
 

 

The analysis of Norduz sheep mandible with DFA and PCA 1 

Running title: Sex determination in mandible 2 

Abstract 3 

Norduz sheep are known as a variety of Akkaraman sheep bred in the Norduz region, which is 4 

located within the borders of the Gürpınar district of Van province . Norduz sheep are bred only 5 

in the Norduz region, adapt to the harsh climate of the Eastern Anatolia region, and show unique 6 

performance indicators that distinguish this breed from other breeds. In this study, the mandible 7 

of Norduz sheep was examined by geometric morphometric method and analyzed. Principal 8 

components in multidimensional data sets were determined by Principal Component Analysis. 9 

The differences between the samples were determined by Discriminant Function Analysis. For 10 

this purpose, study materials were obtained from slaughterhouses in Van. A total of 20 11 

mandibles (10F/10M) were used since analyzes were made in terms of gender. The mandibles 12 

were first dissected from the skull. Later, the overlying muscles were dissected. After boiling, 13 

they were kept in hydrogen peroxide for 20-30 minutes and the mandibles were bleached. After 14 

drying, the mandibles were photographed from the same distance (20 cm). The left lateral sides 15 

of the mandibles were used for photographing. Statistical and formal analyzes of these variances 16 

were also performed. As a result of the analyzes made, 16 variances were obtained within the 17 

scope of principal component analyses. The first three of the variances obtained explained 18 

58,647 of the shape differences. According to the discriminant function analysis, which gave 19 

the best results for gender discrimination, the results were very good and individuals were 20 

completely separated from each other. In line with these analyzes, information was obtained 21 

about the anatomical features and adaptations of the Norduz sheep mandible, and it became an 22 

exemplary study in this field. 23 
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1. Introductıon 26 

Norduz sheep are known as a variety of Akkaraman sheep bred in the Norduz region, which is 27 

located within the borders of the Gürpınar district of Van province (1-3). Norduz sheep are bred 28 

only in the Norduz region, adapt to the harsh climate of the Eastern Anatolia region, and show 29 

unique performance indicators that distinguish this breed from other breeds (3). Various studies 30 

on Norduz sheep are available in the literature (3-5). 31 

It is thought that studies conducted with classical morphometric methods (6-21) as well as 32 

geometric morphometric analysis studies will contribute to the literature in terms of both figural 33 

and gender analysis (22). In addition, geometric morphometry; It also allows the study of 34 

species patterns and evolutionary processes. This method determines the shape and position 35 

differences of the objects by using the coordinates of the points (23). In recent years, there have 36 

been many studies conducted on different species and different bones in order to determine the 37 

differences between the sexes of animals using the geometric morphometry method (24-31). In 38 

recent years, there are also geometric morphometric studies on three-dimensional bone 39 

materials (32). 40 

In this study, it was aimed to reveal the shape differences between male and female individuals 41 

of the mandible in Norduz sheep by using analyzes based on geometric morphometry method. 42 

2. Materials and Methods 43 

Study materials were obtained from slaughterhouses in Van. A total of 20 mandibles (10F/10M) 44 

were used since analyzes were made in terms of gender. The mandibles were first dissected 45 

from the skull. Later, the overlying muscles were dissected. Boiling was applied to remove the 46 

muscles thoroughly. After boiling, they were kept in hydrogen peroxide for 20-30 minutes and 47 



 

 

the mandibles were bleached. After drying, the mandibles were photographed from the same 48 

distance (20 cm). The left lateral sides of the mandibles were used for photographing. 49 

Photographs for punctuation were saved as tps file using tpsUtil (version 1.82). The tps file was 50 

imported into the tpsDig (version 2.31) program for marking. Marking was done with 10 51 

selected points on each mandible using the TpsDig program. Each mandible photograph was 52 

marked from the same locations. The marked mandible data was converted to text file and 53 

imported into MorphoJ (version 1.07a) to perform geometric morphometric analysis. Principal 54 

Component Analysis (PCA) was performed and shape variations were obtained. Each 55 

component was ranked by percentage of variation. In addition, Discriminant Function Analysis 56 

(DFA) was performed and shape variations were obtained. The distinction between male and 57 

female groups was analyzed statistically and formally by Discriminant Function Analysis. 58 

3.Results 59 

In this study, 20 mandibles (10F/10M) of Norduz sheep were examined by using geometric 60 

morphometric analysis method, obtaining a total of 16 basic components with 10 punctuation. 61 

Among these principal components, the first principal component (TB1) alone constituted 62 

27.49% of the total variation. The second principal component (TB2) alone constituted 17.25% 63 

of the total variation, and the third principal component (TB3) alone constituted 13.91% of the 64 

total variation. The data of principal component analysis are presented in Table 1. 65 

Table 1: Principal components, eigenvalues and variances 66 

TB No Özdeğer Varyans (%) TB No Özdeğer 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 

TB8 0,00006869 4,613 TB16 0,00000103 0,069 

 67 

Both the cumulative and individual variation distributions for 16 of the principal component 68 

analyzes are shown in (Figure 1). As can be seen from the graph, TB1, TB2 and TB3 69 

cumulatively account for more than half of the total variation. It also has significant percentages 70 

of variation singularly. While performing principal component analysis on the findings, TB1, 71 

TB2 and TB3 were compared. 72 

 73 

Figure 1: Variation scatter plot of principal component analysis 74 



 

 

The shape variation obtained for the principal components 1, 2 and 3 is given in (Figure 2). The 75 

dots represent the mean shape. Extensions represent the positive limit for TB1, TB2 and TB3. 76 

Considering the remarkable deviations in TB1 and TB2, it is seen that the infradentale expands 77 

proximally. However, in TB3, it expanded distally. In TB1 and TB2, the anterior edge of the 78 

first molar tooth is enlarged distally and medially, and in TB3 proximally. In TB1 and TB3, the 79 

processus coronoideus expands proximally, while in TB2 it expands distally. In TB1 and TB3, 80 

the gonion caudale expands distally, while in TB2 it expands proximally. While the gonion 81 

expanded ventrally and distally in TB1 and TB3, it was analyzed that it expanded proximally 82 

in TB2. In TB1 and TB2, the end point of the second premolar tooth to the ventral edge enlarges 83 

distally and medially, while in TB3 it is observed to expand proximally and medially. In TB1 84 

and TB3, the distance of the Foreman mentale to the ventral edge widened proximally, while 85 

in TB2 it expanded distally and laterally. In this context, as TB1 and TB3 values increased, it 86 

was observed that there was proximal and distal enlargement in the mandible. In TB2, a 87 

narrowing from distal to proximal was analyzed. 88 

Figure 2: Shape variation of Principal Components 1,2 and 3. 1: Infradentale, 2: Anterior edge 89 

of the 1st molar tooth, 3: Anterior edge of the ramus mandible, 4: Processus coronoideus, 5: 90 

Incsura mandibulae, 6: Processus condylaris, 7: Gonion caudale, 8: Gonion ventrale, 9: End 91 

point of the 2nd premolar to the ventral edge, 10: Distal to the ventral edge of the foreman 92 

mentalkenera 93 



 

 

 94 

The 16 principal components obtained in principal component analysis are shown in (Figure 3). 95 

The first three of these components (TB1, TB2 and TB3) explained 27,487, 17,246 and 13,914 96 

of the total variance, respectively. In addition, although the total variance was high and the 97 

discriminant function analysis findings were significant, a complete gender separation was not 98 

observed in Principal Component Analysis. 99 

Figure 3: Principal component 1-2 variation distributions and 95% confidence ellipses in 100  

Norduz sheep. Red dots: female, green dots: male 101  



 

 

 102  

Figure 4A,B: Norduz sheep Principal component 1-3 and 2-3 variation distributions and 95% 103  

confidence ellipses. Red dots: female, green dots: male 104  

 105  

 106  



 

 

As the female-to-male variation increased, the anterior margin of the first molar tooth was 107  

enlarged medially in shape. The anterior margin of the ramus mandible is enlarged proximally. 108  

Processus coronoideus enlarged laterally. The gonion is enlarged ventrally distally. The 109  

distance of the foreman's mentale to the ventral edge has widened laterally. In this context, 110  

enlargement of the corpus mandible and narrowing of the ramus mandible were observed from 111  

female to male. 112  

The gender distinction in Discriminant Function Analysis is presented both in shape variations 113  

and graphically in (Figures 5a,b and 6). 114  

Figure 5A,B: 10 selected points on the mandible are shown in photograph A. B shows the 115  

differences between male and female with punctuation. The round dots represent the female, 116  

while the extensions from the dots represent the males. 117  

 118  



 

 

Discriminant Function Analysis (DFA) was used to objectively evaluate gender differences. 119  

The variance and frequency distribution of individuals obtained by Discriminant Function 120  

Analysis for sex determination in the mandibles of Norduz sheep is given in (Figure 6). It is 121  

seen that the male and female groups are completely separated from each other. This distinction 122  

also indicates that the difference between the two groups is statistically significant. In the 123  

discriminant function analysis, the p value was below 0.05 (p=0.02). 124  

Figure 6: Gender distribution graph in Discriminant Function Analysis. Red: female, green: 125  

male 126  

 127  

 128  

4.Discussiıon 129  

In this study, 20 (10F/10M) mandibles of Norduz sheep were used. The mandibles of Norduz 130  

sheep were marked from 10 points and both Principal Component Analysis and Discriminant 131  

Function analyzes were performed with geometric morphometric analysis. Norduz sheep 132  

mandible was examined for sex determination. Analysis with geometric morphometry method 133  

was an important method that should be used to differentiate between sexes in Norduz sheep 134  

mandibles. In our study, although there was no separation between the sexes in Principal 135  



 

 

Component Analysis, a complete separation between genders was observed in Discriminant 136  

Function Analysis. In Discriminant Function Analysis, while going from female to male, 137  

enlargement was observed in the corpus mandible, while narrowing was observed in the ramus 138  

mandible. 139  

It has been previously stated that morphological data to be obtained from the skull and jawbone 140  

of living mammals can be used to reveal phylogenetic relationships thanks to the studies carried 141  

out with the geometric morphometric method (33). Researchers stated that principal component 142  

analysis performed under the scope of geometric morphometry explained 24.92% of the total 143  

shape difference of the first principal component, especially in the mandible in Awassi sheep 144  

(27). In the Norduz sheep mandible, it was determined that the first basic component explained 145  

27.49% of the total shape difference. 146  

In a study on the jawbone of Anatolian wild sheep, researchers (34) reported that no sex 147  

dimorphism was observed in the jawbone of Anatolian wild sheep. Similarly, there was no 148  

dimorphism in terms of principal component analysis in Norduz sheep, similar to the findings 149  

of researchers (Demircioğlu et al., 2023), who reported that no dimorphism was observed in the 150  

mandible in Avesi sheep. However, there was a complete separation between the sexes in terms 151  

of Discriminate Function Analysis. 152  

Yalçın et al., (2010) working on Anatolian wild sheep suggested in their studies that the 153  

difference in mandibles at the level of LM9 parameters is quite significant and that this 154  

difference is in a relationship due to environmental conditions, feeding habits and adaptations 155  

in the domestication process. Similar to the parameter in the study, it is seen that the gonion 156  

ventral enlarges distally in TB1 and TB3 and proximal in TB2 in the parameter (gonion ventral) 157  

in Norduz sheep, which is similar to the parameter in the study. Significant differences in the 158  

LM9 parameter were also reported in Awassi sheep (Demircioğlu et al., 2023). In addition, it 159  

was stated that there were differences in LM2, LM8 and LM10 levels, but they were limited. 160  



 

 

Duro et al., (2021), working on sexual dimorphism in turtles also benefited from the geometric 161  

morphometry method and revealed the differences. In addition to the skull studies in which 162  

dimorphism is clear in ruminants, various researchers have also conducted studies on the lower 163  

jawbone and brought the data to the literature (35). 164  

Principal component variances, which express statistical and shape variations between groups, 165  

are related to the number of materials used, Koçak et al. (2023) (24) obtained 46 variances in 166  

their principal component analysis study, whereas in our study, 16 variances were obtained due 167  

to the difference in the number of animals. This method was used in our study, just like the 168  

researchers (21) who made gender discrimination with discriminant function analysis, and there 169  

was a complete separation between the genders. 170  

Analyzes were made over the lengths determined by studies on skull (15), mandible (15,35) 171  

and metapodium (29,37) in sheep, and the unique anatomical differences of the species were 172  

evaluated with various methods in terms of species and sex, as in our study. With simpler 173  

analysis of variation and deviation, the effects of variables on gender were examined in Norduz 174  

sheep. 175  

5. Conclusion 176  

It is thought that this study will contribute to the morphometric analysis of the Norduz sheep 177  

mandible as well as the morphometric findings, and these analyzes will contribute significantly 178  

to the studies to be done in this area, the diagnosis and determination of the osteological 179  

materials obtained as a result of archaeological excavations, the creation of three-dimensional 180  

models and the use of these morphological analyzes in animal human models. In addition, 181  

principal component variation values between males and females were examined by Principal 182  

Component Analysis on the basis of race, and the shape changes between female and male were 183  



 

 

interpreted in Principal Component Analysis. In addition, gender determination was also 184  

evaluated with Discriminant Function Analysis, which is the main element of the study. 185  
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