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Introduction

Abstract

Pearl mullet (Alburnus tarichi, Guldenstadt 1814) is an endemic fish species of great
importance worldwide. This species is an important economic and cultural resource
for the region since it lives in Lake Van, one of the world's largest sodic lakes. It is often
not possible to determine the sex of fish based on morphological characteristics. In
this study, landmark-based geometric and morphometric method was preferred to
identify the shape difference between male and female sexes of pearl mullet fishes
species in Lake Van. A total of 100 pearl mullet fish (50 females and 50 males) were
used as material. Significant morphological differences were found between the male
and female sexes (P<0.001 in canonical analysis of variance). These differences were
found that the male fishes were longer than the female fishes on the lateral side and
the head of the male fishes were larger than the female fishes. In addition, female
fishes formed a deeper abdominal line towards the ventral side in the wireframe
graph. The presence of a large gill positioned cranially is another important feature
that distinguishes female fishes from male fishes. Lateral and ventral body differences
between the sexes were statistically determined by ANOVA test results.

Changing the shape of fish depending on sex and
population has been an important problem for many

Pearl mullet (Alburnus tarichi, Gildenstadt 1814) is
an endemic species of carp living in Lake Van, which is
Turkey's largest and most sodic lake (Kaptaner et al.,
2021). Since its habitat is Lake Van, one of the largest
sodic lakes in the world, this species is also called Van
Fish (Oguz et al., 2022). This endemic species has
managed to be a great source of income for the region
for years due to the high protein content of the pearl
mullet and the fact that Lake Van has a large coast and
a large number of freshwater rivers flowing into its
center. Although it has great economic importance with
an average annual catch of 10,000 tons, it is worrying
that this species is under threat of extinction (Ciftci et
al., 2022).
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years (Meng et al., 2018). It is often difficult to
determine directly whether a fish is female or male by
looking at its morphological features from the outside
(Faggion et al., 2019). The process of determining the
population and sex of fish simply by looking at their
shape without an invasive procedure; plays an
important role in the breeding and control of many
species (Fernandino & Hattori, 2019). In this context, by
distinguishing endemic fish species based on population
and sex characteristics, it will be useful to breed
endangered species and control their reproduction.
Although there are multiple methods of quantitatively
defining the shape of an object or creature, the
Landmark point-based geometric morphometric
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method is widely used today (Rohlf & Bookstein, 1990).
The fact that the geometric morphometric method is
more quantitative than the traditional morphometric
method has made the use of this method attractive
(Dennis, 2007; Mitteroecker & Gunz, 2009).

Within the scope of some studies with
morphometric methods; the presence of sex-dependent
morphological shape variation in trout has been
demonstrated (Cetinkaya, 1995). In addition, with the
standardization of Landmark point-based
measurements in Cypriniform fishes, the geometric
morphometric method has become a more quantitative
and usable method (Jonathan, 2012). Using the
geometric morphometric method, it was found that
there were shape differences between linesand growing
conditions in species such as European sea bass fish
(Dicentrarchus labrax), and brown trout (Salmo trutta)
(Costa et al., 2010; Fragkoulis et al., 2017). Similarly; in a
study conducted on Cyphotilapia frontosa fishes, it has
been demonstrated that there is shape varies
depending on the sex factor (Altun et al., 2015).

In this study, the aim was to identify shape
variations depending on sex using the method of
geometric morphometric in the pearl mullet, which is an

Material and Methods
Animals

In this study; total 100 mullet, 50 females (Fork
length: 11.83-16.45 mm, average: 12.40+0.32 mm;
Weight: 23.25-68.60 g, average: 33.60+0.70 g) and 50
males (Fork length: 12.00-17.87 mm, average:
13.18+0.35 mm, weight: 21.20-35.10 g, average:
26.80+0.40 g) was used. The fishes by professional
fishermen at Catakdibi station of the freshly flowing
Zilan Stream (392 02' 20.11" North latitude and 43¢ 18'
24.75" East Longitude) (Figure 1.) with fan and scatter
nets (number of meshes: 450; eye opening: 17-20 mm;
Average weight: 5kg, Height: 2.20 m) was caught. The
process of catching fish to pinpoint the sex difference; It
was carried out in May and June when breeding
migration is active. Adult fish to be used in the study
were brought alive to the anatomy laboratory of the
Faculty of Veterinary Medicine.

Sampling

Kavambe et al. (2016) were taken as reference in

endemic species. photography and image analysis. Although the
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Figure 1. Zilan Stream map indicating Catakdibi station.
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disadvantages of the traditional manual milking method
such as it takes a lot of time and cannot be applied to all
fish species are known, it is aimed to compare the
results we obtained at the end of our study with
traditional manual milking. For this reason, all fishes
were first separated into male and female using the
traditional manual milking method. Fishes were
anesthetized with phenoxyethanol (320ul/L) just before
photographing.

Fishes were positioned on their right side for
lateral photographs and then on their dorsal side for
ventral photographs (Figure 2). To create the images,
the 18 megapixel EOS 7D digital camera (Canon USA Inc)
with 50mm 1:2:5 lens was fixed with a Manfrotto
MT190XPRO3 tripod with an object distance of 30cm.

Captured photos were turned into TPS files
sequentially with TpsUtility v1.78 (Rohlf, 2019). Then,
using the TpsDig2 v2.31 program (Rohlf, 2017),
coordinates of 21 anatomical landmarks in lateral
position images (Figure 2 a) and 13 anatomical
landmarks in ventral positioned images (Figure 2 b) was

digitized separately as TXT files (Helland et al., 2009;
Arbour et al., 2010). In order to determine whether the
points in the contents of these files are safe for
statistical analysis, the average slope, correlation
(uncentered) and root MS error coefficients of all points
were calculated separately with the Tps small v1.36
program (Rolhf, 2020). For image analysis, data files
containing previously digitized XY coordinates were
transferred to MORPHO.J v 1.60 program (Klingenberg,
2011). In this program, primarily the images of objects
were standardized into two separate categories as male
and female. Then, the general covariance matrix of the
marked point coordinates was extracted with the
MORPHO J v1.60 program (Klingenberg & Monteiro,
2005; Slice, 2007). In this context, by minimizing the sum
of the total squares of the images, a new image was
created that provides a complete Procrustes harmony
by rotating, rotating and scaling all fish images relative
to each other in a way that creates a reflection to the
tangential space (Dryden & Mardia, 1998).

Figure 2. Sets of landmarks used for geometric morphometric analysis and calculation of interlandmark distances. Landmarks
indicated by red dots; (a) The 21 landmark points used for the lateral side geometric morphometric analysis: (1) tip of snout, (2)
posterior margin of posterior nare, (3) most dorsa point of orbit (4) posterior point of orbit, (5) ventral point of orbit, (6) anterior
point of orbit, (7) opening of mouth, (8) posterior end of jaw, (9) posteriomedial tip of supraoccipital, (10,11) origin and insertion of
dorsal fin, (12) dorsal origin of caudal fin, (13) end of vertebral column, (14) ventral origin of caudal fin, (15) insertion of anal fin, (16)
vent (centered on opening), (17) origin of pelvic fin, (18) origin of pectoral fin, (19) posterior point of operculum, (20) most dorsal
point of operculum, (21) ventral point of operculum; (b) The 13 landmark points used for the ventral side geometric morphometric
analysis: (1) tip of snout, (2,3) left and right posterior edge of lip, (4,5) origin and insertion of left pectoral fin, (6,7) origin and insertion
of right pectoral fin, (8,9) origin and insertion of left pelvic fin, (10,11) origin and insertion of right pelvic fin, (12) vent (centered on

opening), (13) origin of anal fin.
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Statistical analysis

Finally, Procrustes, Canonical variance,
Discrimination analysis and ANOVA test were applied to
the newly acquired image. Test results: Correctly
reclassified all but two fish (1 male and 1 female) in the
discrimination analysis test, the correct reclassification
rate was 98%. The Procrustes distance and Mahalanobis
distance between the male and female sexes were
found to be too far. (the previous distance was 0.0351
and the next distance was 7.3094). Significant gender
differences were detected by canonical analysis of
variance (P<0.0001 in all cases out of 10,000
permutations). ANOVA detected significant differences
in the shapes of the male and female sexes (F: 22.29;
P<0.001)

Female

Male

Principal component 2

4m AR 000 ol 0 008

Principal component 1

PC1

Results

The mean slope, correlation (uncentered) and root
MS error coefficients of 21 different landmark points
determined in the lateral position were determined with
the Tps small v1.36 program. These were found to be
0.999785, 1.000000 and 0.000001, respectively. These
demonstrated that the points are statistically
compatible. The group-centered scores of the
dependent variable Procrustes analysis of these points
showed the following (Figure 3 a).

The examined pearl mullet fish are expressed with
38 different shape variations (eigenvalues) in total
(Figure 3 b). The first three of these shape variations
(first eigenvalues 31.759%, second eigenvalues 12.487%
and  third eigenvalues 11.732%) represent

(=x

% Variance

) 1 2

Pnncipal components

PC1

Figure 3. The result plots of the lateral side geometric morphometric analysis 1: (a) Scatterplot of principal components 1 and 2
from principal component analysis of Cartesian coordinates of 21 landmarks for all individuals (n = 100) among the two
morphotypes (female and male pearl mullet genders). (b) Bar chart of percent variance explained by 38 principal components of
geometric morphometric analysis, the first five PCs together account for 69.29% of the total variation. (c) Principal component 1
Transformation grid graph of the analysis result of pearl mullet fishes (scale factor = 4). (d) Wireframe graph of the Principal
component 1 Analysis result of pearl mullet fish (scale factor = 4, bluish green dots and lines indicate the average of landmarks of

all individuals).
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approximately half of the total variance (55.978%).
Similarly, 90% of the total variance is the sum of the first
12 eigenvalues. This showed that there was a clear
variation in shape in fish in terms of sex (Figure 3 c, d).
In addition, the applied canonical variable analysis
shows that there is a clear distinction between male and
female genders (Figure 4 a). In this analysis, the rate of
shape variation was determined as 100% (Figure 4 a).
Although the 9th landmark point, which is
considered as the reference limit of the head region in
male individuals, did not change, the lip region (1st, 7th
and 8th landmark points) was located more in front of
the orbit (Figure 4 b). This was also supported by the
wireframe graphics and transformation grids shown.
These results showed that the head part of the males
was larger than that of the females. Likewise, the gill
part, which is indicated by the 18th, 19th and 20th
landmark points, is shorter in male fishes and is located
behind the orbit, which shows a great difference
compared to female fishes (Figure 4 b). On the other
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hand, although the 15th and 21st landmarks did not
change in females, the 16th and 17th landmarks were
located more ventrally in the orbit, indicating that
female fish had a deeper and more voluminous
abdomen (Figure 4 b). Similarly, the 12th, 13th and 14th
landmark points representing the tail region are located
more dorsally compared to male individuals, which is an
important difference for female individuals (Figure 4 b).
The 15th landmark point representing the end point of
the anal fin did not change, but the 16th landmark point
representing the anal papilla was found further than the
orbit in male fish (Figure 4 c). This result indicates that
the tail stem (distance between anal papilla and fork
length of the tail) is longer in males. As a result, it was
determined that male fish were longer than female fish
in terms of fork length.

The mean slope, correlation (uncentered) and root
MS error coefficients of 13 different landmark points
determined in the ventral position were determined
with the Tps small v1.36 program. These were found to
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Figure 4. The result plots of the lateral side geometric morphometric analysis 2: Body changes in the morphotype of male and
female sexes in pearl mullet. (a) Variable analysis for shape variation of the morphotype of female and male pearl mullet. The first
standard variable (CV1) represents all the observed variance (100%) between the two genders. (b) Wireframe graph showing the
difference in shape along the axis of the male sex (CV1) in pearl mullet fish (scala factor = 4). (c) Transformation grid plot (scala

factor= 4) that can show the shape difference along the axis of the

male sex (CV1) in pearl mullet fish (scala factor = 4).
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be 0.999687, 1.000000 and 0.000003, respectively.
These demonstrated that the points are statistically
compatible. The group-centered scores of the
dependent variable Procrustes analysis of these points
showed the following (Figure 5 a).

The examined pearl mullet fish are expressed with
22 different shape variations (eigenvalues) in total
(Figure 5 b). The sum of the first 9 eigenvalues
constitutes 90% of the total variance. This showed that
there was shape variation in the ventral position,
although not as much as the lateral position in terms of
sex (Figure 5 c). In the applied canonical variable
analysis, differences are observed in male and female
individuals (Figure 6 a).

These support lateral findings. In the male fishes
the 9th and 11th landmark points belonging to the line
between the 8th and 9th points and to the line between
the 10th and 11th points, which represent the exit
points of the anal fins, were fixed. This shows that the

abdominal fins of male fish are closer to each other
(Figure 6 b). Likewise, it was seen that the pectoral fins
are close to each other in male fish, so males have a
narrower and smaller abdomen’s volume as seen in the
lateral images (Figure 6 b, c). In addition, the 1st
landmark point, which indicates the lip region, and the
2nd and 3rd landmark points, which represent the
boundaries of the head region, is located further along
the trajectory, reiterating that the head region is
narrower and longer in male fish than in females (Figure
6 c).

Finally, the discriminant analysis and ANOVA test
results applied separately to the lateral and ventral
image data showed that there is a gender-related shape
variation in pearl mullet with quantitative values.
Discriminate analysis and ANOVA test applied
separately to the lateral and ventral positions resulted
in statistical values of P-value<0.0001 at 1000
permutation runs.
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Figure 5. The result plots of the ventral side geometric morphometric analysis 1: Body changes in the morphotype of male and
female sexes in pearl mullet. (a) Scatterplot of principal components 1 and 2 from principal component analysis of Cartesian
coordinates of 13 landmarks for all individuals (n = 100) among the two morphotypes (female and male pearl mullet genders). (b)
Bar chart of percent variance explained by 22 principal components of geometric morphometric analysis, the first five PCs together
account for 81.50% of the total variation. (c) Wireframe graph of the Principal component 1 Analysis result of pearl mullet fish
(scale factor = 4, bluish green dots and lines indicate the average of landmarks of all individuals).
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Discussion and Conclusion

In our study, we noticed that there are
morphological differences in pearl mullets in terms of
sex. Since fish are evolutionarily the first vertebrates,
they are likely to differ morphologically. When studying
this difference between the sexes, one should take into
account the seasonal and climatic conditions in which
the species exhibits sexual activity. The pearl mullet,
found in the soda Lake Van, breeds in the freshwater
streams around Lake Van in May and June. However, for
some fishes species, this period may be from December
to February or from July to August (Silva et al., 2020).
Our studies have shown that the growing conditions of
both sexes and different populations of the same
species; showed that this may be the cause of
morphological differences (Wimberger, 1992).

Arslan et al. (2010) stated in their study on adult
rainbow fishes that the female fish had a swollen and
wide abdomen during sex separation during the

Frequency

reproductive period, and that the anal region was
reddish in color. This situation was similar in female
pearl mullet fish.

The high accuracy of the geometric morphometric
method, due to its technological and software
capabilities, has led to its application in many fields of
science, replacing the classical morphometric method
(Rohlf & Slice, 2004; Delibas et al., 2022). The main ones
include anthropology, archeology, forensic medicine,
animal science and anatomy. With this method, gender
and species differences can be detected in hard
structures, such as bone tissue, that belong to
anthropologically different societies, and in the same
way, gender and species differences can be detected in
living beings that contain soft tissues (such as muscles)
(Yahyaoglu, 2015).

The number of studies on the use of the geometric
morphometric method is increasing, especially for fish
species where species and sex discrimination are
difficult (Baran et al., 2011). In addition, in some studies,
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Figure 6. The result plots of the ventral side geometric morphometric analysis 2: Body changes in the morphotype of male and
female sexes in pearl mullet. (a) Variable analysis for shape variation of the morphotype of female and male pearl mullet. The first
standard variable (CV1) represents all the observed variance (100%) between the two genders. (b) Transformation grid plot (scala
factor = 4) showing the difference in shape along the axis of the male sex (CV1) in pearl mullet fish. (c) Wireframe graph showing
the difference in shape along the axis of the male sex (CV1) in pearl mullet (scala factor = 4).
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it has been reported that morphological analysis can be
made with the geometric morphometry method at
different stages and sizes of many living things,
especially fish (lli¢ et al., 2019; Lorena Martinez et al.,
2023). Although adult pearl mullet fish were used in the
study, it is clear that the geometric morphometry
method can be applied to all sizes and stages of pearl
mullet. Studies such as determining the shape
difference of different populations of Oreochromis sp.
and Trachulus picturatus species due to environmental
conditions or identification of different races of Bentuk
lutjanus spp. can be given as examples of examining the
shape difference in terms of species (Montoya-Lépez et
al., 2019; Ikhwani Saputra et al., 2020). Likewise, studies
on fish species such as Caquetaia kraussi, Gambusia
holbrooki and Cyphotilapia frontosa can be shown as an
example of examining the shape difference in terms of
gender (Kodric-Brown & Nicoletto, 2001; Altun et al.,
2015; Hernandez et al., 2022). The method we used in
our study to determine the gender-related shape
differences in pearl mullets is similar to the method used
in the studies mentioned.

In our study, when pearl mullet fish were examined
from both the lateral and ventral directions, the most
basic shape differences defined by the geometric
morphometric method were the head shape and body
depth of the fish. In pearl mullet, the 1st Landmark
representing the tip of the nose and the 7th 8th
Landmark representing the mouth region were found to
be more advanced in males than females. In addition,
the 16th Landmark point representing the anal hole and
the 17th Landmark point representing the beginning of
the pelvic fin were found to be more ventral in females
than in males. This situation was similar to the studies in
which male and female gender distinctions were made
(Beacham, 1984; Reyes-Gavilan et al., 1997; Firmat,
2012; Lorenz et al. 2014).

Altun et al. (2015) found that male individuals have
a longer lip structure than females, the tail stem is
longer, and the forehead part of male individuals is more
prominent in their study on aquarium fish, which are
Cyphotilapia frontosa species. This situation was found
to be compatible with the results of our study on pearl
mullet fish. In their study on Parvis (2016) Hysterocarpus
traski and Turgut (2016) Oncorhynchus mykiss, they
found that the caudal fins of the male fish were more
prominent than the females in the ventral directional
shape analysis. This situation was found to be
compatible with pearl mullet fish. On the contrary, when
the depth of the abdominal and coudal fins was
examined in the studies, it was observed that while
females were narrower than males, this situation was
wider in pearl mullet than in males. Dorado et al. (2012)
studied the determination of gender-related shape
differences in Barabus binotatus using geometric
morphometry method. This situation differed in pearl
mullet, and it was concluded that males had a weaker
and longer body than females. Elp & Cetinkaya (2000)
found in their study that with the classical

morphometric measurement method, the males of the
pearl mullet have a fork length of 13.16 cm and the
females 12.45 cm at the breeding age. The results of this
study showed one-to-one compatibility with the longer
trajectory graphs of the male fish in our study. This
situation has led us to think that the geometric
morphometric method can be an alternative method
that can be used instead of the classical morphometric
method (Bookstein, 1991).

As a result, it has been determined that there is a
clear morphological variation in pearl mullet fish
depending on gender. In this case, it has been revealed
that the geometric morphometry method can be used
to distinguish species and sex in fish as well as in
domestic animals. With this study we have done, our
opinion is that the geometric morphometry method is a
method that can be used in all stages and sizes of pearl
mullet. This study will support future research on the
morphology of the pearl mullet, which is an endemic
species.
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