Research Article g Al
Nova Biologica Reperta 8(4): 289-296 (2022) ) polke 5o (g8 sdasly

_ _ (OF-+) Y8 JIYAR Sl oF o )leis A ol
Print ISSN: 2423-6330/0nline ISSN: 2476-7115 _
) S ole olidls ol L]
https://nbr.khu.ac.ir; Kharazmi University Press; DOI: 10.29252/nbr.8.4.289

Slio bl 4p09,] (J5SoLs 3 rng)l (Blows s poeed (o aig 55 (i ylusis]
slroble dilsog; o (JSlbesy

"oyt ez gin 9 glis (oS 5308 St o 509990 Une
Olosbes 1985 (el psle Sliniind g (I Slacl 5550 Sl 00StashT IRl iE S (OIS oRIS (sl gl saSiails D 05 S
Ol e3bl g3 gl oSnils (gl e 5 (55)5LaS oaSLails (DL psige 5 pske 05,5 tolnl o I3l 155 plaS s 5 Shisel wlisiy
soheil.eagderi @ut.aC.ir « s 05! Juger :0lilSKe Jgiums

J55 ol 5 (PEIrOleuCiSCUS UIaNUS) ares,l ale (wg,e pomad 4555 93 o9 Boliie e pil Slallae Sy 50 00 o)l Slolgsl & 4255 b .ounS
azl s aog> sloblge ailhog, o oyl b )led g 3l Slao anglie b aigF 90 o) ot liel jolaie 4 anlllae ol CAIDUrNUS atropatenae) aes |
g S pSoyl i jled G Vg (il Cdo VY olaw g ol swo A, SLFOPELENAE 455 31 aiges FA 9 P. UIANUS &5 5l wiges £F slaws o plonil ageg |
o stiul slaosls i oy byl (339 Jloyi g Jloys mems ik (53l Jaili] oo S yiogll ) 51 b 31 g ohasl i glareds sl Sliw ol
DFA/ Hotelling's ) Sibile s o P Lo5)) (ololy (oanis @b Julowi o (PCA) Lol (slaailge 4 im0 ¢ gy camd 5 slogyges] 5l ool b onis
iz glo bl e (P 1+ 0) axils (gls cire glis b jleds Cio ¥ g (Ll o VY )0 sy 3550 4555 50 45 b Gl gl .aiads Julow (T-test
5 il Sl ulul 1, 4055 55 nl 05 Bolyie w8 2 (e (e 4 gl (ol gl ol s dalllas 9,50 iS55 (s (50 sire gl DFA o e
At ize 45 90 (ol o]l Cog walllan ol ol Lwlol ol pls led o o, (o Lo

s3Il Slas ity ( panseid b Julo oS egll « pwlida]) T guuds (5519

Validation of two sympatric fish species of Urmia chub, Petroleuciscus
ulanus and Urmia bleak, Alburnus atropatenae, based on morphologic
characters in Mahabad-Chai River
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Abstract: Due to the presence of taxonomic ambiguity regarding Petroleuciscus ulanus and Alburnus atropatenae and the
tendency to treat them as synonyms of each other, this study was conducted to validate these two species by comparing their
morphometric and merigtic characters in the Mahabad-Chai River, Urmia Lake basin. A total of 64 specimens of P. ulanus and
68 specimens of A. atropatenae were sampled and were then investigated for 17 morphometric and 7 meristic characters.
Measurements were standardized to eiminate the effects of size due to alometric growth pattern, then their normdity and
abnormality were examined. Standardized data were analyzed using t-test, Mann-Whitney, principa component analysis (PCA)
and discriminative function analysis based on P-value of Hotelling's t-test (DFA/Hotelling's T-test) methods. The results showed
that the two species were significantly different in 11 morphometric and 2 merigtic traits (P<0.05). DFA andysis dso showed
significance differences between the two studied species. Our results refute the synonymy hypothesis of Petroleuciscus ulanus
and Alburnus atropatenae on the basis of morphometric and meridtic traits. Therefore, based on the results of this sudy, the
taxonomic identities of these two speciesare valid.

Keywords: taxonomy, allometric, discriminant function analysis, morphology, morphometric traits

Received 01.02.2021/ Revised 05.07.2021/ Accepted 19.07.2021/ Published 20.01.2021 AASRVARVA GRS R TAR SRR /A7 NN AR SRUEL /AN PO IR S CTARVAR RGP

289/YAQ



Mouludi-Saleh et a. Validation of P. ulanus and A. atropatenae

5l oolaiwl b deg,l axljo abg> )0 degl (JoS ol oo
o dbboly & S A g e S b sla ey 05 Al
9 feS iy alloasls Jsb 5 bipdr o oxdge Sz eS
FB oS o b JSO (Soo (S dlanly 4 dg)an )5 Cuex
e (Eagderi et d., 2019) soe S
8,5 8 ey pge eB)led (She WV g Sl (S
Solas sasmslis oyl b a5 (Tajik & Keivany, 2019)
Og eosled Cao VT g Lislal chas Yoo o o s
Pl Gy gyl g bled- Lol Dlogas
Sl laS g glraals (slroblee slaailsog, o ameg)l JoS
(Abbas et a., 2020)  pdixe lawgs deg laxl o ase>
Sy90 ‘_gL!bw.&o} O S wols QL...) 9 w)f )|)$ Sy S0
Jolgd o jlabinl Job Slav > a4 Sl adS o adlas
9 ot Jsb (e eSS g sl oSS
)1 0929 (o g DgliS e Jlad g Jsbo oSt
(eSS S, s SRy adlae
Dean ) ails (gob; Coonl Dlogzge £4:5 S0 4 u...;l.’.;’;qu
S5 sl Sy g oKins; SKla 955 4 g (€L AL, 2004
Jul=s 5l pien (Mouludi-Saleh et al., 2020a) ..l

Sgd oo oolatul lale Camez Cpoxd o B, Ol yusis
(Cadrin & Silva, 2005; Mouludi-Saleh et al., 2020b)

ol oldlhe S e ead ol oblyl 4 axg b
455 90 g Dol » e (Jouladeh et d., 2020)
dlie joliie 4 aalllae cpl dnag)l (Jo5 old 5 (ale g
50 sled g Sl Sleosasr Jeols 5, b Sk
4oy, Sl A atropatenae 4 P. ulanus sses 455
Slao glzl Ban b g apegyl azlyo 5 pl ad5 slrollee
anlllas dusy oo Ll 4 aSl> ab bl ol sasS pleie
o) 5o poea sS 90l pled 4 B ety (Bas

,.\3‘0&9.:4 d95

o g 9 olge
Azl ads> wpe sailbog, alex 5l slroble ailsog,
e obmlbydl pliwl jo oblee ot (Seo5 0 @ly oy
595 (Clod w4l pw) wllay gladilsog, Jlasl 5l g ooy
3 g odd S (SasS sleasli g (gl a2ld )
b (Abbas et d., 2004) sgi o dosyl 4zl )0 0,15 Colys
VYF olass oy 5 K65 )05 51 oolazwl L AYAY Jlo ole ols >

dog)l (J3Solds g (plogye (i Jlitel .o Sen 5 lossglse

dodo

Slaadg> (n et 51 So plyie 4 gl 4zl ale>
Esmaeili et a., ) ool alo 4555 Yo L ol A3ls 500
Barbus «s5 ;. 1,51 4 (2018; Eagderi et a., 2020
Eagderi et a., ) cool ooy ciogs asg> ol 5l Urmianus
Petroleuciscus ulanus _ale ug,e 455 9o (2020
Alburnus  a.es)l Jss oLy 5 (GUnther, 1899)
asy> oyl oy sleaisS I atropatenae Berg, 1925
& &lyls a5 PELroleUCISCUS oo o 5| b ug,e 4355 .oiius
Sl ¢ (Kottelat & Freyhof, 2007) cwl ,jome 4565
plsl Glaow p 5o &5 col slarobles 5 sl IS slaailsss,
T Bl 465 5 5 455 VA slaws slaobles ailsog, 5l ons
£S5 (Abbas et ., 2004) cul oas olulis oolgls
oS8 v 5 S5 ol (hy mhaw GrBl b (ale ey
w0 e aladi (golasi b (6 S oyl (asley gslaw «slosd
5 Sl Llg Sy Gle b3 0 So5b ol g S
o2 5l ) Cond 90 a5 il b Gl U el s
5 795 Al () A USE) cel sloled BB S e los
(Olgy SreSE iy g oo Wl o) 90,5 B Ol (2 e
oo ol s loailassy (il Gigy e Sl S
G ooaglys b o caal Gbayls osw, 5 seSh all
a5 el 668l panis Slas K08 5l jelee S (reegs
(3l oBopes aosSdls; 5l base P.oUlanus ass
Keivany ) sgis o plil L3885 glacs, sl ool i
(etal., 2016

53 455 A olaws L AIDUINUS 00 s 51 dieg)) JoSolis aisS
ad sl b asgs ool (Esmaeili et dl., 2018) el )l !
RPN A T RPIRVEL S FERRVINE PN o
L opir Hhad caai Gl elisS 5 SU «5“*-“*-’] s, )90
B USs) 0580 olulid Jloailais Vgoms 5 JSii M slect!
lwg Co (i 5l 5 Al atropatenae 4553 adss ()
ol 3 55 ol STy el (glatt, Sl lag S
(Sl Sy wgyan,5 Jod 5l deg)l 4zl )0 ase> slaailsog,
(Keivany et al., 2016) sl 54,455 sl 105 (sl>obls

gyl Js5 ols ale slacimer S slacglis anglie
a5 aas o olzs Alburnus atropatenae (Berg, 1925)
5 59hl Glatimer o (S8 Bl 5l (gl e slacglis
99 g ool lid i g 09,4055 (slaolil 5 5ol g ek
wesoe L | Gloges (n i dis g 99)ah )5 Cunex
Sk v, 95 o,y (TEik & Kevany, 2018)

290/vA -



Nova Biologica Reperta 8(4): 289-296 (2022)

Jgaz ,0 a8 (P>+/-0) aiis Jloy mo595 gl ()15 5 5
5 Jhoy Slae (g 5 el slaose]l @l wwiy & f
55 53 s Lol s el o ]| s 50 dagliio Lo
e Al cadie glad 5 (il b (g, b Slasd Dlao o

P 0) 0 KuSK b (gl sime cglas

S5 4 g Comy
Slio elul 1) 4 90 (S, Sglis aslllas ol @ls
0l Sl sgnd il Job i g a1 ) 5 oo
Al Jsb o prem oS g oS gl alols
9 M Sglife (s (9 (o S loalal g (e
Job Slao 4y bgye aig¥ g0 SIS j0 ol ool Slaw
ow»&lﬂ@bw‘ww@bﬁddﬁu
IS ols g lo g &55 g0 (S, ol Sl 5 DFA
Cho g )0 39 AigS g0 aS ol LIS s (pisres (el ding)|
e Al adie gl 5 (il b (g5 8 el ()l
or ° azE JB S 5 W)l Rase b s gl
Slo il s 3 w568 g0 ol o 5 KT oglis bl Sl

(o

Algi oo aigas ojlil a5l @ 4y b o (Sl b (g,
Tzeng, 2004; ) was 13 il cov wasa | il olis
Jole o ijladl Slas glawslie o ol sl (Nasri et d., 2019
G5y ool aises S iagll ) 1 S T (izme 5 03l
ol 5,5 Bis> Elliot et d., 1995) gl Sy 0 00 53
455 50 (0l odalive il Glas (o jlo sae slacsglas o
s )] 55 e (S, GBS (lgisa sy 9550

S5, g9 (Matthews, 1998) oo 7 )lae slagSl bl
9 LS’KQ LSLQLS)L?)L" ‘L.S“”b) 614».&.“_9Uax‘ Ou\a@\)utﬂ.’ ».\4‘5)6.41
Q@ all oKy 0 Suluog e bylys 4 )85 5 (b
5,0 pdiges Sldes Slojed 5 dpo lpl Call 4 axg5 b ogdle
sl lrsbles aileog, )0 aline olerd 5 (Supd slo)ys
2 Efontizns 3l 5 ol b ol Jzol b 455 50 50
Olpee Wl 095 oo o yieS 0 S5, slaglas ol
W55 50y 4 odd oddlin S, glagld oS sgei ol
ot 315 Jbo 4 (s 31 (o3 aresy) 5ol 5 (alogmsye
) S Sy ADUMNUS 03, cladiss (55, 485 )50
5 (Mohedas et a., 2013) cog alive oolo g 5 (i 9o
A& ol g 5 i 0 Gn Sy Sl (S
(Coad, 2014) cwl suss s )55 atropatenae

OF ) YARLYAE F ol h als o e pole 10 g sloazily

A 455 5l diges FA g P.Ulanus 455 5l aiges £F) ol diges
Sl yhe Coley b o 331 slagme ulel  (.aLropatenae
Wb dee slrobles alssg, Sl ol olRisls (i y B
9 o 3l o Aol sus do sladiges (Y A-B JSe)
s Jite oBbleil 4 g8k e o et
3 socshen 1) 280 b Jtms uadsS 5l esliul  olStylos]
wled Cao Vo islal cas VYool (seie o9l
sleosls (Y 5 ) ladsaz) wo)S hled 5 5 pSojll
2 oS gl a5l b Ol Bis jekaie as lal ijlal
Jleyipe g Jloy slaosls i (g3lws lailewl PAST 1580 o5
8 lio )00 (Hgipe g Cend g (l5lll Abasgas i o
kel sloadlye @ o 0 pite Wiz SlaRILT G i3S
&b J=s 5 PCA( Principa Components Analysis)
Discriminant Function ) Kbl cus S [ pamseis
L Slaw w,yp !y AndyssDFA/ Hoteling's T-test
5 NS azyo 5 Comle 4 (g sskitedr o e IS
s oaliiwl aslllas 890 465 90 (SBu, Dlas o ptediz duglie
Hammer etd.,) PAST v 2.17b sla,l8le 5 o lajJUT les

. plosl Excel 2016, SPSS 19,2001

- RE AT

37 4 aeeg)l (JoS oLl 5 gl g e aisS 95 4 By (las s
Jsb ez e ally glis ) ¢ oS g (gl dlly sla Jsb Slao 4
A b gme Oole )b Slas any jo elz Jlad g o)y
Sosme oy b Slas o solamal b (Y Jeum P<4/40)
s ks PCA mls s 5 o5 sl DFA 5 PCA (slaj
Jolliffe, ) sz i s 5l 5L OFD il ly doyo L adlge
Dy aigS 90 SIS o ol adlge lgie 4 a8 (sl 13 (2000
@l anlllae 5 )50 43 50 Lol (slaadlse 4 4325 @ls (el
95 SESE 0 A (e Geizred (Y S0) wites Sligyen
dlo Job 4 byypo i it PC2 5 PCL Lol adlgo g0 )0 aisS
ol oo g (IOVE) iy e alols g ((IVAY) e
Hotdling’s 5051 5 Jeol> P 35, (olsly (DFA) caseis
S8 ol gyl sine glis adllas y50 AisT 30y 5 TtEst
O JSs P<4/+0)
oyl Olao

Slogld oo a5 o ola les Slio LT mbs

sl sl daw g e g iy sl cadidend

291/vA)



Mouludi-Saleh et al. Validation of P. ulanus and A. atropatenae asog)l (JsSols g alo g e (xiw Ll .ol San 5 wlosoglse

Aagyl 4zl )0 adg> (sloblps ailssg, 5l eus ars (B) A. atropatenae 3 (A) P. ulanus <3 g5 il sles - S

Figure 1. Latera view of Petroleuciscus ulanus (A) and Alburnus atropatenae (B) collected from the Mahabad-Chi
River, Urmia Lake basin.
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Table 1. Morphologicd traits of p. ulanus and A. atropatenae populations.
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Table 3. Mean, £SD, Maximum, Minimum and the results of Mann-Whitney and T test of the morphometric traits of P. ulanus
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Figure 2. Principal component analysis (PCA) plot of P. ulanus and A. atropatenae based on metric characters.

Alburnus atropatenae  Pefrolenciscus nlanns

<8 A2 L L2 145 iz 48
Dizcriminant

o3Il slas wlal » A, atropatenae P. ulanus 35 g DFA) asuis ob Julos ¥ Jsi
Figure 3. Discriminant function analysis (DFA) of P. ulanus and A. atropatenae based on metric characters.
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Table 4. Mean, £SD, Maximum, Minimum and the results of the Mann-Whitney and T test of the meridtic traits of P. ulanus and
A. atropatenae.
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