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: ABSTRACT

The Norduz region, which is located inside the boundaries of the Glirpmar district of Van
: province, is home to the Norduz sheep, a breed of Akkaraman sheep. A sheep breed that is
: only bred in the Norduz region is the Norduz sheep. It has proven to be able to adjust to

: the severe weather in Eastern Anatolia, and it has shown distinct performance metrics that
: set it apart from other breeds. In this work, the Norduz sheep's mandible was analyzed and
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inspected utilizing a geometric morphometric approach. By using principal component
: analysis, principle components in multidimensional data sets were found. Using

discriminant function analysis, the differences between the samples were found. The study

: materials used to accomplish this came from Van slaughterhouses. Gender was a factor of
: interest, so a total of 20 mandibles (10 female and 10 male) were chosen for analysis.
: First, the skull's mandibles were taken out. The underlying muscles were then dissected.
: The mandibles were then heated for 20 to 30 minutes, and then hydrogen peroxide was
¢ used to bleach them. After drying, the mandibles were shot from the same 20-cm distance.
¢ Photographs of the mandibles' left lateral surfaces were captured. These variations were
: also subjected to formal and statistical studies. There were sixteen significant variations
: found using the main component analysis. The observed shape differences were explained
by the first three variances in 58,647% of cases. The results of the discriminant function
: analysis, which produced the best results for gender discrimination, were quite pleasing,
: showing that people were clearly and distinctly different from one another. According to
¢ the previously indicated investigations, information was obtained about the anatomical
: traits and adaptations of the Norduz sheep mandible, which was used as a model case
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1. Introduction

The Norduz sheep is an Akkaraman sheep breed that was
developed in the Norduz region, which is located inside the
boundaries of Van province's Giirpmar district (1-3). In
addition to being bred only in the Norduz region, the
Norduz sheep have proven to be able to adapt to the harsh
climate of Eastern Anatolia and have unique performance
characteristics that set them apart from other breeds (3).
Numerous studies on Norduz sheep have been written up in
scholarly journals (3-5). It is expected that research using
geometric  morphometric  analysis and traditional
morphometric approaches (6-21) will add to the body of
knowledge regarding gender and figural analysis (22).
Additionally, the study of species-specific patterns and
evolutionary processes is made possible by geometric
morphometrics. This method uses the coordinates of the
points to identify the objects’ form and positional
differences (23). Many research on various species and
skeletal components have been carried out in recent years in
an effort to use geometric morphometrics to explain the
sexual dimorphism seen in animal populations (24-31).
Three-dimensional bone materials have also been the
subject of geometric morphometric investigations in recent
years (32). This study's goal was to use geometric
morphometric analysis to clarify the morphological
differences between Norduz sheep's male and female
mandibles.

2. Materials and Methods

Van slaughterhouses provided the study materials. To
perform gender-specific studies, a total of 20 mandibles (10
female and 10 male) were used. First, the mandibles were
taken out of the skull. The muscles that covered it were then
dissected. The next procedure was to boil the mandibles
long enough to guarantee that the muscles were completely
removed. After that, the mandibles were bleached by
immersing them in hydrogen peroxide for 20 to 30 minutes.
The mandibles were shot from the same distance (20 cm)
after drying. The left lateral surfaces of the mandibles were
photographed. The tpsUtil software, version 1.82, was used
to save the photos that were to be used in punctuation as tps
files. To mark, the tps file was loaded into the tpsDig
(version 2.31) application. Ten specific spots on each
mandible were marked using the TpsDig program. The
same positions were used to mark each mandible in the
photos. To undertake a geometric morphometric analysis,
the information about the indicated mandibles was
transformed into a text file and entered into Morphol
(version 1.07a). To find shape changes, a principal
component analysis (PCA) was used. After then, the
components were arranged according to their percentage of
variation. Additionally, form changes were acquired
through the use of Discriminant Function Analysis (DFA).
Discriminant Function Analysis was used to statistically

and formally analyze the differences between the male and
female groups.

3. Results

Using the geometric morphometric analysis method, 20
Norduz sheep mandibles (10 females and 10 males) were
analyzed in this study. A total of 16 fundamental
components with 10 punctuation marks were identified. Of
the entire variation among these principal components,
27.49% came from the first principle component (PC1). Of
the entire variation, 17.25% was explained by the second
principal component (PC2), and 13.91% by the third
principal component (PC3). Table 1 displays the findings of
the main component analysis. The cumulative and
individual variance distributions for 16 of the main
component analyses are shown in Figure 1. Together, PC1,
PC2, and PC3 explain more than half of the variation, as the
graph shows. Additionally, it varies significantly from
person to person. A comparison of PC1, PC2, and PC3 was
made when performing a principal component analysis of
the results. Figure 2 shows the shape variation that was
obtained for principal components 1, 2, and 3. The mean
shape is represented by the dots. The extensions stand for
PC1, PC2, and PC3's upper bounds. Given the significant
differences between PC1 and PC2, it is clear that the
infradentale expands significantly in a proximal direction.
On the other hand, a distal extension was observed in PC3.
The first molar tooth's anterior edge shows a proximally
expanded morphology in PC3, while it shows a distally and
medially enlarged morphology in PC1 and PC2. The
processus coronoideus shows a distally oriented extension
in PC2, while it shows a proximally directed expansion in
PC1 and PC3. The gonion caudale shows a proximal
growth in PC2, while it shows a distal expansion in PC1
and PC3. In PC1 and PC3, the gonion showed a clear
enlargement along with a distal and ventral displacement.
PC2, on the other hand, showed a proximal enlargement.
The second premolar tooth terminal in PC1 and PC2 is seen
to expand medially and distally in a manner toward the
ventral border. However, it is seen that this expansion takes
place in a proximal and medial direction in PC3. While the
distance between the ventral edge and the Foreman mentale
increased lateral and distal in PC2, it increased proximally
in PC1 and PC3. Here, it was found that the mandible
enlarged both proximally and distally when the values for
PC1 and PC3 rose. PC2 showed a narrowing from the
proximal to the distal region. Figure 3 shows the 16 primary
components that were identified using principal component
analysis. Together, the first three of these factors (PC1,
PC2, and PC3) were able to account for 27,487, 17,246 and
13,914 of the variance. Moreover, the main component
analysis did not show a full separation of the genders, even
with the high total variance and the significant results of the
discriminant function analysis (Figure 4). The anterior
border of the first molar tooth showed a medial
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augmentation in shape as the female to male ratio rose. The
ramus mandible’s anterior edge enlarges as it approaches
the proximal end. Lateral expansion of the processus
coronoideus was seen. It has been seen that the gonion has
enlarged ventrally and distally. Laterally, the gap between
the ventral margin and the mental foramen has widened. In
this regard, males were found to have a larger corpus
mandible and a smaller ramus mandible in comparison to
females. The gender distinction in Discriminant Function
Analysis is presented in both shape variations and
graphically in Figures 5a, b and 6. Using Discriminant

Function Analysis (DFA), an objective assessment of
gender differences was performed. Figure 6 displays the
variance and frequency distribution of individuals derived
from Discriminant Function Analysis for sex determination
in Norduz sheep's mandibles. The male and female groups
are clearly completely different from one other.
Additionally, this distinction shows that there is a
statistically significant difference between the two groups.
The p-value (p=0.02) in the discriminant function analysis
was less than 0.05.

Table 1. Principal components, eigenvalues and variances.

PC No Eigenvalues Varyans (%) PC No Eigenvalues Varyans (%)
TB1 0,00040929 27,487 TB9 0,00003808 2,557
TB2 0,00025680 17,246 TB10 0,00002842 1,909
TB3 0,00017209 13,914 TB11 0,00001513 1,016
TB4 0,00017209 11,557 TB12 0,00001255 0,843
TB5 0,00010624 7,135 TB13 0,00000714 0,480
TB6 0,00008472 5,689 TB14 0,00000273 0,184
TB7 0,00007692 5,166 TB15 0,00000201 0,135
TBS8 0,00006869 4,613 TB16 0,00000103 0,069

10

Principal components

Figure 1. Variation scatter
component analysis.

plot of principal

Figure 2. The shape variation of major components 1, 2, and 3 is depicted in

figure. 1. Infradentale 2. The first molar tooth's anterior edge, 3: The ramus
“ mandible's anterior edge, Incsura mandibulae, Processus coronoideus, and 6.

Condylaris processus, 7: Caudale gonion, 8: Ventrale gonion, 9: The second

premolar's end point in relation to the ventral edge, 10: The mental foramen's
- distal to the ventral edge.
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Figure 5A,B. Ten selected points on the mandible are presented in photog
with punctuation. The circular dots represent the female subjects, while the e

Figure 3. Principal component 1-2 variation distributions and 95%

confidence ellipses in Norduz sheep. Red dots: female, green dots:
male.

-0,04 -0,02 0,00

Temel Bilesen 1

0,047

-0,04

0,02

0,04 0,06

0,047

0,02 1

0,02 1

-0,04 -0,02 0,00

Temel Bilegen 1

dots: male.

0,02

-0,04

0.'04 ! -0,04

-0,02 0,00 0,02

Temel Bilesen 2

0,04

Figure 4A,B. Norduz sheep Principal component 1-3 and 2-3 variation distributions and 95% confidence ellipses. Red dots: female, green
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Figure 6. Gender distribution graph in Discriminant Function Analysis. Red: female, green: male.

4. Discussion

In the present study, a total of 20 mandibles from Norduz
sheep (10 females and 10 males) were utilized. The
mandibles of Norduz sheep were marked at 10 points, and
both principal component analysis and discriminant
function analysis were performed with geometric
morphometric analysis. The Norduz sheep mandible was
examined in order to determine the sex of the animal. The
application of the geometric morphometrics method proved
to be an invaluable technique for the differentiation of sexes
in Norduz sheep mandibles. In our study, while no
separation between the sexes was observed in the Principal
Component Analysis, a complete separation between
genders was evident in the Discriminant Function Analysis.
In the Discriminant Function Analysis, a gradual
enlargement was observed in the corpus mandible as the
sex progressed from female to male. Conversely, the ramus
mandible demonstrated a narrowing trend. As previously
stated, the morphological data obtained from the skull and
jawbone of living mammals can be used to reveal
phylogenetic relationships thanks to the studies carried out
with the geometric morphometric method (33). The
researchers indicated that principal component analysis
conducted within the framework of geometric
morphometry elucidated 24.92% of the total shape disparity
associated with the first principal component, particularly in
the mandible of Awassi sheep (27). In the mandible of the
Norduz sheep, it was determined that the first basic
component explained 27.49% of the total shape difference.
In a study of the jawbone of Anatolian wild sheep, the
researchers (34) reported that no sex-related differences
were observed in the jawbone of Anatolian wild sheep.

Similarly, principal component analysis revealed no
dimorphism in Norduz sheep, consistent with the findings
of Demircioglu et al. (2023), who reported no dimorphism
in the mandible of Avesi sheep. However, a complete
separation between the sexes was observed in terms of
Discriminate Function Analysis. In their studies on
Anatolian wild sheep, Yalgin et al. (2010) proposed that the
divergence in mandibular morphology at the LM9 level is a
notable phenomenon. They postulated that this disparity is
influenced by a complex interplay of environmental factors,
dietary habits, and evolutionary adaptations during
domestication. As observed in the aforementioned study,
the gonion ventral enlarges distally in PC1 and PC3 and
proximally in PC2 in Norduz sheep, exhibiting a similar
pattern to that observed in the study. Significant differences
in the LM9 parameter were also reported in Awassi sheep
(Demircioglu et al., 2023). Furthermore, it was indicated
that discrepancies were observed in the LM2, LM8 and
LM10 levels, albeit to a limited extent. Duro et al. (2021)
also employed the geometric morphometry method to
investigate sexual dimorphism in turtles, thereby
contributing to the existing body of knowledge on this
topic. Furthermore, in addition to the aforementioned
studies on the skull, which clearly demonstrate dimorphism
in ruminants, various researchers have also conducted
studies on the lower jawbone, resulting in the publication of
their findings in the scientific literature (35). Principal
component variances, which express statistical and shape
variations between groups, are related to the number of
materials used. In their principal component analysis study,
Kocak et al. (2023) obtained 46 variances, whereas in our
study, 16 variances were obtained due to the difference in
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the number of animals. The same method was employed in
our study as was used by the aforementioned researchers
(21), who conducted gender discrimination with
discriminant function analysis. This resulted in a complete
separation between the genders. Analyses were conducted
on the lengths determined by studies on the skull (15),
mandible (15,35) and metapodium (29,37) in sheep. The
unique anatomical differences of the species were evaluated
with various methods in terms of species and sex, as in our
study. A more straightforward analysis of variation and
deviation was employed to examine the impact of variables
on gender in Norduz sheep. This work is expected to
advance both the morphometric findings and the
morphometric analysis of the Norduz sheep mandible. The
studies that will be carried out in this field, such as the
diagnosis and identification of the osteological materials
retrieved from archaeological excavations, the development
of three-dimensional models, and the application of these
morphological analyses in animal-human models, will
greatly benefit from these analyses. Additionally, using
principal component analysis with the data stratified by
race, the principal component variation values between
males and females were investigated. Principal component
analysis was also used to assess the differences in form
between males and females. Furthermore, the study's main
focus—gender determination—was also assessed using
discriminant function analysis.
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