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805 (SLGpPLRORJLH GHVY ODODGLHYV $QLPDOHV HW =RRQRWLTXHV ,15% 9HW
6DLQW *HQQqV &KDPSDQHOOH )UDQFH
S6 WDDWOLFKHYV 1IDWXUKLVWRULVFKHY OXVHXP %YUDXQVFKZHLJ *DXVVWUL
*"HSDUWPHQW RI (QYLURQPHQWDO 6FLHQFHYV 6HFWLRQ RI &RQVHUYDWLRQ %
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Abstract.—Turkey harbors a high diversity of viperid snakes, many with a high threat level on the International

Union for Conservation of Nature (IUCN) Red List, yet perception about even basic topics, such as distributions

and conservation statuses, remain poor. We initiated a multi-year project 7 y ago to compensate these shortcomings

and present herein dramatically improved information on the status of mountain vipers of central-eastern Anatolia

(Asian Turkey): Bolkar Viper (Montivipera b. bulgardaghica),Albizona Viper (M. b. albizona),Wagner’s Viper (M.

wagneri), and partly Ottoman Viper (M. xanthina 7KH GDWD RULJLQDWH IURP RXU ¢HOGZRUN
search of all records available, including information from literature, online resources, locals, and herpetological
H[SHUWYV 7KLV UHVXOWHG LQ QHZ ORFDOLWLHY FRPSOHPHQWHG E\ S X
information, including four corrected/removed records and two records that were combined with new records due

to their proximity. We summarized all records with precise information in a supplemented list of 85 localities,

which is compared to current literature and the range maps available on the IUCN Red List of Threatened Species,

the global standard reference for consultation on range maps and conservation status of species. Consequently, we

report on large range extension of > 100 km in all four mountain viper taxa, increase the extent of occurrence for

each viper taxon 4-8 times, reduce the distribution gaps between all pairs of parapatric, related, and ecologically

similar mountain vipers, and discuss taxa delimitation, putative contact zones and conservation aspects

Key Words.—Albizona Viper; Anatolia; Bolkar Viper; conservation; IUCN Red Nkintivipera b. albizonaMontivipera
E EXOJDUGDJKLFD; 0R Quvtivipérs HUDN BRdRd@h \Wher; taxa delimitation; Wagner’s Viper

I NTRODUCTION biogeographic history and habitat diversity (Stumpel et
al. 2016); however, taxonomy and phylogeography of
Turkey has a high viper diversity with at least 1Anatolian vipers is still a controversial issue (Stimpel
currently recognized species belonging to the genexad Joger 2009; Mebert et al. 2016). Most of these vipers
Macrovipera, Montivipera, Daboia, and Vipera (e.g.,received a threat status from the International Union for
Joger 1984; Mallow et al. 2003; Budak and Go¢meDonservation of Nature (IUCN) higher than Vulnerable,
2008; Mebert et al. 2015a; Gogmen et al. 2018; Freitmeluding three of the eight viper species listed globally
et al. 2020). This unusually high viper diversity for as Critically Endangered (IUCN 2020). Unfortunately,
Palearctic country likely is the result of its complexeferences about distribution and ecology of Anatolian
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vipers are very limited (e.g., Go¢men et al. 2014, 2013f most taxa to this day. To counter the widespread
Mebert et al. 2016), and often portray an unrealistinisunderstanding about these vipers, we initiated a
situation, as explained herein. This also applies to theoject 7 y ago to better understand the phylogeny
genusMontivipera (mountain or rock vipers), which hasand biogeography of Anatolian vipers and have
experienced a tumultuous history and was taxonomicapyblished results on a regular basis (e.g., Mebert et
separated from other Palearctic vipers by Nilson et al. 2014, 2017a; Go¢cmen et al. 2015a,b; Nalbantsoy
(1999). Afew taxa have been described in the last 15@tyal. 2016; Stumpel et al. 2019). This study, as well
(Ottoman Viper,0 [ D Q \WRadde'®ViperM. raddei, as the previous ones, represent additional information
Lebanon ViperM. bornmuelleri DQG /D W LM.{VfoR & SbtkJin progress, which should culminate in a
O D Wwhgrkeas more recent taxonomic research resultadich more realistic assessment about the systematic
in the description of a number of new taxa (Wagnerallocation and true distribution of mountain vipers in
Viper, 0 ZDJQHUL, BolkarOVipé&r X O JD U G Durkel, EhBn is currently presented in publications and
Albizona Viper, M. albizona; and Kuhrang VipeM. unpublished governmental monitoring reports. Such
NXKUDQJLFD). Species delimitation among theSeRd&xxfasl QWY DUH RIWHQ EDVHG RQ WKH
remained controversial (e.g., Nilson and Andren 1986, 8 & 1 ZKLFK DUH UHJDUGHG DV WKH
1992; Schatti et al. 1991; Sindaco et al. 2013), but someurce of information for species conservation in the
recent studies provided more clarity on relationshipgorld (AGENDA 21. 2010. Understanding NGOs’
among mountain vipers (Stimpel and Joger 200Bion-government organizations] vision for thest21
Stimpel 2012; Stimpel et al. 2016). Century. Available from https://agendatwentyone.
Some of the mountain vipers are rather colorfutordpress.com/2010/06/28/understanding-ngos-
(raddei, ZDJ QH UL, albizona) or show a highly vanabgovernment-organizations/ [Accessed 11 July
and contrasting color pattern (EX O JD UG D J K L E@9];[Mi<@GEEK. Q@ 4. What is IUCN? by Ellis and
that, combined with their putative rarity, led to @rownyn. Available from https://www.wisegeek.com/
temporary illegal collection frenzy for the pet trade imvhat-is-iucn [Accessed 10 July 2019]; and Saha et al.
the 1980s—90s. Frequent commercial trading, privately 2XU FROOHFWLRQ RI QHZ DQG UH¢
and at reptile expositions, combined with the feam the distribution of Anatolian mountain vipers
that the few known populations could be irreversiblwill inform and guide key national and international
negatively affected, led to the categorization of sevenablicy and conservation activities and/or regulations.
species with a high threat status by the IUCN in the KLV LQIRUPDWLRQ ZLOO DOVR EH XVHI
1990s. A new round of IUCN reassessments in 20@88mmunity and serve as an important education and
mainly implemented a higher threat level of mountaiimformation resource for the public, improve species
viper species compared to the ones published 15y earleGHQWL¢ FDWLRQV KHOS SRWHQWLDO
in 1996, yet without any new supporting informatiorcrucial in our goal to overhaul the respective IUCN Red
DERXW SRSXODWLRQ DVSHFWV DIQWGNWDRWYRBEKA FODUL;FDWLRQV
Unfortunately, concerns about putative illegal over- We restrict our work here to four mountain viper
collecting of many vipers have persisted, even thougdixa from south-central to north-eastern Turkey; hence,
there is a complete lack of corroborating data over te&cluding Montivipera raddei and most of the core
last decade aside from anecdotes about illegal exportamid western rangef 0 [D Q W Eact §pecies has a
a few individuals that would have only a very limitecconservation status and current population assessment
impact at the population or species threat level. Gcording to the IUCN Red List of Threatened Species
the other hand, substantial threats caused by hab{{&iCN 2020). Montivipera b. albizona(Albizona
GHVWUXFWLRQ H J PLQLQJ D PUpéroil Gritrd \rurkisid Norihin YRR iS lis@d as ArJ
electric power generation, massive livestock grazing, Bndangered Turkish endemic, its Extent of Occurrence
plantation sprawl, was strongly underestimated (Mebest fewer than 5,000 kit is known from fewer than
et al. 2016; Zinenko et al. 2016). ¢YH ORFDWLRQV DQG KDV D FRQWLQXL!
Furthermore, competitive interactions amongnferred in the number of mature individuals due to the
interested people (professionals and amateurs) hdikely collection for the pet trade and intentional killing.
continued after the last IUCN Red List assessment BDRQWLYLSHUD E EXOJDUGDJKLFD (Bolkar Vip
2008 and produced a generally tense climate of distrusg¢ast Concern because it occurs in an area of extensive
misinformation, defamations, false assessments aad suitable habitat that appears not under threat, has
unrealistic administrative perceptions in relation ta presumed large overall population, and is unlikely to
Anatolian vipers. At the same time, a lack of basioe declining fast enough to qualify for listing in a more
biological studies about distribution, habitat, anthreatened category. ORQWLYL S HWaDner& JQH UL
population aspects of Turkish mountain vipers hawdper) is listed as Critically Endangered, is endemic to
prevented a realistic assessment of the extent Taifrkey, has experienced a population decline of more
occurrence, population size/densities, and threat levétan 80% from exploitation and collection for the
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international pet trade over the past three generatiome apply the subspecies epithet of such specimens listed
(18 y), and is predicted to have a continued populatiberein based on its proximity to the historically known
decline from over-collection and planned dandistribution, and/or topographically linked habitats.
construction in the Aras River Valley, which wouldPotential contact (or transition) zones between them are
cause a loss of over 80% of suitable habitat for thigirely speculative due to lack of data but are suggested
species. ORQW LY L S HOtnjdh Qipéis @@d DQG EULHA\ GLVFXVVHG EDVHG RQ JHRJ
as Least Concern in view of its wide distribution, largeew material.
population, and because it is unlikely to be declining The similar and somewhat overlapping color
fast enough to qualify for listing in a more threatenegattern betweer® Z D J Q H U Lbaatbidona and the
category. missing information of a putative contact zone (or most
Our primary objective is to initiate a process t@roximate populations) between them, may render the
counter the general lack of knowledge about Turkighxon allocation of some individual vipers solely based
mountain vipers, from simple distribution to populatonrRQ SKRWRJUDSKLF DQG JHRJUDSKLF GD
biology and ecology, which is preventing any reliablallocation of such data, however, was decided based on its
assessment of species recognition and conservatoximity to the nearest known mountain viper location,
statuses. It is therefore urgent to rapidly improv&) HAHFWLQJ WadtiviperaQara A& Rhown to
our knowledge of the true range limits, populationverlap (Mebert et al. 2016; Stimpel et al. 2016), and a
sizes, species delineation, and relevant environmentaimbination of following features: (1) Morphology: To
factors that may affect population dynamics. This cédre viewed only tentatively because there seems to be a
be achieved quickest with a multi-faceted approadarge overlap of external characters based on published
by compiling geographic data on population exter@nd our own information. Furthermore, diagnosis
and habitat occupancy in general and molecular aby previous authors (see Table 1) was retrieved from
morphological data from contact zones or contiguowgry small samples, usually representing two to three
(parapatric) populations of two or more viper specigmpulations from the northern range limit of each taxon,
(Mebert et al. 2015b, 2017b). Finally, it is outhus missing a more widespread geographic variation
overriding objective to provide tools for appropriaténherent in each taxon. (2) Habitat: Is the habitat linked
future conservation assessments (Extent of Occurren®®,R RWKHU FRQVSHFL¢{¢F SRSXODWLRQV™"
Population Size/Trend) and actions/management pgtential connecting corridor to other known sites of
publishing herein the massively enlarged distributioMontiviperapopulations at < 5 km distance for suitable
VLIH RI 7XUNLVK PRXQWDLQ YrbckHhahtatVurKiat@auss \br dohg WallBy® © 2,200 m
known. elevation using satellite images from Google Earth
Pro. (3) Molecular: We screened haplotype association
MATERIAL AND METHODS for a few sampled specimens and compared them with
published data. We investigated mitochondrial DNA
Taxonomic and morphological considerations. following Stumpel et al. (2016) and compared the
Beginning in 2013, we started to compile a databasbtained sequences to the current published ones in
on Montivipera focusing on Turkey. We engaged in &enBank using BLAST online. All the evaluation and
holistic approach and compiled data from all availabIF i : | " : Vige
VRXUFHV LQFOXGLQJ DQQXDO o5, BRI B AR EET Y c o1 ana w
of representative genetic tissues for species delineati JQHUL) both from northern populations, based on Joger et al.
searching all literature references, contacting authors @dgg) Nilson et al. (1990), and Mulder (1994).

online photos and reports, questioning locals as well &s - b2l 0 ZDJOHUL
herpetologists that have been active in Turkey. We he@,?;?agtgf"ca - - albizona Q
largely follow the taxonomic concept of Stiimpel et af:

(2016) but expect changes in the future (Freitas et a @ teral blotches Blackish spots Etﬁgke\;ert'cal
2020). . . i . Inner circumoculars " .
The Albizona Viper was originally described as
Ventral scales ! .

Vipera albizonaby Nilson et al. (1990), placed into
the genus Montiviperdy Nilson et al. (1999), and Size mid-dorsal + VFDOHYV <Z4 gBdies wide
VXEVHTXHQWO\ FRQ¢UPHG E\ *Lzlegggfgwsma&k HW DO

RecentlyM. albizona was suggested as a subspecies 0 o ]

the Bolkar Viper (00 EXOJDUGD JKLFD) due %ﬁl%%?‘épgﬁ?)sg%‘”gg% W Fgggne“e" up to
evidence (Stumpel and Joger 2009; Stimpel et al. 2016). © o ] ’

Because the distinction between the two subspecies hg&Mact occipital spots Connected up to - Disconnected

. . . . postorbital stripe or 50%
become blurrier with new, often photographic, material,; yvw ODWHUDO EORWFK
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© Montivipera b. bulgan!ngm‘cni
O Montivipera wagneri .
@ T oare rackdol

26 28 30 32 34 36 38 40 42 44

Ficure 1. Updated distribution of mountain vipers in Turkey. Points represent locality records (see Locality List in Supplemental
Information) for Ottoman Viper, 0OR Q W L Y L S Hhlebk)] Bliey2dhK VigeM. b. albizonggreen), Bolkar Viper0 E EXOJDUGDJKLFD
(light blue), Wagner’s Viper0 ZDJQ H UL (yellow), and Raddé'sreieej(red). Locality marks for western and inland Ottoman

Viper (0 [DQWIKOLWLIHD QRW FRPSOHWH EXW VXI(FLHQWO\ UHSUHVHQWDWLYH DV WKH\ DUF
represent country borders. A larger version of this map is accessible in Supplemental Information.

taxon allocations, in particular those that originate frofdontiviperataxa from west to east, much different from
SKRWRV RQO\ VKRXOG EH VHH GheDgenesal peyceplitrR@) B@atedQdpLiatiogsQar ds

analysis (i.e., a more complete genetic and morphologicBlUHVHQWHG LQ ,8&1 5HG /LVW (OHV /L\
analysis) is available. We summarized and listed matistribution maps (Fig. 2 and subsequent maps presented

relevant and available locality data of Montiviperdior each taxon below) correspond to locality numbers in
ZDJQHUL 0 E E>X@iD b.@biddd, bt the specimen/habitat photographs and Locality List in

also the south-eastern range segmentOof [ D Q W KHe@pplemental Information.

which is most proximate to other mountain viper taxa

(see Locality List in Supplemental Information). Wagner’s Viper (Montivipera wagneri).—We
provisionally assign all Montiviperaspecimens,
REsuLTs including those based on photographs, that originate

from south of the Munzur Mountains in the provinces
The updated range of the four mountain viper taxeunceli and Erzincan, and from east of the Euphrates
(Fig. 1) generally shows a rather continuous range Bfver Valley in provinces farther south, ® ZDJQHU L.

40 41 4 43
Ficure 2. Updated distribution of Wagner’s Viper (ORQWLYLSHUD ZDJQ HU L) and adjacent locations of Radde’s Viper (M. raddei) in
Numbers refer to the Locality List in the Supplemental Information, but onl forZ D J GasMU taddei is not the focus of this study.
Several samples used for genetic analysis originate from Aras Valley (circled locality-1) and other single locations that are indicated with
a black center. Question marks indicate areas where fividetivipera SRSXODWLRQV DUH H[SHFWHG EXW UHTXLUH
version of this map is accessible in Supplemental Information.
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Ficure 3. Range extensions of Wagner's Vipeld RQWLYLSHUWD ZXUNHYL $ ,QGLYLGXDO IURP *«QLQGL GLV\
near eastern end of encircled locality-1, respectively contact zondwitiddei(Mebert et al. 2016); (B) Individual from locality-4a,

Derekdy, district Tutak/Agri; (C) locality-8, habitat and two Wagner's Viper from the area between Bostancilar and Ak¢akaynak, district
%XODQLN 0Xu $ & DQG LQVHUW SKRWRJUDBSKHG E\ .RQUDG OHEHUW DQG % E\ 1DUGLW

The range extends about 250 km west of the previouglgcalities 25-28 in Fig. 5 and Supplemental Information
known western limit near Horasan (locality-2 in FigFigs. S7E, S9). Recent discussions with the senior
2; Kumlutas et al. 2015) and includes also recentiuthor of the description and provision of coordinates,
discovered published (Gd¢cmen et al. 2014; Yildiz dtowever, revealed that the terra typica lies 100 km
al. 2018) and unpublished sites in the provinces KartsDUWKHU HDVW QHDU WKH .DUDUDU *HolL
$+UL OXU]JXUXP %LQJ|O (OD]Q¥UID:QGELAMOQYFHMHH ORFDOLW\ EHORZ
(Figs. 3 and 4, plus Supplemental Information FigsQHZ DQG UH¢{QHG ORFDOLWLHV LQ WKH
S1-S7). Complementary to these allocations, adDODW\D .D\VHUL 6LYDV .DKUDPDQPD
Montivipera records from northwest of the Munzur(Supplemental Information Figs. S7-S12), as well as
Mountains and west of Euphrates River are assignadarge southeastern extension into province Adiyaman
to M. b. albizona. (locality-45 in Fig. 5, photographs in Fig. 6, and more
specimens depicted in Supplemental Information Fig.

Albizona Viper or Central Turkish Mountain Viper S13) about 145 km south and 195 km east of previously
(Montivipera bulgardaghica albizona).—Correction known sites (Go¢men et al. 2014). The distribution
of Terra Typica:the terra typica of albizona wasmap in Fig. 5 also replaces the one presentegigak
originally given as Kulmac Daglari (Nilson et al. 1990)et al. (2017), which is based on previous literature and
a mountain chain that begins in the west just north of tpaotographic records, all presented herein with more
villages Harmandali and Kurkglyurt, district Altinyayla/precision and corrections, where appropriate. No
Sivas, and ends in the east at Yilanli Mountain, distrigbuchers could be located for the presenceéMofb.
Kangal/Sivas. The entire 70 km mountain chain appeatbizona in Sivas-province districts Gemerek, Yildizeli
to provide some suitable habitat for Montivipera vipergnd Zara (Cicek et al. 2018; Kerim Cicek, pers.
but not as extensive as the Tecer Mountains paraltelmm.), but see discussion appended to locality-34 in
to the north, a well-known site for M. b. albizon&Supplemental Information.
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Fieure 4. )LUVW FRQ¢{UPHG SUHVHQRKB WL YD $O D §EcBRIRBMite, Turkey. Habitat and a Wagner’s Viper
from locality-14, Tahkini Yaylasi-Pohoz Mevki, northeast of Turnayolu, district Nazimiye/Tunceli. (Photographed by Konrad Mebert).

Ficure 5. Updated distribution of Albizona ViperORQWLYLSHUD E XOJDanhG beatestFé&rorm OfBhe] BRakBr Viper
ORQWLYLSHUD E irETdrkey.DNuBHe 3 Kelfelf o the Locality List in the Supplemental Information. Samples used for genetic
DQDO\WVLY DUH LQGLFDWHG ZLWK D EODFN FHQWHU H[FHSW IRU ORFDOLW\ IURP %D
analysis by Gocmen et al. (2009). Question marks indicate regions where Kotft@ripera populations are expected but require
FRQ¢;UPDWLRQ $Q HQODUJHG YHUVLRQ RI WKLV PDS LV LQ 6XSSOHPHQWDO ,QIRUPDW
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Ficure 6. The new, currently most southeastern, locality of Albizona VileRQWLYLSHUD EXOJDUGDJKLFD DOEL]JRQD
Nemrut Archaeological site, district Kahta/Adiyaman, locality-43epicted is one of the treeless areas near the peak and one of the
Albizona Vipers found there (see more examples in Supplemental Information Fig. S13). (Photograhed by Mehmet Zilfu Yildiz).

Bolkar Viper (Montivipera b. bulgardaghica).— al. 2016; Alencar et al. 2018; Saha et al. 2018). This has
We extend the range about 13 km west within provin@also become evident to us since the start of this project
Mersin and 130 km east in province Adana (Fig. 7). Win 2013, because the biology of vipers in Turkey has
include photographic vouchers (Fig. 8 and Supplemenremained poorly studied to this day, including studies
Information Figs. S14-S16) of this species. Informaticon their distributions and population statuses with only
about the records is given in the Locality List in thfragmentary or misleading information. This lack of
Supplemental Information. JRRG GDWD LV UHAHFWHG LQ WKH ,8&1 5
of four Montiviperataxa treated herein (0 ZDJQHUL O
Ottoman Viper (Montivipera xanthina)—Only E EXOJDUGDJKLFD 0O >E @ DOEL]RQD)an
south-eastern records are mapped herein (Fig. 9; IVFLHQWL¢{F SXEOLFDWLRQV . XPOXWDU F
see wider view in Fig. 1). In the Locality List (see2015; Gl et al. 2016; Tuniyev 2016; Kurnaz et al. 2018;
Supplemental Information), we summarize new arAhmadi et al. 2019), Turkish provincial governmental
UH{¢QHG TURP SUHYLRXVO\ SXtreports (e.g., Cigek et al. 2017; Avci et al. 2018), and in
sources) records of the Ottoman Viper from itvirtually all books that include chapters on vipers from
southeastern-most range, adjacent and as close a<Anatolia (e.g., Phelps 2010; Sindaco et al. 2013; Geniez
km from ORQWLYLSHUD EXOJDUGDJ2015).
photographic vouchers (Fig. 10 and Supplemental By using a combination of published results,
,QIRUPDWLRQ )LJV 6 DQG 6 satelit@ hages kdnJGodgke HEarghUPYoWas well as the
documentation of 0 [DQWKLQD from the piocheesimg provision of open online landscape photos,
Mersin. we conclude that suitable habitat for most viper species
appears relatively extensive across much of Anatolia.
DiscussioN When combining key factors, such as southern aspect,
HOHYDWLRQ DQG FRDUVH URFN\ VXUIDI
Distribution and conservation aspectsAmong sediments) to provide shelter for night, hibernation, and
snakes, vipers are perceived as disproportionatglsey, potential new locations can often be pinpointed
threatened with extinction, and thus, acquiringn satellite images. We have also extended the habitats
information on their distribution, ecological niche, andf Montivipera spp. from rocky mountain slopes
natural history is fundamental to better understand theiith bushes (e.g., Aras Valley in Kars, locality-1,
biology and assess their conservation status (MaritzSpplemental Information Fig. S1) and light forests
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Ficure 7. Updated distribution of Bolkar Viper (ORQWLYLSHUD E EXOJDUGDJKLFD)in Turkey. Inset map repeats the sar
by a light blue shading but enlarged to show the two eastern-most sites (localities-46 and -47, see vouchers in Fig. 8). Numbers refer to

the Locality List in the Supplemental Information. Samples used for genetic analysis are indicated with a black center. Question marks
indicate areas where furthbtontivipera SRSXODWLRQV DUH H[SHFWHG EXW UHTXLUH FRQ/(UPDWLRQ :
[ D Q W(KladR @ot-70) near EX O JD UG D JK L F D-locality-62 indicates a potential contact zone between them. An enlarged version of this r
is in Supplemental Information.

HJ .DU %R+D] 9DOOH\ LQ )LJ \HDRV CRPDOLMG MAR FRPSHQVDWH IRU W
and Goller in Adana, locality-46), to wet riparianV\VWHPDWLFDOO\ RSWLPL]JLQJ ¢HOG DQG
habitats (e.g., Ovacik/Sivas locality-25, Supplementaktworking, with a pioneering focus on new regions
Information Fig. S9), dry steppe-like stony hills (e.gand addressing all available sources of recent locality
2WOXFD $+UL ORFDOLW\ D QG 'Batabik\ipérd Xliis @suked @ b Vepid acz@r@lation of
Supplemental Information Figs. S2 and S3), treeledsstribution knowledge for some mountain vipers (other
URFN\ PRXQWDLQ VXPPLWYV H Jlurki$hRip& Bxa shelsatsivhllartrBnd/ antl are currently
locality-43 and Mt. Nemrut/Adiyaman locality-45,being analyzed as well). Compared to the range maps
yLJ DJULFXOWXUDO ¢(HOGV DublidhdeiRiXthe IUCN Red LHsOdfl ThEsten&d(@pecies

%RVWDQOL .DKUDPDQPDUDUG O RBCN20M)) the Extént & S tHrendMBmidpera
Information Fig. S11), and hilly-rocky high elevationE E X O JD U @d3 Jéalafg&d by more than four
plateaus around 1,800-2,200 m elevation (e.gimes (from 1,300 to 6,000 K&n with extensions of
Karakuyu/Sivas locality-36, Yilanhoyik locality-31,about 13 km in western (locality-62, Fig. 7) and 130
Masman Basi/Erzincan locality-21, Hisarlik Plateaitm in northeastern (locality-46, Fig. 7) directions
.RQ\D ORFDOLW\ 0D+DUD .LURfob\e Cbtiddpar@in® RICD Gdnge\ (see Fig. 11).
Supplemental Information Fig. S17). In particular, th&he distribution area foMontivipera b. albizona was
HIWHQVLYH EXVK DQG JUDVVOD @targe® b Bbaut eldRithinesS(@dmVv H[DO0YkaD U H
rarely listed as habitat for Montivipespp. in surveys 38,500 kmd; see Fig. 11), with extensions of about 145
and the general literature (see example in Supplemerkal to the south (locality-43, Fig. 5) and 160 km to the east
Information Fig. S4). Yet, these plateaus are commdiocality-45, Fig. 5); similarly the extent of occurrence
and extensive in eastern Anatolia and likely constitufer 0 Z D J QvelsUelnlarged about eight times (from
a largely neglected habitat for mountain viper survey’s500 to 21,000 ki see Fig. 11), with extensions of
with the potential for many overlooked populationsabout 226 km in southwestern (locality-15, Fig. 2), and
+HQFH ODFN RI ¢QGLQJ YLSH U0 khiiveasiath\dirédtiéhB tolGRinvinlil, K&rs beaivy-1,
(¢HOG H[SORUDWLRQ DQG FRRU @k €Bbtévn-rRodt oZ thAWDK QIR R IGlocali&s\ahidwhlin Fig.
conditions for surface activities of these generall), whereas the range & [D Q VWudd &xtended by
secretive snakes, particularly those living in semi-aritb0 km east (locality-70, Fig. 9) across the vast highland
climates across most of inner Anatolia. In only sevagrateau from its nearest previously published record in
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. XPOXWDU HW DO ‘H FDQ DITHOY DVVXPH WKDW WKHVH
large range extensions will concomitantly increase the
total population size of each taxon, even though the
many mountain valleys with suitable habitat betwegn
the listed localities have not been explored thus far.
Yet, with the core of Montivipera diversity containeq
in Anatolia, it remains with the Turkish government
to safeguard existing populations and implement any
necessary conservation measures against threats ffom
habitat destruction and climate warming (Mebert et al.
2016; Ahmadi et al. 2019).
We anticipate that many viper species of Anatolia wil
follow a similar path of revelations as was experienced
with Orsini’s ViperVipera ursinii in France, which once
was estimated to consist of six to nine populations with a
total of 200—-300 animals by the late 1980s (Corbett 1989;
Stumpel et al. 1992), but surveys up to 2008 corrected
those numbers to 21 populations with a potentigl
carrying capacity of 168,000 vipers (Lyet et al. 2013).
Similarly, there has been rapidly increasing distributid
knowledge for Karst Viper Vipera u. macrops -HQLUO HW
al. 2013) and Greek Meadow Vipé&f, graeca(Mizsei
et al. 2016, 2018). Not unexpectedly, the biogeograplic
situation of vipers in Anatolia is increasingly resemblin
other Palearctic vipers occurring in southern Europe,
where every mountain/valley has (or had, if the habitat
has since become too degraded or lost) its population

of vipers, a situation already quite well predicted bficure 8. Distribution updates of the Bolkar Vipevi¢ntivipera
Schatti et al. (1991). E EXOJDUGDJKLFD) in Turkey. (A) locality-46, Goller Yaylasi,

The often-cited major threat through illegal collectioff/Stict Kozan/Adana (Photographed by GHQVX .c0«NDWHUG = %
: gneg ORFDOLW\ .LILOGDP GLVWULFW $ODGD+ $GI

by Baran and Atatir (1998) or IUCN (2020) a}ppearajlor pattern more typical faalbizona (Photographed by Karim
outdated for Turkey, except for very small and isolateg p y & ORFDOLW\ .DU %R=D] 9DOOH\ GLV\

populations that could be quickly overexploited. Yet sugihotographed by Mehmet Ziilfii Yildiz); (D) male and female
VSHFL¢,F FDVHV DUH QRW N QR Z Quings(PHptgtamed by Bayte® Bdeh@n); (EHralweRrdHepale

reports by the Turkish authority, nor recent workshopdPers from nearby locality-50 (Photographed by Fabien Bettex; (F)

with our_attendance as viper experts at the VS (P Te YBSS Tom e et el 8 G
Specialist Group-lUCN meetings Greecg(2014) and  jert Kari ).

Morocco (2017) revealedny large-scalesamplingor

smuggling of vipers out of Turkey. Similarly, no illegalto their biological resources to secure sustainable use.

snake smugglin@side fromsingle specimens, which Precautions against bio-smuggling is important in this

itself is biologically irrelevant for the survival of acontext even for single specimens. Although a variety

population and much less that of a species, have b&dviper species were exported from Turkey in the past

found by a governmental compilation of smugglingvithout permission, and illegal collection has been cited

cases from 2007-2017 (General Directorate of Natuas a threat issue for all four Montivipera taxa treated
&RQVHUYDWLRQ DQG 1DWLRQDO RBDURNNVNQ 7TYHNHIHVSHEWIFYBQ OHV LQ ,8&]1
statistics on the number of biosmuggling cases KDV VLIJQL,;FDQWO\ UHGXFHG LQ WKH SD
Turkey from 2007-2017. Available frorttp://www. due to regulations and governmental projects on this
milliparklar.gov.tr/resmiistatistikleryeni ~ [Accessed subject and the increasing risk of illegally exporting bio-

5 March 2019]), or by a new summary study on bigqoods out of Turkey, and also due to the saturation of the
smuggling in Turkey (Birben and Gencay 2019pet market with captive-bred specimens. Fortunately,

inquiries from NGOs, commercial markets, breedertoday, anyone from Turkey or abroad can conduct

or other scientists, as well as our own experienctudies after receiving appropriate and collaborative

(Mebert et al. 2016). According to the Convention opermits from the governmental bodies.

Biological Diversity (https://www.cbd.int) however, in Another aspect that grew out of the non-representative

which Turkey participates, countries have the right fear about illegal collecting relates to non-academic

their biological diversity and should control the accedgerpetologists and naturalists that post their new viper

>
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Ficure 9. Southeastern distribution of Ottoman VipeR QWL Y L S H YJib THEx€y WNUIQels refer to the Locality List in the

Supplemental Information. The corresponding International Union for Conservation of Nature (IUCN) map also includes avl.area for
[DQWIKQHIDU ZKHUH $GDQD 1L+GH DQG .D\VHUL SURYLQFHV PHHW %HFDXVH QRQH RI
includes such a reference, we presume that area may represent district@IDkil L+ GH DQG UHO D W[H\WQ W R L\ R for BdlkawW L Q J
'D+L 8OXNLUOD LQ %DUR+0OX DQG %DUDQO EXOZR UBhdkan®Anhtdred DOB5)G Savhplesluad @r D V

genetic analysis are indicated with a white center dot and are either listed in Table S1 (Supplemental Information), except for locality-65

from south Ercyies Mt., Develi/Konya, which refers to an albumin analysis by Gé¢cmen et al. (2009). Question marks indicate areas

where furtheMontivipera SRSXODWLRQV DUH H[SHFWHG EXW UHTXLUH FRQ/;UPDWLRQ RI WD[RQ |
Supplemental Information

cQGLQJV RQ VRFLDO PHGLD (it edoygiehl EARIEXYY WIlF depe@ dh Rohvgrehensive
authors of such posts, yet a few were still unwilling ttmcal data to better promote its survival in the future.
share their locality information to prevent population Concerning conservation aspects, we strongly
damaging sampling. Such fear, however, is not realisargue that there are stronger and more realistic threats
based on the extensive habitat and distribution thto viper populations than illegal collection for the
vipers occupy in Turkey today, as we demonstrate international pet trade. The principal threats for
this paper. On the contrary, locality data could be moAnatolian mountain vipers are likely posed by wide-
usefully applied to conservation needs by assessing scale habitat degradation and destruction, mainly
extent of occurrence, habitat constituents, populatithrough overgrazing by domestic livestock (goats,
sizes and immediate local threats to certain species tsheep, cattle), agriculture and plantations, suburban
otherwise may risk extinctions of entire populatonVSUDZO DQG YDOOH\ ARRGLQJ WKURXJ
with 100s to several 1,000s of specimens. It wi(Ettling et al. 2015; Maxwell et al. 2016; Mizsei et al.
recently concluded that the most prevalent threats faci2016;Ciceket al. 2018; Grooten and Almond 2018). In
more than 8,000 threatened or near-threatened speparticular, Palaearctic steppes have become one of the
on the IUCN Red List of Threatened Species (IUCImost endangered terrestrial biomes of the world through
2020) are agriculture and overexploitation (Maxwehigh rates of conversion and widespread degradation
et al. 2016; Grooten and Almond 2018). HabitgTorok et al. 2016). In Turkey alone, more than 44%
degradation through agriculture, but also through oveof the natural steppe and steppe forest area has been
grazing, urban sprawl, and plantations poses masslost due to conversion to cropland, afforestation, and
structural landscape changes with often severe negalovergrazing, putting Anatolian mountain vipers that
effects on susceptible terrestrial species such as vip«depend on rocky montane grassland under increased
Substantive information on the conservation status oconservation risk (Ambarli et al. 2016; Wesche et al.
threatened species, such as range, population size, 2016; Mebert et al. 2016). Because livestock changes
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Ficure 10. Updated distribution of Ottoman ViperO RQWLYLSHUD [D QWKL Q D) from its southeastern range borders in Turkey. (A) Inc
IURP ORFDOLW\ ZHVW RI (UFL\HV OW 6XEDGL GLVWULFW ,QFHVX .D\VHUL 3KRWRJ
Azatli Dam, Ciftik 1L+GH 3KRWRJUDSKHG E\ OHUW .DUO L [P Qo)dad @Plo@aRys7OK DELWDW QRUWKZHV\
district Erdemli/Mersin (Photographed by Fabien Bettex); (E) Viper from locality-71, northwest Akpinar, district Erdemli/Mersin
(Photographed by Konrad Mebert).
vegetation structure and cover in ways important the most recent study, Stimpel et al. (2016) assessed
small mammals, community-level total abundance roughly a low 2-3% sequence divergence of three
small mammals typically declines with grazing (Schieltmt-genes (CYTB, COX1, ND5) among Montivipera
and Rubenstein 2016), which in turn negatively affecZDJQHUL 0 E EXOJD b.Gbizéhh B D, and
the food base of snakes. Similarly, Rotem et al. (201situation asking for systematic re-evaluations in the
found that reptile diversity decreased with grazing future (Freitas et al. 2020). Comparativley, a new study
arid sites. To maintain viper diversity in Turkey, as weon the Transcaucasian Ratsnake, =DPHQLV ,KRKHQDF N
DV PRVW RWKHU IDXQD DQG AR Uargely sympatric with our Montiviperapp. herein,G H U
those threats and publicly address them in the future. VKRZHG D EURDG LQWHUJUDGDWLRQ ]JRQ
subspecies that diverged at around 5%bcfitlofmann

Taxa delimitation.—Because the IUCN Red Listet al. 2018), higher than in aformentionddntivipera
assesses threat levels primarily at the species letaxa. Bradley and Baker (2001) suggested thatbcyt
(IUCN 2020), delimitation of species becomes relevardivergence by < 2% between small mammal taxa is
KRZHYHU LQVXI¢FLHQW JHRJU [ndicative of subspecies level, whereas divergence from
the biologically meaningful categorization of taxe2%-11% requires more methodological evaluation
into species, subspecies, or local populations. Tl(morphological, genetic, ecological, etc.), and divergence
partly applies also to Montiviperapecies for which of > 11% can be considered a species. Even though one
WUDGLWLRQDO VSHFLHV FODVYV may expect that snake genera delimit by different l2@IS D U G
in the IUCN Red List. This standard is increasinglof cytb divergence and might not be comparable to small
challenged by means of expanding geographic samplimammals, various studies that include closely related
and delimiting species using molecular methods. snake species in sympatry, where species integrity is
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Ficure 11. Updated distribution of mountain vipers in south-central to north-eastern Anatolia, Turkey, with known localities as colored

circles on top of same color shaded areas representing their interpolated ranges: dark grey Ottom@RWp&rLYLSHUD [D QWKL Q D), lig
blue Bolkar Viper (0 E EXOJDUGDJKLF D), green Albizona Yiyelidmt.Waglézndper (0 ZD J Q H U L). For the latter three

taxa, the smaller, white-bordered, and color-saturated polygons represent the approximate and much smaller distribution maps as depicted

LQ WKH UHVSHFWLYH (OHV RI WKH ,QWHUQDWLRQDO 8QLRQ IRU &RQVHUYDWLRQ RI 1D
red transparent band over the Euphrates River leading north to a red-bordered area encircling the Munzur-Mercan Mountains indicates

the prominent landscape feature separating most proximate populations Rétveeibizona and 0 Z D bQribY tepresent their
SRWHQWLDO FRQWDFW ]RQH 6LPLODUO\ WKH UHG KDWFKHG FLUFOH QHDU WKH &H\K
the subspeciesof 0 E EXOJDUGDJKLFD and M. b. albizona. Question marks indicatelantiagpefzgrepadalibosadre

H[SHFWHG EXW UHTXLUH FRQ¢UPDWLRQ $Q HQODUJHG YHUVLRQ RI WKH PDS LV SODF

naturally tested (Harrison 1993), show cyt b divergenby Burbrink et al. (2000) that differ by 3.5% and are
at an equivalent magnitude and range. For example, UHJDUGHG DV FRQVSHFL¢ F *LEEV HW DC
Southern and Northern watersnakderpdia fasciata and Butler’'s gartersnakes (7KDPQRSKLW. UDGL][ and
andN. sipedon, respectively), diverge by 9% bybut butleri, respectively), that differ in Wisconsin by < 1%
produce very wide hybrid zones (20-100 km) that ali¢(de Queiroz and Lawson 1994; Alfaro and Arnold 2001)
(are constrained) along environmental factors (Mebeor < 2% in the more variable ND4 (Placyk et al. 2012),
2008, 2010); Western and Eastern grass snak&\{V Ulikely as a result of ancient and long-standing mtDNA-
KHOY&hW1FDWU L[, respectively), difer tLQWURJUHVVLRQ UHAHFWLQJ LQFRPSOH)\
ZLWK OLPLWHG XQLGLUHFWLRQ Ial. 2012; McVay et al. 2015). V D
narrow contact zone between taxa (Kindler et al. 2017 In Palearctic vipers, there are currently several
a divergence of 5.2% exists between partly sympatrecognized species with < 5% ¢ytivergence, yet they
Mexican and Checkered gartersnakes (7 KD P Call relate to allopatric populations or taxa for which no
eques and T. marcianus, respectively), or 5.5% betwenatural test (i.e., integrity in sympatry) is available, thus,
Western Aquatic and Coast gartersnakes (7 RRIX they may as well represent temporarily isolated and
T. elegans, respectively; de Queiroz and Lawson 199locally variable subspecies, e.g., Armenian Steppe Viper
and sympatric North American brown snakes (Storer9LSHUD HULZDQHQVLYV, Iranian Stgppe Viper (V. eb
spp.) differ by 8% (Alfaro and Arnold 2001). Within theBaran’s Viper(V. barani), Dinnik's Viper (V. dinnij
Anatolian mountain vipers, a 9% difference separatLotiev’s Viper (V. lotiev), or some of thévlontivipera
ORQWLYLSHUD ZDJQHUL and M. raddindicated in the text (Freitas et al. 2020). Hence, one
introgression along a sharp parapatry line, consistingneeds to compile more data from different lines of
a 5-10 m wide shallow stream separating them northevidence (integrative approach) to show that there is a
.D+O0]PDQ 7XUNH\ OHEHUW HW coherent pattern of distinct morphology, genetics, and
2016). geographic structure. Adequate sampling is the basis

In contrast, taxa with incomplete speciation and/to compensate for the lack of required information
hybridization tend to show levels of dytdivergence < with proximate populations or even contact zones
5%, such as indicated by the complete fusion of ratsne EHWZHHQ WZR WD[D LQYHVWLJDWHG IRU
OLQHDJHV LQ VRXWKHUQ &DQ ELorinthe past by molecular means (Mebert 2008, 2010;
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Hillis 2019). We strive to improve our knowledge inProvince (photo voucher of Hengirvan, locality-15, and
locating these contact zones or proximate populationsw specimen/molecular vouchers from 18 km distant
by molecular means, and if otherwise not possible, @ghkini Yaylasi, locality-14, Fig. 4, Supplemental
consensus of color pattern variation. Information Table S1). These Z D JQ H U L show virtually

Because some frequent color pattern variatiom® cyt b genetic divergence (0—2 mutations over 700bp)
betweenMontivipera b. albizona and 0 ZD &@H1WWI0 ZDJQHULfrom 250 km farther east in Aras Valley,
quite similar, taxon-allocation based on photographs Kars Province, whereas there are 13—15 mutations to
specimens from proximate populations between thetme currently nearest M. b. albizona 128 km farther west
presents some challenges. This convergence in cadrSandik, locality-20. The distance would be reduced
pattern might be the result of similar environmentdab 78 km taking untested records between Hengirvan
SUHVVXUH RU JHQH ARZ LQ WK BhdSZyar¥y Tepd3iMrBshdctie, Hacalides 1D-06. It
2015), but with the knowledge that there is generally riecomes evident that the southern slopes and valleys
large sympatry between twdontiviperataxa (Stumpel of the Munzur Mountains need to be evaluated for a
et al. 2016) save some narrow contact zones (Mebpdtential contact and/or transition zone between these
et al. 2016), we can at least approach the delimitatiorngo Montiviperataxa.
or current separation between thédentivipera taxa Whereas the Munzur Mountains might act as a
based on consensus in color pattern. Indeed, there potential topographic obstacle for exchange between
two prominent topographic features producing a largerthern populations oMontivipera b. albizona and
(up to 100 km) longitudinal gap with vast stretches 00 ZDJQH UL, the Euphrates River is a potential barrier
unsuitable or qualitatively reduced habitat, potentiallpetween these vipers farther south. The Euphrates
separating the ranges of the two mountain viper taxa&LYHU DOUHDG\ ARZV WKURXJK WKH 0
the huge Munzur-Mercan mountain ranges with a neaity Erzincan Province where it is remarkably narrow
100 km stretch of > 2,700 m elevation along the borddd QG ADQNHG E\ D VWHHS YDOOH\ WKR>
between the provinces Erzincan and Tunceli and thesed Viper (Macrovipera lebetindg known from its
PLIKW\ (XSKUDWHYV 5LYHU ZLWK hbt &R by GoariarOabe@ & 150D B leleRatioh Qunpubl.
WHUUDLQ RU ¢QH VHGLPHQWH G deth)O Gixnil@Q Grge Rottpw DfLsenv-arid southern
m elevation reaching far inland from the river along thend central Tunceli Province including mountains up to
ERUGHU RI 0DODW\D DQG (0D]0 +25800R\ele@fidd Sppedivhit MEr@iwnéra vy, @ H
area is bordered in the south by the Malatya Mountaame inhabited by Macrovipera lebetig&cording to an
range west of the Euphrates and includes locality-#xperienced national park ranger with more than 30 y of
(Montivipera b. albizona) in Adiyaman Province. Fronprovince-wide service (Murat Ozel, pers. comm.).
WKH HDVWHUQ VLGH Rl WKH (XSKDDWHKMUL@RXRXWK® UQDJOB]®OG 0DOD
(Hazar Mountains) and Diyarbakir (Maden Mountaindtuphrates River system widens substantially. Beginning
provinces, we received credible, local reports @it the northern end of the massive Keban Reservoir
mountain vipers with yellow dorsal blochtes resemblingDNH ARRGHG (XSKUDWHYV 9DOOH\ DQG
Wagner’s Viper. These mountain ranges on both sid§ X SKUDWHYV 5LYHU LV ADQNHG E\ DOOXY
of the Euphrates likely constitute the southern bordsediments on plateaus and gentle hills mostly < 1,100
IRU UHJLRQDO PRXQWDLQ YLS H UnvelezatiorD afdDealing-5om® QdRy MaRitats o |@verl. G
landscape continues from there southwards towardiser, and warmer climate (Barry 2008), a semi-arid
Syria. landscape that is less suitable for 0 ZDJQHUL and M. b.

In respect to the Munzur Mountains, our currerdlbizona, but rather preferred by the larlytcrovipera
information assigns all specimens without genetic dabeting a potential competitor (Schatti et al. 1991).
from the western end of these mountains, Erzincdmis remains speculative, however, without further
Province, toM. b. albizona, and predict their presence, HOG LQYHVWLIJDWLRQVY DQG ORFDO GD
in the northwestern corner of Tunceli Province, witdiscovered contact zone between 0 ZDJQHUL and M.
only 25 km continuous habitat from nearhlpizona raddei H{HPSOL{;HG VXFK WD[RQ GLYLVLRC
SRSXODWLRQV LQ .DEDWDU (U]L Qeazc@mpared DY it Hndscapp @&ures (Mebert
but additionalalbizona YRXFKHUV KDYH Edid Q0OIB& Q016).PKbBetheless, there are two regions
with genetic samples from nearby Erzincan and Sivatongside the southern Euphrates River that potentially
localities (e.g., localities-20 and -23, Supplementg@rovide conditions suitable for Montivipepapulations:
Information Table S1). Regarding the occurrence of Metween Keban and the Karakaya Reservoir Lake (40 km
b. albizonanorth of the Munzur Mountains, howeverrbULYHU FRXUVH DQG WKH RXWARZ RI WE
only one shed skin of M. b. albizona has been reportdee northern end of the huge Bayat-Atatirk Reservoir
(locality-16; Mulder 1995). The nearest populationsake, where the Euphrates River meanders through the
of 0 ZDJQMHUL are found in the eastern part oédstecelportion of the Malatya and Adiyaman Mountain
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UDQJHV ADQNHG E\ VWHHSHU ¥dyBnSaH Wocdit®-45). Pret Xy Biar®samples from

1,000 m elevation, (e.g., see photographic vouchdt® entire region are required to elucidate the genetic

from localities-22 and -45 in Fig. 8 and Supplementaharacter of any contact or transition zone.

Information Figs. S8, 13). These regions along the New information points to a third contact zone

Euphrates River and the adjacent southern versant of that exists betweenORQWLYLSHURBnd[MQWKLQD
Munzur Mountains possibly constitute a non-continuou XOJDUGDJKLFD in Erdemli district, Mersin Province.
¢UVW FRQW D F WiohRvipéta xaW Mdeed) Previously published data showed a shortest distance
preliminary cytb analysis (750bp) shows that northerof 150 km between these mountain vipers species, i.e.

M. b. albizonarom Sivas and Erzincan provinces shovbetween type locality-53 of E X O J D UNilSod khdF D

less genetic distance to populations 150-250 km farth8 Q G U H Q DW %RONDU 'D+*L ERUGHU
souththanto 0 ZDJQHUL 130 km east across pupimagss to the [D Q WKdal@y=63 at Erciyes
(Supplemental Information Table S1). Mountain, Kayseri Province (Nilson et al. 1988). A

A second contact may exist betweel. b. consensus of cytdata (Supplemental Information Table

E X0 JD U@bdM\K bFdlbizona in Adana Province,S1) and/or color pattern reduces the distance between
previously thought to be separated by ca. 160 km betwdaba western-mos0 E EXOJDUGDJKLFD DW *DY X
locality-48 at Elmali Bogazi EXOJD UG D JK leda)itya®?) to O [D Q Wiéak Akpinar to 16 km
ORFDOLW\ DW %DUNRQXU 30DW 8 RKD4abizéhs). Thedohtact ( DQG NP QHDU
zone is provisionally placed betweenthe E X O J D U GIQ WikBldidattern, locality-70, Fig. 10C, D). The
like specimen from Goller/Adana (locality-46 anchabitat between these localities consists of continuous
Fig. 8A) and the moralbizona-like specimens from rock formation along high-elevation plateaus and
DERXW NP IDUWKHU HDVW D3uttérD uesar@sxal the @BDikarHMbXntan® With two
%RVWDQOL .DKUDPDQPDUDA& 3 URrhtsQuithH/alleyRpaBsind. i audh/ TorosCa@dGungur
-41, Supplemental Information Figs. S7G, S10, S11at primarily > 1,400 m elevation, that may represent the
This contact region has a low elevation, and thus lessntact zone.
VXLWDEOH KDELWDW OHDGLQJ W RnUHEXAF e diskhqres BeRvzenRHe BIRNDWIGN
< 1,000 m (red-hatched circle in Fig. 11), and begins ateas of the different Montivipetaxa discussed herein
the city of Osmaniye in the south, forming a westermave been reduced dramatically: betwd&mtivipera
ERUGHU DORQJ .HULGO 5LYHU QRZDNMK HNYR lawrddb@dnid fBoin 280Wrh Nowix toX 8 km;
Reservoir-dD+ ODMD® VL dLoHNOLGH U BeteBnMGID albikbneCabdvl. E EXOJBAMGDJIKLFD

< SODWHDX C&yQ Gl 6DYUXKQU DLOEM\UEVRZd38 kmandfdd E EXOJDUGDJKLFD anc
an eastern border with a line f@lNing Osmaniye- 0 [D Q Whidrh @iout 150 km down to 11 km. Yet, for
$VODQWDU 5HVHUYRLU /DNH $Q Gl thé SuggeStede ddnthtt 2ahesHoN regiorof proximate
KLIK PRXQWDLQ $+DFD 'D+ DW PpdpiRaXdNs, vouchérs Hu@ miésng/ toRp@point precise
borders this relatively lower region near the junctioareas of species delimitation or contact zones between
RI' WKH SURYLQFHV .D\VHUL  $teBeQddes.D Kehbe? InQech Baniplang, in particular
and Osmaniye. The color pattern in south-eastetifRU PROHFXODU GDWD LV VWLOO QHH
Montivipera SRSXODWLRQV I1URP .DghHylbgeday@phd ahdlgsis Df@h&se mountain vipers.
Adiyaman provinces show extreme variation, however,
with large- to small-blotched specimens, with spotted Conclusion.—This study revealed dramatic changes
WR YHUWLFDO OLQHG ADQNV iblthe/distribuiRok Qf GentvsllRastetd ANEtSIignIoGntaln
blotches, often losing the light colored center posteriory LSHUV FRPSDUHG WR ZKDW ZDV RI¢FL
and with irregularly-formed borders reminiscent oflecades by published and governmental information.
E X O JD U(Qld KLard Supplemental Information:LWK PDQ\ QHZ ORFDOLWLHVY EXW DOV
Figs. S10-S13). This large color pattern variation in tifgnproved precision) ones, and increased habitat
SRWHQWLDO FRQWDFW JRQH SR WLUELCD WILHRAH AW RZ@ LIQQV HUX U B G VQLER R U
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