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Genetic diversity within the Iranian spiny-tailed lizards and
predicting species distribution in climate change conditions
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Abstract. There are different methods to investigate the effects of climatic fluctuations on the biota, two of which, molecular
phylogeography and SDM, are the most useful tools to trace the past climate induced modifications on species’ geographic
digtributions. In this study, seven samples were collected from the species distribution range in Iran for the purpose of
measuring the genetic variation within the Iranian spiny-tailed lizards, using cytochrome b. SDM was carried out by 41
presence points and bioclimatic variables for the present and future climatic conditions (by the year 2050), employing the
statistical package ‘sdm’ in order to implement the ensemble model. The results of genetic analyses revealed that the
specimens from Bastak in Hormozgan Province are distinguishable from al other specimens. Haplotype diversity was
caculated as 0.8. The haplotype network illustrated that the central haplotype is located in the central Iranian Plateau.
Moreover, the ensemble model predicted that, while the suitable habitats of this species were found to be in the south of Iran
and the Iranian Central Plateau in the present climatic conditions, there will be a decrease in the extent of these patches and
Ba uchistan will be added as a suitable habitat in 2050. Generally, both genetic studies and modeling predictions suggested
that the western and southern specimens (Bastak in Hormozgan) were divided according to the separation of their habitats. In
addition, based on modeling scenariosin the future, the optimal habitat for the speciesislocated in the central haplotypearea.

Keywords. Ensemble model, Iranian plateau, mitochondrial gene, species distribution model, spiny-tailed lizard

Received 08.05.2019/ Revised 27.08.2019/ Accepted 03.09.2019/ Published 01.07.2020  MA4/+F/\) SUsIAYAN#/VY 5 /WA 2740 ol AFN YA 228l 50

192/\4Y


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Ghaedi et a. Genetic diversity within the Iranian spiny-tailed lizard

Shel e, jlewsw (S5 g6 o)) Son 9 2B

S| L;)j)m AXJ‘SA ‘;JJ) 0)5,4‘ as G'Lﬁd)‘)" «)Lv) Slass
Lol 35 590 e 30 o) E95 5l YL mlaw baa> oS,
el 5l 0550 G 3l i GELALLS @ ax g Caz
Hlas 98 wldlae (Vazquez & Gittleman, 1998)
ol Jeily canale o Sl LS 455 0g YU aS wisls
wadee RIB e Slpss 4 8L e Gl
Mouquet et a., 2012; Sgro et al., 2011; Meynard et )
g5 sals g, cpl 5l .@., 2011; Bellwood et a., 2003
Al Gy 95 Ol @lp et le SO plgie 4 (S
ol a4 axg a0 (Davies & Buckley, 2011) s4i o
Sl T ol 5 (S g9 dine) 50 00 ,iuS anlllas aigS
szl 5l S B (g ge5 bl )l cal coeal
Pincheirar) oul o cles & Glex 50 goite jlows (S
o o (Agamidae) cuwsl5T solgils- (DoNoso et ., 2013
Sl g 2208 (6Lid ;0 00,51uS [l LS L 5l S by lowsgus
e3> slo,lewsw (Ananjeva et a., 2006) g, o
a5 0oy 0aalST slacolgls ;51 o (Uromasticinae)
EUIW- ) sj))'.g iy Ja...u}..a Lgojl.\i‘ 9 o LgL(zn_ii) 6')“3
Cawd g axdld 08,88 oy Sllgs> ol (Tamar et al., 2017)
5 onedy Hl0) Gl b o sl obsS 5 558 gyl sl
Wilms & Bohme, ) cul a5 13 leie sladdl> o
CISul 5 olit Sy, Gl a5 e lewse (2007
el o lagylais a5 aiiea cing ST Slais el 5 o5
ol slael ((Porro et a., 2014) opi o8 onol>
AgyeS 40 9w guiw-lllo gble Sl oslgils )
5 Nyl jear Jlod a0 YO U O o mod slos Sl
2 e sy g P slaae; dag] ST, s
laslidl (lhe lpl (la,e @l i 3T Jles
Wilms & Schmitz, ) col lwgae o, Jled 5 oleash
8‘9‘4 ).lu.v.».l B LQ)LM}N U”‘ o&».m.’) ASU.I‘ S99 La (2007
Jold S 9 0,5 (003 J1B s B )0 et O
Joe 5l e @l o g cwl )5 e el
sl ! &l s 4y Lol sl 428,515 b Ll oS
oS oad el pioy Cumex 5l gl sylaex Legasy
e 5o Glais O lbw pie (ol (genilsnS slaaiss
Convention on International Trade in ) CITES =
S 5 (Knapp, 2004) «,.5 3 (Endangered Species
@byaSsi o olel 2 (JsNge 5 (oulid Su; Sledb
UromastyCinge oslsls 5 (19,5 (gintiels s (509392, 165

dodio

Oy 89 > Db gen ol s g9 IS sk @
Luge olee 4 o8l (Gaston & Spicer, 2004) <!
35 50 g (yeme 5 ol dilate Sy 40 lse 5 O Lyl
Sl 050 slagSl o e podd p g eeldl e g
‘—i.’. )..3 Ol ‘_gay?Jc )Q aS ‘64‘5!0 9 R-JT u.‘ilLuo w.!.«aj LS‘)‘.’
30 0,lgen @uddlaany &) (Sl @8l JS sl b ol adlais
et by ool v U poss ol aS edg o b
2 el s Ll o pdioe Sjge 52 05 5 e
clale il alaulgas sty slacglled 5l 3l gus b il
slosg, (Trisurat et a., 2011) cool slalds a8
baisS @595 (595 2 ool Sleis SIS (o) 2 s g3000
&5 Sledse 5 Je¥se SSLLLS a5 ol s o
oyt 5l (Species Distribution Model) SDM - sla; S
5| (Ahmadzadeh et al., 2013) wilooss aslis b oy, o0

3 el Slpis 4 ks Fly (o $Tp & Cux
Buckley ) s, 5525 baiss a565 0950 5l (65 i G2l
4 03,8 5k 4 SDM 434, (& Roughgarden, 2006
5 S Olegdse (o p «blix slp szl Glae
285 )5 eslid 550 baisS 355 Jemilly (o)l 5 JolSS
Elith et al., 2006; Guisan & Thuiller, 2005; ) !
&l oas plxl sla oM Jel (Jeschke & Strayer, 2008
2SI @8 Slsd o) p & LAisS e (Selxr S0
Peterson & Vieglas, ) oo 5 oy (oo slo rie Jilio
2001; Gaston, 2003; Huntley et a., 2004; Parmesan
155 @iy s NS e sla oS 5l (slacgone
51 eslarwl (Kaliontzopoulou, 2008) sges b, 1,
sbgsb cod Gl miy siledae @l slaes )5Sl
Sz ol sl goby cuabad pae (gl colil Ol o Losal
PRRVIC REN SN [NV S RN LS P P
S s i« Laaly laz b jo ol (Sow w50 12 4 Soo 3
Sl 5l 9yse ools Koo Byl 5l g anily atils glae lS
Araljo e d., 2005) s s 3439 cans] ;o o Joe cds b))
S3ledae calizes slaety oSl oS 5l ooliil byt 9,001 5|
pae opl pailey Bl 4 0 xw golen Jow SG CIB o
(Ebrahimi, 2018) wailaisls conlad

ool hads (g )l sl 4 i) g5 5l cblas
MUtia, ) ol ) 55 polie fanisy Sep 5 kb
GBS S kS & g e 5l cbla> 6l (2009

193/14Y


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Nova Biologica Reperta 7(2): 192-205 (2020)

455 @59 sladae sl edlial 5 (Slnl po)ls jlewgw leisS
St Caslbe sl Slii iluted Cez
o.\.l.ﬂ ) (Yeee=VAYS) LS’B"S M‘ éLmo)Bo lec asmussi
RCP6.0 5 RCP2.6 Lozal, 7,k 5o 3l sslizsl L (Y- 0+ L)

oW

gy 9 olgo
Gl P25 slawgm 54395 (19,0 (St wlalllae

ools las VS o Glal po)le Jlewsw Sk 25Ty
665 5l diged Cid fgesme ;0 egh pl 50 Cewl ol
slagtwl 51 ( Sy gadlhas jshae 4 Slnl po)l5 jlonge
O IS5 w08 Gpslesr (B5e2 5 Oledol i liows
Sagdd by gl po sl (o5 ) dadiged (om)n ln
4 g ooly J18 0oy AF Jgill jo I, lecdl .ol ags 8l o0
iy las psle euSingy JiSlge s3] olKile]
50 00 adllae gladiges Cledbl ol Jaie iy dged
Srlenzr Joe 5 bz Slaie olien 4 oy (ol
3 eolasy aSiol @ azgi b ailoads Canyed N Jgu yo Loyl
o gl by oop o8 SASTUSS 4isS slaaises
5 ol oo Luld 5 DNA zlseul wisg lojge (slodiges
85 Dyge gl 3 5 00 ol 5l ojl sledised sl
(Sod Sliul sla s, 5l eslinul L DNA gl sl
5 (Sambrook & Russall, 2006) s,85 15— Js:b S
A el Qiagen gl sl ous’
(PCR) 31 youly slo yaziy (ST

o 8l D ey S plynSsne f ) adlas cnl o
S esliial b o5 ol eSS s ool oslia Ly Ly,
Palumbi et ., ) Pell 4, ;55T 5 Glu-DG 00 551
Yl eles yo .o bl (1991; Engstrom et al., 2007
s Seo VIO o) jinds oo YO PCR Lgliea JS o2
5 9 S5 s sSee Vg ol iy S A0 (e Sie e
» PCR 8Ty o9 ONA - s Sea Vg gy 556
o 43> 85 & 50 (USA) Bio-Rad sleolKiws
Yo o5 sile ax 0 AF adgl as > 5log Ojle ST 6l
A @sl Yo ol ol S csle axj0 AF 5l a5 > YO asds
Voglp ol il azyo VY il Feo gl ol 5 il ax
A28 0 Gl ol F il ax 0 VY ol a5 > g aide
J5 bass CopdeS (g0 3l g 0000l S 43 PCR oY
@5z geS oisSl S8y hug wep VSl
Lol b Jlss (Macrogene, Seoul, South Korea)

OTA) 1AV Y0 Y 0 )leds oY ala (i) psle o 5 sloazily

—olpl 4l o lowsgus 09,5 Julis a5 (oS @y g, opl 5l 0l
23 sllags plo b O] (S5 olis 4 azgi b g g
ol NS lgie & SAArA iz ab LI Saara .
(Wilms et al., 2009) 55, o ,loi 4 Uromastyx  ..>
ol 5o UrOmastyX iz s o5 0g ol 2 jea cnl 5l Gl
5 Uromasticinge oslgils 5 cplpls sl 99240 00lgils 55
YA ol § ol oo LSzs Uromatyx ¢ Saara > g0
Saara hardwickii 455 4w le cpl 5l a5 cool 458
Saara > 4 slue Saara loricata ¢ Saara asmussi
Sl Cumdee pyal 51 S hardwickii ool
Lol Gz 50 5 Consl 0 cniiin 00,5 lonsgus 03l5il5 1
O peiene 2 &5 ey 0 Sl @ oplpln S e (S5
iz & (2l) Cesl iy oo bl g5 50 0 00lgils 5
5 5 ol oy Byb a4y 5 ad 3 Lt Uromastyx
(Wlos S & yrlee wog oyl (w5 sy el a5 Sas
oolel p VAAZ L s (Amer & Kumazawa, 2005)
S 35S aSMUSS 05,5 90 ;o 45 0l Latuin (§55)ge] Jalgd
S (i i) Sohardwickii o4,5 L loricata
las Ll (Joger, 1986) wws o JSis |, b og)S
S ab asise gejsey 16S obyaiSne o5 JIs bl
S hardwickii L S loricata ¢ S asmuss (s4is5 g0
S (Wilms et al., 2009) aias o (5,0lg5 DS LSis
Solas S loricata aiss b wbiscsy, bl ;I asmuss
90 ol as an &l goleain V0P Lo o o)l glas
Mertens, ) oiil o 5l lax sloaisf 1) Col (Son aigS
-Coy Sheogas wluly 455 50 cnl ol 5l 5 (1956
45 (Moody, 1987) ai a8 5 s o o 5l lox owlid
- ko FYO T Jsb yiSTa> S asmussi il po,l5 Loy
p3 Jsb 5 soisken YPO g5 U o Jsb 1Sl ool e
4 Sy b, (Anderson, 1999) coul e Lo YV -
bes slo s slyls (Khan, 2002) coul 5,5 s oacld
5 Sl o> AV 5 A5 Else slr il 5 S
Fh g e 0px Y-V Gib o 0 o5 ol (2 Pty
45 opl (Hoser Raymond, 2014) s,ls 5429 Iy 0ya>
ey Olrl osz g Bp S eSS (2l 4 dgao
ool s Glaplinl jo ol js a8 el Hlst b lsbisl
3l STy sl 5 s (oS el 03y olions
(Anderson, 1974)
oo plxl S ASMUSS 4 (59, Sl Slllas g5

194/ ¥


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Ghaedi et a. Genetic diversity within the Iranian spiny-tailed lizard

Shel e, jlewsw (S5 g6 o)) Son 9 2B

iy 4 a5 cwl RCPB.O g RCP2.6 Juls cusl Lual,
md8l sy wds, o wilinwy g allides Ll 7k cunles
il Ve Jokw o3l slls oolawl o)50 slaas¥ slas asiun
Jote sl pusie Sl jalaieds dalol jo asins (oglS V)
2 mgaaliy b S asMUSS w5 NS,ST andly
s bl VO 285 oo b gmyer 3031 R J381 e b
R)R skl Slaslos 5 (o gianlip 1800 5 51 sudios ol jo
4 (Naimi & Araljo, 2016) sdm «.. 4 (version 3.5.1
b Jowe el anuy ol ol sl (g5le Jaw Il lgie
138 Jaw (Generalized Linear Models) adl gooss
O ,S , «(Generalized Additive Models) abl soss
JX> Joe (Boosted Regression Tree) aus iy 5,0
Xz il Gem,S, Jow (Random Forests)  solas
«(Multivariate Adaptive Regression Splines) o xw
Classification and ) gosail 5 Sgew)S, 5,0 Joe
pdlbsl  SS& 5JUl Joe  «(Regression Trees
Jxe ol o 9 (Flexible Discriminant Analysis)
Sl i woS 5 Joe S Glgie 4 (Ensemble) soles
Sgud g AliBre sla Sin o oS 5 o) cenl alise
g 350 5knd 5l 0k laoe Cualid pas el g 8o
Clemen, 1989; Armstrong, ) <l oog calisee o \lidswe
0,559, onl Zasl 5,20 Ensemble o i 4 45 (2001
Silwdae Glaxe a4 Araljo 3 New Ly 2007 Jlo o
o5 ,o (Araljo & New, 2007) w05 8,me slaisS 20565
pled i 2l daJoe Gzl 5l e wsileoe 3
ROC sla s, 5 oslitwl L oad 1l (slag oSl
True ) TSS 4 (Receiver-Operating Characteristic)
Olee @ 55 TSS cé 5 )18 LUl 0,50 (SKill Statistic
S sl @ (Bly (Su5lsST enay eulS uSie &S L,
Allouche et a., ) cuwl oo byme ol )bl gguan
zho p; asl cass> o 55 AUC (551 (2006
5l 9 omess a5 (Mandl et al., 2001) el ROC jloges
ol SO lgie 4 g deo e LSS ) cds bl sl lne
Col s oLS cwyp ¢l alinl as 5l Jais sl
(Miller, 2010y

Sl po,lo slowgar 43g5 (19,0 (Suii) wlalllae
HKY+G Joo Loy ool 5l odel cans a0 sladiges luly
o s o sl JsSlye JolS5 o g lis Slyicas

osls ;LT
Codon code 350 o5 SaS b lo g5 lal Gudizs ol jo
Codon Code Corporation, Dedham, ) aligner v.6.0.2
MEGA (sla,l380 o 5l anlsl jo g aua 8 ialng (MA, USA
l Jly slw s, oo co> (Tamura et d., 2013) v.6
Wad S S Shge 4 b Jlg e b colal
jModeltest 0.1 31 ap abwy LolSS Jow oy
Jis! ain o3, ab e (Posada, 2008)
RaxML 1581 o5 5l eolazwl L (Maximum Likelihood)
ces V.- Bootstrap L 4 (Stamatakis, 2006) v.7.2
s Se e LBayesian LT .os plxl GTRGAMMA o
Huelsenbeck & Ronquist, ) Mr.Bayesv.3.2 ,I58l o ; 5l

50 g o Il s VY ol BT s 5 bl (2001
a0 oy Vo Ll 10 000 ,5 0,33 S0 SO Jud Ve
05,5 Ulye 4 S hardwikii 4,5 .(Burn in) wos Bi>
S8 eolitwl 0,50 Gy eewys ,o (Outgroup)
IR eyl (Saemmnsly (mlishly aSl oy Cgz 285
a3l o eolaul (Clement et al., 2000) TCSv.1.21
(Hd) obsble g5 (H) cobishle slass Joli g4 slo
Arlequin v.3.5 133l a5 5l eolaul b () gassilSs g9
2 s (EXcoffier & Lischer, 2010)
oSl et bl 50 (Sl 00,5 slowgw @259 S5l doe
o8l sloodls 5 ygb b (6591 2o b3,

P15 Jlowge I g alais ¥V ggazme )5 addlae (nl o
Goslan olpl 0 &5 cpl il sleolKing; ,o Sl
OB, piias odalive Jol> alais 1) a5 (V JS5) 00,5
Seis Sl 5 bl ple 5 005 GPS elfiws L wod
Globa Biodiversity ) ) g5 oledbl S0
s eVl «www.GBIF.org) (Information Facility
B ead piiie oYlae 5 (Akbari et a., 2011; 2014)
Sb el (Anderson, 1999; Wilms et a., 2009)
10 b 4t 30) calizee SIS sl uliio o Sly> Sledlbl
Wl slansg, Jolis (¥ Jgo) (conldl jiiie 12 L (aids
as S 13 S eyiws 5o ¥erd Jlo )l baasbinl 5 Las
adlas o (Miller, 2010; Hijmans et a., 2005) c..
Loial, 7,k g (Yo e o=VAV ) 595 canlil sloosls j Lol>
(Representative  Concentration Pathways) RCP
Intergovernmental Panel ) IPCC _L;,l 5,5 ‘peomis
Sk sol8l slaosls oL (on Climate Change
sloz b .l sads oolanwl (hitp://www.worldclim.org)

195/V40


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0O.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Nova Biologica Reperta 7(2): 192-205 (2020)

QTR VAT Y0 Y o lad oY ala o S pole s ng slaazil

40°0'0"N

350N

30°0'0N

Saudi Arabia L\\F"vq,%

. N
b N
\ \
__

25°0°0"N
L

40°00"E 45°00"E S0°0'0"E S5°0'0"E G0N0 E 650" E TENO"E
f 1 1 L L L L

N

N

} — J
= h M e
o | o Fo' s -
S TULS LT IKm sarfl { I
& 110 120240 ' 480 720 960 o S

Y = | P
T T T T T K

45°l}1'0"1'; S0C0'0"E 55°01'(I"!';

60°IJI'I]"L‘ 65°0'0"E

‘0’0:0"]\'

35400N

30°0°0"'N

Legend #
Saudi Arabia “\ S
el I . {%C‘ 5
[ ran r?l‘- : Yty 2=
\;J“! - A}

25°0"0"N

L] s 0 460 6990 a0

y 2 Fi PR
1 @ sampling sites \ ) / ' e e ) |
M e \

Afghanistan

[

Saara (b, diges sleolfin) azs B Saara asmuss Ll i1, ass A SAAra asmussl ol paises 5 (iaSTy, ads -) JS&b
(09,005 Vo & (St -0 g, b -F bl phine sbiwg, ¥ (50,1 - (b)) olpl o @SMUSS

Fig. 1. Map of distribution and sampling for Saara asmussi. A. Global distribution map for Saara asmussi. B. Map of
sampling sites of Saara asmussi in Iran (1-Naeen, 2-Ardakan, 3-Moaazam Abad Village, 4-Torud, 5-Bastak, 6,7-

Shahrud).

196/\af7


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Ghaedi et a. Genetic diversity within the Iranian spiny-tailed lizard

Shel e, jlewsw (S5 g6 o)) Son 9 2B

c el Slaite 5 5 slaer (o iged o Lol Ghaghy onl o dallla 5)50 sladiges Slasiin Joaz =) Joor
Table 1. List of samples used for genetic analyses in this study, including codes, localities and geographical

coordinates.
LI LA ES Ssleez Joe s
@b b Sl o ol Ol e

53.86 33.18 Slgio! e Saas01
54.00 3231 55 o5 Saas02
56.92 33.61 9 obT plaxe (s, Saas03
55.10 35.42 Slans 55,k SaasD4
54.37 27.20 e Sy Saas05
55.11 36.41 Slios 55,205 Saas06
55.11 36.41 e 59,8L8 Saas07

c Sl eyl Jlomsg (slaisS 2598 Joo antd sl oolitiul 550 (corldl sl ke —Y Jgur
Table 2. The applied bioclimatic variables to create the distribution model of Iranian spiny-tailed lizards.

olye o olye o

b (3359 oo amsgie slas BIO11 WYl Lansgio sloo BIO1
aVlo S)L BIO12 ailyg, slos (paSilee BIO2

Js ole cpcsbpe 5L BIO13 oo 3lhe slos Sileo BIO3
Tl ole oy St 3k BIO14 bt sles BIO4
s 5L BIO15 Jlo ols o8 Ol 4z jo iSTas BIO5

b iogbre s Gk BIO16 Tl ole G50y o Les il BIO6
Juad o S 0 o)l BIO17 Yo sles 033a5a BIO7
Jab nie S 0 b BIO18 sk e Jab sled Lansgie BIO8
b g 0 9 BIO19 S b slos Lagie BIO9
Jead o yie S sled Lawgie BIO10

oS piges bl |y 4, caws 51 claculishla L (Saas0b)
(¥ JS5) 395 o0 oomline (635 10 alishle 51 ool suts

L)l Syge a5 (nl g0 (S g9 slaasls
T= /¥ gHd= <JAY H= ¥ s

ol ot bl gl 5 (Gl l 0,15 Hlowsgun &9 598 (S iy

30 a5 jebles Ll ol £ S 59 oads Ll sla yusio
Gloo psin o e |),3' Sl oads ools olad UG Q—.'.‘
oo o 0 Shes (Sl sl Lo Jad (o e bawgie
6]:.@‘) oo 9AUC UA}'L"" Lo 00 QS’L’))‘ IN J.i.u d;Ua.o
Sy o0 B 4 g Conl ool lis solaiwl 8,50 sl Jow sl 1
3 emed sl pols luls o RFE Jow slp (pgasa
Sejo S 4 (oo a3l g0 a4 d2g b gsene
2o 4 cens GG Wl a4 Ll Gl GLM Jos
Slime (S ol b Judo g a5 50 coliiwl 9,90 sl o

ey Sl Sz P00 JIg5 Jobo b aigai V (gl ol Cews 4
LB (7 Sy sl cs, e o wsles idd
ldiges ;550 51 (S8BI05) 5 10,0 S diges Sl saalive
995 5% ok 9 QB (liens ;0 89,k (sladiges 5 oad Ty
Sladiges &S Wiz e )T 13 DTS, o pledal jo ol
plojl (Sl Lol oW s 55 (Saas07, Saasib) g el
ol oy e o a5 Lol 5l ! 00y 8 Tiore ladiges
000, Ll ML e 0 5 s olaSs 5lgnss s
]
G55 s ol lshle b s &5 jsboles
Mz ol @ o Sshle S Jold s Slnl po)l jlewses
Saas0l, ) o5 4w ol 63550 cabisble ol obishle
& bge 55 SlolE G 9 ol (S28S03, SaasD4
53 S ol i 4 ez 5 39 isbla el alighla
Sgas ool 039 (SO06, SAASOT) 5,5 90 5 (SEESOD)

197/VaY


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Nova Biologica Reperta 7(2): 192-205 (2020)

MW 5 Sgmge cilie slaaist olis L Lals, adlia
Sl 4 e cwlid e sboolagg, oS ol lis ol )
ol o B ks ol Jlss 4y 5 oad oM cnl SIS ss
Macey et a., 1998; Rastegar ) <ol osls &, dilis
B8 iz 59, p 60 Dlalllas .(Pouyani et a., 2010
WS O jge (owled S, 9 (JsSIse) Olpl DO pE3
4 5l (S e ge oli aisS cnl sye 1) YL geS oS
Phrynocephalus = 455 a>b (pl 0 ool adlas slo
MWy gles S oldla> aje oS ol scutellatus
sz 4555 Ol gl ilies wlalllas olulyy ol azils o)
Gray, 1845; ) o ools Laseis alide SogiguSL alg
P. ol (Blanford, 1876; Anderson, 1999
bl sl 455 5550 uSLaS 4sS ylgicas SCULEllAtUS
Sl o P.scutellatus SheS €555 50 JsSge (slo U]
Rahimian ) o,ls 0929 465 pl ;o plese S50 5 Hlesgo ¥
Sous 03,8 al,] Eremias persica «i55 (et al., 2015
5O Eoiie srolling; ;o Sy Jdos a5 sl Gl e o
S (ST 5 sl S, Sy Bl 51 ol bl
Szczerbak, 1974, 2003; Arnold, 1986; ) <ol g4
(Anderson, 1999; Rastegar Pouyani et d., 2010
WS cpl A ol las Sy g el oledbl
S)ls dgzy wisS 3 ¥ o5 aisS T ol (9,0 5 oo eSS
LS, asil 4 Ll L (Rastegar Pouyani et al., 2010)
axgi b g ol YU j0 00l )55 45sF g0 aiile S ASMUSS &5
Gl S1n (FoS g Glpl SO (calidire) YL £95 4
O Sl S slediged 03938l D)j50y0 4T 3900 Jloio]
Sl s @ &5l 5l (65 e E555 A5
b yole eelil Ll o laisS iy iledoe s
68 ol Gl jo dlie ol Bany ghwe Sldes
Su508T 0gall i b bl su a8l Jow ol SlyPean
b olnl 655, O 5 wgi (2lg 50 Slpl po)ls jlewgn
50 olen Jow og il LB a5 agSles oo o lis
30 gooole lid 4l g0 (pl Comez Lgliw S Lyl
g eed Bl (000)5 Jlewgm ga Olpl O 350 5 S e
w>ba plgie ) (>lg nl o Jlemg (al Hea> pas cle
3l a5 58 Cls g D s glawle 5 b SUly
G Jleis jo 0l cand wiloads 3ble ol & aigS 2aST,
97y 4 obigS ol wle G g 90 Jate LSl g (2
G Jlods (2155 & 465 1l 09,9 31 gy ol Jlazo! 450 ] 0

OTA) 1AV Y0 Y 0 )leds oY ala (i) psle o 5 sloazily

-si o RE Jaw (61 TSS oz lis langs  cxwions go0s
Jae sl AUC a3Ls | (miwcone g0 Ol (055
ol bl s s b o sles ol cl ools olas GLM
mobewl 51 ale i sdes jebay was oo plis (B USS) Lol
deiliy b giblie plgiear 0lo)S g Oliwzrsh 5 Gl lo
2 dler Juo izmes aites 455 ool @iy slp L
) Sledal 5 plows il 550 50 oloaST (5935 (codlil Lail5
Gillae .l 005 aseiio Y Congllae b ablie Glsicas 5
Conlad sae b Jow (pl a5 RCP2.6 Lualy 7 )b solen Jow
¥ ot @ e s plo 5l 658 GSle w
5 Sl Gll o plaaSd (Y S8) 35l p o0 slaisS
ol @sg le Bble oie Olpear o g Olo)S Lz sk
mo3gaze (pl moogdle el ol S Vo0 Jle jo 4568
ool ek S ASTUSS o565 (sl 00l (hasios ooblae Sl
Grs 9 o o albeast Lls Yoo+ Jlu 5 RCP6.0 Lual,
crz g Grh Jled o pleas) (sl 5 Gl ol
Sl pledal gl Jlad g on bl G330 (leyS ol

(A JS)

& : J
&35 Sy meldl s S35 95 18 sy n 95 S
29 dslllas Sglate Lesal, slaz b 5l oolaiwl b asgS oyl

Slr oad pslaez leaised ggeme jl Ghegh oal 5
STn S8 e e 0 &S gladised (Slnl p3)5 lenge
Ol ;0 59,k wg,0ls sladiges Joli ilad 3 )18 4565
Oleral Ll jo ol g 05 sl o Luds 5 80,0 ¢ lies
@ Cod G500 Sy diged i g 48,5 515 095 SO 50
uJ‘ (Y J&w) Sl 00 ‘)?u u‘“"’ﬂ)" 0090 61.@405.00 JJL....:
OB 7,2) Sy digad a5 wl S (o Wl oo gl
adllae 3,50 sladises plo 5l ok abols oLSIee Ll
=l 458 pl gy mlbshle aSls mls uzmes o)l
Al @ 4z g5 b amo o 1,8 b 8,90 |y sl Cassas e o
SF 4 4 b Sl 0l age 555 0 abisble
el 4Bl S e g 0392 bl (nl 4 bgs o 43sS
dgad (g0gamme dlasd Lululy Lo dddllas pl &Sl 4 azgi L
3,0 092y Jlaiz! cpl plply sl ouls ploxl (aiges i)
ol g g5 e dodiges olaws ioli8l Ojse o aS
AERPRIETNOVERTR

198/VaA


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Ghaedi et al. Genetic diversity within the Iranian spiny-tailed lizard Sl o) Jlemssas (S5 g5 ol Kan 5 3l

Saas06

Saas07

| Saas02

Saas03

0.69 | Saas04
87

0.98 Saas01
99

Saas05

0.02

o ,s 50 /0 oY Posterior probabilities saeslis basls g5, » o esls iles slacl SAArA aSMUSS w55 5l s oo j0 Y i
omles S hardwickii co o gats, el o ool (Lasls ol ,0) ML oo gl asye 00 YL o5, L Bootstrap «(laasls oYU o) Bl
Ll 005 ools

Fig. 2. Phylogenetic tree of Saara asmussi. Numbers on branches indicate values over 0.5 for Bayesian posterior
probabilities (above branches), bootstrap support values over 50% for ML (below branches). In thistree, the outgroup
S hardwickii is not depicted.

R

Saasilh

Ol o8 Bl aas oo plis 1) olnl o Saara asmussi €55 (33,5 bl b P35 s 2lydSsiee 03 lol p (Sgerl 6)L“—‘ Al =Y S

el oaid (5,10 iges L& L a8y cows 5l slacalighle cains
Fig. 3. Statistical parsimony network, based on mitochondrial cytochrome b, represents the relationship among
haplotypes of Saara asmussi .Red dots represent step mutations.

199/144


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0O.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Nova Biologica Reperta 7(2): 192-205 (2020) QYD) VAYY 0 Y o)lod ¥ > ¢ s pole )0 g loaily

O

= BlO11 = BlIO12 =BIO4 = BIO1

e 5l e Gl 4z o —F JSCS
Fig. 4 .The importance of selected variables

FDA 3 0.73 W TES
CART 0.77 = AUC
MARS 077

3, RF = 0.76
BRT 0.79
GAM 077
CLM 03
1] 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9
Juba &y Eles buagle

Lo Jas o Sloe b3, -0 S
Fig. 5. Assessing model performance.

I:l 0-025 N 1-Generalized Linear Models 7- Flexible Discriminant Analysis
. X @t 2- Generalized Additive Models 8 Ensemble
:l 0.25-0.5 3- Boosted Regression Tree
- 0.5-0.75 5 4- RIICEnm Forests . o
W5 3ae 0 P 1% e 3400 5- Multivariate Adaptive Regression Splines
- 0.75-0.1 b~ Classification and Regression Trees

Olpl 0 G955 coldl Ll wlul , SAAra 8SMUSS @595 (Sunision —F S5
Fig. 6. Predicting Saara asmussi distribution based on current climatic conditionsin Iran.

200/Y -« -


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0O.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Ghaedi et a. Genetic diversity within the Iranian spiny-tailed lizard Sl eyl g (S5 g9 .0 Kan 5 g5l

1- Generalized Linear Models 7- Flexihle Discriminant Analysis
2. Generalized Additive Models 8- Ensemble
:' 0.25-0.5 3- Boosted Regression Tree
B 0.5-0.75 4- Random Forests
500 @ o 500 2,000 1500 2,000 5- Multivariate Adaptive Regression Splines
. 0750 e - Classification and Regression Trees

Olpl 53 Y0 Jlo ;0 RCP2.6 Lual, 7,k ulul » SAAra asmussi g;¢  waldl yss Ol 1 o gion —Y U8
Fig. 7. Predicting climate change effects on the distribution of Saara asmussi based on RCP2.6 scenarioin Iran by the
year 2050.

I:l 0-025 1- G‘m’?r““‘“‘d ”""I“!‘ Madels 7- Flexihle Discriminant Analysis
b 2. Generalized Additive Models 8- Ensemble
:' 0.25-0.5 3- Boosted Regression Tree
B 0.5-0.75 4- Random Forests
5- Multivariate Adaptive Regression Splines
- 0.75-0.1 6= Classification and Regression Trees

Olp! Y0+ Jlo 0 RCPB.O Lual, )b wlul 5, SBAra asmussi w;e » pell joss o3l co i —A JSK
Fig. 8. Predicting climate change effects on the distribution of Saara asmussi based on RCP6.0 scenarioin Iran by the
year 2050.

201y -\


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Nova Biologica Reperta 7(2): 192-205 (2020)

wolhe solil sl ol )y 2l SasS sleasd ol oy oo
9 85 amlgs 0 Vo0 Jlo o ) po)ls Jleawsw sl
Ol (S Sladllas 5l fol> mls a5 jsblas (S jsboay
2l 5l et (Seiy aAolb b 50,0 50 Sy diged olo
2 e Goled Joo dmyien b aS conl a3 3 18 badigal
P, Hlewsw o5z 9 (0,8 Jled ol G 4]
3oy 90 ol @loz 4 jonie a5 ould ol SIS Sl
uij U"‘ M)GA ).‘4) QO L}J‘)Jla.ﬁ .J)L) ML.\UG.A sw‘ W) ﬁ,.m
) )Ua...t‘ MLI 4.:; U'l‘ 6‘).! oli.....u) b.»‘..\:- J.@L’> é.....;)
Slrl po,B lewgw 45 51 (SC55 slaesls iali8l b aS oy,
Sl I8 Sl oyse e |y asS ol (S 9 Ol

S SRl el Jlewge Conds oy 4 dnlllae (pl o
Rl @55 Gy w8l s Flg 0l aBhy (S dBass
S8 ey e Dglaie Leaal, slaz b 5l eolaisl b asgS
13 S g g a5 3l s J5S05e Slilllae ol .cd 5
w85 )13 baiged plo 5l g Sy abolb b (5500
S 6[.&4;9.0.) lef AW M}J ‘5..:1451;& 45.......: @Lu 9 Sl
! 655 o lishle a5 ols (Las D pg S o5 L @SMUSS
Ui SRS Bkl cwl Gl (55 5 O 4 dgamme aigS
GF o O g gz yo bl slaS x5 slaJoe (o
Slyp s Jewily Grisie Gl &5 e e plas 1) ol !
o.\.a] Cewd & CuLu )| u.)l).vLu L] 05gy L5||).v‘ ﬁo)l."> )Lo.wj.u
Sladiges S L5.~|..\_'.> LAY Ll ‘)9.‘0 Q—.‘.‘ 0‘93&5"
pae e fpizen g (lpl (655 0 O 5 g 4>l g0
Ut @l @ Az b lpl OB e )0 lewgn (al el
Slawls 5 g Shlo 4>l 90 4 «5laisS x595 sboJow (g
SeBy oy seils 4SS pl S ol dlp
el o il

&1 Sl

Seze Oizma 5 Ghgoly Sl oS B gl LT
Sl Sy lame CBlix S 0)lsl ulit)S (oo ol ol
SoS Il S 3 89250 sladiges 5 )glaex o &5 leyS
b Gadizd cpl ploil jo oS SluS aled 5l g aioges (sloas )|
335 oo S5 wiaile; 50k

OTA) 1AV Y0 Y 0 )leds oY ala (i) psle o 5 sloazily

Sozgte b vy o0 S5 @ cnlply led (655l Glpl 3B
Gelio Gz & (2 Olnl 50 50 S5 Sl o]
S Wy 0 (Ply 40 3290 Cumex 95 (nl Sllo
Sisn ;3 b ol o a5 03,5 Jate [0Sy @ )
Slp celie 28y Glpl O 5,0 Jlod 5 §p0 S e
3950 sl jabo cpl ol ailas sgzg Sl po)l> lewsges
g ez ol 51y cel Glpl DM (B 0s5 o5l &S
(Macey et a., 1998) ailas 5 15 41 10 a5 0gd sloaiss
Says0 B 4 a8 S s slo iy Billas (nl 2 ogdle
coas) RCP26 Lual, #b Lolul 5 Yebe Jlo 5o
Scarez 5,05 5 4l ol &S ol Collas B
bz sl 5 Gl Ll 058 5 355 Slaidn ;0 g5
ol 9 0 Ol 038 5 350 pleS Gll oz g 350
Lzl b Lol wil gl ool 3,8 45 Swl wyllas (sl
Groie i) bast slass Y40+ Jls sl RCP6.0
5 Ol Gl 08 5 370 Bble 5 odsed St )
G Jlod i ple S pliwl g g 3% 3% Jlod (Sl oy
sible Olge ) pledel bl o8 Jlod 5 o5 plel
dlio ad oo Hlid oanl o Gl mje Jemily sllo
sl cod g S5 bt o oolle bl St
s IS sk & ol s RCPB.0 § RCP2.6 ooz ] Loz,
Sazsbgs 12) Yoo Jlo sid e eSS ol
0dd (s 2 soaS) Colun b anglas (o (Laal,
aaly> fals slosalin BB b 4 G955 conldl Lulpn )0
he SOk evgamme o a5 ol ; &S Sids; Gl 428l
o8l Luls 5o 03 g e (ledal liwl a0 53 oS
ool 485 5 50 2 FB Colus g 0sd Sonien S8

Lial, mob sob ol zals  odle Yob+ Jlo o
oledel gl 0 3 Foml bl sl e 4RCP26
oleiel ool Jlob & ROPBO Loisl, b 5.k 5 o3
I colio b a5 a8 aS ioren .0l dalgs Sguse
Lol pb slp plazsl 5 Gl 5 Olo S Ll 500 50 (295
Voo Jlo miin Joe Geb ool St G9S ool
Gl cnl poodle 035 o0 Jome S Sy b lasd 4
oS0 sl oanlive LB A 5V claJSs solon Jow 45 azs]
2 lewwgw onl gl Sail Gy b pgllae 2l slo
Ol 38 (BB Gl ) Olizrgly 9 Gl pliwl 3,5
50 clly aalgs 0gzg YO+ Jlo jo lo,S liwl 5,8 o)
U1 e ol 55 ol Lyl ol golon Jow 45 >
A4 plply el 008 (pnin begte B pS Cunglla

202/ Y


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Ghaedi et a. Genetic diversity within the Iranian spiny-tailed lizard

Shel e, jlewsw (S5 g6 o)) Son 9 2B

REFERENCES

Ahmadzadeh, F., Carretero, M.A., Rédder, D., Harris,
D.J., Freitas, S.N., Perera, A. & Bohme, W. 2013.
Inferring the effects of past climate fluctuations on the
distribution pattern of Iranolacerta (Reptilia,
Lacertidae): Evidence from mitochondrial DNA and
species distribution models. Zool. Anz. 252; 141-148.

Akbari, H., Jalalpour, M., Hojati, V. & Golmohammadi,
M.S. 2011. The study of reptiles and birds of Abbas
Abad wildlife refuge in Naein, Isfahan province. J.
Animal Bidl. 3: 1-12.

Akbari, H., Varasteh Moradi, H., Baghestani, N. &
Rezaei, H.R. 2014. Food preferences and
composition of Chinkara (Gazella bennettii shikarii)
in spring season in Darreh Anjir wildlife refuge,
Yazd, Iran. Arid Biom. 4: 1-9.

Allouche, O., Tsoar, A. & Kadmon, R. 2006. Assessing
the accuracy of species distribution models:
prevalence, kappa and the true skill statistic (TSS). J.
Appl. Ecol. 43: 1223-1232.

Amer, SAM. & Kumazawa, Y. 2005. Mitochondrial
DNA sequences of the Afro-Arabian spiny-tailed
lizards (genus Uromastyx, family Agamidae):
phylogenetic analyses and evolution of gene
arrangements. Biol. J. Linn. Soc. 85: 247-260.

Ananjeva, N.B., Orlov, N.L., Khalikov, R.G.,
Darevsky, S.l1., Ryabov, S.A. & Barabanov, A.V.
2006. The reptiles of Northern Eurasia. Pensoft Ser.
Faunist. 47 pp.

Anderson, S.C. 1974. Preliminary key to the turtles,
lizards and amphisbaenians of Iran. Fielddiana Zool.
65: 27-44.

Anderson, S.C. 1999. The lizards of Iran. Society for the
study of amphibians and reptiles (SSAR). Oxford,
Ohio. pp: 1-442.

Araugjo, M.B. & New, M. 2007. Ensemble forecasting of
species distributions. Trends Ecal. Evol. 22: 42-47.
Araujo, M.B., Whittaker, R.J., Ladle, R.J. & Erhard,
M. 2005. Reducing uncertainty in projections of
extinction risk from climate change. Globa Ecol.

Biogeogr. 14: 529-538.

Armstrong, J.S. 2001. Combining forecasts. Principles
of forecasting. Kluwer Academic Publishers,
Springer. 30: 417-439.

Arnold, E.N. 1986. The hemipenis of lacertid lizards
(Reptiliaz  Lacertidag): structure, variation and
systematic implications. J. Nat. Hist. 20: 1221-1257.

Bellwood, D.R., Hoey, A.S. & Choat, J.H. 2003.
Limited functional redundancy in high diversity
systems: resilience and ecosystem function on coral
reefs. Ecol. Lett. 6: 281-285.

Blanford, W.T. 1876. Eastern Persia, an account of the
journeys of the Persian boundary commission. Zoo.
Geo. 2: 1870-1872.

Buckley, L.B. & Roughgarden, J. 2006. Climate,
competition, and the coexistence of island lizards.
Funct. Ecol. 20: 315-322.

Clemen, R.T. 1989. Combining forecasts: A review and
annotated bibliography. Int. J. Forecasting 5: 559-583.

Clement, M., Posada, D. & Crandall, K. 2000. TCS: a
computer program to estimate gene genealogies. Mol.
Ecol. 9: 1657-1660.

Davies, T.J. & Buckley L.B. 2011. Phylogenetic
diversity as a window into the evolutionary and
biogeographic histories of present-day richness
gradients for mammals. Phil. Trans. R. Soc. B. 366:
2414-2425.

Ebrahimi, E. 2018. Determination of habitat hotspots for
common mammals using species distribution models.
Shahid Beheshti University. M.Sc. Thesis. 182 pp.

Elith, J., Graham, C.H., Anderson, R.P., Dudik, M.,
Ferrier, S., Guisan, A, Hijmans, R.J., Huettmann,
F., Leathwick, J.R., Li, J., Lohmann, L.G,,
Loiselle, B.A., Man-ion, G., Moritz, C., Nakamura,
M., Nakazawa, Y., Overton, J.M.M., Peterson,
A.T., Phillips, S.J., Richardson, K., Scachetti-
Pereira, R., Schapir, R.E., Soberdn, J., Williams,
S., Wisz, M.S. & Zimmermann, N.E. 2006. Novel
methods improve prediction of species’ distributions
from occurrence data. Ecography 29: 129-151.

Engstrom, T.N., Edwards, T., Osentoski, M.F. &
Myers, E.M. 2007. A compendium of PCR primers
for mtDNA, microsatellite, and other nuclear loci for
freshwater turtles and tortoises. Chelon. Res. Monogr.
4: 124-141.

Excoffier, L. & Lischer, H.E.L. 2010. Arlequin suite ver
3.5: a new series of programs to perform population
genetics analyses under Linux and Windows. Mol.
Ecol. Resour. 10: 564-567.

Gaston, K.J. 2003. The Structure and Dynamics of
Geographic Ranges. Oxford University Press, 99 pp.

Gaston, K.J. & Spicer, J.I. 2004. Biodiversty: an
introduction. Blackwell Science Ltd. 2nd Edition. 208 pp.

Global Climate Data, 2005. Published on the Internet
https://www. worldclim.org [accessed March 2019]

Gray, J.E. 1845. Catalogue of the specimens of lizardsin
the collection of the British museum. British Museum
(Natural History), London B.M. (N.H.), 289 pp.

Guisan, A. & Thuiller, W. 2005. Predicting species
distribution: offering more than simple habitat
models. Ecol. Lett. 8: 993-1009.

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G.
& Jarvis, A. 2005. Very high resolution interpolated
climate surfaces for global land areas. Int. J. Climatol.
25: 1965-1978.

Hoser Raymond, T. 2014. A long overdue taxonomic
rearrangement of the Uromastycinae, Squamata,
Sauria, Agamidae. Aust. J. Herpetal. 23: 54-64.

Huelsenbeck, J.P. & Ronquist, F. 2001. MR-BAYES:
Bayesian inference of phylogeny. Bioinformatics 17:
754-75.

Huntley, B., Green, R.E., Collingham, Y.C., Hill, J.K,,
Willis, S.G., Bartlein, P.J., Cramer, W.,
Hagemeijer, W.J. & Thomas, C.J. 2004. The
performance of models relating species geographical
distributions to climate is independent of trophic
level. Ecol. Lett. 7: 417-426.

203y .Y


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Nova Biologica Reperta 7(2): 192-205 (2020)

Jeschke, J.M. & Strayer, D.L. 2008. Usefulness of
bioclimatic models for studying climate change and
invasive species. Ann. Ny. Acad. Sci. 1134: 1-24.

Joger, U. 1986. Phylogenetic analysis of Uromastyx
lizards, based on abumin immunological distances.
Studies in Herpetologie, SEH Prague, Bonn,
Germany, pp: 187-191.

Kaliontzopoulou, A., Brito, J.C., Carretero, M.A,,
Larbes, S. & Harris, D.J. 2008. Modelling the
partially unknown distribution of wall lizards
(Podarcis) in North Africa: ecological affinities,
potential areas of occurrence, and methodological
congtraints. Can. J. Zool. 86: 992-1001.

Khan, M.S.H. 2002. Key and checklist to the lizards of
Pakistan, (Reptilia, Squamata, Saurid). Herpetozoa.
15: 99-119.

Knapp, A. 2004. An assessment of the international trade in
spiny-tailed lizards Uromastyx with a focus on the role
of the European Union. Technical report to the European
Commission, CITESDoc. AC. Inf. 13: 1-31.

Macey, J.R., Schulte, J.A., Ananjeva, N.B., Larson, A,
Rastegar-Pouyani, N., Shammakov, S.M. &
Papenfuss, T.J. 1998. Phylogenetic relationships
among Agamid lizards of the Laudakia caucasia
species group: Testing hypotheses of biogeographic
fragmentation and an area cladogram for the Iranian
plateau. Mol. Phylogenet. Evol. 10: 118-131.

Manel, S., Williams, H.C. & Ormerod, S.J. 2001.
Evaluating presence-absence models in ecology: the
need to account for prevalence. J. Appl. Ecol. 38:
921-931.

Mertens, R. 1956. Amphibien und reptilien aus dem SO-
Iran. Jahreshefte des Vereins fir vaterlandische
Naturkunde in Wirttemberg 111: 90-97.

Meynard, C.N., Devictor, V., Mouillot, D., Thuiller,
W., Jiguet, F. & Mouquet, N. 2011. Beyond
taxonomic diversity patterns: how do a, B and vy
components of bird functional and phylogenetic
diversity respond to environmental gradients across
France? Global Ecol. Biogeogr. 20: 893-903.

Miller, J. 2010. Species distribution modeling.
Geography Compass 4: 490-509.

Moody, S.M. 1987. A preliminary cladistic study of the
lizard genus Uromatyx (Agamidae, sensu lato) with a
checklist and diagnostic key to the species. Proc.
Fourthord Gen Meet Soc. Eur. Herpetol. 1: 285-288.

Mouquet, N., Devictor, V., Meynard, C.N., Munoz, F.,
Bersier, L.F., Chave, J. & Hardy, O.J. 2012.
Ecophylogenetics: advances and perspectives. Biol.
Rev. 87: 769-785.

Mutia, T.M. 2009. Biodiversity conservation. Short
course IV on exploration for geothermal resources,
organized by U.N.U-G.T.P., KenGen and G.D.C., at
Lake Naivasha, Kenya 1-22.

Naimi, B. & Aradjo, M.B. 2016. sdm: a reproducible
and extensible R platform for species distribution
modelling. Ecography 39: 368-375.

Palumbi, S., Martin, A., Romano, S., McMillan, W.,
Stick, L. & Grabowski, G. 1991. A simple fool’s
guide to PCR. Honolulu, HI: University of Hawaii
Press, 46 pp.

OTA) 1AV Y0 Y 0 )leds oY ala (i) psle o 5 sloazily

Parmesan, C., Gaines, S., Gonzalez, L., Kaufman,
D.M., Kingsolver, J., Townsend Peterson, A. &
Sagarin, R. 2005. Empirical perspectives on species
borders: from traditional biogeography to global
change. Oikos 108: 58-75.

Peterson, A.T. & Vieglais, D.A. 2001. Predicting
species invasions using ecological niche modeling:
new approaches from bioinformatics attack a pressing
problem. Bioscience 51: 363-371.

Pincheira-Donoso, D., Bauer, A.M., Meiri, S. & Uetz,
P. 2013. Global taxonomic diversity of living reptiles.
PL0S One 8: e59741.

Porro, L.B., Ross, C.F., Iriarte, D.J., O’Reilly J.C.,
Evans, S.E. & Fagan, M.J. 2014. In vivo cranial
bone strain and bite force in the agamid lizard
Uromastyx geyri. J. Exp. Biol. 217: 1983-1992.

Posada, D. 2008. jModelTest phylogenetic model
averaging. Mol. Biol. Evol. 25: 1253-1256.

Rahimian, H., Shafiei, S., Rastegar-Pouyani, N. &
Rastegar-Pouyani, E. 2015. Phylogenetic
relationships of the gray-toad agama, Phrynocephalus
scutellatus (Olivier, 1807), species complex from
Iran. Zootaxa. 3990: 369-380.

Rastegar Pouyani, E., Rastegr Pouyani, N., Kazemi
Noureini, S., Joger, U. & Wink, M. 2010. Molecular
phylogeny of the Eremias persica complex of the
Iranian plateau (Reptilia: Lacertidae), based on
mtDNA sequences. Zool. J. Linn. Soc. Lond. 158:
641-660.

Sambrook, J. & Russell, D.W. 2006. SDS
polyacrylamide gel electrophoresis of protein. Cold
spring harbor laboratory press (CSHLP). 2006: pdb-
prot4540.

Sgro, C.M., Lowe, AJ. & Hoffmann, A.A. 2011
Building evolutionary resilience for conserving
biodiversity under climate change. Evol. Appl. 4:
326-337.

Stamatakis, A. 2006. RAXML-VI-HPC: maximum
likelihoodbased phylogenetic analyses with thousands
of taxa and mixed models. Bioinformatics 22: 2688-
2690.

Szczerbak, N.N. 1974. The palearctic deserts lizards.
Akadeimya Nauk Ukrienskoi SSR Institut Zoologii.
Kiev: Naokova Dumka.

Szczerbak, N.N. 2003. Guides to the reptiles of the
Eastern Paaearctic. Krieger Pub. CO. Malabar, 260
Pp.

Tamar, K., Metallinoul, M., Wilms, T., Schmitz. A.,
Crochet, P.A., Geniez, P. & Carranzal, S. 2017.
Evolutionary  history of spiny-tailed lizards
(Agamidae: Uromastyx) from the Saharo-Arabian
region. Zool. Scr. 47: 159-173.

Tamura, K., Peterson, D., Stecher, G., Filip, A. &
Kumar, S. 2013. MEGAG6: molecular evolutionary
genetics analysis version 6.0. Mol. Biol. Evol. 30

2725.

The Global Biodiversity Information Facility. 2018.
Published on the Internet https://www.gbif.org
[accessed November 2018]

204/y - ¥


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-24 ]

[ DOR: 20.1001.1.24236330.1399.7.2.7.1]

[ DOI: 10.52547/nbr.7.2.192 ]

Ghaedi et al. Genetic diversity within the Iranian spiny-tailed lizard Sl o) Jlemssas (S5 g5 ol Kan 5 3l

Trisurat, Y., Shrestha, R.P.& Alkemade, R. 2011.  Wilms, T. & Schmitz, A. 2007. A new polytypic species

Land use, climate change and biodiversity modeling: of the genus Uromastyx Merrem 1820 (Reptilia,
perspectives and applications. Information Science Squamata, Agamidae, Leiolepidinae) in southwestern
Reference, 512 pp. Arabia. Zootaxa 1394: 1-23.
Vazquez, D.P. & Gittleman, J.I. 1998. Biodiversity = Wilms, T., Bohmes, W., Wagner, P., Lutzmann, N. &
conservation: Does phylogeny matter? Curr. Biol. 8: Schmitz, A. 2009. On the phylogeny and taxonomy of
_379'381- . the genus Uromastyx Merrem, 1820 (Reptilia,
Wilms, T. & Béhme, W. 2007. Review of the taxonomy Squamata, Agamidae, Uromastycinae) resurrection of
of the spiny-tailed lizards of Arabia (Reptilia, the genus Saara Gray, 1845. Bonn. Zool. Beitr. 56:
Agamidae, Leiolepidinae, Uromastyx). Fauna Arabia 55-09.
23: 435-468.

% %k ok ok %k

How to cite this article:
Ghaedi, Z., Saberi-Pirooz, R., Ebrahimi, E., Badri. S. & Ahmadzadeh, F. 2020. Genetic diversity within the Iranian
spiny-tailed lizard and predicting species distribution in climate change conditions. Nova Biologica Reperta 7: 192-205.
(In Persian).
3 ST @5 Gt g SRl ol Jlems (S5 £55 (o n YA S edliienl gyl (ooplpl o) Gepm sl (gl
NAV=Y0 Y (g pole 5o (ngh gloaidly weldl i Ll 0

205/Y -0


http://dx.doi.org/10.52547/nbr.7.2.192
https://dor.isc.ac/dor/20.1001.1.24236330.1399.7.2.7.1
https://ndea10.khu.ac.ir/nbr/article-1-3267-en.html
http://www.tcpdf.org

