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Abstract. Sitta europaea, with 18 subspecies, has a wide distribution in deciduous forests of Eurasia. The aim of this
study was to evaluate the taxonomic and phylogenetic relationships of this subspecies to European, Asian as well as
Caucasian clades. 10 individuals of two populations from Zagros forests in Kermanshah and Kohgiluyeh and Boyer-
Ahmad Provinces were captured with permission from Iran Department of Environment and their blood samples were
collected. Furthermore, we used ND2 sequence data (1041 bp) for 136 sequences from GenBank and 10 sequences
from Zagros Mts. Genetic variations and Genealogical analysis was calculated using complete ND2 gene sequence
(1041bp) and TRN+G model, Bayesian trees and maximum likelihood, respectively. Median joining algorithm showed
the relationships among haplotypes. We found four new haplotypes for the Zagros populations. Phylogenetic analysis
indicated that Zagros populations were distinct from Caucasian clade. Fsr statistical values, resulting from the analysis
of molecular variance represented significant variations in genetic structure among Eurasian Nuthatch populations.
Moreover, Fcr revealed significant variation among European, Asian and Caucasian clades. Our result suggests that
Eurasian Nuthatch populations in Eurasia comprise three phylogenetic species, and likely biological species. However,
the previous nomenclature subspecies, S.e. caucasian and S.e. persica, can be regarded as a common phylogenetic
species.
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Fig. 1. Distribution of Eurasian Nuthatches ND2 haplotypes (Zink et al., 2006; Hung et al., 2012). Color of circle for
lineages and haplotypes: Asian lineage (Green), Caucasian lineage (Red), and European lineage (Yellow). According to
Hung et al. (2012) and Zink et al. (2006). Sample localities in Iran, including: Zagros forests (Kermanshah and Yasouj)

(Pinkish circles).

sl L= (Ronquist & Huelsenbeck, 2003) . ol
G313 5 SIS Dsden Vo L Sl 0y iy el
wledCw)s Sl 5 e slacs s Al pll Ve & gos
S. canadensis, S. caroleninsis, (slass S 05, dhew
el) Ll laaks, S. e. arctica , Sitta. pygmaea
DQ219774.1, s a 0f &SSb 55 sdd O (gl
<lg s (DQ219776.1, EF108553.1 DQ219778.1
IPles 53 edd ey g 53 Sl Ol 5 gl
Drummond & ) <55 i3 oy, <o Tracer 1.4
e 5 Bkl o b1 ) ol » (Rambaut, 2007
Pl 5 ale dlasl Ghte 5 eslinl b (bskle s
(Bandelt et al., 1999) s § el Network 4.6.1.3

oA’
0L ND2 03 3L i Vo FY 15 Sl eslizal L baests o
Kolr 47 5 (o) ol Chli> oSl 4FD & sls
ol DMl gsle oKl Y uls S 03y Kok

ISS (+/++V) Slude ol 035 ite &SG oKl VY 5 ([ne)

DNl s S eslinal b Olgnasl 2SI, lsges 5 JS ki
(Librado & Rozas, 2009) .& o5 e DNAsp 5.10
55 el sl e ol Arlequin 3.5,1 51 5 51 piean
o s eslinal (a5 A5 5 (boble g ) (S5
33L 130 e cpl Sl eslizal L (AMOVA) J S se il )l
Excoffier & ) 38 s LSS Vere ey S gy
Cov sblurex 4en Jsl 55, o> (Schneider, 1999
ey S £35 (P30 03 3 HAS s 4l 05,5 &S 4 g
plol ods plels (slayls 5 (wlidls b os olol
b alin 05,5 53 IS & Glaloner o5k 23 8
(os & 0le s S i) For slaoybl aw . Lds
S5 Ol,ei) Fse s (bl Ole 5 (S5 Ol o) Fst
(Khalilipour et was ox (o3 8 ¢$ latarer Obo s
5 3 S S 5 kil Jie e e 1 8L, 2014)
(Darriba et al., 2012) .z oslizst IModelTest 2.1.3 1 ;31
@l Phyml 3.1 55l 5 5l s Sl Jis 4 45 b e
(Guindon & Gascuel,  glucw)s Sl &) ooy

Ot TS5 e 5 | MIBayes 3.2.2 1l 5 51 2003)


http://dx.doi.org/10.29252/nbr.5.2.155
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.2.2.2
https://ndea10.khu.ac.ir/nbr/article-1-2725-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOR: 20.1001.1.24236330.1397.5.2.2.2 ]

[ DOI: 10.29252/nbr.5.2.155]

159/ a4

Nova Biologica Reperta 5 (2): 155-167 (2018)

W Oljee ¥ Jgd 0l Dlsgme 2/00 b= chm 53 Fsc
Anse O L M S8 B850 e 00 (S5
Se. LS.easiatica glas S ;5 w3 (S ol oy i
Om 03 (S5 Aol o zaS oS Jl- s 4l dalis €UrOpPaea
S.e. persica ;S.e .amurensis | S.e. asiatica « 8 . 5»
33 KuuS L s ¢ S T cwsa See. caucasian b
b s e Ol ) (Ko IS 08 il s £ 55 o
Calises Wt 8 5 w55 21 15 8 K 3 gm s 0031 )
Ghos F LY BT oSS el ol s e OLE

S 5 omi § Sov

G S5 couS 52 ND2 05 oS oL 15 b andllas o
p o5 s K IS S 5T o S WY (S5
03 35 4 e aldls Sl goome 53 3 sls Ll 8
Sl b OY 4 ST e sl
s2bskls p35) (S5 g s A8 sl (Hung et al., 2012)
2l 3 Sl Sl a oS sl (5SS
SoComer (S35 g5 03 omb Sp mon S gL
ol s 1as Fus G s & L5 Yzl o 55
456 pabse nl Conb sl (S aL dilate oyl s S
S35 sl Sl oler 4 jtin e sl I eslizal
=% 503 ES W B pemman ol (68 52 5 (Slatn) S slize
slely Carmer SLEL a8 e s dibie ol s
om0 e 5 Ll 65 5 g5 O el 1S (gl l g
sl 015 o ol ol dinls OLa5 Lg 5 5 (LT (sla s
Llzal 1y 580 Glajls o 5o (e S 8 oS
.3 gad

(2012) 0, s HUNG Lov g 45 5 & ygn Shnsh oo
5 Glas JIg mls alal 1) 5las 5 LT syl )l w525
el 1y e YY U YA 5oy 5 W gl DL L ,uS st
Do Lsls Ol 580 55 4w o ;3 ND2 05 S JIg
S sl 0L ND2 05 JIs wlaly ol aales olisyls
el Syos () e il b S5 Glaares

A ) aS Sl ol U 5l sl 3 (s s AA/AN)

VOB-VEY Y Lot B al> ¢ s pole o noi slaasily

3 5SS Sl plsl o 55 18,0 (V) 4 o
£33 5 Jsl g5 (Gdiler 5 )53m0 ipan el Cawsas ls sma
S Sl 2 Sl gl 5 (S (S5 o1 S5 Jlie s
S g VB 1Y S Sl ey S slaJls s
oUshla 07 slaw &S el sty (ubshla A0 Sl )y
4 by oosp lo JIg 0l reen (Ls g 58 4 e
e 3 (b 5 ol 8) S5 08 s 5 Comar 53
Comaz 33 ) 0 03 lshls o5 & gLkt b hle
g5 SES g RS 5 o s S ke
sdalin o S5 5 LT (slasls o s (pbsble 5 s A5
ol ol e e O 1y Bl 05e5T s YOS s
35 a5l 5y 58 o odd odalie lacabshles Slsl 5 s sas
Olas 1y sute &S5 Sl S5 LT 5 Ll Gl L5 (slgmnesr
ol b S5 e 7 Jl 55 (D C B a0 ) wls
(AT S 05 LetlSa ) ol 03 55 sk &S5

ST Sledbl 5 (BIC) pim Ml glajlns o507
Ot Ol e QTRN+G (G= /+4Y) Juwe &S sls oLz (AIC)
A glls s, s Jls gl S S IS
2 @ity Sy i il Gl Sy
A1 Glaarer & sls Ol os Sl LSS Je gl
Coraz HAMAA 50788 O 2l O g g s Jlei>l L 5 5 4
bl b Hov mls (F JSK8) Sl ol a5l
T LS o515 ol Comer o755 0L e JLast b
S Cl Jl= sl syls Ol 5lass slalame I ig
bor SaSS 5 e YA L Lol 5 58 (T s 3 shls an
(0 JSKs) Lo

(AMOVA) J S g0 bl & 5l Jol smls ¥ J g
3 he,3 AV oSl OT 51 (S b ol s g OLS |,
I IS oS e o 55 (S5 bl Sl S
A3 #10Y 68 ol Glacamas 03,5 S Jys 3405 355
IS e ST oman ol 0k ol |y (S bl Sl
Ok Liph il e slaoy & )3 LT 5 Lyl 5lass
35 Sk QO Calibes slaos £ pl o 3 (S5 St le
Y'Y dme 035 Slpais 5 YOV 03 5 8 slgmmes 51
slT g v/ee) @l o 3 Fer 5 Fst o T .l Loy


http://dx.doi.org/10.29252/nbr.5.2.155
https://dor.isc.ac/dor/20.1001.1.24236330.1397.5.2.2.2
https://ndea10.khu.ac.ir/nbr/article-1-2725-fa.html

160/ 5-

Nazarizadeh et al. Evolution of subspecies of Eurasian nuthatches

G (IS oS S 5 JalSS

sandv

0.02 -

0.00

0.0000

L
0.0247

1
0.1040

GTR distance

1
0.0693

1
0.1286

1 |
01733 0.2079

LS55 2S5 lie 53 55 5 Jsl g5 sl il OO - IS

‘)&oﬁs 9 aoljé)kl

Fig. 2. Plotting the observed transitions and transversions against the genetic divergence.

sl (ke =K s gas 1 =N (3 2S5 55 =Pl U sbls ¢ g5 = HO) (S5 605 Gastls 5 ) o sla)ls (S5 s S5 —) J9or
(ke glads glS 5
Table 1. The genetic characteristics of lineage and genetic diversity index (Hd- haplotype diversity, Pi- nucleotide

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOR: 20.1001.1.24236330.1397.5.2.2.2 ]

[ DOI: 10.29252/nbr.5.2.155]

diversity, n: number of samples, K- The average number of different nucleotides).

k pi Hd H n S
VY Ny A v AR \:‘,.T
Y ey Ve v N Slass
/8 oo o ¥ \ 1
/oY VARAT AV " Yy Ls,l
Ex
06 Exp 0344, P
v \\3
s ---¢-- Dbs
---¢-- Obs B y
0.4 024 W
0.2 0.1 !
&
e
h\
0. 4 B--5-cewp—o—o—o—o—o—8 0. B-og--g-Fg g Ar—G—b
5 10 15 2 A 5 10 15 2 B
Pairwise Differences Pairwise Differences
044 Exp K Exp
034 ¢t
---gr- Obs B —.-o-- Dbs
031 .
024 b
0.2+ : .
! (NI Y
0.1+ ;". L
B \s\
0. \b--a--e--e--a--a- ) [ T L et T - S - S - ]
5 10 15 20 C 0 5 10 15 20 25 D
Pairwise Differences Pairwise Differences

o 05 Caltbes lads 1S 5 sl @l soe LT 55D 515,00 5L 1C Glass Sl B e S5 515 A ND2 05 JolS” J15 el s O simasl (28T (oloyls ai =1 S
.JA.SQ.«()L‘:JQl:.;u.L;J.ﬂf)}:l,ww&&l‘glléés}w)}w‘,:l}\
Fig. 3. Graphs of mismatch distribution based complete sequence ND2. A: Zagros lineage, B: Caucasian lineage, C: European

lineage and D: Asian lineage. Horizontal axis is number of different nucleotides between individuals, and the vertical axis indicates
the relative frequency of different nucleotide numbers.
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