[ Downloaded from ornamentalaquatics.ir on 2026-11-16 ]

[ DOI: 10.22034/J0A.12.4.11]

1FeF L /¥ 0 jleds /003198 JU ) bl

M s g 3 — ooke Jlio

olidlo ) solo jlu g2 33 (i 5 5,3 lw slogs! axdline
o9y ) 00wl b (Sasanidus kermanshahensis, Baniarescu & Nalbant, 1966)

WD (TR e

"L e s pasal Jages ! ol laly
* soheileagderi@ut.ac.ir

‘;")i‘ ‘G‘)S ;Q‘).@J GKJL‘J ‘@tlk @L’LA §JS-4-:ZI:\‘J ‘O)lf-l—tl éJ; -\

Ve g i0B s fas Ve alasa imsb o 7B

oS
Wd g 43 Comer Cad oy b (Sasanidus kermanshahensis) oliibs $7 sl Lo o 25, sl s K s ol s
(s 83 5 Ol 5007 SLasls g Sl anksb AR sl ¢ lite (pty T3 Ll 4y i rionssiy 3l oslial b s S 5 T
s Sl ki (s Bay 0o (B Weals gl sl | liie s (gl i gad 42 S ilsng) 4 > SIPNPRTRPE S
GWesls . Lud a8, cdnss s slas s tPSDIiQ2 5l 5 3l eslimal | SO B VS s 5 (ol s B gad ol i
Jis ((PCA) ol laadlse 4 4555 ahar Sl omiadir (bl sla g, Sl eslinal b canl STg 5 i g o5 51 oy Jool>
Blod 5l adfllans ;g (aomer 8 5ls Ol s 5,8 3 o 5 525 3,50 (CA) lad s Lo 5 (CVA) 55 Soen
Ay Oy Cgbgn Oh Gas 4 bgs e 0dd odalin O3 sdas (P</00) w35 Ko b olssmn sl sy by S

)y&bdﬁu&«&)@ﬂ

eWJqMchw 447-; AJLSJ)J}J;.T 0) 9 (kD e ‘@L«\»)L‘; L;QLAJL‘:‘? :‘swéw


http://dx.doi.org/10.22034/JOA.12.4.11
http://ornamentalaquatics.ir/article-1-408-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-11-16 ]

[ DOI: 10.22034/J0A.12.4.11]

v 39 5 53Ul (551 asdllae

Ol yed g sl

O5SG g col SAsANIAUS iz 4355 L5 aliile S ol
sbie 4 adlllas pl (Shojaei et al., 2021) col oo
i (R Sy gy 5l esliiul b (SBu; (om)
SYSTRIRVE VNG SURWIRPH LI g PHER PSRV S g PR
ol slacl s walo Tal a hle Ol g 0g,0,5 «olgo
eSS,y Gy 9 W)l (Vb () el 48
WS oyl Gl sbcimer SIS 4 (o8 SSrwdy Jiw

Ligs g 9lge
855 S, ey sshie 4 AFAVIIVAA clals b
Ve Jolds igad A Slawi ggamme ;o oliile S oale jlug>
N OYOFA" Yo" E) Gral) alfs 85 alsog, jl askd
N, YOV E) femg ,o5 5 askd Yo (FYOYY.Q"
YOOfY' FA" B) S5 &l 5l axkd \F (FACYE'FY "
E) Ol aldog, 5l axkd A (YASYE'FAYY" N
0" E) s5,m,> 5 askid A (OYOFY'DS" N FACEY'.y"
YW E) ohle lyes 5l ankd 1) (FFOFTYY" N ) VOFA'
55 s 4l 5l askd VY 4 (YOOYFVV,0A" N ,OFOFY'
225 5% o Sy a5 (FAOTYVALA" N FYOFS' 000" E)
DllelS olwlalS =39 )0 5= (5lro 8 09,52 slaass>
00liasl b gl y2— g s colialald ¢ S 5505 0 youas
oo 5l e diges caiod (6,10 paises S gudig xSl oKl
Vbl o Jolomo o (5, Slallae 5 (o)
bl Seiletugn 5 (555 oBiulejl 4 g Sl wo o
o9y o Wosls zlyduiul jelaie 4y aiuls Jaie oyl 5 oRils
Sa Jlzms Gmjge 5l eoliial b pwain (i,
5 o (5,1 S ldiged > Cww 5l CANON LS K
Gon 55 mslad (s, tPSDIG2 581 o3 5l eoliul by s
00,5 (65l 098, 5y S jloasd aladi VF Sl ool ags
9 By () JSA e Olss Bds polate 4 () SC8)
(GPA) ol Sg 5 5JUT 51 oolicia Ly Jols sbaosls o(ojlusl
« .(Zelditch et al., 2004) o.x8,5 1,8 Ldosga 25 5,90
Slaure o JS& ST 5 g9 65 S pelane
3eolaiwl by USG5l Jels sleools casllacs g0

(PCA) Lol slaadlie 4y a4y 350 0 pstin iz Judoxigay j20

40dio
6 ey 0 Sl i ST smen sla sl el
Begg and ) oS o w2l)d 1) e Oloss 4
Waldman, 1999; Cochrane and Garcia, 2009; Kerr
Gy Voone Bu, £95 Juowsams (et al, 2017
Cadrin and ) sgi o ooliiwl b ale saiomez olulis
o5, 9 (Silva, 2005; Mouludi-Saleh et al., 2020
Walker and Bell, ) scas ;08 15l S oylgie 4y ey
5 i O,50 9o 4 (2000; Salehinia et al., 2016
0,8 I3 colawl 9,90 aie) ol jo Wlg oo gwain
Zl il (qwdid sl b, 5o (BOOKStein, 1996)
oolainl L 3! Jelodiga 125 9 (5w ) (sl poitio LS LoD
Zelditch et ) col iy Sl o e w5kl slagyge;l !
Slaee Gulol 5 Sy Glop,8 o awslie 5 (@, 2004
Gazg b bla cpl a5 0,5 0 D50 (S Ladd) bl
Nghoo Bl oy Solgege alex 5l ala)las
lg oo owdin  wlSy, bg, (BOOKstein, 1996)
5 ol ams ) oad ol S8 s Giliee (slagSl
Sl Bl pga | (Jame slas S5l g ad; Jud
bl a8 i sla sg, S, (Eagderietal., 2013)
S i (S () 53 il 0ad (g S o3Il Jolgd
sleosls zlzeiwl ol (S )ladd) ailis §,e by Glaise
S ) E9i S9b oo 0dliiul o ppitesiz slalod (sl S5
o B 5le (50, (6 iyl asms Conl (Koo 5L
bl b (g Jolgs «S35lsST Sleogas Sl (slat
Banimasani et al., ) ol leas!d ol 51 Soe bl

(2018
;I Sasanidus kermanshahensis) oLiile S alo ,Log>
asg> 4 bgspe ol LiaSTy g 004 Nemacheilidae oolgls-
Eagdere et al., ) caul 50 5 455 (3,5 alsog, slo
5 Oklosrl) sl e o 5l Wl wds 5 (2022
5 (Keivany et al., 2016) 5,5 o &jso « (HlisSis
2 oS W) L ontS Say alex I Slao alaulsa
25 986 5 et L oo Bl cils 5 WS i
iy Al Jlie (o8 oo 45 (a8 il bs ooy
50bsS Sl Ciz ans Shlo 5 vy oo Sty Al wly 5 L

sz 4ol & dzgi b aiies (asis LB Glo es all

\Y


http://dx.doi.org/10.22034/JOA.12.4.11
http://ornamentalaquatics.ir/article-1-408-en.html

[ Downloaded from ornamentalaquatics.ir on 2026-11-16 ]

[ DOI: 10.22034/J0A.12.4.11]

Y I /¥ o lods /pdd 319 Jlw

o) oyl

B ;o Morphod l3sle 5 5l eslawl b S nSikee S0 5|
& pll (Transformation Grid) (S o5 aSis loges
PASTV 2.17b sla,l58ls 5 5l (s kel Slawlres bl (sl
Klingenberg, ) MorphoJ 4 (Hammer et al., 2001)

A oolal (1998

o peite iz il s Jelo (CVA) G5il5 (S a5
S5O Chz (e 285 )8 o) 3,90 MANOVA)
Seslaial b adllae 990 slocumer oSS ales
el 9 41525 2,50 PAST 13810 35 o sladsgs Jeloion ;25
loorez 5uS0lo o JSb Dl (53leygae i3 513

Figure 1: Defined landmark points on the body of Sasanidus kermanshahensis: 1- The most anterior point of the snout
(head), 2- The center of the eye, 3- The point on top of the head perpendicular to the center of the eye, 4- The end of the head
(occiput), 5- The origin of the dorsal fin, 6- The insertion of the dorsal fin, 7- The upper end of the caudal peduncle, 8- The
end of the caudal peduncle, 9- The lower end of the caudal peduncle (the beginning of the ventral most caudal ray), 10- The
insertion of the anal fin, 11- The origin of the anal fin, 12- The origin of the ventral fin, 13- The upper origin of the pectoral
fin, 14- The end of the head, 15- The ventral end of the gill slit under the head, and 16- The point under the head
perpendicular to the center of the eye.
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Figure 2: Principal component analysis (PCA) plot of the body shape in the studied populations of Sasanidus
kermanshahensis
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Figure 3: Canonical variate analysis (CVA) plot of body shape in the studied populations of Sasanidus kermanshahensis

Table 1: Mahalanobis distances of the body shape from the CVA in the studied populations of Sasanidus kermanshahensis

Do-Ab Maran Sartang Bujin Dinavar Khorram Rud
Maran 5.72
Sartang 6.34 4.65
Gerdkaneh 6.48 571
Bujin 6.86 5.004 5.65
Dinavar 4.65 4.76 4.69 4.33
Khorram Rud 6.58 431 6.15 6.22 6.638
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Table 2: Procrustes distances of the body shape from the CVA in the studied populations of Sasanidus kermanshahensis

Do-Ab Maran Sartang Bujin Dinavar Khorram Rud
Maran 0.043
Sartang 0.041 0.033
Gerdkaneh 0.045 0.02 0.037
Bujin 0.047 0.026 0.047 0.025
Dinavar 0.027 0.028 0.04 0.028 0.029
Khorram Rud 0.056 0.023 0.04 0.033 0.036 0.047
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Figure 4: Cluster analysis of body shape in the studied populations of Sasanidus kermanshahensis
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Abstract

This study examined morphological differentiation among seven populations of Sasanidus kermanshahensis
within the Karkheh River drainage using a geometric morphometric approach. A total of 89 specimens were
collected from the Khorram, Maran, Gerdkaneh, Boujin, Sartang, Dinorab, and Doab Rivers. The left lateral view
of each specimen was photographed, and 16 homologous landmarks were digitized using tpsDig2. Landmark
configurations were subjected to Generalized Procrustes Analysis, followed by multivariate analyses including
Principal Component Analysis (PCA), Canonical Variate Analysis (CVA), and Cluster Analysis (CA).
Significant shape differences were detected among populations (P < 0.05), primarily associated with body depth,
mouth position, anal-fin region, and caudal-peduncle depth.

Keywords: Sasanidus kermanshahensis; geometric morphometrics; Karkheh River drainage; population
differentiation; multivariate analysis
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