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Summary: Mediterranean monk seal is one of the endangered species and it is estimated that the total number of this aquatic
mammal is less than 600 all over the world. The cranium and the mandible of 2 male and 1 female seals which lived in Turkish
coasts and washed ashore as dead were examined morphometrically and macro anatomically. The craniometric measurements were
carried out from the reference points. The mean weight of the cranium and the mandible was 1168 g and mean length of the cranium,
from acrocranion to prosthion, was 26.86 cm, mean length of the mandible, from condylar process to cranial part of alveolar
(infradental) arch, was measured as 20.03 cm. The aim of this study which included 35 parameters for cranium and 11 parameters for
mandible was to reveal the morphometric and certain macroanatomic data concerning the Mediterranean monk seal lived in Turkish
coasts and to shed a light to the studies on the endangered species.
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Akdeniz Foku (Monachus monachus, Hermann 1779) kafatasinin kraniyometrik olgiileri ve bazi
anatomik ozellikleri

Ozet: Akdeniz Foku nesli tikenmekte olan hayvanlar arasinda bulunan bir deniz memelisidir ve sayisinin diinya genelinde
600’den daha az oldugu tahmin edilmektedir. Tiirkiye kiyilarinda yasamis ve 6lii olarak kiytya vurmus Akdeniz foklarindan 2 erkek,
1 disi olmak tizere toplam 3 adet ergin hayvanin cranium ve mandibula’lar1 morfometrik ve makroanatomik olarak degerlendirilmis
ve referans gosterilen noktalardan kafatasi Olgiimleri alinmistir. Kafatasinin mandibula ile birlikte ortalama agirligi 1168 gr,
kafatasinin ortalama uzunlugu (akrokranion’dan — prosthion’a) 26,86 cm, mandibula uzunlugu da [processus condylaris’ten — arcus
alveolaris’in 6n ucuna (infradentale)] ortalama 20,03 cm olarak 6l¢iilmiistiir. Kafatasinda 35, mandibula’da 11 parametrenin alindig:
bu ¢alismanin amaci, Tiirkiye kiyilarinda yasayan Akdeniz Foklarinin kafatasina ait morfometrik ve bazi makro anatomik bilgileri
ortaya koymak, ayrica nesli tiikkenmekte olan hayvanlarda yiiriitiilen caligsmalara 1s1k tutmaktir.

Anahtar Sozciikler: Akdeniz foku, kafatasi, kraniyometri, morfometri

of this species prefer to live in individuals on the contrary
to their relatives (21).

Introduction
Every passing day changing of environmental

conditions and climatic factors cause danger for living
things and Mediterranean monk seal is one of the
endangered species (17, 23). It is estimated that the total
number of these aquatic mammals is less than 600 all
over the world (8, 19, 21).

Taxonomically, Mediterranean monk seal belongs
to the class of mammalia, phylum of placentalia, order of
carnivora, pinnipedia suborder, phocidae family and
monachus genus (19). However, this species, “Monachus
monachus” by Hermann (1779), is generally known as
Mediterranean monk seal, the population split into two
principal subpopulations living in the eastern Atlantic
and Mediterranean waters (8, 15, 16, 21). The members

Considering the previous studies, certain
characteristics, lifestyles, the territorial zones (1, 2, 3, 5,
7, 20) and behavior properties (10, 28) of the endangered
species were studied. Also the morphology of the female
genital organs (4), osteoporosis cases (24), calculation of
the survival rate based on certain physical features (6),
the relationship between mastication and the masticatory
muscles (14), infections (29) and computed tomography
of the cranium (13) were already researched.

Certain researches can be sited about the biology,
status and distribution of the Mediterranean monk seals
living on Turkish costs (17, 23, 25, 26). The members of
Underwater Research Society (SAD) - Mediterranean
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Seal Research Group (AFAG) regularly continue the
scientific researches mainly about those above in monk
seals (17, 18, 21, 22, 23).

Field studies are generally based on in-situ non-
invasive observations of the seals in their natural habitat
or in conservation (8, 19, 21, 22). But, the number of
quantitative researches about cranium morphometry in
monk seals is quite few and studies conducted on
morphometrical analyses of the skulls were performed
especially on those lived in Adriatic Sea (15, 16). The
craniometric information about Mediterranean monk
seals living on the Turkish coasts is limited or unstated in
current articles (18, 22, 23, 25, 26).

The cranium bones are examined in two main parts
as neurocranial bones (occipital, interparietal, basisphenoid,
presphenoid, pterygoid, temporal, parietal, frontal and
ethmoid bones) and facial bones (nasal, lacrimal,
maxillar, incisive, palatine, zygtomatic bones and the
mandible) (12). The anatomy of these structures might
probably be varied with the effects of behavior types,
feeding habits and other typical characteristics of the
species and these variations can present efficient data to
the researchers.

The aim of this study was to reveal some
anatomical features and measurements of bones that
constitute the cranium of monk seal, to give an
opportunity for the comparison of the findings with the
data obtained in the past and also to shed a light to the
studies planned in the future.

Materials and Methods

The study material was consisted of the cranium
and mandible bones as follows; (No 1.) An adult male
Mediterranean Monk Seal which was sent to Ankara
University Faculty of Veterinary Medicine Department
of Anatomy by SAD-AFAG and was found as dead on
the Catalada island Bodrum Turgutreis offshore, (No 2.)
an adult male Mediterrancan Monk Seal in Adnan
Menderes University Faculty of Veterinary Medicine
Department of Anatomy, (No 3.) an adult female
in Kusadast Doganbey
National Park Museum. The cranium and mandible sent
by SAD-AFAG were macerated. The bones belong to the
other two Mediterranean monk seals had been macerated
previously. The length measurements belong to three
craniums and mandibles and the measurements of the
specific structures referenced before (11), were taken by
The weight
measurements, except the one in the Doganbey Museum,

Mediterranecan Monk Seal

digital calipers and measuring tape.

were taken by assay balance.

Table 1. Measurements of the cranium in Mediterranean monk
seal.
Tablo 1. Akdeniz foku’nda cranium’un 6l¢timleri.

E/Ir:;slilemen ts No 1 No2 No3 Average
1 29.0 26.0 25.6 26.86
2 28.4 27.1 254 26.96
3 26.5 259 24.0 25.40
4 09.1 10.0 07.0 08.70
5 17.4 15.1 16.3 16.26
6 25.2 24.7 24.8 24.90
7 08.8 08.5 08.4 08.56
8 11.5 11.8 09.0 10.76
9 18.0 18.2 17.9 18.03
10 05.2 08.0 03.2 05.46
11 08.4 09.1 08.3 08.60
12 11.8 12.8 11.5 12.03
13 13.1 12.6 114 12.36
14 01.7 02.7 02.3 02.23
15 02.9 02.4 02.1 02.46
16 06.5 05.8 06.2 06.16
17 04.1 04.3 03.6 04.00
18 17.2 11.2 16.6 15.00
19 15.3 14.0 16.7 15.33
20 06.6 06.6 05.8 06.33
21 11.4 09.4 10.2 10.33
22 02.6 03.0 04.0 03.20
23 02.2 03.5 03.2 02.96
24 11.7 11.2 11.3 11.40
25 19.1 19.9 17.4 18.80
26 03.5 03.4 02.7 05.20
27 03.7 03.9 02.9 03.50
28 07.4 07.7 06.4 07.16
29 08.8 08.8 06.5 08.03
30 04.9 05.9 05.1 05.03
31 07.2 06.6 05.3 06.36
32 08.4 06.5 06.9 07.26
33 08.9 09.6 09.1 09.20
34 07.9 08.9 08.4 08.40
35 09.0 09.3 08.3 08.86

Table 2. Measurements of the mandible in Mediterranean monk
seal.
Tablo 2. Akdeniz Foku’nda mandibula’nin 6l¢iimleri

Mandible No 1 No 2 No 3 Average
Measurements

1 19.6 20.8 19.7 20.03
2 18.3 19.1 18.3 18.50
3 18.0 18.6 18.1 18.23
4 17.8 17.8 17.4 17.66
5 16.4 16.6 15.9 16.30
6 16.4 16.7 15.7 16.26
7 06.9 06.5 06.8 06.73
8 02.1 02.3 01.7 02.03
9 08.9 06.5 07.5 07.63
10 03.6 03.6 03.2 03.46
11 04.1 03.8 03.3 03.73
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Figure 1. Landmarks for the measurements of the Mediterranean monk seal’s cranium (Parameter numbers shown on Figure 1 were
detailed in the text), A. Dorsal, B. Basal, C. Occipital aspect, D. Mandible

Sekil 1. Akdeniz Foku cranium’unun Slgiimleri i¢in segilen noktalar (Sekil 1 iizerindeki gosterilen parametre rakamlart metinde
detaylandirilmistir), A. Dorsal, B. Basal, C. Occipital gériiniim, D. Mandibula.

Parameters for the cranium (Figure 1.A; B; C)

1.
2.

8.
9.

Total length: Acrocranion - prosthion

Condylobasal length: Aboral border of the occipital
condyles — prosthion

Basal length: Basion — prosthion

Basicranial axis: Basion — synsphenion (intersphenoid
suture)

Basifacial axis: Synsphenion — prosthion
Neurocranium length: Basion — nasion

Upper neurocranium length: Acrocranion — Frontal
midpoint

Viscerocranium length: Nasion — prosthion

Facial length: Frontal midpoint — prosthion

10. Greatest length of the nasals: Nasion — rhinion
11. Snout length: Oral border of the orbits — prosthion

12.

13.

14.

15.

16.

17.

Median palatal length: Staphylion — prosthion

Palatal length: The median point of intersection of
the line joining the deepest indentations of the
choanae — prosthion

Length of the horizontal part of the palatine:
Staphylion — palatinoorale

Length of the horizontal part of the palatine
corresponding to 13

Length of the cheektooth row (measured along the
alveoli on the buccal side)

Greatest diamater of the auditory bulla: From the
most aboral point of the bulla on the suture with the
paraoccipital process up to the external carotid
foramen
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18.

19.
20.
21.

22.
23.
24.

25.
26.

27.
28.

29.
30.

31.
32.
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Greatest mastoid breadth = greatest breath of the
occipital triangle: Otion — otion

Breadth dorsal to the external auditory meatus
Greatest breadth of the occipital condyles

Greatest breadth of the bases of the paraoccipital
processes

Greatest breadth of the foramen magnum

Height of the foramen magnum: Basion — opisthion
Greatest neurocranium (ossa cranii) breadth =
greatest breadth of the braincase: Euryon — euryon
Zygomatic breadth: Zygion — zygion

Least breadth of skull = least breadth aboral of the
supraorbital processes

Frontal breadth: Ectorbitale — ectorbitale

Least breadth between the orbits: Entorbitale —
entorbitale

Greatest palatal breadth: measured across the outher
borders of the alveoli

Least palatal breadth: measured behind the canines
Breadth at the canine alveoli

Greatest inner height of the orbit

33. Skull height. The two pointers of the slide gauge are

placed basally on the basis of the skull and dorsally
on the highest elevation of the sagittal crest

34. Skull height without the sagittal crest. The slide

gauge is placed in the same position as for M 33 with
the difference that the upper pointer is placed beside
the sagittal crest on the highest point of the braincase

35. Height of the occipital triangle: Acrocranion —

Basion

Parameters for the mandible (Figure 1.D)

1.

2.
3.

Total length: Length from condylar process -
infradentale

Length: The angular process — infradentale

Length from the indentation between the condylar
process and the angular process — infradentale
Length: The condylar process — aboral border of the
canine alveolus

Length from the indentation between the condylar
process and the angular process — aboral border of
the canine alveolus

Figure 2. View of the Mediterranean monk seal’s cranium, A. Dorsal, B. Lateral, C. Cranial, D. Basal aspect.

1. External sagittal crest, 2. Nuchal crest, 3. Circular hole at the basal part of occipital condyles, 4. Parietal bone, 5. Nasal Bone, 6.
Lamina of nasal conchae.
Sekil 2. Akdeniz Foku cranium’unun goriiniimii, A. Dorsal, B. Lateral, C. Cranial, D. Basal goriiniim.

1. Crista sagittalis externa, 2. Crista nuchae, 3. Condylus occipitalis’lerin basal’inde sirkiiler delik 4. Os parietale, 5. Os nasale, 6.
Conchae nasales’e ait lamina.
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6. Length: The angular process — aboral border of the
canine alveolus

7. Length: The aboral border of the alveolus of M5 —
aboral border of the canine alveolus

8. Greatest thickness of the body of jaw (below M1)

9. Height of the vertical ramus: Basal point of the
angular process — coronion

10. Height of the mandible behind M1, measured on the
lingual side and at right angles to the basal border

11. Height of the mandible between M2 and M3,
measured on the lingual side and at right angles to
the basal border.

Results
The weight of the cranium and the mandible of the
Mediterranean Monk Seal sent by SAD — AFAG to
Ankara was found as 845 g and 313 g respectively. When
the bones formed the cranium were analyzed, it was

observed that the external sagittal crest (Figure 2.A.1;
B.1) was not significant. The nuchal crest went through
laterally and caudoventrally (Figure 2.A.2; B.2). A
circular hole was found close to the foramen magnum at
the basilar part of the occipital bone (Figure 2.D.3;
Figure 4.B.7). Parietal bone was more protuberant and
wide laterally, so cranial cavity took a wide form (Figure
2.A.4; B.4). Frontal bone had neither a frontal fossa nor a
zygomatic process. However there were two prominent
processes at the back, on the front edge of the parietal
bone and at the front between maxillary and the lacrimal
border, these structures didn’t seem like zygomatic
process of the frontal bone. It was determined that the
frontal bone was prolonged toward the front; thereby
maxilla was short (Figure 3.A.1; B.1; D.1). Orbit was
wide. On the medial face of the orbit, there was a
considerably wide hole (length 41 mm; width 20 mm)
with irregular edges like lacerated foramen and it was
opened into the nasal cavity (Figure 3.A.2; B.2; D.2).

Figure 3. View of the Mediterranean monk seal’s cranium and mandible, A. Caudolateral, B. Caudodorsal, C. Lateral mandibular, D.

Craniolateral aspect.

1. Frontal bone, 2. Hole in the medial face of orbit, 3. Incisive bone, 4. Coronoid process, 5. Angular process, 6. Masseteric fossa, 7.

Mental foramina.

Sekil 3. Akdeniz Foku cranium’unun ve mandibula’sinin goriiniimii, A. Caudolateral, B. Caudodorsal, C. Lateral mandibular, D.

Craniolateral goriinim.

1. Os frontale, 2. Orbita’nin medial yiiziindeki delik, 3. Os incisivum, 4. Processus coronoideus, 5. Processus angularis, 6. Fossa

masseterica, 7. Foramina mentalia.
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Figure 4. View of the Mediterranean monk seal’s cranium (with mandible) and mandible, A. Dorsal, B. Basal, C. Lateral, D. Dorsal

mandibular aspect.

1. Nasal bone, 2. Incisive bone, 3. Medial face of coronoid process, 4. Masseteric fossa, 5. Mandibular foramen, 6. Mental foramina,

7. Circular hole at the basal part of occipital condyles.

Sekil 4. Akdeniz Foku cranium’unun (mandibula ile birlikte) ve mandibula’sinin goriiniimii, A. Dorsal, B. Basal, C. Lateral, D.

Dorsal mandibular gériinim.

1. Os nasale, 2. Os incisivum, 3. Processus coronoidus’un medial yiizii , 4. Fossa masseterica, 5. Foramen mandibulae, 6. Foramina

mentalia, 7.Condylus occipitalis’lerin basal kismindaki sirkiiler delik.

Figure 5. Lateral view of the Mediterranean monk seal’s cranium
(with mandible).

Sekil 5. Akdeniz Foku cranium’unun (mandibula ile birlikte)
lateral’den goriinimii.

Temporal process of the zygomatic bone was slightly
bifurcated and zygomatic process of the temporal bone
was bonded to this bifurcation. As a result of the
cranially over extention of frontal bone, the nasal bones
were formed short and broadened toward the front
(Figure 2.A.5; C.5; Figure 4.A.1). It was detected that the
zygomatic arch curved prominently. The distance
between the maxillary and the infraorbital foramina was
measured as 15 mm. When nasal cavity was examined, it
was observed that the nasal conchae were formed from
dense, thin layers that fill the entire nasal cavity (Figure
2.C.6). Incisive bone was ended in the front as blunt and
this formation affected the structure of mouth (Figure
3.D.3; Figure 4.A.2).

The coronoid process of the mandible was short and
thick (Figure 3.C.4) and on the medial face at the back, a
prominent cavity was observed (Figure 4.D.3). Angular
process was not significant. But it was formed at the
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caudal edge of ramus of the mandible, not on the apex
(Figure 3.C.5). The masseteric fossa was not so deep and
had linear marks parallel to its long axis (Figure 3.C.6;
Figure 4.C.4). Mandibular foramen was observed more
inferior (Figure 4.D.5). Also number of mental foramina
varied between 4-6 (Figure 3.C.7; Figure 4.C.6). There
was no premolar and molar differentiation in both
maxillary and mandibular arch and both had 4 incisive, 2
canine and 10 molar teeth (Figure 3.C; Figure 4.D;
Figure 5). Thus it was determined that Mediterranean
Monk Seal had totally 32 teeth.

Discussion and Conclusion

Gomercic et al. (15) have indicated some
craniometric measurements for the monk seal. They’ve
used 24 parameters in their study and total cranium
length was found as 24.77 cm. In the present study, 3
craniums were examined and average length of the
craniums was measured as 26.86 cm.

In a study (16), craniometric findings of two years
old male Mediterranean Monk Seal lived in Adriatic Sea
were revealed. Measurements from 17 points of cranium
and mandible were performed and height of the coronoid
of mandible was found as 44 mm. In the present study,
together with the mandible, totally 46 points were
measured and average height of the coronoid was found
as 76 mm.

In two different studies (8, 27) head of 17
Mediterranean Monk Seals obtained from the museums
in Italy were analyzed in terms of the geometric
morphometric analysis of the bone shapes and bone
density. Thus, it was tried to determine the age and the
gender with this methods. The findings of the studies
offered limited estimation to the researchers, besides it
was expressed that advanced geometric morphometric
techniques would be more useful. In the present study the
craniums belonged to the animals died in recent years
and these animals were registered in detail. Information
about the gender and age is available; therefore
geometric measurements and bone density measurements
were found unnecessary.

Cruwys and Friday (9) measured the condylobasal
length of head of 999 adult seal, sea lion and fur seals
and it was determined that this length continued to
lengthen after reaching to puberty. In the present study
condylobasal length of cranium of Mediterranean Monk
Seal was measured as 26.96 cm in average.

As compared to dogs, it was observed that the
external sagittal crest was not significant and the parietal
bone was more protuberant and wide laterally. The
zygomatic arch curved prominently. Besides, the
coronoid process of mandible was short and thick similar
to dog. The mandibular foramen was observed more
inferior as compared to other mammals. As seen on

bovidae, the temporal process of the zygomatic bone was
slightly bifurcated and the zygomatic process of the
temporal bone was bonded to this bifurcation (12).

In a study conducted by Johnson et al. (19),
Mediterranean Monk Seals had 4 incisive, 2 canine and
10 molar teeth in both mandibular and maxillar bone. In
this study, parallel to the study of Johnson et al. (19),
Mediterranean Monk Seal had totally 32 teeth with 4
incisive, 2 canine and 10 molar in both mandibular and
maxillar bone.

This study will make a contribution to basic
anatomical information about the Mediterranean monk
seal, one of the endangered species that lives in Turkish
coasts.
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