[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

EA=ORIVE N () VY DL T i oy aloo

Ol 3l (ol pgs adzxo

Journal homepage: http://jae.hormozgan.ac.ir

9 9 (Cyprinus carpio) Jeoxe jouf Blo oy S (5 5 (6 waySllail o)y
W (TS y (g ) eolawl b byg

TJ‘.“J)LA}%)SQ <-:E$YL551JA MM D&)l}a- ;;“""J:";’J)‘ c\‘_f.gﬁuﬂ L;:glj:ﬁ L.b).l:.wc\)\.::ﬁq lfJ)

Q‘J‘l‘ ‘CJ‘S‘U‘JGJ NEHN ck;n:.lé dtﬂjéj)}uswﬁﬂ ;w\) c-jl.& w.&@aé‘j;.’

Qlﬁ' “Sb] u_gb\ a&iﬂ: (s ) Ja.:>u 9 ‘_;)')jL;:S oIS 4&‘) rjlc— L;w.L@,a cjjf Y

Lkl S ) Santiago de Compostela oK iils « K § ¢ wlid ) 5l 05 S ¥

oluS

B>y Jyere 505 Olble (Fme G (K danlie g G KD (o gl GBS ) o
Jold (oalo axkad 70 51 jolate (pl 4 09) (owdin (i) by, Sl edlital b (ohy90 5 (2y®)
“oSe ladiged jlad (oS digel (Shyn Jyema se5 (Bl FY g iy (Jgene )05 oolo YT
Claike 5| IS8 slaosls Gl sliie 4 i asede yslad (g3, 5 S lost) VF 5 ooy
(PCA) Lol cloailyo Ldos (slocypo)l 3l b ookl Cansl Sg s 5T 51 o ogd, slonS o
5 g Wae labe Comex g0 ol lis @bl ol eolaiul (DFA) sasS pleie i Jdow g
FEIFN sg0o sl ailhe du 5 Wi CSuSE 50055 5 el ol 4y PCA 5JUT 51 ol L L jg s
@ ol mwiSy, b Shs slp DFA ulul 5 sl plaisl sgs 4 1) olynss S
2 e ST 052y oniad)Lis (o (nl @mls 08,5 18 053 (Lol Conex )0 s sk
Sagb 4 3g (pwdip (i, by, Sl esliiul b (o590 9 (829 05 plale (o Sl 9 Bee
=0k ON (Y 50 SHlead olralr 4 b o) SEmee G0 Gl (cDH90 Jaeme 195 plole &5
4 bgiye) 6yielsS oo aBlu cyrizan 5 (O-F-)--11NY (glacS lend Lbul> 4 by 5

oy by Jyans 5555 eale 4 s (F-Y-2-1 - glacS o) lrarl>

o goi
T3]

AAERVARVAPN :&él,\')o é-g)b

VE VY8 2 dy ol
AAERTARIAR ::&_.,.35)25]‘ ul> é{)u
1 o oM.B;’*

Moradi.Hosein@gmail.com

o Bl jaseis o SBu ) (g pdyllasil ( Lol sleadlie Jlo sloyge;l el Sg5 50T e slg auls

doddo

3¢5 51, o, iz Jsl “‘\"""5"6" o slo,gS6 g Lyl s ).gi.:;,ou wializee sloollins ) o olol slbcires

Slpes o i ol bbojee plo 4 o (Lol o swliicsy, Slae (Moulodi-Saleh et al., 2018) auas lis

cshamee Ol s 45 Al 50 5 o S8 4 bgs e sla Shg 0 clél lale o S5u ;) (s pdullassl (Skulason, 1996
5 oSl gy p aliie a4 adly o wlibcsy, Eou (Ghanbarifardi et al., 2014) 548 o cdalice SO5909: 548 9 5,L8,
E955 ¢ 380 & le 4 (Nasri et al., 2015) cowl ooy lgie o0 Ol pess b )] Joliie 5l g  Staon g oy JSb &l s

A


mailto:Moradi.Hosein@gmail.com
https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

ey lasil o BFICOVIPIIn Y

o3 Jolge ¢ So59d8S T Dloguas Ol s (gladlaie sbo s, 55l ¢ 5u ) (6 pdBllasil a5 ol (e Sl
bl ;o gt bl i 4 lagy] (655 ol el liaass JolSS o opl plo ol a1 g opl 51 Sy blite abal) b
O Ozed g Blamen (po (SuS g LSy, GBS Gael s394 Js Bilg e 095 el (] 4S e Calisee
“larar ololid g adlas 6l auke 5 paw o slaol, (Nicieza, 1995 ; Swain and Foote, 1999) wil lals slaasss
(Wootton, 1999) cules] cwlbiscsy ) Slao pw) 500 5l lale sla

mojlail Jolgd ()bl (sla Jolods rlyyr (ohg)y 45 (S (i, () 1aigd s plamil (g, 50 4 (riecSn; SIS
SleMbl 58,5 6l S leaid dod g (Ggelpm o L Glo cizuie do S leadd aile olaosls 5l aS o g, 5l slacgoxs
sy, s s, ((Eagderi and Kamal, 2013) wisd co pomds S o oolitwl gws) o lole 5l cwss
Jolgs 6 S o3lail Lol p a8 st omiwSn, O 5 g o5le oo Sl o puiie six kel (slayge;l 5l eoliul b
S92 90 e KU 5l Jol> slaools gzl 5 i Sels R riw Sy «Cuwl Hlaiul gl )l g 556 ¢ Job aiile
oolaiwl jo oYU Jles SUlgy 51 (g, cpl uizen (Zelditch et al., 2004) wib oo o3lail aile IS e sbrosls B> 4
I s sloaSits jo Sl ol iloygae g S oo bl Slases olol 5o piie wix skl slogyge;l
- p2ld e lahg, slaasgase gyl (0,5 Byb el T a4l |l (Deformation grid)
(Zelditch, 2004) ss

(Cavalcanti et al., 1999; aisS aoyi 5 2l sbdaie) o it slaiagh ,0 LS gand 0 STyl
(Caldecutt (glaydas cwliscsy , (Walker, 1997; Hood and Heins, 2000) 55,8 4 (s 55/« (Douglas et al., 2001
(ewdid (S sl s, 9,00 5l el sals eslaiul (Corti et al., 1996) o5Liips <o, 9 (and Adams,1998
£ Gl azis slp Wil S5 wbide jo IS8 slasglas 0,5 )Li.:ﬂ yebiie 4 a5 g0l cds @ Azl
el ol Jow ladarer swais inlon, awlie mls oiie Aoyl s slaieS gy S5,
~alBog, olale o j0 gyl g BB (x> aldog, ade> 09 Lol 55 51 SS) Bariliusmesopotamicus
(Ghorbani- 5g; o080 a8l Jobo o v glas,l o IS 5 ojlasl o Sglay 51 Lib 4 conl ools las asllas 550 slo
.(Ranjbari and Keivany, 2018

b s a8l oleale oy JSE &5 el o] 5 Sl iy g 458l byen oselle ohale awslic (al., 1996
S FlsS ladll g JSzsS slojw (olisS (dy 598 S, laas shls g Cunl JS2 (Sgo oS Ldg lale
Wl lis 55 (Ve ) o, 5 Roncarati gL .(Hard et al., 2000) wil oo aslivs olasl b cig sbo ool 40 Cons
4 Egoma pd )0 Al (Lhygp ebiow (Blo 4 Cud (IS S (0SB 490 9 FSUL G JKS iy b (2L
Pl 5o Sl on 5 aimO o0 jop LAy Slale 4 S |) (Folite iy Sluogas ()9 Ghale dw)oe S

il plale ol 505 S yeais

Lod ool pos 58 s 3 43S o lo] Lo a5 aily s o e o lale 51 slassS (Cyprinus carpio)  Jyess ,ou5 ool
Job @y, Sdgge 5 e ) F aibe lale (pl ohg Oleogas o 4 (Castro, 2006) ol sl b ,0lS
eSS | (S (b)) (229 5965 «onl p ogdle (Guleretal., 2008) Wl o 035 (8555 Ol jol i )3 (s
3 e Sy, ugy YL el LB 4 ax 45 L (Ghelich and Sheykhi, 2014) il oo 555 sb,ys jo 99> 90
G495 S oy p el 0ad plowl (lpl e Oleale jo 5k (sl sl &5 pl Giod ) Bue (i S (lulas

¥


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9]

VFe) QL:M)J” a)Lo*f:‘\Y 093 dl‘.’.j“_;*’lm:’ff“-l’“ dlffﬁ AK..:J\.:

93 )% SS9 3 s> (Cyprinus carpio) Jyese )55 (ole oo JS8 (3, s pdySlasil bl o (riel,
256 51 B0 ey Gladglis iz e e i S0 d Wilg e Oglite oS ol bt el glie SalS Laime

S S8 (S5 e L 5 e (sl 555

L sigy g olge
e ed 1,95 ) (5,91 gas 9 (g S Higed

Fyore )55 2l TV 5 (iog (Jgene 155 (oale YV ol a5 0l (5 S aiged Jgone 105 (2l O 5l (g ol 5o
S Sligios 5550 ol ale olfiylesl 4 5 yslaar (oS5 i oo 5l Siog 55 laale 05y (55
5 ol 05 jem 5l colaiwl b ladiges slaall dadiges (g 0gm 5l s 5ol ool Jlal 5 ,5- Sl ot )b 3]
a5 WD (S ages IS Ll 5o 5 ke 2SS S he 5l 5 (s n (Jeeme 5 Olele b bl (o peSe
9o ) eslil b (Jlizms pislas beaisad oo &5 5wl ol peSe gl 5l oy Sy e b (2Bt 5l o

WAd Bi> Jaere e IS0y gl)ls sladises ol and JuSolKe £ SS @ ja8 L Jlions

ools LT

by 20,5 as tsULL li8le 5 Lawgs slai IS (LU ((oBy90 5 (c22g (Jyons 195 Woe plole pglal ans 5l (g
Sl Bh> jglatedy () JSE) wb >k S lead akaiie V£ slass (RohIf, 2006) tpsDig232 i3l 5l eolia!
plsl (GPA) sl Sg  5JUT 51 oolainl b ladiges sloS oo oSl (5,135 w0 55, ciunlgo g gz cojlail Jolis JSo,ue
Juos sl 3T 5l ool b anlllasd g0 slacures oo JSo 5l Jol> slacols (Smith and Skulason, 1996) o
s (Klingenberg, 2011) MorphoJ sle l3éls 5 lawgs (PCA: Principal Component Analysis) Lol slaadlse
Jdos e oy 2 9590 W05 )5 o $Bu, NS ) > a8 T 18 Llow o 90 (Hamper et al., 2001)PAST4.03
A bl b jli8le 5 el 5l eslaswl b 5. (DFA: Discriminant Function Analysis) oausS jleie b o e diz

I P s Sy 4

abaii Y VL S8 Cond 50 0550 Giow (p S alih Y 1 Lhygp 5 (0b)0) ey (Jaere 555 ale G (55 00 e slaS lead Y S

el - ¢ ity all oneld glun) -0 s oii] hg s oV i —F 0 6V o @ Yo lod S o) 3l (s5lse las Slatal ¥tz L

Gl =V sl es @Bl i o sl - s pes aBle ala 5 slel A Y es Bl abaii oy 5ol -V sty all gousls

o


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

ey lasil o BFICOVIPIIn Y

SVF g alb oaeld alads o 5y YL VY ¢ oSl Al oaelB alais oy 5 ol VY ¢ S Al oaelB glal VY ¢ > e gl (goucld

L% Ooml e @ ot Lo aball 3l (65l o - VF s ttal gy cppy i VOt eiital b e (50 (p 5 2ol

el a5 wad oo LS Jgere ;5.5 (ple Sacenes I ol nolai 55) 5 NS jlead Cds e a9 2bmlr e
(Y USS) 29 o0 0030 S jleadd 3l 6502l olaws Cadge 1o olbmuls g aiils 1,8 Bas Codsn jo S Lo

anllas 550 SoisT eSilos UK ) o oS oot Copbga 1o Sl 5 bl e ¥ S

FYIEY goamo 10 Jgl (PC) Lol adlie aus a5 s 2,50l adlge YA slaws Lol sloddlse Judow 5 JUT ol olol 5
155 obole 898 oo snalin ¥ SS jo a5 jshilas () Jguz) sl o plaiBl 0> 4 |y il ly Ol s 5l sy

Sgd oo plete Sosen IOl (PCL) Jsl Lol adlse 55) 2 )90 5 5229 (Jore

0.04
.
.
o™ o ] ., e o+
c * .
.
g . . . .
.
o . " .
a . .. .
:
£ . . .
g oo . . * S
— . . . .
®© . . .o .
o * .
g -
.
‘= 002 . L
o
. * S s s S e
o . e
-0.04 . - T : .
-0.06 -0.04 -0.02 0.00 0.02 0.04

Principal component 1
poo shol adlge s X j5me 59, PCL) Jsl (Lol allge 1 o8y50 5 (o225 (Jyane ;525 ol (PCA) (Lol slaadlge Jlow 5 JUT Joges ¥ S5

Lol ool ools Oles Y )P (59, PC2)

O)


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

wwgm;xww‘wwwqﬂiwuww OB 50 m o85S

D9 o B g (B cojer Sgi 50 0ol edmlive Bl (P ol adlie jemme Job yo S ols s Jol> gl
AY OV 0 hE D) ol gl load o eSlie I8 s s 1S Lo Caxbgn 1o Sl yeais 5 alowle 3 F i
SlyaiS 2o yoF[FF oS (PCL) gl ol ailge gt o 495 il lg sVl auoyo & a3 s s sualica 15 41T
w5l s £ g oy 4l 4 it (Lo load olKsla yoais s gy o Wlgf o ailfe ol e o ol | osalice 5

(F JS2)

et a3 _-.j}ﬂﬂ s

edim s Jsama 5 5f

(PCL) (2350 5 (229 (Jyons 155 (Blo Slatumez ;5 o S8 Slis .F SIS

290 9 g (Jaere 555 Hlole slacarez oy 5o (PC3 s PC2 PCL) Jol Lol aiddsa dus sl mil)ly 2oy g oy polie ) Jguer

ouil,ylg dusys o9 polie Lol sl ailge
¥ /5 e AVA )
YY/AD e YoA Y
RYER GJeeaXY. v

O JS&) P/ o+ V) o)l 0925 (5,05 cire gles dalllas 050 Coroz 90y JK& s a5 0l ylas DFA 5 JGT s
bl 5 dleads pleie JolS job a4y LBy, 5 (i>g j9e5 (Bl laCimes ol o cdaline O S5 j0 4 jshilas
@l @ b i Gee Gl iy 5o Glole & Cud (hy9n S Olele Curex v S s
adlas 5 )50 ooz plod ax o flgic a4 el Sy g umsiVlale alold aiin (F-Y-1-1 - S lead sloals o
e dds ARVAR O J&u Ll )l Cuxoez 90 w.».:nybLA alold .ol ouds 00)5—‘ YJ}.\? IO O Jiw GLQ‘;).@ L)uL..J‘ »
5 ol 0ABSSE gladiges oaupolid il 5l z) sae aes o lis |y DFA guiseq,S LT =l Y Joux KW

iloads gaaib Sl yo 4 aS cwl pladises 5l pled slacand oo 4 1o sae

oy


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9]

Syl ) WL 5 sl

o+
-80 -60 -30 a 30 60 a0

wisH wlpena; S rit>g ulganoe 5945

@4)5); 9 >y éw )5..5 ‘sbLe 6LEC~.'.<>.‘> (DFA) uu\;J&u b..\....SﬁLo.uo &L’ )J.\«La.o u,uLu‘).v ol)sl u,o.-..Sl); AJ&:J

9 9 iy (Jrere ;05 ale lacamex s JSi sleesls DFA jGT mls .Y Jgus

95 9 g Jeoro y9u5 2l Glacures XV-PUESFSIN]
/1 OF4 el Sgp aluls
(RYAR) ommgYlals alols
/e P-value
AAAAZAR T-square

‘5..4)5).: 9 6“"5 ‘5]9.4.-.4 )5.5 stbLe GL“""-‘-‘-‘“’ O JS...J dl,usob‘.) DFA &.\;403; ,.JLT C;L“u Y J,J—?

el scare
S0y (S iy, (o 50 ilisin (g 5lo (5l yg03T g
(g Carox W9 Carer

(Discriminant FUNCtion) susas 3 boce &b gy g s

. (V%) 393 Curor

YV ) . (g Comor
(Cross-Validation) Jslice sz lael by golis

3 LEYGATIYA) ()9 5 S

ARTAERYA) * S g Coroz

oY


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

wwgm;xww‘ww;gqﬂiwuww OB 50 m o85S

O% S s e 40 (Webb, 1982) ol lale (6,5l gla,lid ) 5 ol Gl )0 g slo ol 31 oy IS
31 ks (Guill and Hood, 2003) wisl (S5 sl Sig 5 (plo ol ) (s ) Jaxe Cordg 00iiS uSiaie Wilgs oo
5l ol @ls bl a8 Ll 5l ailesls S5 1) gglite (5, sla S b alacmenr JolSs wig; (b o lale
S8l ylo s Dglds (B, Bl jlaslllas 950 ()90 5 S22y Jyene s5S Glale Slacerer (m pol> BiioS
(Elliott, 1995) cails walss YU Corodl lacglis ol LYo 0 s
aS oo wold |l aglie GIGl 5 0gd e ool Slagrge K& oy sl (eelidicun S0 (i,
5 o, «Soledupwsn sl iogh ;0 dude jlews Ldow (10l SO hg, opl cogdleay (Tjarks, 2009; Bookstein, 1991)
(Pavlinov, 2001; Rohlf and Marcus, 1993) <l JlS5
oSy by, el gl el (550 (Jsb wiile Jolsd 6 S oslail ululn &S Sw (S, (g, SN
59 a3l oo (CounBgo 5 Cgz o wliiel Jold) UKo a8 ools Bl 5 IS slrosls zlmeiul 5 ciiiwe DlS cwain (2uiw
G axei b by plas abl oo S loadd pm bl Olaew bl 5 oy Glop 8 o awlis cwdie uiwcsu,
Sl 5L SB5L Olgre 4 LI (pl oldd Slaide Slpndd e 5 Wgdoo Bl (39 Solgen alox 5l (5)kns
Silwygas (JS8 s sloaSl 5l eolatwl b aulgy oo Waosls ol 00,5 oo alio 5 gy Slogzge o ([ASS
50 O g0 slagly olulis jshie a4 wain cwlibcsy, (b, 3l o yol> Gaaxs o (Bookstein, 1987) ws 5
oad 05,15 4 bl B, sleolis ololid Jo el aiiss O ygo 4 o B 4 0l solitl Jyens H0u5 lale
—Ollanl ) Ay gk S, gyl ooliiad L (VY 4) o) San 5 Eagderi slasdlas o Jle olsie 4y o
39 ydses 509 5l slate ol (sl xSl (Slu 5 )l f leellin; jo WL ele o S 5, cndy
as wssly i 158 eyl .ass )8 (gl paigad LSl ailsog, o (| Ail30g, (59, 80 o o ciy azl o (YT axl o
axl o slacames Al mls Lulwl 5 (p<0.001) o)ls 0534 anlllas 5,50 Slaiumaz o S5 G &)l e gl
gy g IS 05, dh slaailsag) slaconer 5 5 SzsS b s 5 Sadipe (G sl T s o 5 S
{(Eagderi et al., 2020) wog 55,5 o sl Lol 4509, Comax wiilen Jg
(Abbasi et al., el ons Hlo lgrer LS 4o Lol Jole g 4 Jase 5 gl das glacglis walisee ladllas o
3 s (Vollestad et al., 2004) cuul (65,0 0,058 oliee ;360 5w w6, k3, 2aSTy  ogdle oy o (2013
S8 il ol (Bras glie a5 Gloj 1) wndly olia; ;0 09250 (VL 613 e s 4 Wl oo G 03l g Bes
aS 09d w39 5 ad Sle 4 Wb 13e (Holopainen, 1997 ;Bronmark and Miner., 1992) 05 co 5ipn 2l
ey B @ b e 208 oy S sl b, il SSTas 4ol anils olpen 4 | Ly g 05, F 5 oYL
oelpls (Brett, 1995) coul o8 > 5l 36 55 o5l M) ailie (p 5,5 45 el udSel (Splie 55,0
4 .(Brett, 1995, 1979) aiiws aiio [l wiile, oo Plas o 1) (05 ,2) L 5,k 5l 65,50 Bl a5 Slas Slee
sled Wy oo cpe o b plole Lolul (Haas et al., 2010) s Sote S bl Sl sl plabe ( JJs aen
2 ade Gln i QU JeasS S5, b Slele 5 wies bl e Lz b pladase 0 1) 6850 5 2l
s ne 555 phoale ols i 5 ol ks it oS jshilea (Blake, 1984) w5l o 5asm slagh >
NAY GlaS load obul> 4 gy Soste 5 OF 50 Sylead plrals 4 byyye) (5oa,0) Sdees o sl
bzl 5o Ol ol a5 wil e ol 4 Wl oo oomlive ol Wisg iy Jyere 55 Hhdle 4 Cons (B-F-)
el ool San Jelse ol bty ool 9250 (syg slo il 1o g0k s lien b 5l 5 Sl o5 s
3 @leslge (09 Vb (g oDy syl Sleoliinn; Sy SblS (e 4 09d Lo (nl )0 (% G &2
O 009 B 5 O e kS Wlgoe 5dee 5T (Sdplie 3 B el a5 (5 ST plz 5 ey
of


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

ey lasil o BFICOVIPIIn Y

3 A STl 2als sl 4 wijls ol 0l o5 plaailssg; )0 G o5 Sl WEL (D90 Jgene s05 Glals
ol 30 ol ol YL Cepes dlanly 4 iy JseneysS Glple Comez )0 oy 6,5l S o5 wiloe ol Gz
A owdid (Pl ) g, 3l esliul b 5 (Y V+) o, g Mercer .(Barlow, 1961) 05 oo g Wrailsog,
598 5 Azl g alsog, jo audl yb,s, Galaxias maculatus SlaSesS olale o swlibscsy, glbogys v,y
oSy sk Sgr ewliicdy, Sliogas Ll 5l lale ol o LT Sols 5 S 5 bl mls a8 asls,y L
9 59y P65 o sl slaoale 5 555 slapia 5 FSL pe SIS S 90 G shls 4zl e slaale
alox 5l oyl oK) dawme sl b (655l a0 Ol poss ol il cde 55 Gadios (ol )0 diog 5SS slapia
yobie 4 ,iSG S Ty esiae Sl (Slae Slaslice ulel 5 pl 1 ogdle sl oall ools i (slagdss Jolse
sl (it Al B il Jolb a5 Sl lasS shls 5 asl 5ot blo 42 o 5 35500 pladl CudsS il
2525 Olle 0% (95 Gees 5 Ot lp )R e Wl e 5 Sl lply el i 5 o] bl Guils

g Cge (D)9 p (Jyere
Isone y5S Shale ilise Glacerer olulid o 1) cwais riwcsy, osill oUls o> addllas mls ggemme
ol 5 (S itagdyse Sl WS oo yE (Sslite Shume Lulid 0 a5 bl e e ol (SB9n 5 5
S8l e g o sbodisS SS) plBd Lars Coenl 4y ax g5 L (Hedayati, 2016) wwes oo lis 095 1) (g ke
5o ewlbdcsn ) sladgla a0 Siwgs sools ulul 5 (Sass Olalllas a5 00 5 o slpiiion (o) p ol sode o
rBL?u‘ alises dboliw) ° :b; L)J‘ Syge )O LSJ"W)") usl..aﬁ U‘?"’ by Oy» r:l?u‘ cbﬁf L}Jl ‘5.».}9 9 ‘;..:)9): Cuxoz> 9o

Wl

K0Sy ) S o a3 (PCA) ol aifhe oo 31 ssisl b 5,0 5 (oiong g lonbe Commarr 3 913 ol ol
- pleie b Jdow ol 0 uizmen aisls plais] 0gs 4y |, Ol sy JS TV g0 ol adlie av g wloads SIS
o ol @l WS e I8 09 (ol Cumer )0 oo b 4 Bl (i, s Shy sl (DFA) suis
2555 Olole &5 (sp9b 4 39 (B9 9 (B9 555 Glale G el g G Bee )3 I dre BB 3525 cnias i
@S Egeme ;0 Moy iy Jyere 555 pldle 4 Cund LR % EW) 5 o 0% bl (ohien (Jeere
3 iy ymn S olosle Glin laimar ALt 3 | i iy, iy, osilly i ol adllas
Loy Slio )0 ogas 4 (oulibisy) DS Gl ) aallas 9590 Glatunes 4555k 4 a0 0 (lis (L2390
Qg s ldle pl j0 ool cdlive glacglas 0,5 pleie Faen 3l ce0 aBlu ojlail fizen o o Gl (N Gos @
&) G cabsS gy il anle) 55y b s (0] ol 5 alié dlgo & g ytosd Aiile) e (glasglis e oy
g siad,) Sl Wil e ooyt o) SRAIL ¢ agy slodisT S pld L eanl 4 dxgi b g 0l ool
Slas 4 by e ol gleailis 5 wlbibcsy, Clas p Jlisl bae sboys olobid aiw) 10 gon Oliass plxl
U@ Gl e o 2ldla il 3blio jo G (pl el b g uiS pol 31, D90 5 ooy Cores o (S,

D22 D9n g Sy Seme m (oelidiSy) Dol 5o (e Lalyd  Jleso]

AN


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

\mgm;‘vww‘ww;gqﬂiwuww OB 50 m o85S

Sl 3wl

osdy) pade S5 GBI Gl g ()5 sk 48550 po0) Jlriips (uaige Slomj 5l aiilo e p3¥ 955 Bty
19,98 wlosao siils 1) (6,8 ol (g uSaiges asl B j0 a5 (5~ L3 slao] Ll plad lidss 35,
ol S @ oY 5le 1) S5 JLS daosls 5JBT jo (6,050] Juger 5558 GBI Clix wilalls 6 SKen 5l pien anles
(Iran National Science INSF ssaie cole> I eolaiwl b g A9 YFAA ojleds & 7,b oS L ol dslllas oS

Cewl 0oy plxsl (Foundation

&b

Abbasi, K., Akbarzadeh, A., Sarpanah, A.N. 2013. The population structure of Caspian Vimba, Vimba persa in
southern Caspian Sea using truss morphometric and meristic characters. Journal of Utilization and
Cultivation of Aquatics. 2(2): 33-48.

Anvarifar, H., Khyabani, A., Farahmand, H., Vatandoust, S., Jahageerdar, Sh. 2011. Detection of morphometric
differentiation between isolated up and downstream populations of SiahMahi Capoeta capoeta gracilis
(Pisces: Cyprinidae) in the Tajan River (Iran). Hydrobiologia. 673: 41-52.

Barlow, G.W. 1961. Social behavior of the desert pupfish, Cyprinodon macularius, in the field and in the
aquarium. Journal of Ichthyology. 13: 58-68.

Blake, R.W. 1984. Fish locomotion. Journal of Ichthyology. 13: 58-68.

Bookstein, F.L. 1987. Landmark methods for forms without landmarks: morphometrics of group differences in
outline shape. Medical Image Analysis. 1(3): 225-243.

Bookstein, F.L. 1991. Thin-plate splines and the atlas problem for biomedical images. In Biennial International
Conference on Information Processing in Medical Imaging, Springer, Berlin, Heidelberg. pp: 326-342.

Brett, J.R. 1979. Environmental factors and growth. In: Hoar WS, Randall DJ, Brett JR (eds) Fish physiology,
bioenergetics and growth. Academic Press, New York. pp 599-675

Brett, J.R. 1995. Physiological- Ecology of Pacific Salmon, Gov. Canada. Dept- Fish. Oceans, Ottawa. pp 3-68.

Bronmark, C., Miner, J.G. 1992. Predator-inducedphenotypic change in body morphology in crucian carp.
Science. 258: 1348-1350.

Caldecutt, W.J., Adams, D.C. 1998. Morphometrics of Trophic Osteology in the Threespine Stickleback,
Gasterosteus aculeatus. Journal of Copeia, 4, 827-838.

Castro, F.A.F., de Ana, H.P.S., M. Campos, F., Costa, N.M.B, Silva, M.T.C., Salaro, A.L., Franceschini S., Do
C.C. 2006. Fatty acid composition of three freshwater fishes under different storage and cooking
processes. Food Chemistry. 103(4): 1080-1090

Cavalcanti, M.J., Monteiro, L.R., Lopes, P.R.D. 1999. Landmark-based morphometric analysis in selected
species of Serranid fishes (Perciformes: Teleostei). Journal of Zoological Studies. 38(3): 287-294.

Corti, M., Angelo, L.O., Cataudella, S. 1996. Form changes in the sea bass, dicentrarchus labrax (moronidae:
teleostei), after acclimation to freshwater: an analysis using shape coordinates. Environmental Biology
of Fishes. 47(2): 165-175.

Douglas, M.E., Douglas, M.R., Lynch, J.M., Mcelroy, D.M. 2001. Use of geometric morphometrics to
differentiate gila (cyprinidae) within the upper colorado river basin. Journal of Copeia. 2001(2): 389-
400.

Eagderi, S., Kamal, S. 2013. Application of geometric morphomerics approach in phenotypic plasticity

investigations of fishes: A case study of killifish Aphanius sophiae (Heckel, 1847) body shape
comparison in Cheshme-Ali (Damghan) and Shour River (Eshtehard). Journal of Artificial Intelligence
Research. 1(2): 47-52. (In Persian).

Eagderi, S., Mouludi-Saleh, A., Ahmadi, S., Javadzadeh, N. 2020. Phenotypic plasticity of the body shape in
Prussian carp (Carassius gibelio), in response to lentic and lotic habitats using geometric morphometric
technique. Iranian Scientific Fisheries Journal. 29(1): :49-58. (In Persian).

N4


https://www.jair.org/
https://www.jair.org/
https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

Elliott, N.G., Haskard, K., Koslow, J.A. 1995. Morphometric analysis of orange roughy (Hoplostethus
atlanticus) off the continental slope of southern Australia. Journal of Fish Biology. 46: 202-220.
Ghanbarifardi, M., Aliabadian, M., Esmaeili, H.R., Polgar, G. 2014. Morphological divergence in the Walton's
Mudskipper, Periophthalmus waltoni Koumans, from the Persian Gulf and Gulf of Oman (Gobioidei:

Gobiidae). Zoology in the Middle East. 60(2): 133-143.

Ghelich, A., Sheykhi, J. 2014. Comparison of the chemical composition and fatty acids profile of wild carp
(Cyprinuscarpio), farmaed carp and wild farmed carp. Marine Biology. 5: 31-44. (In Persian).
Ghorbani-Ranjbari., Z., Keivany., Y. 2018. Geometric morphometric comparsion of Barilius Mesopotamicus

(Berg 1932) population in Bushehr basin. Journal of Animal Research. 31(2): 242-254.

Guill, J.M., Hood, C.S., Heins, D.C. 2003. Body shape variation within and among three species of darters
(Perciformes: Percidae). Journal of Ecology Freshwater. 12: 134-140.

Guler, G.O., Kiztanir, B.A., Ktumsek, A., Citil, O.B., Ozparlak, H. 2008. Determination of the seasonal
changeson total fatty acid compositionand W3/W6ératios of carp (Cyprinus carpio L) muscle lipids in
Beysehir lake. Food Chemistry. 108: 689-694.

Haas, T.C., Blum, M.J., Heins, D.C. 2010. Morphological responses of a stream fish to water impoundment.
Biology Letters. 6(6): 803-806.

Hammer, O., Harper, D.A.T., Paul D. 2001. Past: Paleontological Statistics software package for education and
data analysis. Palaeontologia Electronica, 4(1): 1-9.

Hard, J.J., Berejikian, B.A., Tezak, E.P., Schroder, S.L., Knudsen C.M., Parker L.T. 2000. Evidence for
morphometric differentiation of wild and captively reared adult coho salmon: a geometric analysis.
Environmental Biology of Fishes, 58: 61-73.

Hedayati, S.A.A., Jafari, O., Nasri, M., Ghafari Farsani, H. 2016. Length- weight relationships and comparison
between morphological features of Zagros tooth-carp, Aphhanius vladykovi Coad Actinipterygii:
Cyprinodontiformes) in upstreams of Karun River in Chaharmahal-o- Bakhtiari Province. Journal of
Animal Reaserch (Iranian Journal of Biology). 28(4): 495-507, (In Persian).

Holopainen, 1.J., Aho, J., Vornanen, M., Huuskonen, H. 1997. Phenotypic plasticity and predator effects on
morphology and physiology of crucian carp in nature and in the laboratory. Journal of Fish Biology.
50(4): 781-798.

Hood, C.S., Heins, D.C. 2000. Ontogeny and allometry of body shape in the blacktail shiner, Cyprinella
venusta. Journal of Copeia. 1: 270-275.

Klingenberg, C.P. 2011. MorphoJ: an integrated software package for geometric morphometrics. Molecular
Ecology Resources. 11: 353-357.

Loy, A., Cataudella, S., Corti, M. 1996. Shape changes during the growth of sea bass, Dicentrarchus labrax
(Teleostea: Perciformes), in relation to different rearing conditions. An application of the Thin-Plate
Splines regression analysis. Advances in Morphometrics, 284: 399-406.

Mercer, M., Searle, P.C., Cifuentes, R., Habit, E., Belk, M.C. 2020. Morphometric response of Galaxias
maculatus (Jenyns) to lake colonization in Chile. Diversity. 12(6): 1-13.

Moulodi-Saleh, A., Keivany, Y., Jalali, S.A.H. 2018. Comparison of meristic traits in Transcaucasian chub
(Squalius turcicus De Filippi, 1865) from Caspian Sea basin. International Journal of Aquatic Biology.
6(1): 8-14.

Nasri, M., Eagderi, S., Farahmand, H. 2015. Interspecies morphological variation of Cyprinion watsoni from
southern and southeastern inland water basins of Iran based on Geometric morphometrics method.
Journal of Applied Ichthyology Research. 2: 1-14.

Nicieza, A.G. 1995. Morphological variation between geographically disjunct populations of Atlantic salmon:
the effects of ontogeny and habitat shift. Functional Ecology. 9: 448-456.

Pavlinov I.Y. 2001. Geometric morphometrics, a new analytical approach to comparison of digitized images. In:
Information technologies in biodiversity research. Petersburg. 40-64.

Rohlf, F.J. 2006. TpsDig Version 2.10. Story Brook, NY: Department of Ecology and Evolution, State
University of New York at Stony Brook. 328 p.

Rohlf, F.J., Marcus L.F. 1993. A revolution in morphometrics. Trend in Ecology and Evolution. 8: 129-132.

Roncarati, A., Meluzzi, A., Melotti, P., Mordenti, O. 2001. Influence of the larval rearing technique on
morphological and productive traits of European sea bass (Dicentrarchus labrax L.). Journal of Applied
Ichthyol, 17: 244-246.

Smith, T.B., Skulason, S. 1996. Evolutionary significance of resource polymorphisms in fishes, amphibians, and
birds. Annual Review of Ecology and Systematics. 27: 111-133.

Swain D.P., Foote C.J. 1999. Stocks and chameleons: The use of phenotypic variation in stock identification.
Fisheries Research. 43: 113-128.

NG


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

wwgm;xww‘ww;gqﬂiwuww OB 50 m o85S

Tjarks, H. 2009. Geometric morphometric analysis of head shape in Thamnophis elegans. A Thesis Presented to
the Faculty of California State University, Chico.1-30.

Vgllestad, L.A., Varreng, K., Poleo, A.B.S. 2004. Body depth variation in crucian carp Carassius carassius: an
experimental individual-based study. Ecology of Freshwater Fish. 13(3): 197-202.

Walker, J.A. 1997. Ecological morphology of lacustrine threespine stickleback Gasterosteus Aculeatus L.
(Gasterosteidae) body shape. Biological Journal of the Linnean Society. 61(1): 3-50

Webb, P.W., Cotel, AJ. 2011. Assessing possible effects of fish-culture systems on fish swimming: the role of
stability in turbulent flows. Fish physiology and biochemistry. 37(2): 297-305.

Wootton, R.J. 1999. Ecology of Teleost Fishes. 2nd edition. Springer Press, London. 392 p.

Zelditch, M. 2004. Geometric morphometrics for biologists: a primer. 2nd edition. Elsevier Academic Press,
New York. 489 p.

Zelditch, M., Lundrigan, B.L., Garland, T. 2004. Developmental regulation of skull morphology. I. Ontogenetic
dynamics of variance. Evolution and Development. 6(3): 194-206.

OA


https://dor.isc.ac/dor/20.1001.1.23222751.1401.12.3.5.9
http://jae.hormozgan.ac.ir/article-1-1038-en.html

[ Downloaded from jae.hormozgan.ac.ir on 2025-07-04 ]

[ DOR: 20.1001.1.23222751.1401.12.3.5.9 ]

Journal of Aquatic Ecology
Volumel2, Issue 3, winter 2023
Pages:48-59

Journal of Aquatic Ecology

Journal homepage: http://jae.normozgan.ac.ir

e

University Of Hormozgan

Phenotypic plasticity of the body shape in wild and farmed common carp (Cyprinus carpio)
using geometric morphometric method

Roya Bakhtiar!, Seyed Reza Miraei Ashtiani®, Ardeshir Nejati Javaremi®, Mohammad Hossein Moradi? , Paulino

Martinez®

1. Department of Animal Sciences, College of Agriculture & Natural Resources, University of Tehran, Karaj,

Iran

2. Department of Animal Sciences, Faculty of Agriculture and Natural Resources, Arak University, Arak, Iran

3. Department of Zoology, Genetics and Physical Anthropology, University of Santiago de Compostela, Lugo,

Spain.

Abstract

The aim of this study was to investigate the body shape and morphological
comparison between the populations of wild (marine) and farmed common
carp using geometric morphology. For this purpose, 65 pieces of fish
including 23 wild common carp and 42 farmed common carp were sampled.
The samples were then photographed and 16 landmarks were identified on the
images. Procrast analysis was used in order to remove the amorphous data
from coordinate landmarks. Principal component analysis (PCA) and
discriminant function analysis (DFA) tests were used. The results showed that
the two populations of wild and farmed common carp are completely
separated from each other using PCA and the first three components
accounted for about 64.41% of the total changes. Based on DFA for
morphometric characteristics, individuals were correctly placed in their
original population. The results of this study showed a significant difference in
body depth and body width of wild and farmed common carp using geometric
morphometric method, so that the farmed common carp had deeper body
(related to the displacement of landmarks 5 and 12), a wider body (related to
the displacement of landmarks 5,6,10,11 and 12) and also a shorter tail stem
(related to the displacement of landmarks 6, 7, 9 and 10) than wild common
carp.
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