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Abstract: Capoeta (C.) trutta (Heckel, 1843) and Capoeta umbla (Heckel, 1843) are the most common species living
in the Tigris and Euphrates rivers. This study aimed analyze the shape of the otoliths of C. trutta and C. umbla fish from
the Capoeta genus, which inhabit the Tigris River in Turkey. The geometric morphometric method was used to identify
and compare the similarities and differences between these fish species. A total of 72 right otoliths, (for each species
36), were used. Geometric morphometric analyses were performed by marking semi-landmark and landmarklar on the
otoliths. When the data were examined, it was determined that the first principal component accounted for 25.15% of
the total shape difference, while the first four principal components (PC1+PC2+PC3+PC4) accounted for 59.14% of the
total shape difference. According to the regression analysis of shape over size, 9.2615% of shape can be predicted in
terms of size by groups and it was determined as 26.0817% of shape according to PC1 (P: 0.0001), 7.1205% accord-
ing to PC2 (P: 0.0233) and 10.2255 (P: 0.0051) according to PC3 can be predicted. According to the cross-validation
score, 7 (19.44%) samples from C. trutta and 4 (11.11%) samples from C. umbla were involved in the opposite group,
and these results showed that the two groups had a successful grouping (at least 80%) according to the shape. Conse-
quently, it is thought that the data of the present study can be reference data for many disciplines, especially the taxo-
nomic classification of the species in question.
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Capoeta trutta (Heckel, 1843) ve Capoeta umbla (Heckel, 1843) Tiirlerinin Otolitlerinin Geometrik Morfometri
ile Sekil

Oz: Capoeta (C.) trutta (Heckel, 1843) ve Capoeta umbla (Heckel, 1843) Dicle ve Firat nehirlerinde yasayan en yaygin
turlerdir. Bu calismada, Turkiye'de Dicle Nehri'nde yasayan Capoeta cinsine ait C. trutta ve C. umbla baliklarinin otolit-
lerinin geometrik morfometrik yontem kullanilarak sekil analizlerinin yapilmasi ve aralarindaki benzerlik ve farkhliklarin
ortaya konulmasi amaglanmistir. Her biri 36 adet olmak Uizere toplam 72 adet sag otolit kullaniimistir. Geometrik mor-
fometrik analizler otolitlerin Uzerine semilandmarklar ve landmarklar konularak gerceklestiriimistir. Veriler
incelendiginde, ilk temel bilesen toplam sekil farkinin %25.15'ini olustururken, ilk dort temel bilesenin
(PC1+PC2+PC3+PC4) toplam sekil farkinin %59.144'Unu olusturdudu belirlenmistir. Boyut Gzerinden seklin regresyon
analizine gore, gruplar tarafindan boyut agisindan seklin %9.2615'inin tahmin edilebildigi ve PC1'e goére seklin %
26.0817'sinin (P: 0.0001), PC2'ye gore %7.1205'inin (P: 0.0233) ve PC3'e gore 10.2255'inin (P: 0.0051) tahmin edile-
bildigi belirlenmistir. Capraz dogrulama skoruna gore C. trutta’dan 7 (%19.44) ve C. umbla'dan 4 (%11.11) 6rnek zit
grupta yer almis ve bu sonuglar iki grubun sekle gére basarili bir gruplama (en az %80) yaptigini gostermistir. Sonug
olarak, mevcut ¢alismanin verilerinin s6z konusu tirlerin taksonomik siniflandirmasi basta olmak tzere birgok disiplin
icin referans veri olabilecegi disinulmektedir.

Anahtar kelimeler: Capoeta, geometrik morfometri, otolit, semilandmark, sekil analizi

Introduction

There are C. trutta and C. umbla species belonging
to the genus Capoeta in the Tigris and Euphrates
river systems. These species are among the most
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common and dominant fish of the river system (Kuru,
1975; Unlii, 1991). It is inevitable for species with a
wide distribution to show some genetic variations due
to the different ecological conditions in which they live
in river systems. Morphometric variation is used to
distinguish similar fish species and to identify hybrids
(Carlson et al., 1985). For this reason, morphometric
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and meristic variations of C. trutta (Heckel, 1843) and
C. umbla species (Heckel, 1843), which are widely
distributed in the Tigris and Euphrates river basins,
were attempted to be determined by discriminant
analysis (Cigek, 2009).

Diagnostic characteristics of C. frutta are D.III-IV/8,
ALllIl/5, L.lat: 71-85 with an average of 76.5. Its body
is high and laterally compressed. Its mouth is ventral
and has 1 pair of barbels. Pharyngeal dental formula
is 4.3.2-2.3.4. In terms of color, the dorsal contains
black spots against an off-white backdrop, whereas
the ventral is white. The longest unbranched ray on
the dorsal fin is greater than the head length (Dagli
and Erdemli, 2011).

Diagnostic characteristics of C. umbla are D.llI-1V/ (8)
9(10), A.llI/5, L. Lat: 72-93 with an average of 80.8.
Its body is elongate and cylindrical. lts mouth is vent-
ral and has a pair of short barbels. Pharynx dental
formula is 4.3.2-2.3.4. The lips are covered with a
horny skin and the upper lip is well developed. The
color is dark brown or gray on dorsal and muddy yel-
low on lateral and ventral. The last ossified simple ray
of the dorsal fin is serrated with thin and flexible distal
(Dagli and Erdemli, 2011).

One of the preferred bony formations for the age de-
termination of Osteichthyes is otoliths. There are
three types of otoliths ("sagitta", "lapillus" and
"asteriscus") in the semicircular canals on the right
and left sides of the head, which act both as a balan-
ce organ and hearing ad in fish. The location, structu-
re, size and shape of these three types of otoliths are
different (Kontas et al., 2020). They are usually ran-
ked by size as sagitta, lapillus, and asteriscus. Sagit-
tas are most preferred for age determination (Atilgan
et al., 2010). Otoliths are widely used in fish biology.
In addition, otolith morphometry is employed to obtain
information about fish length, growth and ecomorpho-
logy, population identification, age estimation, deter-
mination of growth rates, the field of paleontology,
and changes in the habitat conditions (Volpedo and
Fuchs, 2010; llkyaz et al., 2011; Jawad, 2018). Oto-
liths are also used to estimate size and identity of the
prey due to interspecies differences in shape and
resistance to digestion (Battaglia et al., 2010).

The aim of the study is to reveal the similarities and
differences of C.trutta and C. umbla and the changes
depending on the shape according to the effect of
species by conducting the shape analysis of these
species’ otoliths with geometric morphometry.

Material and Method
Ethical Statement Samples

The materials utilized in this study were obtained as
waste products from fishermen engaged in fishing
activities in the Tigris River located in Sirnak prov-
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ince. The acquisition of these samples was conduct-
ed in compliance with the guidelines outlined in the
Regulation on the Working Procedures and Principles
of Animal Experimentation Ethics Committees, as
published in the Official Gazette. This regulation ex-
plicitly states that the use of deceased animals, tis-
sues, slaughterhouse materials, and waste fetuses
does not require permission from the HADYEK.

Samples

Fish samples were taken from the Tigris River
(Sirnak/Turkey), and their sagittal otoliths were re-
moved, cleaned, dried, and stored in labeled boxes.
Otoliths were photographed using stero-microscope
(Olympus SZ61TR+Olympus LC20). A total of 72
right otoliths, (for each species 36), were used.

Imaging and Digitization

The right otoliths were zoomed in and photographed.
Photographing was performed at 500 ym. The JPG
photos were saved to the computer. A total of 80
markings, consisting of 2 homologous landmarks
(rostrum and antirostrum) and 78 semilandmarks,
were made using TpsUtil (Version 1.79)'? and
TpsDig2 (Version 2.31) (Rohlf, 2019) software. Thus,
the x and y cartesian coordinates of the points repre-
senting the general shape of the otolith were deter-
mined. Before statistical analysis, a confirmation test
was performed for landmarks in TpsSmall software
(Version 1.34) (Rohlf, 2018). As a result of this test,
uncentered correlation and root mean square error
values were found to be 0.999999 and 0.000075,
respectively. These outcomes proved that the
marked semilandmarks were accurate.

Statistical Analysis

General Procrustes Analysis was performed. Since
there were differences in direction, position and size
in the photographs (Slice, 2007). The new coordi-
nates from the Procrustes analysis were subjected to
principal component analysis. In addition, in areas
where shape differences are concentrated, allometry
and grouping features were determined by the Discri-
minant  Function  Analysis (DFA). Morphod
(Klingenberg, 2011) software was used for all these
analyses.

Results

Based on the principal component analysis, the two
fish species that were part of the study had 71 com-
ponents total. Table 1 displays the results from this
research. The first principal component (PC1) acco-
unted for 25.150% of the total shape variation, while
the first four principal components accounted for
59.144% of the total shape variation. A significant
difference was observed among principal compo-
nents after PC4 and PC5.
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Table 1. Results of the principal component analysis, PC: principal component

PC Eigenvalue % Variance PC Eigenvalue % Variance PC Eigenvalue % Variance
1 0.003119 20.15 25 8.96E-05 0.579 49 1.96E-05 0.127
2 0.002257 14.58 26 8.42E-05 0.544 50 1.91E-05 0.124
3 0.00204 13.178 27 7.97E-05 0.515 51 1.87E-05 0.121
4 0.001739 11.236 28 7.49E-05 0.484 52 1.8E-05 0.116
5 0.000756 4.881 29 7.08E-05 0.457 53 1.61E-05 0.104
6 0.000539 3.483 30 6.59E-05 0.426 54 1.48E-05 0.095
7 0.000489 3.161 31 5.99E-05 0.387 55 1.32E-05 0.086
8 0.000402 2.598 32 5.8E-05 0.374 56 1.2E-05 0.078
9 0.000312 2.019 33 5.61E-05 0.362 57 1.16E-05 0.075
10 0.000285 1.843 34 5.13E-05 0.331 58 1.08E-05 0.07
11 0.000239 1.545 35 4.95E-05 0.32 59 1.05E-05 0.068
12 0.000211 1.364 36 4.58E-05 0.296 60 9.65E-06 0.062
13 0.000206 1.331 37 4 1E-05 0.265 61 9.1E-06 0.059
14 0.000192 1.243 38 3.99E-05 0.258 62 7.67E-06 0.05
15 0.000161 1.039 39 3.81E-05 0.246 63 6.91E-06 0.045
16 0.000153 0.986 40 3.64E-05 0.235 64 6.79E-06 0.044
17 0.00015 0.968 41 3.47E-05 0.224 65 5.83E-06 0.038
18 0.000141 0.913 42 3.27E-05 0.211 66 4 97E-06 0.032
19 0.000131 0.848 43 3.11E-05 0.201 67 4.34E-06 0.028

20 0.000127 0.817 44 2.97E-05 0.192 68 4.27E-06 0.028

21 0.000117 0.756 45 2.65E-05 0.171 69 3.35E-06 0.022

22 0.000112 0.725 46 2.47E-05 0.159 70 3.07E-06 0.02

23 0.000104 0.671 47 2.32E-05 0.15 71 2.53E-06 0.016

24 9.69E-05 0.626 48 2.28E-05 0.147

The distribution of the samples according to PC1 and
PC2 is shown in the graph in Figure 1. Accordingly,
C. trutta samples were more distinctly separated from
C. umbla samples (C. trutta: 55%, C. umbla: 27%)

As a result of the regression analysis of the shape
(PCs) on the centroid size, it was determined that
9.2615% of the shape could be predicted in terms of
size (P: 0.0001 at confidence interval of 95%).
26.0817% (P: 0.0001) of the shape according to PC1,
7.1205% (P: 0.0233) according to PC2, and
10.2255% (P: 0.0051) according to PC3 were predic-
table in terms of size. Figure 2 shows the graphs
showing at which landmark level the shape differen-
ces were concentrated according to PC1 and PC2 .
Therefore, the variations in shape, as indicated by
PC1 and PC2 (Figure 2), were clearly observed in the
dorsal edge and antirostrum.
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Figure 1. Graphical distribution of the samples ac-
cording to PC1 and PC2

As a result of discriminant function analysis, Ma-
halanobis and Procrustes distances were determined
as 5.8335 and 0.07999546 (P: 0.0001), respectively.
Table 2 shows the grouping characteristics obtained
as a result of this analysis. According to the cross-
validation score, 7 (19.44%) samples from C. frutta
and 4 (11.11%) samples from C. umbla were includ-
ed in the opposite group. These results showed that
the two groups had a successful grouping (at least
80%) according to the shape.

Figure 3 show that the variations in shape based on
the groups found in the otolith wire-frame warp graph.
Accordingly, it was observed that C. umbla was wider
than C. frutta at the level of its dorsal and ventral
edges. The rostrum of C. trutta was larger and sharp
pointed. Additionally, the C. trutta had a more indent-
ed area at the dorsoventral intersection point
(symmetrical of the rostrum).
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Table 2. Grouping characteristics of the samples according to discriminant function analysis

Discriminant Function

Group C. trutta C. umbla Total

C. trutta 36 0 36

C. umbla 0 36 36
Cross-Validation

Group C. trutta C. umbla Total

C. trutta 29 7 36

C. umbla 4 32 36

PC1 PC2

Figure 2. Wireframe graphical representation of
shape differences according to PC1 and PC2. Blue
represents the average shape relative to the principal
component.

CT-CU
Figure 3. Wire-frame warp graph of otolith shape

according to discriminant function analysis. Red: C.
trutta, Blue: C. umbla. (CT: C. trutta, CU: C. umbla)
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Discussion and Conclusion

The morphology of otoliths is important because it
provides a plethora of information that may be used
to infer the systematics and evolution of fish, as well
as information about the age and general biology of
fish (Samsun and Samsun, 2006; Avsar et al., 2007).
Traditional morphometric method enable us to make
measurements such as length, depth, and width ob-
tained by distance, angles and ratios between points,
but it cannot reveal complete data in terms of the
shapes of the objects examined. The morphometric
geometry method enables the shapes of objects to
be revealed fully through analysis (Zelditch et al.,
2012; Aytek; 2017). In addition, it has been reported
that the morphometric geometry method is effective
in revealing the similarities and differences of taxo-
nomically close species (Ibanez et al., 2012; Teimori;
2016). In the study, the similarities and differences of
the C. umbla and C. frutta were revealed by deter-
mining the shape analyses of the otoliths of the two
species living in the same zones, using the morpho-
metric geometry method.

In the study, it was determined that PC1 accounted
for 25.15% of the total shape variations and 59.144%
of the first four principal components
(PC1+PC2+PC3+PC4) in analysis of 71 principal
components. A significant difference was observed
among the principal components after PC4 and PC5.

Dértbudak et al. (2022) in their study on C. kais and
C. macrostomus otoliths, reported that PC1 account-
ed for 26.871% of the total shape variation, while the
first three principal components (PC1+PC2+PC3)
accounted for 52.235%, and a significant difference
was observed among the principal components after
PC5 and PC6.

In their shape analysis of 6 different fish species from
the family Sebastes, Afanasyev et al. (2017), report-
ed that the PC1 of the samples accounted for the
total shape variation as 48%.

Cicek et al. (2017), reported that the sum of the first
two principal components (PC1+PC2) was 52.2% in
their morphometric geometry study on fish scales of
C. umbla and C. trufta. These results revealed that
the two fish species analyzed in terms of otolith
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shape in the present study are distinguished from
each other at rates similar to the literature.

Dortbudak et al. (2022), as a result of the regression
analysis of the shape (PCs) over the centroid size,
reported that 2.1020% of the shape can be predicted
in terms of size, according to the groups, and thus in
the comparison of the otolith morphology of the indi-
viduals in terms of groups, the shape variations were
not dependent on the size, therefore, there was no
allometric component. In the study, regression analy-
sis revealed that 9.2615% of the shape could be pre-
dicted in terms of size (centroid size) according to the
groups. The predictability of the shape in terms of
size was 26.0817% according to PC1, 7.1205% ac-
cording to PC2, and 10.2255% according to PC3.
These results showed that the predictability of the
otolith shapes belonging to which breed was higher in
the study.

In the study, it was determined that the shape differ-
ences of the otoliths in terms of PC1 and PC2 be-
came evident in the dorsal edge and anterostrum. In
the shape analysis of the otoliths of the C. kais and
C. macrostomus (Dortbudak et al., 2022) species
using the morphometric geometry method, it was
reported that the shape differences in terms of PC1
became evident at the level of the entire dorsal edge,
rostrum, antirostrum and the middle of the ventral
edge. These differences are thought to be important
in species taxonomy and identification.

There are different anatomical studies determining
the similarities and differences of C. umbla and C.
trutta species (Cicek, 2009; Dagli and Erdemli, 2011).
Dértbudak et al. (2022) reported that the two groups
had a successful grouping (at least 75%) according
to the shape, and it was determined in their study that
they showed a successful grouping of 80% on the
two species in question. Findings of the present study
showed that C. umbla and C. trutta species were
highly similar to each other. Although they inhabit the
same zone, the dams built on the rivers they live in
divide these regions into sub-living areas, so even if
they are in the same genus, differences may occur
after a while.

Consequently, the similarities and differences be-
tween C. umbla and C. trutta were revealed by mak-
ing the shape analysis of the otoliths of the two spe-
cies living in different zones of the same habitat. It is
thought that as a result of the determination of shape-
related variations according to the effect of breed, the
present study presents data that would contribute to
the taxonomic classification of these two species and
the fauna of the Euphrates and Tigris Rivers, which
are an important source of biodiversity for the Meso-
potamian region.
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