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1. INTRODUCTION 

 

Craniometry is the study of measurements made from the structures of the skull and face in 

order to analyse the osseous features of different groups, such as those characterised by the 

same species, ethnicity, age category, or sex. These measurements are usually taken from 

craniometric points which are used as landmarks. Craniometry has been used in multiple 

disciplines, including anthropology, forensic science, archaeozoology, and neuroscience 

(VIGO et al., 2020). 

VON DEN DRIESCH (1976) published a set of standard bone measurements for mammals 

and birds, which are the most widely used by analysts in various scientific fields. These 

measurements contribute to what is described as traditional morphometrics (MARCUS, 1990; 

REYMENT, 1991) or multivariate morphometrics (REYMENT, 1971), which are 

characterised by the application of multivariate statistical methods to a set of morphological 

variables.  

In traditional morphometrics, one-dimensional measurements are used from two set points, 

usually describing distance, such as length, width, or height, but also ratios and angles can be 

added. They do not describe the set points in relation to other points on the specimen and often 

exhibit autocorrelation, isometry, and non-normal distribution (DRAKE et al., 2017). 

Furthermore, multivariate statistical methods cannot consider whether multiple measurements 

were made from a common landmark or if certain landmarks form a specific shape on the 

specimen. It is not possible to recover the shape of the original form from the usual data 

matrices of distance measurements (ROHLF and MARCUS, 1993). 

 

In the case of geometric morphometrics, specifically landmark methods, two-dimensional (2D) 

or three-dimensional (3D) coordinates of morphological landmarks on the specimen are 

recorded in order to describe the shape of the specimen. These landmarks can be classified as 

either true, semi, or pseudo-landmarks. (BARDUA et al., 2019). The landmark coordinates 

cannot be directly analysed as variables until any non-shape variation is removed i.e., 

eliminating information pertaining to size, position, and rotation. By using a Generalised 

Procrustes Analysis, non-shape variations can be mathematically removed by superimposing 

landmark configurations based on an optimisation criterion, most commonly the least-squares 

estimates for translation and rotation parameters, whereas for size, by scaling all landmark 

configurations to the same centroid size (ADAMS et al., 2004).  
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In the field of archaeozoology, bone measurements are routinely taken and can contribute to 

researching the topics of domestication, herd management, hunting strategies and 

environmental changes (REITZ and WING, 1999). The possibility of being able to accurately 

identify or at least, narrow down the potential breed of an unknown dog skull found in 

archaeological excavations can provide us with knowledge about the type of breeds and their 

proximity to humans, their evolutionary changes from the past until the present day, their role 

in that society, their adaptations to the environment, and perhaps even shed light on certain 

pathological processes. 

The purpose of this study is to conduct a craniometric analysis of domesticated dog skulls using 

the traditional morphometrics and geometric morphometrics to assess whether they can 

accurately identify the dog breed of each skull in the sample, as well as compare the results 

obtained from both methods.  
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2. LITERATURE REVIEW 

 

ADAMS et al. (2004) published an article reviewing the advances made in morphometric 

studies during the previous decade. Here, they describe traditional and geometric 

morphometrics (outline and landmark methods) and speculate on the future of morphometrics. 

For traditional morphometrics, they raise the issue of correlation between size and linear 

measurements, the lack of agreement on a method for correcting size and that the same sets of 

linear distances can be taken by objects that have significantly different shapes. They conclude 

that it wasn’t possible to use linear measurements to generate graphical representations of 

shape. In the case of geometric morphometrics, they present the progression and maturation of 

these methods, as well as the increase in popularity of these methods over the previous decade. 

They conclude that for most applications of landmark geometric morphometrics there are 

widely accepted standard protocols of Procrustes methods with added “extensions” for certain 

types of data. Furthermore, outline geometrics morphometrics can also be analysed using 

Procrustes methods through the use of sliding semilandmarks, a method developed by GREEN 

(1996) and BOOKSTEIN (1997) to address the issue of semilandmark interdependence and 

can allow for both landmarks and outlines to be used in an analysis. 

In a study published by MOTT et al (2009), they assessed the use of digital image analyses for 

the application of traditional morphometrics in wildlife research. They used both calliper-based 

and digital image-based measurements on three life stages of the marbled salamander 

Amblyostoma opacum and found that the digital image-based measurements were significantly 

more accurate and faster to obtain compared to the calliper-based methods, as well as reducing 

their inter-observer measurement variation.  However, they also concluded that digital-image 

results showed reduced precision in repeated measurements compared to the calliper-based 

results. They suggest that digital image-based morphometric methods are a useful alternative 

to handheld callipers, especially in situations where the specimen or organism cannot be 

analysed in a close proximity. 

The study made by DRAKE et al. (2015) is an example of the application of 3D geometrics 

morphometric methods to analyse the previously studied canid skulls for which calliper-based 

morphometrics were used. They use bivariate plots of linear distances taken from dog and wolf 

skulls and Principal Component Analysis of cranial ratios to demonstrate an almost complete 

overlap between dogs and wolves, rendering these analyses unfit for classifying fossil 
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specimens as either dog or wolf. They concluded that the preservation of shape information 

and the inclusion of its variation in analyses is more accurately performed using Procrustes 

based geometric morphometrics and it aligned with the genetic testing that was performed on 

the analysed skulls. The information they gathered regarding the classification of the analysed 

skulls from various archaeological sites has disproven previous studies suggesting the time of 

domestication of dogs and they plan to continue applying these new methods on further 

collections in order to address the origin of domestication. 
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3. MATERIAL AND METHODS 

 

Data collection 

The skulls used in this study were provided by the Department of Anatomy, Histology and 

Embryology, University of Zagreb which feature in their pre-existing collection of anatomical 

specimens. 43 skulls were measured, of which 41 belonged to various breeds of dogs (Canis 

lupus familiaris) of known gender and age, and 2 were from wolves (Canis lupus). The dog 

breeds that were included in this study are depicted in Table 1.  

NA= unknown breed 

 

Traditional morphometrics 

For the traditional (calliper-based) morphometric methods measurements were taken according 

to VON DEN DRIESCH (1976) (Figure 1-3). The common names and details of the 

measurements are shown in Table 2. Each of the 43 skulls was measured using the same 

analogue calliper for the total length of the skull (M1) and the same digital calliper for all other 

measurements.  

From these 43 skulls, 9 representative skulls from each breed were chosen to be photographed 

from 3 different aspects (dorsal, ventral, and lateral). These images were used in the software 

MorphoJ (KLINGENBERG, 2011) for digital distance measurements. The measurements 

taken from the digital images were then used to calculate indices for each representative skull. 

Further to this, the same measurements used for the calliper-based methods were used for the 

digital images. 
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Figure 1. Dorsal aspect of dog skull with measurements by VON DEN DRIESCH (1976). The 

used measurements are marked in red.  

 

 

 

 

Figure 2. Lateral aspect of dog skull with measurements by VON DEN DRIESCH (1976). The 

used measurements are marked in red. 
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Figure 3. Ventral aspect of dog skull with measurements by VON DEN DRIESCH (1976). 

The used measurements are marked in red.  

 

Geometric morphometrics 

For the geometric morphometric methods, a Nikon D5300 digital camera was used to take 

images of the dorsal (Figure 4) ventral (Figure 5), and lateral aspect (Figure 6) of a 

representative skull from each breed of the same collection used for the calliper-based 

measurements. The images were taken from the same distance to the camera, including a ruler 

for scale. They were uploaded onto the tpsUtil and tpsDig2 programs for scaling and landmark 

determination. Following this, the coordinate data of the landmarks was uploaded to MorphoJ 

(KLINGENBERG, 2011) where a Procrustes superimposition was generated. Based on this, a 

Principal Component Analysis was performed for breed variance comparison.  
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Table 2. Measurements used in the study by VON DEN DRIESCH (1976) and their 

corresponding name and description. 

Measurement 

number in 

study 

Name of the measurement Description of the measurement 

M1 Total length akrocranion → prosthion 

M2 Facial length frontal midpoint → prosthion 

M3 “Snout” length 
oral border of the orbits (median) 

→ prosthion 

M4 Palatal length 
median palate length: staphylion 

→ prosthion 

M5 Horizontal palatal length 
horizontal length of palatine 

(staphylion → palatinoorale) 

M6 Occipital condyle breadth 
greatest breadth of  the occipital 

condyles 

M7 
Breadth of foramen 

magnum 

greatest breadth of foramen 

magnum 

M8 Cranial width 

greatest breadth of the braincase, 

(greatest neurocranium width); 

euryon → euryon 

M9 Zygomatic breadth Zygion → Zygion 

M10 Palatal width 

greatest palatal breadth: molar → 

molar (measured across the outer 

borders of the alveoli) 

M11 Least palatine breadth 
least palatal breadth (measure 

behind canines) 

M12 Breadth at canines breadth at the canine alveoli 

M13 Skull height 

The two pointers of the calliper 

are placed basally on the basis of 

the skull and dorsally on the 

highest elevation of the sagittal 

crest 

M14 
Skull height without sagittal 

crest 

Similar to M13; upper pointer is 

placed behind the sagittal crest 
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Figure 4. Dorsal aspect landmarks on Skull 3. 

 

Table 3 presents the landmarks used for the dorsal aspect of each skull. The numbers 

correspond to the anatomical points on the skull presented in Figure 4 and the description for 

each point was taken from DRAKE et al. (2010). 
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Table 4 presents the landmarks used for the ventral aspect of each skull. The numbers 

correspond to the anatomical points on the skull presented in Figure 5 and the description for 

each point was taken from DRAKE et al. (2010). 
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Figure 5. Ventral aspect landmarks on Skull 3. 
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Figure 6 shows Skull 3 as an example for lateral landmark representation. The numbers mark 

the landmark points and correspond to the landmarks in Table 5. The red lines depict the curves 

from landmarks 3-4, 5-6, 8-10-12, and 9-11. 

 

 

Figure 6. Lateral aspect landmarks on Skull 3. 
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Table 5 presents the landmarks used for the lateral aspect of each skull. The numbers 

correspond to the anatomical points on the skull presented in Figure 5 and the description for 

each point was taken from DRAKE et al. (2010). 

 

 

 

 

Table 6 presents the indices that were calculated based on measurements taken from digital 

imaging software MorphoJ (KLINGENBERG, 2011). The indices were taken from EVANS 

and DE LAHUNTA (2013) and KOCH et al. (2012) with their respective calculation formulas. 
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Statistical methods 

The individual skull measurements contained in Microsoft Excel files, were input into SPSS 

Statistics software (IBM® SPSS® Statistics). Firstly, the data were tested for normality using 

the Shapiro-Wilk test and the measurements that were found to have normal distribution were 

used for one-way ANOVA testing. This involved comparing each dog breed to the 

measurements that were normally distributed.  
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4. RESULTS 

 

Table 7 presents each individual dog skull that was measured with its respective breed, 

identification number and results corresponding to each measurement. 

 

 

NA=unknown breed 

 



 
16 

 

 

Table 8 depicts the representative skulls from each breed which were used for digital image 

measurements with the respective measurements needed for index calculation. 
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Table 9 depicts the representative skulls from each breed which were used for digital image 

measurements with the respective index calculation result. 

 

 

Table 10 depicts the measurements taken on the digital images of the representative skulls of 

each breed using the same measurements as for the calliper-based measurements. 
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Table 11 depicts the results from the statistical tests used for normality testing. The data used 

were all the measurements taken from each skull (presented in Table 7). 

 

 

Figure 7 shows the graphically represented results of the one-way ANOVA for the 

measurement M1 (Total length of skull). The range of the data is 7.075, with the highest value 

being 23.825 for the Wolf, and the lowest 16.750 for the Dalmatian dog breed.  

The P value for this measurement as a result of the ANOVA was p=<0.05 (p=0.005), therefore 

I can conclude that the result is significant (there are significant differences between breeds for 

this measurement).  

 

Figure 7. One-way ANOVA test results from the comparison of the measurements for M1 

(Total length of skull) to each dog breed in the sample. 
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Figure 8 shows the graphically represented results of the one-way ANOVA for the 

measurement M7 (Breadth of foramen magnum). The range of the data is 0.725, with the 

highest value being 2.300 for the Dogo Argentino dog breed, and the lowest 1.575 for the 

Crossbreed dog breed.  

The P value for this measurement as a result of the ANOVA was p>0.05 (p=0.640), therefore 

I can conclude that the result is not significant (there are no significant differences between 

breeds for this measurement).  

 

Figure 8. One-way ANOVA test results from the comparison of the measurements for M7 

(Breadth of Foramen magnum) to each dog breed in the sample. 

 

Figure 9 shows the graphically represented results of the one-way ANOVA for the 

measurement M8 (Greatest breadth of the braincase). The range of the data is 1.44, with the 

highest value being 6.500 for the Wolf, and the lowest 5.060 for the unknown (NA) dog breed.  

The P value for this measurement as a result of the ANOVA was p=<0.05 (p<0.001), therefore 

I can conclude that the result is significant (there are significant differences between breeds for 

this measurement).  
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Figure 9. One-way ANOVA test results from the comparison of the measurements for M8 

(Greatest breadth of braincase) to each dog breed in the sample. 

 

Figure 10 shows the graphically represented results of the one-way ANOVA for the 

measurement M9 (Zygomatic breadth). The range of the data is 4.730, with the highest value 

being 14.230 for the Border terrier breed, and the lowest 9.500 for the Dalmatian breed.  

The P value for this measurement as a result of the ANOVA was p=<0.05 (p<0.001), therefore 

I can conclude that the result is significant (there are significant differences between breeds for 

this measurement).  

 

Figure 10. One-way ANOVA test results from the comparison of the measurements for M9 

(Zygomatic breadth). to each dog breed in the sample. 
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Figure 11 shows the graphically represented results of the one-way ANOVA for the 

measurement M11 (Least palatal breadth (measure behind canines)). The range of the data is 

1.355, with the highest value being 4.500 for the Border terrier dog breed, and the lowest 3.145 

for the unknown (NA) dog breed.  

The P value for this measurement as a result of the ANOVA was p=<0.05 (p=0.021), therefore 

I can conclude that the result is significant (there are significant differences between breeds for 

this measurement).  

 

Figure 11. One-way ANOVA test results from the comparison of the measurements for M11 

(Least palatal breadth (measure behind canines)) to each dog breed in the sample. 

 

 

Figure 12 shows the graphically represented results of the one-way ANOVA for the 

measurement M12 (Breadth at the canine alveoli). The range of the data is 1.990, with the 

highest value being 5.220 for the Border terrier dog breed, and the lowest 3.230 for the 

Dalmatian dog breed.  
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The P value for this measurement as a result of the ANOVA was p=<0.05 (p=0.006), therefore 

I can conclude that the result is significant (there are significant differences between breeds for 

this measurement).  

Figure 12. One-way ANOVA test results from the comparison of the measurements for M12 

(Breadth at the canine alveoli) to each dog breed in the sample. 

 

 

 

Figure 13 shows the graphically represented results of the one-way ANOVA for the 

measurement M13 (Skull height). The range of the data is 1.93, with the highest value being 

7.430 for the Newfoundland dog breed, and the lowest 5.500 for the Dalmatian dog breed.  
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The P value for this measurement as a result of the ANOVA was p=<0.05 (p=0.021), therefore 

I can conclude that the result is significant (there are significant differences between breeds for 

this measurement).  

 

Figure 13. One-way ANOVA test results from the comparison of the measurements for M13 

(Skull height) to each dog breed in the sample. 

 

Figure 14 shows the graphically represented results of the one-way ANOVA for the 

measurement M14 (Skull height without sagittal crest). The range of the data is 1.47, with the 

highest value being 6.500 for the Dogo Argentino dog breed, and the lowest 5.030 for the 

Dalmatian dog breed.  

The P value for this measurement as a result of the ANOVA was p=<0.05 (p=0.038), therefore 

I can conclude that the result is significant (there are significant differences between breeds for 

this measurement).  

 



 
24 

 

 

 

Figure 14. One-way ANOVA test results from the comparison of the measurements for M14 

(Skull height without sagittal crest) to each dog breed in the sample. 

 

 

 

 

Figure 15 is an example of a Procrustes superimposition of landmarks. In this figure, the 

landmarks from the ventral aspect of each dog skull were superimposed in the software 

MorphoJ which generated a mean for each landmark represented as the larger, bold, dark blue 

point with its corresponding number. The smaller points surrounding each larger point 

represent the landmarks from each dog skull. It was not possible to present in this figure which 

point corresponds to the respective breed. 
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Figure 15. Example of a Procrustes superimposition. Procrustes analysis of the ventral aspect 

landmarks of each dog skull in the sample. 
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Figure 16 is a graphical representation of a Principal Component Analysis comparing the dorsal 

landmark results of each dog breed against the first and second Principal Components 

(Principal Component 1 vs Principal Component 2). 

 

 

 

 

 

Figure 16. Graphical representation of the results from comparing Principle Component 1 to 

Principle Compenent 2 of the dorsal aspect landmarks. 
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Figure 17 is a wireframe graph of the dorsal aspect landmarks from the skull of the Border 

terrier (dark blue) superimposed with the mean dorsal aspect landmarks (light blue) from all 

the skulls used in the Procrustes analysis. 

 

Figure 17. Wireframe comparison of dorsal landmarks from the Border terrier dog breed (dark 

blue) and the mean dorsal landmarks (light blue). 
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Figure 18 is a wireframe graph of the dorsal aspect landmarks from the skull of the Doberman 

dog breed superimposed with the mean dorsal aspect landmarks from all the skulls used in the 

Procrustes analysis. 

 

 

Figure 18. Wireframe comparison of dorsal landmarks from the Doberman dog breed (dark 

blue) and the mean dorsal landmarks (light blue). 
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Figure 19 is a wireframe graph of the dorsal aspect landmarks from the skull of the Dalmatian 

dog breed superimposed with the mean dorsal aspect landmarks from all the skulls used in the 

Procrustes analysis. 

 

 

 

 

 

Figure 19. Wireframe comparison of dorsal landmarks from the Dalmatian dog breed (dark 

blue) and the mean dorsal landmarks (light blue). 
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Figure 20 is a graphical representation of a Principal Component Analysis comparing the lateral 

landmark results of each dog breed against the first and second Principal Components 

(Principal Component 1 vs Principal Component 2). 

 

 

 

Figure 20. Graphical representation of the results from comparing Principle Component 1 vs 

Principle Compenent 2 of the lateral aspect landmarks. 
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Figure 21 is a wireframe graph of the lateral aspect landmarks from the skull of the Border 

terrier dog breed superimposed with the mean lateral aspect landmarks from all the skulls used 

in the Procrustes analysis. 

 

Figure 21. Wireframe comparison of lateral landmarks from the Border terrier dog breed (dark 

blue) and the mean lateral landmarks (light blue). 

 

 

Figure 22 is a wireframe graph of the lateral aspect landmarks from the skull of the Doberman 

dog breed superimposed with the mean lateral aspect landmarks from all the skulls used in the 

Procrustes analysis. 

 

 

Figure 22. Wireframe comparison of lateral landmarks from the Doberman dog breed (dark 

blue) and the mean lateral landmarks (light blue). 
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Figure 23 is a wireframe graph of the lateral aspect landmarks from the skull of the 

Newfoundland dog breed superimposed with the mean lateral aspect landmarks from all the 

skulls used in the Procrustes analysis. 

 

Figure 23. Wireframe comparison of lateral landmarks from the Newfoundland dog breed 

(dark blue) and the mean lateral landmarks (light blue). 

 

Figure 25 is a graphical representation of a Principal Component Analysis comparing the 

ventral landmark results of each dog breed against the first and second Principal Components 

(Principal Component 1 vs Principal Component 2). 

 

 

Figure 24. Graphical representation of the results from comparing Principle Component 1 vs 

Principle Compenent 2 of the ventral aspect landmarks. 



 
33 

 

 

Figure 25 is a wireframe graph of the lateral ventral landmarks from the skull of the Border 

terrier dog breed superimposed with the mean ventral aspect landmarks from all the skulls used 

in the Procrustes analysis 

 

Figure 25. Wireframe comparison of ventral landmarks from the Border terrier dog breed (dark 

blue) and the mean landmarks (light blue). 
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Figure 26 is a wireframe graph of the ventral aspect landmarks from the skull of the Boxer dog 

breed superimposed with the mean ventral aspect landmarks from all the skulls used in the 

Procrustes analysis. 

Figure 26. Wireframe comparison of ventral landmarks from the Boxer dog breed (dark blue) 

and the mean landmarks (light blue). 
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Figure 28 is a wireframe graph of the ventral aspect landmarks from the skull of the Dalmatian 

dog breed superimposed with the mean ventral aspect landmarks from all the skulls used in the 

Procrustes analysis. 

 

 

 

 

 

 

Figure 27. Wireframe comparison of ventral landmarks from the Dalmatian dog breed (dark 

blue) and the mean ventral landmarks (light blue). 
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5. DISCUSSION 

 

The aim of this study was to take measurements from a variety of dog skulls in order to 

determine a method which would best identify the closest breed of unknown dog remains based 

on their skull morphology. The main methods used in this study were calliper-based 

morphometrics, digital image-based morphometrics, and geometric morphometrics (ADAMS 

et al., 2004) 

Firstly, the calliper-based method is widely used and has historically been a relatively accurate, 

reliable, and inexpensive method, with minimal training needed for its use. The limitation of 

this is the human error associated with an analogue calliper, as well as the lack of accuracy up 

to two decimal points. It is also quite a time-consuming process and usually requires the analyst 

to take repeat measurements to decrease the percentage of error. Since the introduction of 

digital callipers, the accuracy of measurements has been significantly increased up to three 

decimal points and has eliminated the potential error made by the analyst when reading from 

the analogue calliper, however, it is still a laborious and limited process (MOTT et al., 2010). 

In this study both callipers were used, with the analogue calliper used only for the measurement 

M1 (Total length of skull) for each skull and the digital calliper used for the remaining 

measurements. This was due to the size of digital calliper making it unable to capture the total 

length of every skull. Although this means that M1 may not be as accurate as the other 

measurements, the calliper was used systematically for this single measurement and therefore, 

should not significantly affect the results when comparing the skull measurements of each 

breed.  

The results from this study show that 8 out of 14 measurements were normally distributed 

(depicted in Table 11) and were used for further analysis. After performing one-way ANOVA 

tests, comparing those 8 measurements to each breed, there was significant statistical 

differences in 7 of the 8 measurements (excluding M7, Figure 8) for the breeds of which data 

was collected. The results of the ANOVA testing show few trends, with the Dalmatian, 

unspecified Terrier and unknown skulls (NA) having some of the lowest measurements, 

whereas the Dogo Argentino, Newfoundland and the Wolf have often the largest 

measurements, as well as many measurements being increased for the Border terrier.  

The measurements taken from the digital images of the representative skulls showed 

differences when compared to the calliper measurements. A comparative statistical test of the 

two sets of measurements was considered, however, it would be difficult to attribute any 
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statistical significance to either one of the methods due to the fact that neither can be considered 

standardised measurements to compare to. In the study performed by MOTT et al. (2010), they 

state that “…digital image-based measurements were significantly more accurate, faster to 

obtain, and resulted in reduced inter-observer measurement variation relative to calliper 

measurements, yet the former was associated with reduced precision among repeated 

measurements relative to the latter.”  

The indices for the representative skulls were calculated from the digital image measurements 

and were based on the index formulas described EVANS and DE LAHUNTA (2013) and 

KOCH et al. (2012). Indices from this study were compared to the average indices for each 

classification of dog skull morphology (i.e., brachycephalic, mesocephalic, dolichocephalic) 

which was stated in the aforementioned literature and therefore, a conclusion can be made that 

the indices from our samples are similar to those in the literature and align with the 

classification of each dog skull. 

A significant limitation to these morphometric methods is the large correlation of 

measurements and breed size (BOOKSTEIN et al., 1985). The large and giant dog breeds, as 

well as the wolf species, will naturally have larger skulls and thus can affect the results when 

attempting to compare them to smaller individuals of the same breed or smaller breeds of the 

same classification. Furthermore, as stated by ADAMS et al. (2004), it is not possible to 

produce graphical representations of the dog skulls using only linear distance measurements 

and therefore, many aspects of shape are lost. This can result in my measurements being 

unreliable when deciding to classify or identify a dog skull of unknown breed. These limitations 

to traditional linear morphometry allow for the introduction of geometric morphometrics.  

Geometric methods have been used more frequently in the last couple of decades as higher 

imaging techniques have become more readily accessible ADAMS et al (2004).  The majority 

of studies using geometric morphometrics on dog skulls have used Computed Tomography 

and/or the Microscribe digitiser. The goal of these methods is to use landmark and outline 

techniques to compare only the shape element of skulls, by removing data related to size, 

position, and rotation. (DRAKE et al., 2017)  

In this study, digital images were taken of dorsal, ventral, and lateral aspects of each 

representative skull and landmarks were chosen based on the scientific paper by DRAKE et al.  

(2010), as well as some additional landmarks based on their anatomical locations. The lateral 

aspect landmarks in this study were chosen based on their anatomical significance and expected 
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variability within the breeds. By using the tpsDig2 program, static and curved landmarks were 

created for each skull aspect and imported into MorphoJ software (KLINGENBERG, 2011) 

which performed a Procrustes superimposition of every landmark coordinate (Figure 9). This 

superimposition graphically represents the means of every landmark as the bold and numbered 

points, surrounded by the individual measured landmarks as smaller unnumbered points. 

Furthermore, a wireframe was created based on the mean landmarks to improve the visual 

representation of each aspect. A covariance matrix was generated in order to perform a 

Principal Component Analysis (PCA) for each of the three aspects of the dog breeds, 

represented by Figures 10, 14, and 18. These PCAs allow for the visualisation of variance 

amongst our sample of breeds. In the PCAs, the breeds which cluster together share similar 

characteristics and the breeds that are furthest from those will show higher variance according 

to either PC1 or PC2. For the dorsal landmarks, the Border terrier breed shows the most 

variance for PC1, with the Tornjak and Doberman variance influenced more by PC2. The rest 

of the breeds cluster and therefore, it would be difficult to distinguish them individually. In the 

PCA of the ventral landmarks, the Doberman breed shows the greatest variance according to 

PC1, the Border terrier according to PC2, while the Boxer and Dogo Argentino form one cluster 

and the remaining breeds also cluster relatively close together. This is interpreted as the 

Doberman showing the most variance on the ventral aspect, the Boxer showing the second 

most variance, but according to the measurements that influence PC2, and the remaining breeds 

showing similar variance. Lastly, the PCA for the lateral aspect shows the most variance for 

the Doberman and Dalmatian for the measurements that influence PC1 and the most variance 

for the measurements that influence PC2 is attributed to the Border terrier. The Boxer and Dogo 

Argentino breeds form a cluster while the rest of the breeds are relatively clustered together 

also. 

Limitations with the geometric morphometric methods are variable. Firstly, they are dependent 

on our sample size, variety of dog breeds, as well as the competence of the analyst. It should 

be noted that these methods are significantly more complex than the calliper-based or digital-

image base morphometrics. In addition, no further statistical tests were able to be conducted 

on the PCA matrices generated due to the limited sample size. Furthermore, the variety of 

breeds in this study was limited and thus an accurate representation of the total variance of the 

dog skull could not be incorporated. Lastly, in this study, digital photographic imaging was 

used which limits the potential accuracy and types of analyses that could be performed when 

compared to using e.g., Computed Tomography, such as in DRAKE et al. (2017). However, 
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there were methods for reducing the errors in this study by ensuring consistency in the 

technology (digital camera and software), the photographic background such as, lighting and 

distance from the camera, and lastly, ensuring that the skulls are stabilised.  

With regards to the field of archaeozoology, the methods used in this study can be useful to 

compare the unknown skulls found in archaeological excavations, to those of known breeds. 

TRBOJEVIĆ VUKIČEVIĆ et al. (2009) used the mesocephalic breed of the Dalmatian dog as 

a comparative tool using traditional calliper-based morphometrics. A similar approach could 

be given to geometric morphometrics, by comparing a skull of a known breed to the 

archaeozoological specimen, or by comparing the skull of unknown breed to the mean from 

the sample of known breed skulls and drawing conclusions from their similarities and/or 

differences. 
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6. CONCLUSIONS 

1. Traditional morphometrics (calliper-based and/or image-based) still have a prominent 

role in craniometry and are necessary for further analyses. 

2. Geometric morphometrics have a significant role in the analysis of skull shape and can 

provide information that traditional morphometrics cannot. 

3. Both the traditional and the geometric morphometric methods are unable to firmly 

identify specific breeds in this study. 

4. Certain breeds showed similarities with each other in both traditional and geometric 

morphometrics. 

5. The sample size of the study and the lack of variety of dog breeds may have been the 

main factors for the lack of ability to identify breeds. 

6. A similar approach could be given to comparing a skull of a known breed to the 

archaeozoological specimen by comparing the skull of unknown breed to the mean from the 

sample of known breed skulls and drawing conclusions from their similarities or differences. 
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8. SUMMARY 

A craniometric analysis of dogs (Canis familiaris) for the purpose of identifying  

archeozoological material  

Olivia Frances Kaloyianni 

 

Craniometry has been used in multiple disciplines, including anthropology, forensic science, 

archaeozoology, and neuroscience. Multiple methods have been constructed for their use in 

craniometric studies. Traditional morphometrics, one-dimensional measurements are used 

from two set points, usually describing distance, such as length, width, or height, but also ratios 

and angles can be added. Geometric morphometrics, specifically landmark methods, two-

dimensional (2D) or three-dimensional (3D) coordinates of morphological landmarks on the 

specimen are recorded in order to describe the shape of the specimen. This study aimed to use 

methods from both categories of morphometrics to compare 43 skulls, from 41 dogs and 2 

wolves. Both calliper-based and digital image-based morphometrics yielded similar results, 

showing trends for larger breeds and the brachycephalic breeds in the samples. The geometric 

morphometric methods showed similar clusters of breeds showing similarities according to the 

Principal Component Analysis, as well as showing visible differences in certain breeds 

compared to the means of the sample. These approaches could be readily used for comparison 

and/or determination of archaeozoological specimens of dog skulls. 

Key words: craniometry, dogs, calliper, digital morphometrics, geometric morphometrics 
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9. SAŽETAK 

Kraniometrijska analiza pasa (Canis familiaris) u svrhu identifikacije arheozoološkog 

materijala  

Olivia Frances Kaloyianni 

 

Kraniometrija se koristi u više disciplina, uključujući antropologiju, forenziku, arheozoologiju 

i neuroznanost. Za upotrebu u kraniometrijskim studijama konstruirano je više metoda. 

Tradicionalna morfometrija,odnosno jednodimenzionalna mjerenja koriste dvije zadane točke 

koje obično opisuju udaljenosti, kao što su duljina, širina ili visina, ali se mogu dodati i omjeri 

i kutovi. Geometrijska morfometrija, točnije orijentirne metode, koriste dvodimenzionalne 

(2D) ili trodimenzionalne (3D) koordinate morfoloških orijentira na uzorku kako bi se opisao 

njegov oblik. Ovo istraživanje imalo je za cilj korištenje obje morfometrijske metoda za 

usporedbu 43 lubanje, od čega 41 lubanju psa i 2 vuka. Morfometrija temeljena na pomičnoj 

mjerki i na digitalnoj slici dala je slične rezultate, pokazujući trendove za veće i brahiocefalične 

pasmine. Geometrijske morfometrijske metode pokazale su slične skupine pasmina prema 

analizi glavne komponente, kao i vidljive razlike u pojedinih pasmina u odnosu na srednje 

vrijednosti uzorka. Navedeni pristupi mogu se koristiti za usporedbu i/ili određivanje 

arheozooloških uzoraka lubanja pasa. 

Ključne riječi: kraniometrija, psi, morfometrija pomična mjerka,, digitalna morfometrija, 

geometrijska morfometrija 
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