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Abstract
In the study, it was aimed to investigate by geometric morphometric analysis to shape of the skull and mandible in adult male wolf and 
German Shepherd Dog. The skulls and mandibles were photographed from left side. The shape of skulls and mandibles were optimized 
by using tpsDig programme with 20 landmarks (in skulls), and 13 landmarks (in mandibles) on 2-D images. The skulls and mandibles were 
superimposed via PAST software and the principale component analysis was conducted. How and where the shape changes occurs in the 
cranium was shown using MorphoJ software. Also, morphological differences of the cranium between two groups were determined. As 
a result, German Shepherd Dog’s cranium were significantly seperated from the wolf’s cranium in respect of cranium shapes. In skull and 
mandible, about 70% and 78% of the total shape variation, is reflected by the first three principal components, respectively. Shape differences 
were most distinct in parietal, occipital, zygomatic, temporal bone and posterior mandible between two groups. The findings of the study 
are important in terms of evaluating the materials to be extracted from the area of archeological excavation and creating a database that will 
provide to prominent information about the history of domestication.
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Kurt ve Alman Çoban Köpeğinde Kafatasının Geometrik Morfometrik 
Analizi

Öz
Çalışmada Kurt ve Alman Çoban Köpeği’nin alt çene kemiği ve kafatası şeklinin geometrik morfometrik analiz yöntemi ile araştırılması 
amaçlandı. Bu amaçla kafatası ve mandibula sol taraftan fotoğraflandı. Kafatası ve alt çene kemiğinin şekli, 2D fotoğraf üzerinde 20 landmark 
(kafatasında) ve 13 landmark (alt çene kemiğinde) ile tpsDig programda optimize edildi. Kafatası ve mandibula’lar PAST yazılımı ile üst üste 
bindirildi ve temel bileşenler analizi yapıldı. Kafatası ve mandibula’daki şekil farklılıklarının nerede ve nasıl oluştuğu MorphoJ yazılımında 
görüntülendi. Ayrıca, iki grup arasında morfolojik şekil farklılıkları da belirlendi. Sonuç olarak, Alman çoban köpeği kafatasının şekilsel olarak 
kurt kafatasından önemli derecede ayrıldığı belirlendi. Kafatası ve alt çene kemiğinin ilk üç temel bileşeni toplam şekil varyasyonunun 
sırasıyla %70 ve %78’ini açıkladığı saptandı. İki grubun kafatasında şekil farklılıkları en fazla parietal, occipital, zygomatic, temporal kemiklerde 
ve mandibula’nın posterior’unda belirgindi. Çalışmanın bulguları arkeolojik kazı alanından çıkarılacak malzemelerin değerlendirilmesi ve 
evcilleştirme tarihi hakkında önemli bilgiler sağlayacak bir veri tabanı oluşturulması açısından önemlidir.

Anahtar sözcükler: Kurt, Alman Çoban Köpeği, Mandibula, Kafatası, Geometrik Morfometri

INTRODUCTION
Wolf (Canis lupus Linnaeus, 1758) is the first known 
animal to be domesticated as gray wolf or timber wolf [1]. 

Although archeological and genetic data inform us that 
domestication of wolves took place 16 thousand years 
ago, current studies also indicate that this period may date 
back to 36 thousand years ago [2]. The gray wolf (Canis lupus) 
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is a carnivore with a vast distribution range, occupying 
habitats in North America as well as in Europe and Asia [1]. 
Various subspecies of the gray wolf are identified due to 
morphological diff erences in color, size of body and bones, 
especially the skull, and behavior [3]. The German Shepherd 
dog is a breed of medium to large sized, slightly elongated, 
powerful and well-muscled with dry bone and firm overall 
structure and, originated from Germany [4]. 

The shape of the skull in dogs varies significantly among 
species and individuals in terms of its form and size [5]. 
The shape of the skull is the most important criteria in 
determining common dog breeds. Therefore, various 
researchers have examined the skulls of dog breeds 
anatomically [6]. Also, there are studies in which the skull 
and mandible of some dog breeds were examined using 
the classical morphometric method [7-10].

Geometric morphometric is a method of shape analysis 
defined as the analysis of all geometric information taken 
from Cartesian coordinates of anatomical points [11]. 
Geometric morphometry has also been proven to be a 
useful tool for the study of morphological evolution in 
mammals. This method is based on the analysis of data 
obtained from the anatomical points called landmark, 
which are identified in homologous regions which may 
reveal the shape and have reliability and reproducibility [11].
Many studies have been conducted on wolves and dogs 
using this method, which has been used extensively in
scientific studies in recent years [12-16]. Also, there are geo-
metric morphometric studies conducted on rodents [17], 
sheep [18], squirrels [19]. This study aimed to reveal similar 
or diff erent aspects of wolf and German shepherd dog 
cranium, which are very similar in an external examination, 
with the geometric morphometric method. 

MATERIAL and METHODS 
Ethical Approval

The Local Ethics Committee for Animal Experiments of the 
Mehmet Akif Ersoy University has granted the required 
permission (Date: June 07, 2017; no: 299).

Animals

Cranium of the 5 adult male wolves and 5 adult male 
German shepherd dogs were used in the study. The study 
materials were obtained from the German shepherd dogs 
and the gray wolves collected from the Kars-Ardahan-
Iğdır (in Turkey) region. The age and gender of the wolves 
and German Shepherd dogs were previously determined 
in the study. The animals used in the study were already 
death prior to the study and therefore no euthanize was 
needed to be performed.  

Geometric Morphometric Analysis

In the study, 2-dimensional photographs of the cranium 

(18X205 Canon EOS 1000D with Sigma lens) were taken 
from the left side at a latero-lateral position for the geometric 
morphometric analysis.

The photographs were taken from a distance of 1 meter 
by a camera placed on a tripod with a water gauge. 
The landmarks were detected in two phases using Tps 
programs over 2-dimensional photographs. In the first 
phase, the photographs were introduced into the program 
named tpsUtil Version 1.60 [20] and were saved as tps files. 
In the second phase, the landmarks were marked on the 
photographs through tpsDig2 Version 2.18 program [21] and 
Cartesian coordinates were determined. Twenty landmarks 
were taken on the skull (Fig. 1) and 13 landmarks were 
taken on the mandible (Fig. 2).

To remove the eff ect of factors such as direction, position, 

Fig 1. The points of landmarks on the cranium of the Wolf’s and German 
Shepherd dogs
1. Anterior point of the incisive bone (os incisivum), 2. Anterior point of the 
nasal cavity (cavitas nasalis), 3. Anterior end of the suture between nasal 
bones (os nasale), 4. Suture between nasal bone and nasal branch of 
premaxilla, 5. Level of angulus oculi medialis, 6. Anterior point of external 
sagittal crest (crista sagittalis externa), 7. Posterior point of external sagittal 
crest, 8. The midpoint of the posterior level of the external sagittal crest 
and the ventral level of occipital condyle (condylus occipitalis), 9. Most 
posterioventral point of the occipital condyle, 10. Posterior point of the 
zygomatic process of temporal bone (proc. zygomaticus ossis temporalis), 
11. Ventral point of retroarticular process (proc. retroarticularis), 12. Posterior 
end of the pterygoid process (hamulus pterygoideus), 13. The posterior point 
suture between the zygomatic process of temporal bone and temporal 
process of zygomatic bone (proc. temporalis ossis zygomaticus), 14. The 
superior point suture between the zygomatic process of temporal bone and 
temporal process of zygomatic bone, 15. Anterioventral point of zygomatic 
arch (arcus zygomaticus), 16. Posterior edge of 3rd molar alveolus, 17.
Posterior edge of 1st molar alveolus, 18. Anterior edge of 1st molar alveolus, 
19. Posterior edge of canine alveolus, 20. Anterior edge of canine alveolus
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and size on variation over the Cartesian coordinates that 
were obtained by marking of the landmarks, the data 
were overlapped by Generalized Procrustes Analysis and 
PAST 3.21 program [22]. Principal Component Analysis was 
performed over the new coordinates that were obtained 
by overlapping, and the shape variation was revealed in 

this way. Also, it was shown that the principal components 
caused what kind of shape changes on which landmarks 
using the MorphoJ 1.06 program [23]. The data on the 
landmarks were saved as a text file for statistical analyses.

RESULTS

Geometric Morphometric Values of the Skull

The first principal component explained to 42% of the 
total shape variation in this geometric morphometric 
study conducted on 10 skulls with 20 landmarks as shown 
in Table 1.

The skulls of wolves and German shepherd dogs were 
distinctly separated from each other for the first principal 
component according to the graph of principal component 
analysis in Fig. 3. When the groups were evaluated within 
themselves, German shepherd dogs showed a much 
greater variation than the wolves. Also, when all individuals 
were classified hierarchically, the individuals of both two 
groups were classified within their groups as indicated in 
Fig. 4.

Shape diff erences were the most distinct in os parietale, 
os zygomaticum, os temporale, and os occipitale in 
the analysis of the first principal component (Fig. 5). A 
significant shape diff erence, which is less distinct when 
compared with the other bones, was in os maxilla between 

Table 1. The values of principal component analysis for the skull

PC Eigenvalue % Variation

1 0.00135799 42.376

2 0.000481068 15.012

3 0.000434587 13.561

4 0.000319461 9.9687

5 0.000208181 6.4962

6 0.000158723 4.9529

7 0.000129919 4.0541

8 7.66E+00 2.3888

9 3.82E+00 1.1906

Fig 2. The points of landmarks on mandible of the Wolf’s and German 
Shepherd dogs
1. Anterior end of the corpus mandibula, 2. Anterior edge of the canine 
alveolus, 3. Posterior edge of the canine alveolus, 4. Anterior edge of the 
1st molar alveolus, 5. Posterior edge of the 1st molar alveolus, 6. Top of the 
coronoid process (proc. coronoideus), 7. Dorsocaudal end of the coronoid 
process, 8. Level of the mandibular incisura (incisura mandibula), 9. Caudal 
edge of the condylar process (proc. condylaris), 10. Caudal edge of the 
angular process (proc. angularis), 11. Level of ventral margin of the corpus 
mandibula at the level of posterior of the 1st molar alveolus, 12. Level of 
ventral margin of the corpus mandible at the level of anterior of the 1st molar 
alveolus, 13. Level of ventral margin of the corpus mandibula at the level of 
posterior of the canine alveolus

Fig 3. The graphic of principal component analysis for 
skull (GSD: German Shepherd dog, W: Wolf )
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Fig 4. The graphic of hierarchical classifi cation for skull (GSD: German 
Shepherd Dog, W: Wolf )

Table 2. The values of principal component analysis for the mandible

PC Eigenvalue % Variation

1 0.000973965 52.638

2 0.00029352 15.863

3 0.000228735 12.362

4 0.000172245 9.309

5 7.09E-02 3.8339

6 5.16E+00 2.7905

7 3.36E+00 1.8145

8 1.45E+00 0.7819

9 1.12E+00 0.60733

Fig 6. Lineal representation of the shape diff erences of 
skull for the first principal component

Fig 5. Landmark representation of shape diff erences 
of skull between wolf and German Shepherd Dog 
for the fi rst principal component

Fig 7. The graphic of principal component 
analysis for mandible (GSD: German Shepherd 
dog, W: Wolf )
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the two groups. Fig. 6 lineally showed how the overall skull 
shape varied between the groups.

The Geometric Morphometric Values of the Mandible

The first principal component explained to 53% of the total 

shape variation in this geometric morphometric study 
conducted with 13 landmarks as shown in Table 2.

In consequence of the analysis regarding the first principal 
component, the mandibles of the wolves and German 
shepherd dogs were distinguished from each other distinctly, 
according to the Fig. 7. When the groups were evaluated 
within themselves, in contrast to the skull, the mandible of 
wolves showed a much greater variation when compared 
with the German shepherd dogs. Also, when all individuals 
were classified hierarchically, the individuals of both two 
groups were classified within their groups (Fig. 8).

There were significant shape differences in all of the 
regions of mandible, but they were more distinct in 
posterior mandible in the analysis of the first principal 
component (Fig. 9).

Fig. 10 lineally showed how the overall skull shape varied 
between the groups.

Morphological Diff erences of the Skull

External sagittal crest (crista sagittalis externa) was observed 
to have a higher and caudoventral directional slope than os 
parietale in the wolves when compared with the German 
shepherd dogs at the level of landmark no. 6 and 7. The 
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Fig 8. The graphic of hierarchical classification for mandibles (GSD: 
German Shepherd Dog, W: Wolf )

Fig 9. Landmark representation of shape diff erences 
of mandible between wolf and German Shepherd 
Dog for the fi rst principal component

Fig 10. Lineal representation of the shape diff erences of 
mandible for the fi rst principal component
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caudal end of external sagittal crest reached occipital 
condyle (condylus occipitalis) with a concave curve in the 
wolves at the level of landmarks no.7 and 8. But the caudal 
end of external sagittal crest reached occipital condyle 
with a vertical slope in the German shepherd dogs (Fig. 1, 
Fig. 5, Fig. 6). 

When the skull was placed on a flat ground, the hamulus 
pterygoideus was inclined towards to caudoventral in the 
wolves, but it was relatively parallel to the ground in the 
German shepherd dogs at the level of landmark no.12 
(Fig. 1, Fig. 5, Fig. 6).

The concavity between the medial angle of the eye and 
frontal process of nasal congestion (processus (proc.) 
frontalis ossis nasalis) was relatively higher in the German 
shepherd dogs as shown in the landmark no.3, 4, 5 and 6 
(Fig. 1, Fig. 5, Fig. 6).

At the zygomatic arc, the upper edge of the zygomatic 
process of temporal bone (proc. zygomaticus ossis temporalis) 
was inclined towards to caudoventral in the wolves, but 
it was relatively parallel to the ground in the German 
shepherd dogs at the level of the landmarks no.13 and 14 
(Fig. 1, Fig. 5, Fig. 6).

Morphological Differences of the Mandible

The caudal end of the coronoid process was relatively 
inclined backwards in the wolf when compared with the 
German shepherd dog at the level of landmarks no. 7 and 
8 (Fig. 2, Fig. 9, Fig.10).

The ventral margin of mandible (margo ventralis mandibula) 
was more convex in the German shepherd dog when 
compared with the wolf at the level of landmarks no. 11, 
12 and 13 (Fig. 2).

The mental foramen (foramen mentale) in the caudal was 
placed at the ventral of 2nd and 3rd premolar tooth level in 
the wolves, but it was placed at the ventral of 3rd premolar 
tooth level in the German shepherd dogs (Fig. 2).

The landmark no.8 accounted for the fact that the 
mandibular notch (incisura mandibula) was relatively deeper 
in the wolves when compared with the German Shepherd 
dogs (Fig. 2, Fig. 9, Fig.10).

DISCUSSION

Wolves, which are used in hunting and for protection, 
have been transformed into dog breeds with different 
phenotypical characteristics in accordance with human 
needs with also the impact of artificial selection. Thanks to 
this transformation, it is known that 361 dog breeds, which 
have been defined by the World Canine Organization, 
exist today [4]. In the study, the cranium of the wolf and the 
German shepherd dog, a dolichocephalic breed, which 
has a similar skull image, have been analyzed in terms of 

their shapes. However, this study includes some limitations 
in terms of the number of wolf samples due to strict 
protection of this species by law, therefore the number 
of samples were kept minimum just to provide statistical 
meaning. However, in geometric morphometric studies, 
relatively small samples provide accurate results especially 
shape variation is in the case [24]. 

The shape of the cranium is associated with the differences 
in nutritional behavior along with the environmental and 
genetic factors [25]. The masticatory muscles, responsible 
for the feeding, form the main load of the skull and affect 
growth morphology [26]. The activation and coordination 
of the masticatory muscles determine the direction of the 
movement of the chin and control the masticatory force. 
At the same time, the difference in the skull and mandible 
in terms of shape affects the cross-sectional area of the 
masticatory muscles and therefore biting power [27].

External sagittal crest in carnivore is the anatomical 
structure which exists in the skull and constitutes a basis 
on the holding of especially masticatory muscles. Igado [28] 

reported that a distinct external sagittal crest existed in 
57.14% of the males and 66.67% of the females in at least 
2-years-old Nigerian Local dogs, but either it did not exist 
or was more flattened in the other skulls. Therefore, it was 
difficult to determine which gender had more powerful 
masticatory muscles [28]. However, the morphometric values 
of the skull increased with the age in the German shepherd 
dogs in the age group of 45-105 days was reported [7]. 
Based on this information, it was considered that external 
sagittal crest may become more distinct depending on the 
age [28]. Considering that the German shepherd dogs and 
the wolves that were employed in this study were adults, 
external sagittal crest was observed to have a higher than 
parietal bone and caudoventral directional slope in the 
wolves when compared with the German shepherd dogs 
at the level of the landmark no.6 and 7.

In a literature which examined the skulls and mandibles 
of Dinaric-Balkan and Carpathian grey wolves using the 
geometric morphometrics methods, it was reported that 
the difference in shape was statistically significant [29]. In 
the same literature, the most distinct difference of shape 
in the skull between the genders was an anterior-posterior 
shifting of zygomatic arches [29]. Milencovic et al.[29] also 
indicated that shift of zygomatic arches might have 
affected jaw movement. Similarly, in this study, the 
zygomatic arch was found to be significantly different in 
shape between the two groups, at the levels of landmarks 
no. 13 and 14. The top edge of zygomatic arc was inclined 
with caudoventral direction in wolves and relatively parallel 
to the ground in German Shepherd dogs. 

In the morphological study on wolf and dog skulls, Janssens  
et al.[8] stated that canine tooth remained on dorsal position 
in wolves and ventral position in dogs when the skull was 
put on a flat ground in such a way that it contacted the 
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ground at the level of bulla tympanica and 1st premolar 
tooth. In this study, unlike the findings of the researchers [8], 
canine tooth remained in ventral position in the wolves 
and German Shepherd dogs. Also, Milencovic et al.[29] 
notified that the facial bone was in dorsoflexion position 
in Dinaric Balkan wolves, and in ventro-flexion position in 
Carpathian wolves. These changes in nonallometric cranial 
flexion are associated with the changes in the convexity 
or concavity of mandible [29].

Milencovic et al.[29] reported that combination of the 1st 
and the 2nd principal component of mandible explained 
to 64.7% of nonallometric shape variation in Dinaric 
Balkan wolves (female and male) and Carpathian wolves. 
In the literature, it was declared that mandible was more 
concave in Dinaric-Balkan wolves when compared with 
the Carpathian wolves [29]. In the present study, the first 
principal component in mandible explained to 53% of 
total shape variation and corpus mandible was determined 
to be more convex in German Shepherd dogs when 
compared with the wolves.

Olsen and Olsen [30] reported that the turned back 
morphological structure of dorsal part of ramus mandible 
was specific in domestic dogs and Chinese wolves (Canis 
lupus chanco) and did not exist in other dogs. On the other 
hand, Janssens et al.[31] stated that the coronoid process 
of mandibles of all dog species did not have a specific 
“turned back morphology” in consequence of their study 
on 384 dog skulls from 72 breeds and 60 wolf skulls from 
4 wolf subspecies. Therefore, researchers [31] indicated that 
this feature could not be used in the distinction of dog 
or wolf species. In this study, at the levels of 7th and 8th 
landmarks, the caudal end of coronoid process was observed 
to be relatively “turn back morphology” in wolves when 
compared with German shepherd dogs.

In conclusion, it is a fact that the differences and data 
determined between the head bones of the wolf and 
the German shepherd dog will contribute to the inter-
pretation of osteoarcheological remains excavated from 
archeological sites. Besides, it is considered that this study 
will support morphometric or geometric morphometric 
studies to be conducted on the other species of the family 
Canidae.  
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