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Abstract: In this study, a total of 86 (31♀♀, 55♂♂) cyprinid specimens belonging to the species, Luciobarbus mystaceus, 
Arabibarbus grypus, Luciobarbus esocinus and Carasobarbus luteus, were collected from the Tigris River near Cizre town. 
The size (as centroid size) and shape of scale separately were analyzed by 2D geometric morphometric methods. The size 
and shape of species were different but not for sex, according to ANOVA. Mahalonobis length of CVA results shows that only 
the difference between Luciobarbus esocinus and Carasobarbus luteus was not significant. DFA results based on T2 all 
species scale shape differences were significant except Luciobarbus esocinus and Carasobarbus luteus. 
Keywords: Cyprinidae, Geometric, Landmark, Morphometric, Scale, Shape, Turkey. 
 

Dicle Nehir Sistemindeki Bazı Cyprinid Türlerinin Pullarından Geometrik Morfometrik Yöntemle 
Ayırt Edilmesi 

 
Özet: Bu çalışmada, Cizre ilçesi yakınlarındaki Dicle Nehri'nden Luciobarbus mystaceus, Arabibarbus grypus, Luciobarbus 
esocinus ve Carasobarbus luteus türlerine ait toplam 86 (31♀♀, 55♂♂) cyprinid örneği toplanmış ve büyüklüğü (centroid 
olarak) boyut ve pul şekli ayrı ayrı 2D geometrik morfometrik yöntemlerle analiz edilmiştir. Türlerin boyutu ve şekli farklıydı, 
ancak ANOVA'ya göre cinsiyet için farklı değildi. CVA sonuçlarının Mahalonobis mesafesine göre, sadece Luciobarbus 
esocinus ve Carasobarbus luteus arasındaki farkın anlamlı olmadığını göstermektedir. Luciobarbus esocinus ve Carasobarbus 
luteus dışında T2'ye dayalı DFA sonuçları tüm türlerin pul şekil farklılıkları önemliydi. 
Anahtar Kelimeler: Balık pulu, Cyprinidae, Geometrik, Belirteç, Morfometrik, Şekil, Türkiye. 
 
Introduction 
 
Cyprinidae is the largest family of freshwater fishes 
and shows an extensive geographic distribution 
from North America (northern Canada to southern 
Mexico) to Africa and Eurasia (Nelson, 2006). 
Approximately 15% of freshwater fishes in Turkey 
belong to the Cyprinidae (59 species) (Çiçek et al., 
2020; Kuru et al. 2014). The subject of this study, 
Luciobarbus mystaceus, Luciobarbus esocinus, 
Carasobarbus luteus and Arabibarbus grypus are 
species belonging to the Cyprinidae and are 
distributed in the Tigris and Euphrates water 
systems (Beckman, 1962; Coad, 1996; Karaman, 
1971; Kuru, 1979). 

Fish scale is a useful tool for defining fish in 
genus or species levels and also for identifying fish 
in studies of fish phylogeny, sexual dimorphism, age 
determination, and habitats affecting development 
(Esmaeili et al., 2007; Esmaeili and Gholami, 2011; 
Ibáñez et al., 2007, 2016; Jawad, 2005; Jawad and 
Al-Jufaili, 2007; Miranda and Escala, 2000; Poulet et 
al., 2005). Although fish scales were considered to 
be an essential value in the classification of fish, the 
aspect of the scale has proven to be inefficient at 

least at the species level, the use of fish scales as 
the age index besides the use of fish for the life 
history has been determined (Van Oosten, 1957). It 
was stated that the external structure of the fish 
and the models of fish scales were useful in 
establishing phylogenetic relations (Van Oosten, 
1957). Recently, scanning electron microscopic 
studies have revealed a detailed shape design and 
the shape of Teleostei scales, renewing the interest 
in using the scales' surface structure for taxonomic 
purposes (De Lamater and Courtenay, 1974). It has 
been suggested that ecological characteristics could 
be of great importance for identifying groups within 
the genus Barbus (Economidis, 1989; Tsigenopoulos 
and Berrebi, 2000). Different growth characteristics 
of fish populations concerning various external 
factors, seasonal or habitat variability, availability of 
nutritional resources and therefore scales with the 
initial contact with the environment indicate an 
important phenotypic feature about all these 
factors (Şerban and Grigoraş, 2018). 

Geometric morphometrics (GMMs) is a strong 
taxonomy tool and its systematic has notable 
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statistical power and deals directly with the 
Cartesian coordinates of landmarks, rather than 
with traditional distance, angle, or ratio 
measurements (Bookstein 1999; Klingenberg, 2011). 
It is useful to reveal even small morphological 
variations, which often are invisible by traditional 
morphometric (Zelditsch et al., 2004). 

Analysis on scales by geometric morphometric 
methods has been reported to be a handy and 
reliable tool to distinguish between challenging to 
distinguish genus, species, geographic variants, local 
populations, effects of habitat on scale morphology, 
and showing age in addition to seasonal variation. 
Moreover, contrary to other methods, it has been 
stated that this method is more economical and 
easier, harmless, and allowing samples to be 
inspected and monitored because the samples can 
be released again, and it is possible to obtain many 
samples from the populations. Fish scales are 
extremely suitable materials to be used for 2D 
geometric morphometric methods, the scales may 
vary depending on age, gender, and season. Also, 

scales can be used to determine the source of 
differences and variations in fish size and shape 
(Avigliano et al., 2017; Bilici et al., 2016; Poulet et 
al., 2005; Çicek et al., 2016; Ibáñez et al., 2007, 2009 
and 2012; Staszyn et al., 2012) 

This study aims to evaluate whether the 
landmark-based, geometric, morphometric 
approach to define fish scale morphology is useful 
in distinguishing species belonging to the same 
family such as Luciobarbus mystaceus, Arabibarbus 
grypus, Luciobarbus esocinus and Carasobarbus 
luteus. 

 
Material and Methods 
 
In this study, specimens of Luciobarbus 

myctaceus (n=58), Arabibarbus grypus (n=18), 
Luciobarbus esocinus (n=5) and Carasobarbus luteus 
(n=5) belonging to the Cyprinidae were obtained by 
local fisheries from the Tigris River (Figure 1).  

 

 
Figure 1. Sample localities (1-Dirsekli Pond (İdil), 2-Tigris River (Güçlükonak), 3-Tigris River (Güçlükonak), 4-Tigris River (Akdizgin), 

5-Tigris River (Damlarca), 6-Kasrik Stream, 7-Tigris River (Cizre). 
 

Since the fish included in this study are commercial 
fish caught by fishermen, ethics committee approval 
is not required. The scales were taken from the 
front and upper sections of the lateral lines of 
dorsal fins of fishes and age. They were determined 
and photographed by an Olympus digital camera 
with Canon SX 7 model binocular under the same 
conditions. Then, six landmarks (Figure 2) were 
collected by tpsDig ver. 2.32 (Rohlf, 2016) software 
and Procrustes analysis were performed. After 
separating the shape and size of the samples, 
ANOVA, PCA, CVA/MANOVA, and DFA analyses were 
performed by using Morpho J1. 06 d (Klingenberg, 
2011) and PAST 3.11 (Hammer et al., 2001) 
programs. 

 
Figure 2. Landmark definitions used in the fish scales. 
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Results 
 
Arabibarbus grypus and Carasobarbus luteus 

have scales that are very large and close to each 
other in width and length. Since the length of the 
Luciobarbus esocinus and Luciobarbus mystaceus 
scales are greater than their width, they don’t have 
a circular shape. 

In all species, significant differences were 
found between species in terms of both size (CS) 
and shape, but differences between gender were 
found to be insignificant (Table 1, Figure 3). 

 
Table 1. Procurstes ANOVA results for species and gender  

 F p(parm) 
Species CS 64,14 <.0001 

Shape 3,90 <.0001 
Gender CS 4,67 0,0336 

Shape 0,57 0,8046 

(p(parm): parametric p value, Pillai tr.: Pillai trece, (F: Gooddal F value). 

 
 

 
Figure 3. The Box plot of CS of species (The short horizontal 
lines: Min. and Max., the box down and up bounder: 25 and 75 
percentile, the long horizontal line: Average). 

 
In the Basic Component Analysis (PCA) 

according to species, the first three components 
account for 65.4% of the total variation. The first 
three components in PCA explain 65.3% of the total 
variation according to gender (Figure 4). 

 

 
Figure 4. Principal component analysis (PCA) scatter plot. 

In the Canonical Variance Analysis (CVA) for 
species, the first two canonical variances explained 
87.5% of the total variance (Figure 4). According to 
Mahalanobis's length (Mah), the difference 
between Luciobarbus esocinus and Carasobarbus 
luteus is insufficient, but differences in other 
comparisons are significant (Table 2). According to 
Procrustes (Proc) distance, Luciobarbus esocinus - 
Carasobarbus luteus and Luciobarbus esocinus – 
Luciobarbus mystaceus, the difference between the 
two is not sufficient. Still, the difference for other 
comparisons is important (Table 2). We did not find 
any difference between the gender of all species  

 
 

Table 2. CVA results. 

Groups Luciobarbus esocinus Barbus mystaceus 
 Mah. D Proc. D Mah. D Proc. D 
Barbus 
mytaceus 1,9405*** 0,0394ns   
Carasobarbus 
luteus 2,6918ns 0,0818*** 2,3769** 0,0773** 
Arabibarbus 
grypus 3,0002** 0,0526 ns 2,1918* 0,0497* 

Mah. D.: Mahalanobis length, Proc. D.: Procrustes length, *: Permutation p 
value, *p<0.0001, **p<0.01, ***p<0.05, ns: not significant. 

 
according to Mahalonobis Mahalanobis and 
Procrustes' distance. 

In Discriminant Function Analysis (DFA), the 
difference according to the parametric (Parm.) and 
Permutations (Perm.) P values for all species are 
given in Table 3. 

 
Table 3. DFA results. 

Groups Luciobarbus esocinus Barbus mystaceus 

 T2/ Parm. p 
Perm.p 
 (Proc./ T2) T2/ Parm. P 

Perm.p 
(Proc./ T2) 

Luciobarbus 
mystaceus 19,1381/*** ns/***   
Carasobarbus 
luteus 46,3131/ns **/ns 30,2377/** **/* 
Arabibarbus 
grypus 40,4185/*** ns/*** 75,3029/* */* 

T2: T-square, Parm. p: Parametric p values, Perm. p: Permutation 
p value, *p<0.0001, **p<0.01, ***p<0.05, ns: not significant. 

 
The difference according to the parametric 

(Parm.) and Permutations (Perm.) P values for 
Luciobarbus esocinus-Luciobarbus mystaceus and 
Luciobarbus esocinus-Carasobarbus luteus; 
Luciobarbus esocinus-Arabibarbus grypus are 
significant, whereas, those are insignificant for 
Luciobarbus esocinus-Carasobarbus luteus (Table 3 
and Figure 5). The difference of parametric (Parm.) 
and Permutations (Perm.) P values showed no 
signification between genders for all species. 
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Figure 5. Scatter plot of CVA for species 

 
 

The difference of shape given by DF analysis of 
Arabibarbus grypus, Carasobarbus luteus, 
Luciobarbus esocinus and Luciobarbus mystaceus 
were given in Figure 6. 

In the difference of shape given by DF analysis, 
in comparison of Carasobarbus luteus and 
Arabibarbus grypus; Carasobarbus luteus is wider in 
ventral and dorsal and narrower in anterio-ventral 
and posterio- dorsal. In comparison of Luciobarbus 
esocinus and Carasobarbus luteus; Luciobarbus 
esocinus is narrower in ventral and dorsal and a 
larger scale structure in anterio-ventral. In 
comparison of Luciobarbus esocinus and 
Arabibarbus grypus; Luciobarbus esocinus is wider 
in anterior and anterio-dosal, narrower in posterio-
dorsal. In comparison of Luciobarbus mystaceus and 
Carasobarbus luteus; Luciobarbus mystaceus is 
wider in anterior and posterior, narrower scale 
structure in dorsal and ventral. 

 

 
Figure 6. The shape differences between species scale. 

 
Discussion 
 
Scales are a useful taxonomic character used in 

fish classification. In addition, it is an important tool 
in revealing the growth, reproduction, and feeding 
characteristics of fish population dynamics, 
determining the diet of aquatic predators, or in 
paleontological analysis (Gupta, 2017). Although the 
scales used in this study were sampled from the 
same anatomical region (shoulder area) of the fish, 
there are some differences in this region in each 
fish. Also, there is a significant variation throughout 
the body. A similar situation has been noted in 
other fish species. In their study on mugilids, Ibanez 

et al (2007) determined intra-species variations in 
scales taken from the same region of the fish. 

The results show that in the present study, 
significant differences were found between species 
in both size (CS) and shape, but the difference 
between the genders was not found significant in all 
the species under study. The variation formation 
seen in elasmoid fish scales provides important 
information in terms of swimming mode as well as a 
taxonomic character (Ibanez et al., 2009). 

These results show over again that GMMs is so 
strong tool for analyses size and shape separately to 
determine the differences and similarity (Bookstein, 
1999; Klingenberg, 2011; Zelditsch et al., 2004). As 
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mentioned before fish scales are cut out for 2D 
geometric morphometric analysis to identify fish in 
a wide variety of studies (Ibáñez et al. 2007, 2009 
and 2012; Poulet et al. 2005; Staszyn et al. 2012). 

As a result, as stated by Richard and Esteves 
(1997), Poulet et al. (2005), Ibanez et al. (2007, 
2009 and 2012), Staszyn et al. (2012), and Teimori 
(2016), it is seen that geometric morphometric 
studies made with scales are a very safe and useful 
method to identify and distinguish morphologically 
similar taxons that are close to each other. However, 
the researchers should be aware that the scales may 
vary depending on age, gender, and seasons. 
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