Pelias darevskii kumlutasi ssp.
nov. — the Yalnizgam Daglari Ridge, vicinity of Bagdasan Village, Ardahan, Turkey; C — Mezophilous relict broadleaf and dark-coniferous-
broadleaf forests at southern part of the Yalnizcam Daglari Ridge in vicinity of Zekeriya Village; D — Xerophilous pine forests at northern
part of the Yalnizcam Daglari Ridge in vicinity of Ardahan.
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Fig. 19. East-Mediterranean xerophilous relict Arnebia densiflora
(Nordm.) Ledeb., the Ridge Otlubekli Daglari.

Fig. 20. Xerophilous relict Heremites vittatus (Oliver, 1804), the
Ridge Otlubekli Daglari.

Fig. 21. The characteristic staining evenly back and sides of Pelias
dareovskii darevskii from the type locality: left — light grey male;
right — brownish female.

B.S. Tuniyev et al.

bottom of the tail. There is a bright spot on the throat
and individual bright scales at the end of tail.

Description of the paratypes. The paratypes are
corresponding to description of the holotype with in-
significant variations in a size and meristic characters
(Appendix: Table 28).

The main background of the young males is
yellowish-grey, or grey, females are light brown, or
yellowish-grey. Zigzag of females is painted in dark
brown or black; in males, zigzag is black. In young
and adult individuals, a wide zigzag is coupled with
a picture of the head in males, and separated, less
connected in females. In coloration of the pileus, the
bright colors are expressed from weakly to entirely
dark brown or black color. On the lateral sides of the
trunk of young males, there are a number of dots,
whereas in young females, there are spots, which are
transformed into large dark spots in adult animals,
tone of the same color or lighter than zigzag. These
spots are continuing on the sides of the tail. The
throat of all specimens is light, from dark-spotted
light grey to total black; bottom of the tail in both
sexes is not different from belly color. In coloration of
the upper part of supralabials the grey tone prevails,
narrow dark strips on sutures of supralabials are pres-
ent in males and poorly expressed, or entirely absent
in females.

Etymology. The subspecies is named in honor of
Prof. Dr. Yusuf KUMLUTAS who has been working
on the herpetofauna of Turkey.

Geographical distribution and biotopes. Distri-
bution is restricted to arid northern part of the Yal-
niz¢am Daglari Ridge within the limits of upper basin
of Kura River from Bagdasan Village to Ardahan pass
(Fig. 18A).

The vipers’ biotopes are stony mountain steppes
with Ferula ovina (Bois.) Bois., Papaver setiferum
Goldblatt, etc. under the conditions of sharply con-
tinental climate (Fig. 18B).

KEYS TO IDENTIFICATION OF SPECIES
AND SABSPECIES

1(2) Lips are usually uniformly colored and pinkish........
.................................... Pelias eriwanensis

2(1) Lips are usually grey or dirty white, uniform or spot-
ted.

3(6) Background of the back and sides are uniformly col-
ored; coloration of the belly is almost the same as those
of the tip of the tail.
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4(5) 19 rows of dorsal scales at mid-body in males, 21 in fe-
males; pigmentation of supralabials is missing or poorly
expressed on the upper edge of the shields; 33—41 (36.8)
subcaudals in males, 26—31 (27.7) in females; more of-
ten two preventrals (0—-4) ....... Pelias sakoi sp. nov.

5(4) 18-21 (19.9) rows of dorsal scales at mid-body in
males, 19-23 (20.6) in females; 27-37 (33.3) subcau-
dals in males, 22—30 (26) in females, more often three
(1-6) preventrals; lips are intensely pigmented..........
............................. Pelias darevskii darevskii

6(3) Background of dorsal part is lighter than background
of lateral parts. Tip of the tail is yellowish or diffuse
pink, differing from the grey (black and white) color-
ation of the belly.

7(8) Zigzag winding is narrow, not interrupted with round-
ed wings, the belly is black and white with a predomi-
nance of light tone, the upper half of the supralabials is
pigmented with grey; two apicals (88.2%), rarely one
apical (11.8%) ... Pelias darevskii uzumorum ssp. nov.

8(7) Zigzag is interrupted, often consisting of transversal
elongated spots, zigzag wings are sharp; the belly is
black and white with a predominance of black tones to

entirely black.
9(10) 65-83 (73.1) zigzag wings in males, 68-83 (73.4) in
females...........cooeiiiiiiiiiiina. Pelias olguni
10(9) 88-97 (92.8) zigzag wings in males, 72—89 (80.2) in
females........... Pelias darevskii kumlutasi ssp. nov.
DISCUSSION

For vipers from the Otlubekli Daglari Ridge,
Zekeriya Village, Ardahan pass, Mt. Ilgar-Dag (Tur-
key), Javakheti Plateau (Armenia, Georgia), it is
necessary to emphasize their high morphological
specialization in isolated populations. The cluster
and discriminant analyses on morphological features
allow us to consider them as separate taxa, but the
molecular analysis on cytb does not give significant
differences for most populations. This result should
not be perceived unambiguously in favor of conspeci-
ficity of the considered populations. The method
itself is debatable (Ananjeva 2013; Pavlinov 2014)
and far from perfect. We agree with Pavlinov (2014:
147) in that: “from this point of view, the claim for the
establishment of the final “true phylogenesis” on the
molecular basis looks very naively. In any case, it will
be only a small fragment of phylogenesis, and not too
detailed.” It cannot be excluded that the analysis of
nuclear DNA will give completely different results.
Ananjeva (2013:9) noted existing doubts about the
infallibility of the results of the molecular phylogeny,
noting in particular, “there is a need for more deep
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insight into the specificity of molecular evolution,
which may be subjected to convergent similarities,
such as in the morphological evolution.” Anyway,
in addition to the morphological differences of the
vipers, we consider such life history patterns as dif-
ferent biotope preference, age and size of the puberty,
the history of landscapes and habitats, mezoclimatic
habitat characteristics, etc.

In addition, the discreteness of morphologi-
cal features is observed among representatives of
P. eriwanensis from various disjunctive populations.
Molecular analysis on cytb also testifies to the exist-
ing differences, but this discussion will be given in a
separate publication.

Ecological notes on the Pelias “darevskii-ol-
guni” complex. Formation of the vipers of the Pelias
“darevskii-olguni” complex occurred in an area di-
rectly connected with the southeast Colchis. Climate
and landscape changes associated with glaciation,
volcanic activity and the consequent desertification
have contributed to the rupture of the range of the
ancestral form to a number of isolates with contrast-
ing conditions of biotopes formed subsequently.
Along the Yalnizcam Daglari Ridge, from the South
to the North, the landscapes are dessicated and rocks
are changed from limestones to volcanic rocks. So,
in the vicinity of Zekeriya Village, in upper belts of
the limestone ridge, there are subalpine meadows
and, downward the slope, the deciduous and mixed
spruce-hardwood forests (Fig. 18C), whereas behind
the pass, near Bagdasan Villagea, there is a contrast
change to pine forests in middle-mountain belts of
the ridge, and to mountain steppe in upper mountain
belts of the ridge, on the underlying volcanic rocks
(Fig. 18D). Near Zekeriya Village, there are such
Tertiary relict species in vegetation as Picea orienta-
lis (L.) Link., Ostrya carpinifolia Scop., Acer laetum
C.A. Mey.,, Corylus avellana L., Fraxinus excelsior L.,
Alnus barbata C.A. Mey; in the upper belt of moun-
tains, on the western long-snowy slopes, rhodorets of
Rhododendron caucasicum Pallas are widely devel-
oped. Behind the Bagdasan pass (the watershed of
the rivers Kura and Coruh) there is an abrupt change
in rocks, and, under the influence of drying up cli-
mate of the Armenian Highlands, a xerophytisation
from the mixed spruce-hardwood forest landscape to
pine forests and non-forest landscape to mountain
steppe is observed, that approximately corresponds
to the Anatolian diagonal (Davis 1971), dividing
the Sub-Euxine district of Euxine (Colchis) and
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Armeno-Iranian botanical-geographical Provinces
(Menitzky 1984).

Under the most severe conditions of sharply con-
tinental climate, the populations of the vipers inhabit
the Ardahan pass and the Javakheti Plateau.

The locality of Erzincan vipers is located far to the
West from the Yalniz¢am Daglari Ridge on the lime-
stone Otlubekli Daglari Ridge. At external resem-
blance of the high-mountain limestone landscapes
of the Otlubekli Daglari Ridge with the Yalnizcam
Daglari Ridge, the first one has developed mountain-
xerophytic vegetation of the frigana type, which is
much crymophylactic, but hot-preferable. The cli-
mate of this area has contributed to the conservation
of ancient Eastern Mediterranean relics such as Ar-
nebia densiflora (Nord.) Ledeb., among plants (Fig.
19), and Heremites vittatus (Oliver, 1804), among
animals (Fig. 20).

Among the discussed vipers, the most distin-
guished by pattern and color are those from Zekeriya
Village. Males and females have smoky coloring with
a blurred picture; belly coloration dominated by
dark-spotted grey tones in females and almost black
in males.

It should be noted that all not bright-colored
shield-head vipers of the Caucasian Isthmus and Asia
Minor are characterized by brownish or reddish col-
oration of females and light grey contrast with a black
zigzag staining males (Fig. 21). This rule is usually
true for species living in the foothills of the Northern
Caucasus, like Pelias renardi, eastern populations of P.
dinniki, as well as P. lotievi, P. schemakhensis, P. ana-
tolica, P. darevskii, P. olguni, and P. eriwanensis. This
shows the channeling of the evolution, characteristic
for the shield-head vipers of the Caucasian-Anatolian
sector of the Alpides.

The lack of finds of vipers in the highlands of the
Karadeniz Daglari Ridge is, probably, explained by a
weak knowledge about this territory. The Otlubekli
Daglari Ridge is located close to the Karadeniz
Daglari Ridge and separated from it by small ridges.
Given the southern location of the Otlubekli Daglari
Ridge and no signs of glaciation there, the vipers
from the vicinity of Erzincan should be regarded as
an ancient relic isolated form. Perhaps, once it had
a relationship with the ancestors of both P. darevskii
and P. anatolica from Taurus mountains in the South
of Asia Minor. The morphological distinctness of the
vipers from the Otlubekli Daglari Ridge is well sup-
ported by results of the molecular analysis. The find-
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ing of the vipers on the Otlubekli Daglari Ridge al-
lows taking a fresh look on the finding of P. anatolica,
which for a long time remained a mystery, since the
species was known far in the South, separated from
all other shield-head vipers of Asia Minor, even after
last finds of new localities (Go¢men et al. 2017).
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Table 2. Abbreviations for morphological characters and indexes

of vipers.

No. Abbreviation Description
1 Tl Total length
2 SVL Snout-vent length
3 L.cd. Distance from cloaca to tail tip
4 Pr. Number of preventral shields
5 Ven. Number of ventral shields
6 S.c. Number of subcaudal shields
7 Ap. Number of apical shields
8 R. Rostral index: ratio of height to width
9 Pil Dista.nce fron} tip of snout to posterior

margin of parietal shields
10 Crown scales  Number of shields, limited by frontals,
(Cs.) canthals and supraoculars
1" In Uppe'r preoculars in contact with nasal,
left/right (+/-)

12 Can. Number of canthal shields
13 Sq.1 Number of dorsal scales around neck
14 Sq.2 Number of dorsal scales around midbody
15 Sq3 II:I;rrtn(l;)fe{) (())(fi ;iorsal scales around posterior
16 Supralab Number of supralabial shields
17 Sublab Number of sublabials shields
18 Fe. I(\{:frél/bj; }(l)tf)shields around eye
19 77 Number of zigzag windings (left/right)
20 Lor. Number of loreal shields (left/right)
21 Lc. Head length
22 Lt.c Biggest width of head
23 Al.c. Height of head in parietal area
24 Par. Parietals (hel/delad)
25 Front. Frontal (hel/delad)
26 Nas. Nasal (hel/delad)
27 Suizz;lsb. Number of subralabial shields below eye
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Table 3. Morphological characters of specimens of Pelias sakoi sp. nov. from Erzincan, Turkey. See Table 2 for abbreviations.

Character M Afiult ? 9$4) ° Sut_)adult e &= Y O’O’H‘IIiLI(;; Y
(n=1) L (n=1) Lo L
Lt. 475 2 246 T L
L 423 ey 229 B 120-126
Led. 52 153300 17 $3e3 153203
Pr. 2 2551 2 351 15205
Ven. 140 Bl 137 T 185131
Se. 31 %5505 28 375235 31
Ap. 2 s 1 { 1
R 641 PRV 3 £ ey
Pil. 124 71302 8.6 08202 Y
Crown scales 6 5‘55;%'3 9 fii 6'56%05
Can. 6 Iy 5 5 5
S 21 21 21 3 21
Sq.2 21 21 21 19 19
Sq.3 17 S8 17 17 17
Supralab 1 105202 10 105203 115503
Sublab /8 85202 9 53203 05203
Ee. 10 652 0.4 10 05203 15517
=) : o 2
Lor. 3/2 2504 > 25203 25203
Le. 217 o= 149 ibasos FTET Yy
Lt.c 13.1 Gj‘fg_ 5 74 10.4 ngi_g 9
Al. 84 s, 54 163 el
In - —62.5% - ~100% ~100%
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Table 4. Morphological characters of specimens of Pelias darevskii uzumorum ssp. nov. from Zekeriya Village, Turkey. See Table 2 for

abbreviations.

oo Adult (n=3) gd Juv.(n=2) 99 Adult (n=9) 99 Juv.(n=3) oJgAdult+Juv.(n=5) @9 Adult+Juv. (n=12)

Character min—max min—max min—max min—max min—max min—max
+m +m +m +m *m *m
Lt 405-450 131-131.9 365-459.2 112-127 - -
L 4217 £ 14.2 1315+05 404.2 £11.3 1203 £ 4.4
L 345-390 109-115.3 328 408.8 100-114 - -
: 365+ 13.2 112.2+32 360.4+9.7 107.3 £ 4.1
Led 50-60 16.6-22 35-50.4 12- 14 - -
cd 56.7 + 3.3 193+27 439+ 18 13+28
p 1-3 1-2 2-3 1-3 1-3 1-3
T 2406 1505 24+02 2+06 1.8+04 23+02
Vi 129-138 133-137 130-144 130-137 129-138 130-144
en. 1343 +27 135+ 2 1369+ 1.6 13406 1346 £ 1.6 1362+ 1.3
S 33-38 34-39 26-33 27-31 33-39 26-33
< 353+ 1.5 36.5+ 2.5 29.6 £ 0.8 293+ 1.2 358+ 1.2 295+ 0.6
1-2 1-2
Ap. 2 2 18201 2 2 18+ 0.1
66.7-80.3 60.3-61.1
R. - ni 726+ 2.6 638+ 18 - -
pil - 7.9-9 11.4-12.5 6.3-6.9 - -
: 85+05 12.140.2 6.7+02
Crown 7-8 9-11 2-12 8-10 7-11 2-12
scales 73+03 10+ 1 78+02 9+06 84+07 81+09
5-6 6-7 5-7
Can. 6 6 58+ 1.2 6303 6 59+02
St 20-23 21-23 18-23 20-21 20-23 18-23
q- 21.3+09 22+ 1 20.2 + 0.1 20.3+0.3 21.6+0.6 20.3+0.4
Sq.2 19-21 19-21 19-21 19-20 19-21 19-21
19.7 £ 0.7 20+ 1 19.7+0.1 19.7+ 0.3 19.8+0.5 19.7+ 0.2
Sa3 16-17 . 16-19 17-18 16-17 16— 19
q- 16.7+0.3 16.7+05 173+0.3 16.8£0.2 16.8+0.3
Suoralab 9 8-9 7-11 911 811 7-11
p 85+05 92+0.15 10+03 88+02 94+03
Sublzb 9-10 9-11 9-10 9-10 9-11 8-10
95+0.3 975+ 0.8 9.2+0.35 9+0.3 96+0.3 9.2+0.1
. 9 811 8-12 8-10 811 8-12
< 93+13 9.35+0.3 94+05 91+04 94+05
77 82-86 85-89 63— 90 55-74 82-89 55-90
84+ 1.2 87 +2 785+ 2.1 67 £5.6 85.2+1.2 75.6 + 2.4
L 4-6 4-5 2-7 3-6 4-6 2-7
or. 4.65+1.3 45405 49+05 44409 45+04 48+09
L - 10.3-13.7 15.4-20 71-10.8 - ~
€. 12417 186 0.7 93+ 1.1
Lt - 5.3-6.3 8.2-11.8 6-6.8 - -
< 58+05 10.3 £ 0.5 6.3+02
Alc - 3.8-4.7 6.6-8.4 3.9-4.1 - -
C 43+05 73+03 4.03 % 0.1
. . —77.7% -83.3% ) ~79.2%
In ~100% ~100% +33.3% +16.7% —100% +20.8%
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Table 5. Morphological characters of specimens of Pelias darevskii kumlutasi ssp.nov. from Ardahan pass and Bagdasan Village, Turkey. See
Table 2 for abbreviations.

29 Adult (n=4) 29 Subad. (n=2) 29 Adult + Subad. (n = 6). oo Subad. (n=2)
Character min—max min—max min—max min—max
+*m +*m +m +m
Lt 372-465 225263 - 265-270
L 426 + 20.02 244 + 19 2675+ 25
L 330-417 199-237 - 232-234
. 3825+ 18.6 218+ 19 233 + 1
35-49 33-36
Led 435+32 26 - 345+ 15
p 2-3 9 2-3 1-2
T 23+03 22+02 1505
Vi 131-134 135-137 131-137 134-135
en. 133+0.7 136 £ 1 134+0.8 134.5+0.5
s 24-31 2830 24-31 36
. 283+1.6 29+ 1 28.5 % 1.02
A 1-2 1-2 1-2 1-2
p- 13403 15+05 13+02 15+05
R 54.3-67.8 61-64.1 - 58-62.5
: 60.03 2.9 626 +16 50.2 +2.3
Pl 11.7-13.1 93-98 - 9-93
: 125+0.3 96+03 92+02
Crown scales 6-9 5-8 5-6 5-10
73408 65+15 53+06 75+25
C 5-6 5-6 5-7 5
an. 53+0.3 55+0.5 6+02
Sq.1 21-22 20-21 20-22 20-21
21.3+03 205+ 0.5 21403 20.5+0.5
Sq.2 20-21 20-21
208+03 2 208+ 0.2 2
Sq.3 17 17 17 17
10-11 10-11 10-11
Supralab 103 +02 10505 104 +02 10
9-10 9-10 9-10
Sublab 9 93+03 9.1+04 98+03
Fe 8-11 9-10 8-11 9
e 95+ 04 93+03 94+03
77 72— 83 78-89 72-89 88-97
789 £35 82.8+3.8 80.2 5.2 92.8+2.8
L 3-5 2-7 2-7 2-3
or. 44+04 45+25 4.4+07 28+03
L 19.7-22.4 14.4-152 - 15.4-15.7
. 20.9 + 0.6 148 +0.4 15.6 £0.2
11.4-12.7 8.2-9.9
Ltc 122403 87+05 - 88
Alc 6.9-8 5-59 - 51-5.5
< 73+02 55+05 5302
o ~75% -100% -83.3% -50%

+25% +16.7% +50%
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Table 9. Comparison of morphological characters of all age groups
of males and females of Pelias sakoi sp. nov. (Erzincan, Turkey). See

Table 2 for abbreviations.

B.S. Tuniyev et al.

Table 10. Comparison of morphological characters of all age
groups of males and females of Pelias darevskii uzumorum ssp. nov.
(Zekeriya Village, Turkey). See Table 2 for abbreviations.

g (n=4) 99 (n=6) gr (=5 99 (n-12)
Character min—max min—max t P Character min—max min—max t P
+m +m +m +m
1-4 0-3 1-3 1-3
Pr. 23+06  22+07 008  >005 Pr. 18+ 04 93+02 14 005
135-137  137-141 129-138 130-144
Ven. 1363+05 1383+07 214 =005 Ven. 1346+16 1362+13 7 =005
33-41 26-31 33-39 26-33
Se. 36818 277+08 7 <0001 Se. 358+12  295+06 o1 <0001
A 1 1=2 126 >005 A 2 1-2 09  >005
P: 13+02 ' : P- 18+0.1 : '
Crown 3-7 5-9 Crown 7-11 2-12
scales 52509  62+06 09  >0.05 scales 84+0.7 s1xo9 02 7005
5-6 5-7
Can. 5 s310n 126 >005 Can. 6 59+02 04 005
19-21 20-23 18-23
Sq.1 203+ 15 21 1.98 >0.05 Sq.1 21.6+0.6 203+0.4 2.02 >0.05
Sq.2 19 21 02 <0001 19-21 19-21
E Sq2 198+05 19702 02 2005
17-18
Sq.3 17 0.8 >0.05 16— 17 16— 19
172402
Sq3 16802  168x03 007 =005
10-12 10-12
Supralab 08T 04 108+02 N - Supralab 8881101 ) 97411(} g L1 >005
8-10 8-9
Sublab ggr04  gero2 05 ZO0S swblab g b I a1 005
5-10 10
2-10 2-10 811 8-12
Ee. 85+09 77+x075 °7 =005 Fe. ey oiass 06 >005
65-91 69-77 82-89 55-90
7 Teas  T32e1 0¥ 200 2z 852¢12 756224 24 <005
2-3 1-5 4-6 2-7
Lor. 25+01  29+05 0T 7005 Lor. 45504 48x0y 02 2005
- ~100% ~83.3% - - : ~100% -79.2%
+16.7% n +20.8%
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Table 11. Comparison of morphological characters of all age Table 12. Comparison of morphological characters of adult males

groups of males and females of Pelias darevskii kumlutasi ssp. nov. and females of Pelias olguni (Posof, Mt. Ilgar-Dag, Turkey). See
(Ardahan pass and Bagdasan Village, Turkey). See Table 2 for ab- Table 2 for abbreviations.
breviations.
ge(m=3) 99 (n-6)
Jge(n=2) ¢2(n==6) Character min—max min—max t p
Character ~ min—max  min—max t P +m +m
tm +m
- 288-482.9 332-496 09 005
1-2 2-3 3603+616  4134+24
Pr. 5705 99202 V7 >0.05
15+0. 2%0. . 253-426.2 300-445 19 005
) 3154 %556 3708 +21.4 ’ ’
Vi 134-135 131-137 03 >0.05
O 1345+05 13408 ' Led 35-56.7 32- 51 04 >005
b 449+63  426+28 ' '
S 36 24=31 400 <001 1-2 1-3
-C. + 8 . 1-Z 1-5
2831 Pr. 1303 17+0.3 t =00
1-2 1-2 127-132 131-136
Ap. 15205 13x02 04 =005 Ven. 50515 q3sgroz 25 <005
Crown 5-10 5-9 31-35 25-31
sales 7525  7x0s 03 2005 S¢ maeta 23xes M 0O
1-2
5-6 Ap. 1 1=« 07 >005
Can. 5 5302 0.9 >0.05 1.2+£0.2
67.4-83.5 59.7-89.8
20-21  20-22 R. 7449 665+ 4.7 00
Sq.1 0.9 >0.05
20.5+£0.5 21+0.3
pil 11-13.7 10.9-13.02 0.05 ~0.05
20-21 ) 11.9+0.9 12+0.4 ’ ’
Sq.2 21 0.5 >0.05
20.8+0.2 Crown 6-15 7-12 1 ~0.05
scales 10.7 £ 2.6 8.7+0.8 ’
Sq.3 17 17 - - 56
Can. 5 59402 0.7 >0.05
10-12 20-23 21-24
Supralab 10 104+ 0.2 11 >0.05 Sq.1 91 92505 0 0
20-21 21-22
9-10 9-10 Sq.2 1.5 >0.05
Sublab 98+03 91+041 3.5 <0.01 20.7+£0.3 21.2+0.2
16-19 15-19
8-11 Sa3 473+09 1706 03 005
Fec. 9 0.8 >0.05
4203 Supralab =M =i 03 >005
5897 S uprata 95+0.6 98+06 : :
77 Y S 2.57 <0.05 8-10 9-10
928 +2.8 80.2+2.6 oL e
Sublab 9+06 94+02 0.7 >0.05
2-3 2-7 8—-11 8-12
PR agses a4zor 1P 70O Fe 9508 9405 05 2005
71-83 68-79
-50% -83.3% 77 1.3 >0.05
In +50% +16.7% - - 774 %34 72.7£2.05
2-4 3-6
Lo 315+06 3904 09 =005
12.4-18.5 18.2-21.3
Le. 158+ 18 20 £ 0.6 29 <005
8.5-9.5 8.4-13.7
Lt 9+0.3 114+ 08 2. 2005
6.4-7.1 6.5-8.2
Ale 6.6+0.2 74%0.3 L7 =005
I -33.3% —67.7%
n

+67.7% +33.3%
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Table 13. Comparison of morphological characters of immature
males and females of Pelias olguni (Posof, Mt. Ilgar-Dag, Turkey).

See Table 2 for abbreviations.

B.S. Tuniyev et al.

Table 14. Comparison of morphological characters of all age
groups of males and females of Pelias olguni (Posof, Mt. Ilgar-Dag,
Turkey). See Table 2 for abbreviations.

ge(m=2) 99 (n=5) ge(m=5) 99 (n-11)
Character min—max min—max t P Character min—max min—max t P
+m +m +m +m
159160 81-163 1.4 0-3
Lt 1505+05 1232+152 4 005 Pr. 142092 {iz03 008 >005
139144 73-146
L 14 >005 127-132 130-136
1415+25  1102+135 Ven. e iy 25 <0.05
16-20 8-17
L.cd. a0 b 1.6  >0.05 31-35 24-31
18+ 2 1317
o o Sc. 314+07 972+06 03 <0001
Pr. 15405 12+04 =005 1-2 1-2
Ap. it 01 >0.05
4+02 14402
Ven 130-131 130-136 7 2005
) 130.5+0.5 1324+ 1 : . Crown 6-15 4-12
4-12 23 <0.05
S 33-34 24-29 43 <001 scales 108 +1.6 75+0.7
. 335+0.5 27£09 : :
o Can. ey 28 03 =005
Ap. 2 6102 1 >005
20-24 19-24
64.9-71.2 60-79.7 Sq.1 - - 05 >005
R. 681+32 692 +33 02 005 222%07 217205
. 79-112 6-9.2 20-22 19-23
Pil. 96+ 17 76206 0 7005 S 21£03 2itzo3 02 P00
Crown 9-13 4-8 16-19 15-19
scales 1142 6207 3. <005 Sq.3 17+06 171x03 02 005
5-6
Can. 6 =2 1 >005 8-11 =11
56+0.2 Supralab 9.8 045 975+03 004 >005
21-24 19-24
Sq.1 14 >005 8-10 8-10
225+15 21.4+09 Sublab o4 son0y 07 >005
21-22 19-23
542 215:05  a1z06 06 00 Fe 8-11 812 o 005
<. 9.6+ 0.45 9.15+025 '
Su3 16-17 17-18 05 2005
q- 165+05 172+0.2 . : 27 65-83 68-83 009 >0.05
9-11 9-11 73.1+3.25 734+32 ’ ’
Supralab T ST 1.6  >0.05
1025+075  9.8+025 : ' 04 36
Sublab g 89 o ; Lor. 29+02 35+05 3 2005
ubla g4+025s 08 00
o .10 o ~60% ~68.2%
9-10 8-10 +40% +31.8%
Ec. 9254025  88+0.25 1 >005
65-68.5 70-83
‘7 6675+ 175  T45+27 1 >005
2-3 3-4
Lor. 25+05 31+0.1 19 >005
11.4-11.7 87-11.4
Lc. 11.6+02 10405 10 005
73-74 5.1-8
Ltc 735+0.1 62+05 14 >005
48-52 3.7-48
Alc. o ey 19 >005
. ~100% ~90%
n

+10%
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Table 15. Comparison of morphological characters of adult males Table 16. Comparison of morphological characters of immature

and females of Pelias darevskii from Armenia. See Table 2 for ab- males and females of Pelias darevskii from Armenia. See Table 2
breviations. for abbreviations.
Jgd (n=2) 29 (n=4) Jdd(n=12) e (n=7)
Character min—max min—max t P Character min—max min—max t p
+*m +*m +*m +*m
Li. oot 380 BBy, so0s Lt. LSBIS3 ML 41 005
L gz BT 7 005 L L1 30138 oy s00s
Led. 57 (28 a3 <005 Led. oy a3l 36 <ot
Pr. P =y 12 >005 Pr. eThs aes 06 >005
Ven. % 1%3 2.4 >0.05 Ven. 11557513? 1%6 41 <0.001
S.c. 37 A 55 <001 S.c. 2538 2221 45 <0001
Ap. 1510 13193 - - Ap. 16202 13702 12 005
R j0sias  acores 04 2005 R G5 Gisiss 09 2005
Pil. peus s U288y s00s Pl 22-88 28T o4 >005
EiﬁfZ? > 651;3.6 12 >005 (s:::;)lvgf 7.%.8 7.%.1 01 >005
Can. 55205 5503 - - Can. 56501 sar0 12 005
S 2 nsio9 02 005 S 105203 wiros M =005
Sq.2 20 g2 01 005 Sq.2 Y sioiss 14 >005
Sq3 105205 l6ga0s 05 2005 Sq3 166201 186703 o >005
Supralab 9.%.8 9.%.3 0.6 >0.05 Supralab 9%1 8.9%. {5 0.6 >0.05
swblab o210 M 03 5005 sublab gt G M 01 >005
Fe. o o 06  >0.05 Fe. G g, 09 5005
7z §225098  sissese 02 005 2z §915225  sasises 08 2005
Lor. =8 =y 22 >005 Lor. g s sty 35 <ot
Le. [Oo186 ARSI 9y s00s Le. ey D28y 005
Ltc Ny 0223 903 >005 Ltc 589 Sad 12 5005
Alc. 6514 2802 05 =005 Alc. = A5 01 o0
+100% +62.5% 67.6% —42.9%

In ~37.5% In +33.3% +57.1%
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Table 17. Comparison of morphological characters of all age Table 18. Comparison of morphological characters of adult males

groups of males and females of Pelias darevskii from Armenia. See and females of Pelias eriwanensis from Armenia. See Table 2 for
Table 2 for abbreviations. abbreviations.
g7 (n=13) 99 (n=12) e (m=5) 99(n="7)
Character min—max min—max t P Character min—max min—max t P
+m +m +m +m
2-6 1-5 355463 313-525
o 32%03 sro3 04 00 Lt 4006+20 4463:262 S 700
125-136 128—142 303-405 280-475
Ven. 1325 + 1.1 (361+11 24 <005 L. 3474189 3986+244 1o 7005
27-37 22-30 31-58 33-50
Sc. 333+0.8 26+ 0.6 71 <0.001 Led. 532+1.2 41.6+22 41 <0.01
0-3 1-3
1-2 1-2 Pr. 2 — 103 >0.05
Ap. 16=0.1 (3104 14 >005 16+0.5 21403
128-139 132-143
Crown 2-11 3-11 Ven. Pe— 1.9 >0.05
wealos 74407 65207 08 >0.05 132.8+24  137.7+14
33-35 22-29
5.6 5.6 S.c. 20=9) 68  <0.001
2=0 2=0 34£05 263+0.9
Can. 5601 53x01 A 7005
1-2 1-2
18-21 19-23 Ap. 12402 11+04 02 >005
Sqt 199+ 03 206+03 4 2005 orsse sk
19-21 19-21 R 44+ 4 67:18 9 700
Sq.2 21 <0.05
19.9+0.2 20.6+0.2
pil 10-12.3 9.9-14 13 >005
Sa3 16-17 16-18 06 005 : 112+ 04 12105 : ‘
- 16.6+0.1 16.8+ 0.2 : :
Crown 39 4=9 04  >005
S lab 8-10 7-10 03 005 scales 66+1 6.1+0.6 ’ ’
uprala 91+0.1 915+£015 : B -

Can 56 56 02 >005
blab 9-11 9-11 ~0.05 ' 52+0.2 51+0.1 ’ ’
Subla 9.6 +0.2 9.55+0.15 0.02 0.0 19-21 20-21 5 s

810 611 Sat 202:05 20901 0 700
. 89+ 0.2 goxo3 09 005 19-21 20-21
Sq.2 07  >005
20.6+ 0.4 20.9+0.1
77 79-102 76-102 13 >0.05
88.7 £ 2.05 84.65+235 - ‘ Sq.3 17 17 - -
1-4 2-5 8-9 9-11
Lor. 26045 345025 © <001 Supralab g g 0 1 9.2+0.2 12 =005
~57.1% ~40.9% 8-10 811
In +42.9% +59.1% Sublab 9.1+0.25 96+0.3 17 >0.05
9-11 9-10
Ee. 99+025  95+02 L5 >005
-84 60-82
2z 755+245  696+31 4 005
3-6 4-7
Lor. 47+04 55+04 14 >005
16.7-20 17.2-23
Le. 184+05  205+08 202 >005
8.6-11.3 8.5-14
Ltc 103+05 11307 1 005
6.6-8.8 6-9
Ale. 76+04 75+04 04 >0.05
-90% —67.1%
In

+10% +42.9%
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Table 19. Comparison of morphological characters of all age
groups of males and females of Pelias eriwanensis from Armenia.
See Table 2 for abbreviations.

dor(@m=9) 9¢(n=12)
Character ~ min—max min—max t p
+m +m
Pr. 1.70?30.3 2.11?30.2 14 >005
Ven gsers g1 22 <005
Se 36506 265106 94 <0001
Ap- 12702 tizog 09 003
e Gos06  esros 05 >005
Can. 5;?%2 N 5?% . 09  >005
Sa1 201.2;2(1).3 202.3;23.1 19 >005
Sq.2 2(%.2 202.(5)5;23.1 0.7 >0.05
303 17 171.1_1181 0.9 >005
Supralab ¢ 958?%.05 g.ﬁ.z 12 >005
Sublab 9'%‘2 9‘2_?1(1)_2 05  >005
P gs3ra2s  o6r0s 005 2005
“ B5:16  fass 2% <05
Lor. 4.6%.35 5.54?80.3 18 >0.05
o ~94.4% ~87.5%
+5.6% +12.5%
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Table 20. Mahalonobis distances (right) and significance levels (left) between samples of males of Pelias spp. according to CDA results (see

Fig. 2C). See Table 6 for average values of the samples.

Pelias sakoi

P. darevskii uzumorum P. darevskii kumlutasi

Samples sp. nov. $5p. MOV, $sp. nov. P.olguni  P.darevskii P. eriwanensis
Pelias sakoi sp. nov. - 90.1 56.9 353 78.9 60.2
P. darevskii uzumorum ssp. nov. 0.000124 - 70.7 55.9 18.3 48.6
P. darevskii kumlutasi ssp. nov. 0.113438 0.038569 - 57.03 571 61.9
P olguni 0.028790 0.001048 0.090001 - 51.8 27.5
P. darevskii 0.000029 0.043914 0.051935 0.000120 - 62.1
P. eriwanensis 0.0000373 0.000407 0.043346 0.111475  0.000001 -
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Table 21. Mahalonobis distances (right) and significance levels (left) between samles of females of Pelias spp., according to CDA results
(see Fig. 2D). See Table 6 for average values of the samples.

Pelias sakoi P. darevskii uzumorum P. darevskii kumlutasi

Sample sp. nov. $Sp. nOV. $Sp. nOV. P olguni  P.darevskii  P.eriwanensis
Pelias sakoi sp. nov. - 15.3 14.5 18.8 20.6 16.3
P. darevskii uzumorum ssp. nov.  0.006545 - 10.9 15.6 13.7 13.4
P. darevskii kumlutasi ssp. nov.  0.057321 0.049592 - 7.8 9.2 12.6
P. olguni 0.002331 0.000306 0.243999 — 151 174
P. darevskii 0.001117 0.000930 0.139795 0.000913 - 16.7
P. eriwanensis 0.004148 0.000465 0.022203 0.000110  0.000159 -

Table 22. Contribution of different morphological characters in Table 23. Contribution of different morphological characters in

separation of males of Pelias spp., according to CDA results (see separation of females of Pelias spp., according to CDA results (see
Fig. 2C). See Table 2 for abbreviations. Fig. 2D). See Table 2 for abbreviations.
Standardized coefficient Standardized coefficient
Character of the first discriminant Character rank Character of the first discriminant ~ Character rank
function function
Pr. 0.40 12 Pr. 0.83 7
Ven. 0.84 3 Ven. 0.6 13
S.c. 0.79 5 S.c. 0.81 8
Ap. 0.56 7 Ap. 0.96 {
Cs. 0.80 4 Cs. 0.88 4
Can. 0.52 9 Can. 0.95 9
Sq.1. 0.49 10 Sq.1. 0.80 9
Sq.2. 0.45 11 Sq.2. 0.85 6
Sq.3. 0.75 6 Sq.3. 0.90 3
Supralab. 0.38 13 Supralab. 0.76 12
Sublab. 0.89 1 Sublab. 0.86 5
Fc. 0.85 2 Fec. 0.79 10
7z 0.33 14 Zz 0.54 14

Lor. 0.55 8 Lor. 0.77 1"
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