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Abstract. Garra rufa is one of the 73 Garra species of the family Cyprinidae. Scales are used more commonly than
any other structure in population dynamic studies, because of their transparency, ease of sampling, and the minimal in-
juries caused to the fish during their removal. To discriminate fish from different rivers including Bashar, Behbahan,
Gerdab, Kheirabad, Kooshk-e-Bahram, Mazoo, Palangan, Sendegan, Shoor-Abad, and Sirvan Rivers using geometric
morphometric analyses of the scale shape, landmark based geometric morphometrics method was used. Seven landmark
points were depicted on each scale using the software TpsDig2. After procrustes analyses, landmark data were exposed
to principle component analysis (PCA), CVA, and cluster analyses using the past software. The results showed that th-
ere were significant scale shape differences among some populations, but most of the samples showed overlapping sh-
ape distribution and could not be separated robustly. Among the samples which were analyzed, only the Sendegan and
Gerdab river samples did not show significant difference in scale shape compared to all other samples.
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Table 1. The details of the studied stations.

g Job  oWlge o () Lo wlaw il g1 4g05 Sl 39 ol pb ws
¥° 1 00° WV - A 03,8 o€ a \
- - - v 05,8 ol ¥
oo 0% Y’ £ Yy o) LT, ¥
YY° fA' FACYF o0Y Y 35 ke ¥
e ova’ VO oV’ 004 WY oses” ol o
L 0% WA rYY Y ol Olge 4
- - - 5 - oIy v

- - - v - Olg e A

= - - ¢ - plre oSS 4

- - - o - HUBY- AT

G b 488 (O S o yge S50 568 ot gl 53 bl 5wl (F (s S0 () 0Lale b (6 p 0dd e <SHLAI Y ol -1 K
e S o0 ST 5168 ot il 53 4 00 VL (0 i S 03 0T (e b (G902 bl b ol b G S b B e (F i o

B s s il A8V ) e 53 0T (e b Gsp3 A bl b sl L G b b
Fig. 1. Location of the 7 Landmarks on the scales: 1) The center of scale, 2) The lowest point along the line that passes
through the scale center, 3) The lower left corner of scale, 4) The interface of the anterior and posterior parts on the left

side of the scale, 5) The highest point along the line that passes through the center of the scale, 6) The interface of the
anterior and posterior parts on the right side of the scale, 7) The lower right corner of the scale.
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Fig. 2. PCA diagram of scale shapes in different G. rufa populations in different rivers (1. Behbahan, 2. Kheirabad, 3.

Sendegan, 4. Gerdab, 5. Beshar, 6. Shorabad, 7. Palangan, 8. Mazo, 9. Sirvan, 10. Koshk bahram).
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Fig. 3. CVA diagram of scale shapes of different G. rufa populations in different rivers including 1. Behbahan, 2.
Kheirabad, 3. Sendegan, 4. Gerdab, 5. Beshar, 6. Shorabad, 7. Palangan, 8. Mazo, 9. Sirvan, and 10. Koshk Bahram
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represented on the branches referred to as “branch support values”).

0.48+
0,86+
0.244
0.124 [
= = .
04 ™ S et e
= T O A5 99 0
e cae
0127 l\\\\\\\\\\\\\ﬁ
NI \\ = L W Y
024 S A AT A A T ‘\jH
Ht s
-0.364
-0.484
-0.6-4 T T T
-0.48-0.36-0.24-0.12

T T T T T T
0 0.12 0.24 0.36 0.48 C.6

ks slaalssgy 53 G rUfa 68 sacmas 4 by e gaeS lodd ST, G -0 SH

Fig. 5. The landmark orientation distribution in populations of G. rufa in different rivers.

oslizwl 5 0350w wsys A &lsgy Olabe (clad) gai anlllas =ojlul JB Sles s (2010) O,8%a 5 Ghalenoei
Jil: 33 odal Sliw Sl eslitul b putmen T .l 0

s g 3l oKl 035 3, G rufa G5 syl 5 6,8
5o adlae opl s s S edalin g5 BB Osle blarear

&J'-'-‘ B ..U‘a:; B P uﬂ)lé@lﬁ-j 4.19'-: j_’.j’T :\..p_,>- 6\.&



325/¥vs Nova Biologica Reperta 3 (4): 319-326 (2017)

FAXYE F 6l & al> e psle 0 oy slaaidly

—Cwd Q‘_’swa (2014) Q‘J&QA 9 Tabatabael B, c_{b
6JL~|J>)LJGL'J‘ AJJUG.A &J'-'-‘): st)jﬁ,ﬂ' ‘_;Lhm_}a.' :)}»):vf

Wl 1y s S eslinal b bad gad JalS”

Sl b
Lo oS es oRuils hagh Cisles Colem b addlls ol
Cislas Cslo b 5 G88MIGRD o )l aila 3 5l eslizul
WL, &Sl o Pl igr Agd osls hash

Al o (65 Sl ozl (Sl b 3l gt

REFERENCE

Abdoli, A. 2000. The inland freshwater fishes of Iran. — Ir-
anian Museum of Natural and Wildlife 378 pp, Tehran.

Akbarzadeh, A., Karami, M., Nezami, S.A., Mojazi, A.B.,
Khara, H. and Eagderi, S. 2009. A co-mparative study of
morphometric and meristic characters of pikeperch Sa-
nder lucioperca (L.) in Iranian waters of Caspian Sea and
Aras Dam Lake. — J. Fish. (Iranian J. Nat. Resources) 22:
535-545.

Coad, B.W. 1995. Freshwater Fishes of Iran. — Acta
Scientiarum Naturalium Academiae Scientiarum Bohe-
micae 29: 1-64.

Coad, B.W. 2016. [Website] http://briancoad.com (acessed
3 March, 2016).

Coillie, V.R. and Rousseau, A. 1974. Composition minerate
desecailles du Catostomus commersoni issued deux
milieus differents: etude par microscopie electronique
and analytique. — J. Fish. Res. Board. CAN. 31: 63-66.

Esmaeili, H.R., Ebrahimi, M., Ansari, T.H., Teimory, A.,
and Gholamhosseini, G. 2009. Karyotype analysis of
Persian stone lapper, Garra persica Berg, 1913 (Acti-
nopterygii: Cyprinidae) from Iran. — Curr. Sci. India. 96:
959-962.

Ghalenoei, M., Pazooki, J., Abdoli, A., Hassanzadeh Kiabi,
B. and Golzarianpour, K. 2010. Morphometric and
meristic study of Garra rufa populations in Tigris and
Persian Gulf Basins. — Iran. Sci. J. Fisheries. 3: 107-118.

Grassberger, M., and Hoch, W. 2006. Ichthyotherapy as
alternative treatment for patients with psoriasis: A pilot
study. — Evid-Based Compl. Alt. 3: 483-488.

Hashemzadeh Segherloo, 1., Abdoli, A., Eagderi, S.,
Esmaeili, H.R., Sayyadzadeh, G., Bernatchez, L.,
Hallerman, E., Geiger, M.F., Ozulug, M., Laroche, J.
and Freyhof, J. 2017. Dressing down: convergent
reduction of the mental disc in Garra (Teleostei: Cypr-
inidae) in the Middle East. — Hydrobiologia. 785: 47-59.

Ibanez, A. L., Cowx, LG. and O'Higgins, P. 2007.
Geometric morphometric analysis of fish scales for iden-
tifying genera, species, and local populations within the
Mugilidae. — Can. J. Fish. Aquat. Sci. 64: 1091-1100.

LS s sl sl ol o€ gl
oolital b cplin s 5 ol alie (2010) Ghalenoei ixls
Olyss 53 4 Slale Yaems ol 0dd odalin b S
oy oy blod i dims plin Lses 6115 S5 45
Geli..a cji.:: <5 ! (Pinheiro et al., 2005) x> sl
S 313 5y OSSN ! ‘}‘;J‘Js Chdr Lo js b oS
Poulet ef al.,) ass &5 0T 55 Ty o G ldCin; O ok
3 ez aw Wb S8 55(2005) 01,5 5 Poulet (2004
Viaur &5, Leuciscus leuciscus burdigalensis & 5
W g3 S qwyp Sl e b iy Sl eslamal Ll 4l
Gllamer Obe ol S8 Spls Ol 7 Loy s )
G,y S Csle sumsOli 5 Gl Aol 4 atuoly Calises
L ocopoman ool &l gy Canspuly 5 VL g Jases
Ml 55 sl 5 aliag, 45 sdate Sblall s 4 ey
= Ol (L.Lburdigalensis Cakie clalonas Sropss
i) 5 dame U Jletsl o 53 5 il ome 0l (S35 05
Sy 03,5 smyp 53 35 gy b S8 Dogline S
5 3UT 58 OB i OEUL Gl goi gy p S (Gl gl
33U st ol oS 87 3l (ladipai 5 gt 0 5 O g
23Sl a5 b 8 IS e b o s 5 0T 8
a5l g er 5l s Ll g Aol L gladised Laad
S el ey DAl e $ 515 wa 50855 Ogline
5 Ol iy 5 el sy b IS n 53 oLl e
Sl S5 L bae o 6 K5 elge L5b Cou baalis
o o Camer S35 5 g ldey 5L 3l ol
Sl &)l g5 385 Splds Ol b kLS 15 (o i
SL gad 53 &S A oo 0L anlllas oyl ] §somea)d
Sl s D& adlllas Cow saailsg, s Gorufa sl
&S s G 53 Ll Ll oyls sy b K Ll
B Glalomer mhu 53 baises 03,5 sl 6T 5 0l
ol S plbs &ST e)de 58 eslinad ool
GBS S 4 e 0S5 e ) b S
P23 1y e g8 pleld 5 s S ) Ol 5
5 adlas ool s &L » Ll (Ibanez ef al., 2007) 5,57 .



Mansouri. Kh. L. et al. Geometric analysis of the scale
326/rvs

T S RUULCC R R T

Jawad, L.A. and Al-Jufaili, S.M. 2007. Scale morphology
of greater lizardfish Saurida tumbil (Bloch, 1795) (Pisc-
es: Synodontidae). — J. Fish Biol. 70: 1185-1212.

Johal, M. S. and Dua, A. 1994. SEM study of the scales of
freshwater snakehead, Chana nctatu (Bloch) upon expo-
sure to endosulfan. — B. Environ. Contam. Tox. 52: 718-
721.

Johal, M.S. and Sawhney, A.K. 1997. Lepidontal alterati-
ons of the circuli on the scales of freshwater snakehead,
Channa punctatus (Bloch) upon exposure to malathion. —
Curr. Sci. 72: 367-369.

Kilambi, R.V and Zdinak, A. 1981. Comparison of early
developmental stages and adults of Grass Carp Cten-
opharyngodon idella, and hybridcarp (female grass Carp
x male bighea, (Aristichthys nobilis). — J. Fish Biol. 19:
457-465.

Mathews W.J. 1988. Morphology, habitat use, and life
history. In Patterns in Freshwater Fish Ecology. —
Chapman & Hall, 756 pp, New York.

Pinheiro, A., Teixeira, C.M., Rego, A.L., Marques, J.F. and
Cabral, H.N. 2005. Genetic and morphological variation
of Solea lascaris (Risso, 1810) along the Portugese coast.
— Fish. Res. 73: 67-78.

Poulet, N., Berrebi, P., Crivelli, A.J., Lek, S. and Argillier,
C. 2004. Genetic and morphometric variation in the
pikeperch (Sander lucioperca) of a fragmented delta. —
Archive fur Hydrobiolgie. 159: 531-554.

Poulet, N., Reyjol, Y., Collier, H. and Lek, S. 2005. Does
fish scale morphology allow the identification of popu-
lations at a local scale? A case study for rostrum dace
Leuciscus leuciscus burdigalensis in River Viaur (SW
France). — Aquat. Sci. 67: 122—-127.

Rohlf, F.J. 2003. tpssmal, thin-plate spline, version 1.20. —
Department of Ecology and Evolution, State University
of New York at Stony Brook.

Ruban, G.I. 1998. On the species structure of the Siberian
sturgeon Acipenser baerii Brandt (Acipenseridae). — J.
Ichthyol. 38: 345 —365.

Sattari, M. 2003. Ichthyology I, anatomy and Physiology. —
Guilan University, 680 pp.

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

Tabatabei, S.N., Eagderi, S., Hashemzadeh Segherloo, 1.
and Abdoli, A. 2014. Geometric and morphometric
analysis of fish scales to identity genera, species and po-

pulations case study: the Cyprinid family. — Taxo.
Biosystem. 8:1-17.

Tudela, S. 1999. Morphological variability in a Me-
diterranean, genetically homogeneous population of the
European anchovy, Engraulisencrasicolus. — Fish. Res.
42:229-243.

Watkinson, D.A. and Gillis, D.M. 2005. Stock disc-
rimination of Lake Winnipeg walleye based on Fourier
and wavelet description of scale outline signals. — Fish.
Res. 72:193-203.

seskokoskosk

Mansouri Khajeh Langi, A., Hashemzadeh Segherloo,
I, Tabatabaei, S.N. and Abdoli, A. 2017. Geometric
analysis of the scale shape to discriminate different
populations of Garra rufa Heckel, 1843. — Nova Biol.
Rep. 3: 319-326.

9.0 ‘@Lbua of 45.‘)5.») Dé‘)w&lﬁ «& 4@4"5’ SIgain
Slalirar gLl Cgmr b wdlis vt Caay BT Y40 ((Jous
pske 0> ony sbeadl — Garra rufa Heckel, 1843 48 (e

XVATYE N s




