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1. Introduction
While studies of ancient cattle bones mainly confirmed the 
use of these animals for meat, milk, or leather acquisition, 
information on their various secondary uses such as 
transport and labour has been relatively limited [1]. 
Although there is plenty of evidence for the use of cattle in 
labour and transport in, e.g., visual (paintings, sculptures, 
etc.) and written archaeological sources, understanding their 
labour effort at any archaeological sites has been limited due 
to the scarcity of zooarchaeological evidence. As a source 
of valuable products and labour force, cattle are common 
in archaeological faunal assemblages. Cattle bones have 
always been the focus of zooarchaeological studies, not only 
because of being important consumption waste materials, 
but also because of their potential pathologies that may 
have resulted from the animal use in labour [1]. Therefore, 
detailed analysis of such pathologies with advanced methods 
could provide more convincing evidence broadening our 
understanding of animal usage in ancient societies.

One of the pathologies that attract attention in the 
archaeological cattle is the perforations observed in the 
nape of these animals [1]. The round-shaped perforations 
in ancient cattle skulls have been observed for a long 
time [2,3], and such examples were identified at many 
excavation sites [1,2,4-8]. Possible etiological factors for 
these perforations in the nuchal region were discussed in 
different studies [2,4]. Although such factors as parasites, 
neoplastic tumours, or infections were considered 
apparent causes [2], congenital conditions or the effects 
of yoke strikes were suggested as more likely responsible 
[1,2,4,7].

Regular use of yokes on cattle horns or neck can cause 
depressions in the horn cores as well as deformations in 
the cervical or first thoracic vertebrae [9]. Perforations in 
the nuchal part of cattle skull can be identified as a possible 
consequence of an acute inflammation caused by increased 
vascularisation from the yoke-load [3]. However, the fact 
that these perforations were also observed in wild bovids 
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suggests that, rather than the pressure from the yoke, 
congenital factors can also be potentially responsible [8]. It 
is well known that cribra cranii or cribra orbitalia in human 
bone materials may result from persistent physiological 
stress. Therefore, this potential explanation of the nuchal 
perforations in cattle shall be taken into consideration 
[10].

Cattle skulls with rounded ante mortem perforations 
have been discovered from ancient times; for example, 
the Neolithic specimens from Spiennes, Hainaut, Belgium 
appeared to be the earliest examples [11]. Roman cattle 
skulls with ante mortem perforations came from such 
sites as Namur and northern Gaul, Belgium [1,2], Lincoln, 
Welton Road and Wellington Row, Great Britain [5,12,13], 
and Sagalossos, Türkiye [1]. Nuchal perforations from the 
medieval times were reported from a Merovingian well 
in Ghent, Belgium [2], York, England [3], or Haithabu 
and Lübeck, Germany [14,15]. Archaeological evidence 
of pathological changes attributed to the use of cattle as 
labour animals is very uncommon in Anatolia. Just a few 
cattle horns flattened on the rostral surface were reported 
from the Bronze Age site of Demircihöyük [16]. A similarly 
flattened cattle horn was found in the Hittite capital 
Boğazköy-Hattusa [17]. Extreme pathological changes 
in the first phalanges from Sagalossos were suggested as 
evidence of the use of draught cattle [1]. Apart from that, 
there are no more studies discussing possible use of cattle 
as draught animals or the use of yoke-loaded cattle at 
archaeological sites in Anatolia.

The site of Yenikapı (41 0′19.95″N 28 57′6.30″E) was 
one of the most important sea ports in the Byzantine 
capital Constantinople. The harbour, known as the ancient 
Theodosius harbour (Portus Theodosiacus), was built in 
the late 4th century, at the mouth of the Lycus stream 
(Bayrampaşa Deresi), which ran through Constantinople 
to the Sea of Marmara. The harbour was in active use 
until the 11th century, serving as an important hub for 
international trade and commerce. As part of the Marmaray 
tunnel project beneath the Bosporus, salvage excavations 
were conducted at the site between 2004 and 2013. They 
covered an area of over 58.000 m2 and unearthed extremely 
rich Byzantine assemblages including over 37 shipwrecks, 
amphorae, pottery, wooden and metal artefacts, as well as 
a large assemblage of animal remains comprising over 57 
species [18-20].

In this study, we present computed tomography 
(CT) and osteological observations on an assemblage 
of 17 Byzantine cattle skulls from Yenikapı-Metro and 
Marmaray excavation showing the evidence of nuchal 
perforations. 

Among the total of 65.535 (NISP = 65.535) skeletal 
remains unearthed between 2004 and 2013, 25.7% of the 
bones were identified as cattle. This seems to be one of 

the most numerous bovine assemblages recovered from 
any of Byzantine period sites. The Lycus stream probably 
regularly carried butchery wastes, residues, and dead 
bovines from Constantinople, depositing them into the 
harbour area. Various activities at the harbour also resulted 
in the deposition of faunal remains on its bottom. Over 
seven centuries this led to the accumulation of extremely 
large number of complete animal bones, including cattle 
bones and skulls. Hence, the cattle remains from Yenikapı 
Metro and Marmaray excavations opened new possibilities 
of studying the human-cattle relationships, as well as the 
biological and cultural status of cattle in the Byzantine 
world. As the first attempt of CT on any Byzantine cattle, 
this study sheds new light on biocultural status of cattle as 
well as human-cattle relationships in the Byzantine world.

The skulls constituted 4.2% (NISP = 711) of total cattle 
remains from Yenikapı [21]; among them, 17 (2.4%) skulls 
exhibited nuchal perforations. Cut marks on many skulls 
as well as other post cranial skeletal elements indicated 
that most of the cattle remains were accumulated into 
the harbour as consumption waste from Constantinople 
[18, 19, 21-23]. With the help of CT, this study presents 
osteological observations of the nuchal perforations in 
the cattle skulls, as well as revealing new information on 
their possible causes and relationship with other cranial 
structures.

2. Materials and methods
A total of 17 excavated cattle skulls with the nuchal 
perforations were analysed in this study. Their age was 
determined based on the eruption status of permanent 
teeth and closure time of cranial sutures [24]. The eruption 
of permanent incisors (dentes incisivi) in cattle starts at the 
age of 1–1.5 years and is completed at 3.5–4 years [24]. The 
closure of the cranial sutures begins from the posterior 
part of the skull at 6 months, while in ossa faciei the closure 
can continue until 15–40 years of age. Age estimation of 
the specimens lacking permanent incisors was made 
according to the closure time of the cranial sutures [25]. 
Sex of the animals was determined according to biometric 
data and curvature and torsion classification proposed by 
Sykes and Symmons [26]. For this purpose, measurements 
of the basal circumference (BC), minimum basal diameter 
(BB), and the curvature and torsion of horns were used.

Although the samples were unearthed from 
chronometrically dated Byzantine layers, in order to 
reconfirm the dating of the skulls with nuchal perforations, 
four specimens selected according to the grid-square and 
spatial context of the excavated area were sent to the Oxford 
University Radiocarbon Unit (UK). The radiocarbon 
dating is presented in the results section (Table 1, Figure 1).

The condition of each skull was evaluated in the context 
of nuchal perforations. Anatomy of the perforations (i.e. 
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Table 1. Radiocarbon dates of Yenikapı cattle skulls.

Lab-code Sample ID Sample type δ 13C (‰) 14C age BP % calAD

OxA-30491 No.1 Skull No. 2, Cattle (Bos taurus) −17.88 1177 ± 23
91.5% 772–896
3.9% 928–941

OxA-30398 No.3 Skull No. 4, Cattle (Bos taurus) −19.17 1138 ± 25
3.8% 777–791
6.2% 806–842
85.4% 861–981

OxA-30490 No.7 Skull No. 3, Cattle (Bos taurus) −20.88 1109 ± 25 95.4 887–991

OxA-30399 No.14 Skull No. 5, Cattle (Bos taurus) −17.98 1172 ± 27
85.2% 771–901
10.2% 920–953

δ13C: Carbon 13 (a stable isotope of carbon); 14C: Carbon 14 (a stable isotope of carbon); BP: Before Present; calAD: calibrated 
date.

Figure 1. Calibrated date range (calAD) of the cattle skulls from Yenikapı Metro and Marmaray excavations. This plot shows how 
the radiocarbon measurements (14C age BP) were calibrated. The left-hand axis shows radiocarbon concentration expressed in years 
“before present, 1950”, and the bottom axis shows calendar years (derived from IntCal13 calibration curve). The blue curve shows 
IntCal13 calibration curve derived from direct 14C measurements (±one standard deviation), and the red curve on the left indicates 
the radiocarbon concentration in the sample. The grey histogram shows possible age of the sample (the higher the histogram, the more 
likely that age is).
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single or multiple) and time of their occurrence (ante 
mortem or post mortem) was established. Morphometric 
measurements, mainly of two transverse planes (medio-
lateral and dorso-basal diameter), were taken after detailed 
macrophotographing of the pathological defects of each 
skull.

Computed tomography (CT) scans were taken with 
Siemens Somatom Definition Flash CT, Multislice 256 
scanner (Scom time 4–5 s, rotation time 0.5 s). One 
millimetre reformat images were evaluated by taking shots 
of 6-mm sections. This way, detailed relationships between 
the structural features of the nuchal perforations and their 
related cranial structures (especially sinus frontalis) were 
revealed. We were also able to determine whether the 
perforations were associated with superficial or cranial 
structures.

3. Results
Only one of 17 skulls was not fragmented (No.1) and the 
other included only the cranium with the nuchal region. 
Radiocarbon dating was performed for four skulls, and 
they were found to be 1100–1200 cal BP (Table 1, Figure 1).

No.1
This specimen consisted of a complete skull. Sex and 

age determination indicated that the skull belonged to a 

7–10-year-old ox. The skull featured a single perforation 
in the nuchal region (Figure 2).

The perforation was located on the dorsal side, near 
linea nuchae, to the left of the midline. It was elliptical, 
with indented edges, and smooth walls towards inside. 
The perforation appeared when the animal was alive (ante 
mortem). Its medio-lateral diameter reached 3.51 mm, 
and dorso-basal one 2.76 mm. No computed tomography 
imaging of this skull was performed. The opening point 
of the perforation was osteologically examined under a 
stereoscopic microscope and it was found to be related 
with sinus frontalis.

No.2
This skull fragment only included a dorsal and 

posterior region and belonged to a 3–4-year-old cow 
(Figure 2). A prominent, single, and relatively elliptical 
hole was detected in its nuchal region. The perforation was 
located caudally and near protuberantia intercornualis, to 
the right of the median line and dorsally to linea nuchae. 
It had rounded edges and smooth inner walls, and was 
associated with the right sinus frontalis (Figure 3). Its 
medio-lateral diameter was 5.90 mm, and dorso-basal 
one 3.53 mm. Apart from this perforation, two other 
small perforations with indented edges were identified on 
linea nuchae, to the left of the median line. However, no 

Figure 2. Nuchal view and nuchal perforations in Yenikapı cattle skulls (part 1).
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connection between these small holes and sinus frontalis 
was established. No evidence of an inflammatory reaction 
was observed in the bone of the nuchal region where the 
perforations were located. The perforation with rounded 
edges was ante mortem and existed during the lifetime of 
the animal.

No.3
This skull fragment consisted of a dorsal and posterior 

part (Figure 2). It belonged to a cow that was 4–5 years old 
at death.

Two perforations, a round and an elliptical one, were 
observed in its nuchal region (Figure 2). The smaller 
round perforation was located caudally, near protuberantia 
intercornualis, to the right of the median line. Its edges were 
round and the inner wall was smooth. The medio-lateral 
diameter of the perforation was 5.92 mm and the dorso-
basal diameter was 4.67 mm. The second perforation was 
elliptical in shape and was located above linea nuchae, to 
the left of the median line. It had a smooth inner wall and 

relatively indented edges. Its medio-lateral diameter was 
11.99 mm, and the dorso-basal one 6.54 mm. The edges 
indicated that both perforations appeared ante mortem.

CT imaging of the skull showed that the perforation 
was located caudally, near protuberantia intercornualis and 
to the right of the median line and was connected to the 
right sinus frontalis (Figure 3: above), while the elliptical 
perforation was located dorsally to linea nuchae and to 
the left of the median line was connected to the left sinus 
frontalis (Figure 3: middle and below).

No.4
The facial region of this skull was fractured (Figure 2). 

It belonged to a young cow that died at the age of 2 or 3 
years.

The skull featured a well visible perforation on 
the median line, caudally and near protuberantia 
intercornualis, at the border of os interparietale and os 
frontale (Figure 2). The perforation was oval in shape with 
rounded edges and smooth walls towards the inside. The 

Figure 3. Computed tomography (CT) view of nuchal perforations in Yenikapı cattle skulls (L: left): No.2: upper image, the 
perforation; lower image, its connection to sinus frontalis (red arrows); No.3: upper image, the perforations; middle and lower 
images, their connection to sinus frontalis (red arrows); No.4: left images, the perforations; right images, their connection to 
sinus frontalis (red arrows); No.5: upper image, the perforation; lower image, its connection to sinus frontalis (red arrows).
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medio-lateral diameter was 6.30 mm, and the dorso-basal 
one was 2.75 mm. Computed tomography of the opening 
point revealed that the perforation was connected to sinus 
frontalis (Figure 3).

Four other small perforations were also identified to 
the right and left of the median line, dorsally and near 
linea nuchae (Figure 2: arrows). The perforations were 
still at their primary stage of development. Two of them, 
located on the left side, had rounded edges and were 
connected to sinus frontalis. The opening points of the 
other two with rounded edges, located on the right side, 
were indeterminate.

In addition to these ante mortem perforations, a large 
foramen mastoideum was also detected to the left of squama 
occipitalis (Figure 2: No.4/B), and a post mortem fracture 
was noted close to the right horn, dorsally to linea nuchae 
(Figure 2: No.4/C). The perforation on the left was more 
regular in shape and with round edges (Figure 2: No.4/B), 
while the one on the right resembled a fracture (Figure 2: 
No.4/C). The perforation on the left was connected to the 
left sinus frontalis (Figure 3).

No.5
This skull fragment only consisted of a dorsal and 

posterior part (Figure 2). Sex and age determination 
indicated that it belonged to a cow that was 4–5 years old 
at death.

A total of three perforations were found in the nuchal 
region of this specimen. One large perforation was located 
to the right of the median line, along linea nuchae, a 
small perforation was found on the median line of os 
interparietale; and another small one to the right of linea 
nuchae (Figure 2). The medio-lateral diameter of the large 
perforation on the right, located along linea nuchae, was 
9.65 mm, and its dorso-basal diameter was 5.01 mm. The 
other two perforations were too small to measure their 
diameters. These perforations, with their indented edges 
and smooth inner walls, were connected to the right sinus 
frontalis (Figure 3). Examination of the rounded edges 
suggested they appeared ante mortem, and existed during 
the lifetime of the animal.

No.6
This skull fragment consisted of a dorsal and posterior 

part (Figure 2). It belonged to a bull that was 5–7 years old 
at death.

A total of three perforations were observed in its nuchal 
region. One of them was located dorsally to linea nuchae, 
while the other two were located along the median line. 
The medio-lateral diameter of the perforation above linea 
nuchae was 6.41 mm, and its dorso-basal diameter was 
4.77 mm. The diameters of the remaining two perforations 
were not measured due to their small size. All perforations 
had indented edges and smooth inner walls. The larger 
perforation was connected to the left sinus frontalis, while 

the two smaller ones close to the median line opened into 
the right sinus frontalis (Figure 4). Examination of their 
indented edges indicated that the perforations appeared 
ante mortem.

No.7
This fragment consisted of a dorsal and posterior part 

of the skull (Figure 5). It belonged to an ox that died at 7 
to 10 years of age.

This skull fragment exhibited two ante mortem 
perforations in the nuchal region. One of them was 
comparatively smaller, located caudally, near protuberantia 
intercornualis, to the right of the median line, and dorsally 
to os interparietale (Figure 5/No.7: B). The other was 
significantly bigger, located on squama occipitalis, just 
ventrally to linea nuchae, and to the left of the median 
line (Figure 5/ No.7: A). The edges and inner walls of 
these two indented perforations were smooth, and they 
were connected to the right sinus frontalis (Figure 4). 
Examination of the edges confirmed that both perforations 
were ante mortem and existed during the lifetime of the 
animal. Apart from these two ante mortem perforations, 
numerous post mortem changes were also detected in the 
nuchal region of the skull. They were located to the right of 
the median line (Figure 5/ No.7: C), and connected to the 
right sinus frontalis (Figure 4).

No.8
This fragment consisted of a dorsal and posterior part 

of the skull (Figure 5). It belonged to a cow that was 3–4 
years old at death. A single, round hole was detected in the 
nuchal region of this skull. The perforation with indented 
edges and smooth inner walls was located caudally, near 
protuberantia intercornualis, on os interparietale of the 
median line. It showed a depression towards and was 
connected to the left sinus frontalis (Figure 4). Changes in 
the bones, apparently caused by an inflammatory reaction, 
were observed along the edges of the perforation. Detailed 
examination indicated the perforation to be ante mortem.

No.9
This fragment consisted of a dorsal and posterior part 

of the skull. It belonged to an ox aged 7–10 years at death. 
A depression was observed in os frontale of the specimen 
(Figure 5). A single elliptical perforation was found in its 
nuchal region, located caudally and near protuberantia 
intercornualis, on the median line, and on os interparietale. 
The edges of this perforation were indented, with smooth 
walls towards inside. It was connected to the left sinus 
frontalis, with a depression towards the sinus (Figure 4). 
No evidence of inflammatory reactions in the area of the 
perforation was observed. Its medio-lateral diameter was 
4.00 mm, and the dorso-basal diameter was 1.39 mm.

No.10
This fragment consisted of a dorsal and posterior part 

of the skull (Figure 5). It belonged to a bull that was 3–4 
years old at death.
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A single, round-shaped perforation was noticed in its 
nuchal region, located caudally and near protuberantia 
intercornualis, to the right of the median line, and dorsally 
to os interparietale. It had indented edges, smooth walls 
towards the inside, and was connected to the right sinus 
frontalis (Figure 6). The medio-lateral diameter of this 
nuchal perforation was established at 3.81 mm, while the 
dorso-basal diameter was 3.57 mm.

No.11
This fragment consisted of a dorsal and posterior part 

of the skull (Figure 5). It belonged to a cow, about 5–7 
years old at death.

A total of four perforations were observed in its nuchal 
region. One of them was located on the median line, 
caudally and near protuberantia intercornualis (Figure 5/
No.11: A). The other three were located linearly along linea 
nuchae (Figure 5/ No.11: B, C, D). All the perforations had 
indented edges and smooth inner walls and were connected 
to sinus frontalis. Their medio-lateral diameters were 6.96 

mm (Figure 5/ No.11: A), 9.78 mm (Figure 5/ No.11: B), 
6.60 mm (Figure 5/ No.11: C), and 1.81 mm (Figure 5/ 
No.11: D); while the dorso-basal diameters were3.83 mm 
(Figure 5/No.11: A), 7.38 mm (Figure 5/No.11: B), 3.92 
mm (Figure 5/No.11: C), and 1.15 mm (Figure 5/No.11: 
D). Examination of the rounded edges suggested that the 
perforations appeared ante mortem.

CT revealed that the perforation Yenikapı Met10083: B 
was connected to the right sinus frontalis (Figure 6: above 
and middle), while No.11: A, No.11: C, and No.11: D were 
connected to the left sinus frontalis (Figure 6: below).

No.12
This fragment consisted of a dorsal and posterior part 

of the skull (Figure 5). It belonged to a cow that was 5–7 
years old at death.

A total of three elliptical perforations were observed 
in its nuchal region. Two of them were located to the 
right and left of the median line, along linea nuchae. The 
other one was comparatively small, located caudally and 

Figure 4. Computed tomography (CT) view of nuchal perforations in Yenikapı cattle skulls (continuation) (L: left): No.6: upper 
image, the perforations; lower image, their connection to sinus frontalis (red arrows); No.7: left images, the perforations; right 
images, their connection to sinus frontalis (red arrows); No.8: upper image, the perforation; lower image, its connection to sinus 
frontalis (red arrows); No.9: upper image, the perforation; lower image, its connection to sinus frontalis (red arrows).
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near protuberantia intercornualis, on the median line, 
and on os interparietale. The medio-lateral diameter of 
the left perforation along linea nuchae (Figure 3/No.12: 
A) was 8.12 mm and its dorso-basal diameter was 4.84 
mm. The medio-lateral diameter of the perforation on the 
right (Figure 5/ No.12: B) was 4.84 mm and the dorso-
basal diameter was 2.72 mm. The medio-lateral diameter 
of the smaller perforation located just caudally to 
protuberantia intercornualis (Figure 5/No.12: C) was 1.63 
mm, and its dorso-basal diameter was 1.68 mm. All three 
perforations had indented edges and smooth inner walls. 
The perforation to the left of lineanuchae was connected 
to the left sinus frontalis (No.12: A), and the other two 
(No.12: B and No.12: C) were connected to the right sinus 
frontalis (Figure 6). Examination of their indented edges 
confirmed that all three perforations were ante mortem.

No.13
This fragment consisted of the left half of a dorsal and 

posterior part of the skull. It belonged to a cow that was 
4–5 years old at death (Figure 7).

In this skull, a nuchal perforation was visible on 
squama occipitalis, ventrally and near linea nuchae, to the 
left of the median line. The edges of this relatively rounded 
perforation were indented; it had smooth inner walls, and 

was connected to the left sinus frontalis. Its medio-lateral 
diameter was 9.08 mm, and the dorso-basal diameter 
was 7.91 mm. Another smaller nuchal perforation was 
found on the median line, dorsally to linea nuchae. The 
perforation was still at its early stage of development, had 
rounded edges, and was connected to the left sinus frontalis 
(Figure 8). No evidence of an inflammatory reaction was 
observed in the bone where these nuchal perforations 
were located. Both perforations developed ante mortem.

No.14
This fragment consisted of a dorsal and posterior 

part of the skull. It belonged to a bull that was 5–7 years 
old at death (Figure 7). The skull had two elliptical 
perforations in its nuchal region. One of them was located 
dorsally to linea nuchae, on the median line, while the 
other was located on squama occipitalis, ventrally and 
near linea nuchae, to the right of the median line. Both 
perforations had indented edges, smooth inner walls, and 
were connected to sinus frontalis (Figure 8). Their medio-
lateral diameters were 5.70 mm and 17.04 mm, and dorso-
basal diameters 3.67 mm and 10.54 mm, respectively. The 
perforation on squama occipitalis presented the signs of 
an inflammatory reaction, particularly of osteomyelitis in 
the bone and outward folding of the edges. Examination 

Figure 5. Nuchal view and nuchal perforations in Yenikapı cattle skulls (part 2).
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of the edges confirmed that both perforations developed 
ante mortem.

No.15
This skull fragment consisted of a dorsal and posterior 

part (Figure 7). It belonged to a cow that was 5–7 years 
old at death.

The skull had two round perforations in its nuchal 
region—one smaller and one larger. Both perforations 
were located caudally and near protuberantia 
intercornualis, on the median line of os interparietale. 
They had rounded edges and smooth inner walls. The 
large perforation was connected to the left sinus frontalis, 
while the smaller perforation on the right was close to 
the median line and connected to the right sinus frontalis 
(Figure 8). The large perforation on the left had a medio-
lateral diameter of 5.28 mm and a dorso-basal diameter of 
4.98 mm, while the relatively elliptical smaller perforation 
on the right had a medio-lateral diameter of 3.21 mm and 
a dorso-basal diameter of 2.00 mm. No evidence of an 

inflammatory reaction was observed in the bone where 
the perforations were located. Close examination of their 
indented edges indicated that the perforations developed 
ante mortem.

No.16
This skull fragment consisted of a dorsal and posterior 

part. It belonged to a cow that was 5–7 years old at death 
(Figure 7). It had a single perforation in the nuchal 
region, located on the median line, caudally and near 
protuberantia intercornualis, in os interparietale, dorsally 
to linea nuchae (Figure 7). It had a triangular shape with 
rounded edges, smooth inner walls, and was connected 
to the right sinus frontalis (Figure 8). Its medio-lateral 
diameter was 14.55 mm, and dorso-basal diameter was 
9.23 mm. Examination of the rounded edges suggested 
that the perforation appeared ante mortem.

No.17
This skull fragment consisted of a dorsal and posterior 

part (Figure 7). It probably belonged to a 5–7-year-old ox.

Figure 6. Computed tomography (CT) view of the nuchal perforations in Yenikapı cattle skulls (continuation) (L: left): No.10: 
upper image, the perforations; lower image, their connection to sinus frontalis (red arrows); No.11: upper and lower images, the 
perforations (arrows) ; middle image, their connection to sinus frontalis; No.12: left images, the perforations; right images, their 
connection to sinus frontalis (red arrows).
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In this skull, a single perforation was observed in the 
nuchal region. The perforation was located along linea 
nuchae, caudally and near protuberantia intercornualis on 
the median line (Figure 7). The oval-shaped perforation 
with indented edges had smooth inner walls and was 
connected to the left sinus frontalis (Figure 8). Its medio-
lateral diameter was 19.62 mm and its dorso-basal diameter 
was 10.33 mm. Close examination of the indented edges 
suggested the perforation developed ante mortem.

Nuchal perforations are located in the nuchal region of 
the skull, as can be seen in the skulls above. The density of 
the anatomical location seems to be compatible with the 
placement of the yoke in this region.

4. Discussion
The Yenikapı cattle skulls with nuchal perforations 
provided significant information about the use of cattle 
in the Byzantine capital. Previously, the pathologies in 
the Byzantine draught cattle from Yenikapı Metro and 
Marmaray excavations were evaluated predominantly 
based on the appendicular skeleton; while the presence of 
nuchal perforations was only mentioned [27]. This study 
presents detailed evaluation of the nuchal perforations with 
the help of the advanced research methods. Some of these 

skulls contained single, and some multiple perforations. A 
majority of them were ante mortem perforations located in 
the nuchal region, ventrally or dorsally to os interparietale 
and linea nuchae. In most cases, their shape ranged from 
elliptical to triangular, they had indented edges and 
smooth inner walls. The ante mortem perforations were 
connected to sinus frontalis, and were morphometrically 
different in size, depending on the individual.

CT images were taken in order to reveal the relationships 
between the nuchal perforations and cranial structures. 
The cranial structures (particularly sinus frontalis), to 
which the nuchal perforations were connected, were 
studied in detail. The nuchal perforations were connected 
to the left or right sinus frontalis. The use of CT allowed 
us to eliminate conditions such as neoplastic tumours, 
infections or parasitic invasion, as such pathologies were 
not observed in any of the investigated skulls.

There are very limited examples of pathologies attributed 
to cattle used as draught animals at archaeological sites in 
Anatolia. Among the very few of them, flattening of the 
rostral surface of several horns was reported from the Bronze 
Age site of Demircihöyük [16]. A similar flattened cattle 
horn was reported in Hittite capital city Boğazköy-Hattusa 
[17]. Most of the artefacts attributed to the archaeological 

Figure 7. Nuchal view and nuchal perforations in Yenikapı cattle skulls (part 3).
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draught cattle in Anatolia comprised pathologies of the 
distal parts of limb skeleton. For example, autopodial bone 
fragments (especially of the first phalanx) were found in 
Sagalossos [1], but cases of cranial perforations were never 
mentioned in that study, perhaps due to the absence of 
nuchal perforations in the investigated skulls.

Contrary to the examples of pathological changes in the 
phalanx, this study emphasizes the presence of perforations 
in the nuchal region of the skulls to attest the use of yoke 
as well as the use of the cattle as draught animals in the 
Byzantine capital city. The fact that approximately 24% of 
the examined skulls belonged to oxen and 18% belonged 
to bulls, and there were some elderly individuals among 
them, also strengthened the hypothesis of these cattle 
as draught animals. Apart from the nuchal perforations 
in these Byzantine cattle skulls, the pathologies in the 
appendicular skeleton also support the hypothesis that 
some of the cattle from Yenikapı Metro and Marmaray 

were used for labour [27]. The phalanx deformations 
indicated the use of the animals as draught ones [1].

As a significant share of the assemblage consisted of 
adult individuals, it could be assumed that congenital 
malformations, parasitic invasion, neoplastic tumours 
or infection could be possible etiological factors of 
the perforations [2]. However, we found that these 
pathological changes were triggered by yoke strikes 
and pressure. Rugged topography and rocky terrain of 
the region, in which the animals probably lived, were 
argued to be associated with phalanx pathologies [1]. 
Together with previously reported pathologies in the cattle 
phalanges from Yenikapı Metro and Marmaray [27], the 
presence of nuchal perforations can only be seen as a result 
of using these animals for labour in the urban areas of 
Constantinople.

It is argued that the relationship between the presence 
of the perforations and the age and sex of the animals can 

Figure 8. Computed tomography (CT) view of the nuchal perforations in Yenikapı cattle skulls (continuation) (L: left): No.13: 
upper image, the perforations; lower image, their connection to sinus frontalis (red arrows); No.14: left images, the perforations; 
right images, their connection to sinus frontalis (red arrows); No.15: upper image, the perforations; lower image, their 
connection to sinus frontalis (red arrows); No.16: upper image, the perforations; lower image, their connection to sinus frontalis 
(red arrows); No.17: upper image, the perforations; lower image, their connection to sinus frontalis (red arrows).
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be confidently established [7]. Considering the age range 
of the skulls, this study corroborated this assumption. 
The maximum age range of Yenikapı cattle with the skull 
perforation was generally below 7 years at death, and 
there were also individuals that died at 2–4 years (Table 
2). The presence of perforations connected to sinus 
frontalis in these young individuals could also be due to 
the fact that sinus frontalis reached squama occipitalis in 
2–3-year-old animals [6]. The animal age distribution for 
the cattle remains from Yenikapı Metro and Marmaray 
excavations demonstrated that the majority of skeletal 
remains belonged to anatomically adult (82.19%) and 
young adult individuals (6.13%). However, the growth 
of the 17 skulls with nuchal perforations did not follow 
this tendency (Figure 9). Relatively young animals used 
in labour were more susceptible to injuries. The constant 
and recurring pressure of a yoke on the nuchal region 
could easily produce the observed nuchal perforations, 
contrary to the elder individuals with more solid and fully 
developed cranial bony structures. Moreover, stress caused 
by laborious work might have a stronger effect on younger 
individuals than on elder and larger ones. The mortality 
of young draught cattle can be explained by too intensive 
work. On the other hand, it is possible that inhabitants of 
rich, mighty, and economically vivid Constantinople paid 
lower attention to the animal use optimization due to high 
bovine supply and high transportation needs.

Over 58% of the skulls with nuchal perforations 
belonged to cows (Table 2). We also found perforations, 
developed as a result of yoke pressure, in the skulls 
belonging to young individuals. CT did not reveal any 
pathological conditions caused by parasites, neoplastic 
tumours, or infection [2], which again suggested that 
the perforations developed as a result of yoke striking. 
Moreover, localisation of the perforations in the nuchal 
region differed from the perforations due to possible 
congenital factors in os frontale and os parietale [6]. 
The cattle sex identification for all Yenikapı Metro and 
Marmaray excavations artefacts was based on os coxae 
(10.6%), processus cornualis (62.7%), and cranium 
(26.7%). The sex profile proved that 45.0% of the bones 
belonged to bulls, 44.0% to cows, and only 11.0% to oxen. 
This contrasts the sex distribution of the 17 skulls with the 
nuchal perforations, which comprised 58.8% cows, 23.5% 
oxen, and 17.7% bulls. It is also possible that the animal 
sex was one of the main criteria for labour selection, given 
that cow were usually less aggressive, less dangerous, and 
suitable for narrow streets of Constantinople. On the 
other hand, they may be more susceptible to injuries and 
overloading, which can be the cause of the anatomical 
deformations.

Physiological stresses related to animal labour caused 
the emergence of pathological signs in their bones, 

which are also noticeable after death [28]. Various 
degenerative bone and joint deformations observed 
in animals employed for pulling heavy loads for long 
periods were perceived as the environmental influence 
and a management factor in the use of animals [29]. The 
rugged topography and rocky terrain of the animal habitat 
were associated with phalanx pathologies [1]. However, 
the nuchal perforations in combination with previously 
reported extremity pathologies in the Byzantine cattle 
from Yenikapı [27] can only possibly be explained by their 
use for heavy work in the urban life of Constantinople. 
Brothwell et al. [2] studied perforations in the nuchal 
region in archaeological domestic cattle skulls from 
Lincoln and Bruges, and concluded that both single and 
multiple cranial perforations were congenital or resulted 
from yoking practices. Sana [30] also observed similar 
pathological changes in Neolithic cattle skulls from La 
Draga site and argued that the phenomenon cannot be a 
result of neoplasms, infections, osteomyelitis, or nutritional 
problems. Hence, if we exclude parasitic infections, the 
most apparent explanation of the nuchal perforations in 
the Byzantine cattle from Yenikapı appears to be the result 
of yoke strikes.

Post mortem pathologies can be found in individuals 
of all ages. Although the presence of yoke-striking in 
young animals of both sexes was mainly attributed to high 

Table 2. Sex and age profile of the Yenikapı cattle with nuchal 
perforations in their skulls.

No Skull ID Sex Growth Age at death
(years)

1 No.1 Ox Adult 7–10
2 No.2 Cow Young 3–4
3 No.3 Cow Subadult 4–5
4 No.4 Cow Juvenile 2–3
5 No.5 Cow Subadult 4–5
6 No.6 Bull Adult 5–7
7 No.7 Ox Adult 7–10
8 No.8 Cow Young 3–4
9 No.9 Ox Adult 7–10
10 No.10 Bull Young 3–4
11 No.11 Cow Adult 5–7
12 No.12 Cow Adult 5–7
13 No.13 Cow Subadult 4–5
14 No.14 Bull Adult 5–7
15 No.15 Cow Adult 5–7
16 No.16 Cow Adult 5–7
17 No.17 Ox Adult 5–7
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proportion of extreme labour in total cattle population 
[2], there seems to be no relationships between the age 
and sex and the presence of cranial perforations [7]. The 
proportion of cattle skulls with nuchal perforations in our 
study is relatively low when compared to the total cattle 
remains from the site. The nuchal perforations in young 
individuals, generally found more often in adults and 
elderly individuals, is probably due to the fact that from 
an early age the young cattle in Constantinople were 
accustomed to yoke-loaded works along the adult animals.

Other potential causes, such as massive parasitosis, 
congenital malformations, acute inflammation, extensive 
injury, or tumours seem to be excluded [30-33]. The 
phenomenon of nuchal perforations in cattle skulls was 
widely debated in the literature. Possible parasitic cause of 
the pathology was stressed by Bartosiewicz [34]. An earlier 
questionable hypothesis on the role of cheese maggot 
(Piophila sp.) in development of the nuchal perforation was 
replaced by a suggestion that similar bone changes may 
possibly result from a massive and chronic invasion with ox 
warble (Hypoderma bovis) [34]. The lack of labour factor in 
the development of nuchal perforations was hypothesized 
by Manaseryan et al. [8] in bovine skeletal remains from 
Armenia. Unfortunately, only direct evidence of parasites 
(eggs, remains of mites and insects) may prove the parasitic 
pathogenesis theory. The parasites rarely invade the nuchal 
region of cattle skull. Usually pathological changes due to 
parasitosis can be found in bones surrounding the nasal 
or oral cavity, as these two cavities are the gates of the 

parasite invasion. Similarly, bacterial or viral infections 
usually begin at the same sites [35-38]. In all three cases, 
the pathological process must be accompanied by the 
live animal response. Acute inflammations usually do 
not leave any signs on bone tissue and they are limited to 
soft tissues. The time from the infection to animal death, 
slaughter, or healing is too short to allow for any bone 
growth [39]. Any extensive injury must cause a strong and 
acute response of the animal organism, can lead to rapid 
death, or change the animal health status and its condition 
resulting in the lack of ability to work. Chronic, severe, 
pathological processes, such as neoplastic tumours, can 
cause massive bone changes [38,39], but they are usually 
accompanied by osteolysis or new bone formation. Since 
the nuchal perforations in Yenikapı cattle skulls developed 
with regular margins and without any signs of vascular 
reactions or any new bone growth, we should exclude the 
idea of a parasitic infection as their etiological factor.

Brothwell et al. [2] pointed out that chronic recurrent 
pressure in the nuchal region of the cattle head may cause 
similar perforations. We, therefore, suggest that this is the 
most possible explanation for the phenomenon observed 
in the studied sample. The bone changes in the cattle 
skulls seem to be the outcomes of a slow process (chronic 
subclinical inflammation), consisting of the pressure forces 
acting on the bones of the nuchal region—a common 
picture for recurrent yoke use in draught animals. The 
draught cattle skull was a direct object of physical forces 
acting in living animals. The labour was the factor causing 

Figure 9. Age profile of the cattle remains from Yenikapı Metro and Marmaray 
excavations, a comparison between total remains and 17 skulls with nuchal 
perforations
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physiological stress that brought about changes in bone 
morphology. Proved and common use of draught cattle 
in Roman Empire [1] supports the hypothesis of similar 
practices in the Byzantine capital city.

5. Conclusions
The study described single or multiple perforations of 
round, indented to elliptical shape and with regular edges 
and smooth inner walls, located in the nuchal region 
of the Byzantine cattle skulls. Computed tomography 
revealed that the nuchal perforations, regardless of 
the animal age at death, were connected to the right 
or left sinus frontalis, depending on their localisation. 
Excluding potential causes such as massive parasitosis, 
congenital malformation, acute inflammation, extensive 
injury or tumours, a recurrent and slow compression 
in the nuchal region provided by a yoke-strike appears 
to be the most probable cause of these perforations. CT 
allowed for detailed anatomical observations of the nuchal 
perforations and their associated features within the skull. 
This helped us conclude that the examined Byzantine cattle 
were used as yoke-loaded draught animals. Considering 
previously reported labour-related pathological changes in 
postcranial skeletal elements [27], as well as the absence 

of any pathological changes such as malign or benign 
neoplasms, it seems that the nuchal perforations in these 
skulls stand as a direct archaeological evidence for the use 
of yoke-loaded cattle in Constantinople. Moreover, the 
study proved CT imaging as a noninvasive, nondestructive, 
and highly effective method of zooarchaeological research, 
allowing for detailed description of inner structures of 
animal skulls.
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