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Abstract

A description is provided of the crocodile remains that were found during an excavation car-
ried out in 2019 at Qubbat al-Hawa (Aswan, Egypt). The material consists of five more or
less complete bodies and five heads that were in varying states of preservation and com-
pleteness. The absence of resin, which was apparently not used during the preparation of
the mummies, and the almost complete loss of linen bandages, due to insect damage,
allowed a detailed morphological and osteometric description of the remains. Attention was
focused on the general state of preservation of the crocodiles, the completeness of their
skeletons and skulls, the presence of cut or other marks that could indicate the cause of
death, and the processing of the carcasses. Moreover, the possible provenance of the croc-
odiles, the methods of capture and killing of the animals and their possible chronological
attribution are discussed. It is concluded that the manner in which these specimens were
prepared, as well as the variation observed in the type of ‘final product’, are unlike any other
crocodile material described so far. The preparation method suggests a pre-Ptolemaic date
for the deposit. The morphological and metrical features indicate that both Crocodylus niloti-
cus and the recently resurrected species Crocodylus suchus are present among these indi-
viduals that range from 1.8 to 3.5 m in length.

Introduction

Since 2008, a team of the Universidad de Jaén (Spain) has been conducting fieldwork in the
rock tombs of Qubbat al-Hawa, a site on the west bank of the Nile opposite the town of Aswan
(Fig 1). The rock cut tombs in which dignitaries of the region were buried, date mainly from
the Old and Middle Kingdom, although there is also evidence of occupation of the site during
the New Kingdom, the Late Period and Byzantine period [1]. Faunal remains are relatively
rare at the site and consist largely of intrusive animals that entered the tomb deposits through
natural processes. Cattle skulls and foot extremities predominate among the anthropogenic
remains, and in one case a complete left foreleg was found [2]. Such finds of Egyptian
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Fig 1. The area of Aswan with indication of Qubbat al-Hawa.

https://doi.org/10.1371/journal.pone.0279137.9001
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longhorn cattle, which may be considered as funerary gifts, were also briefly reported in earlier
excavations in the 1960s [3].

In this paper, we report on an exceptional deposit of crocodiles found during the 2019 exca-
vations in an undisturbed tomb. The finds include five more or less complete, large animals as
well as five skulls of also relatively large crocodiles that provide unique information, despite
the fact that numerous crocodile mummies have been discovered in Egypt for centuries. Kess-
ler [4] and Ikram [5] cite more than 20 animal cemeteries in Egypt where crocodiles were bur-
ied, although in some cases there is only literary evidence. Crocodiles were also sporadically
found at several sites where the focus was on other species. Burial sites associated with the cult
of Sobek, from which abundant crocodiles were reported, are located in the Fayum (Hawara,
Umm el-Baraqat (Tebtynis), Al-Lahun, .. .), and farther south in the es-Samun caves (al-
Maabda), in Esna and Kom Ombo [6, 7]. The latter locality is at about 50 km north of Aswan
whereas Esna is at about 150 km as the crow flies. Also at Elkab, near Edfu at c. 110 km north
of Aswan, a crocodile sanctuary is believed to have existed as shown by both textual and
archaeological evidence [8].

Many museums worldwide have Egyptian animal mummies in their collections and among
them are often crocodiles [9]. These specimens were gathered in large numbers, especially in
the late 19™-early 20" century. The Egyptian Museum in Cairo and the Musée des Conflu-
ences in Lyon possess the largest collections of animal mummies, albeit that in many cases the
exact origin of the specimens is unknown [10, 11]. A general survey of the material at the
Musée des Confluences shows that of the 300 or so crocodile mummies, about 80% are from
juvenile, often fairly recently hatched specimens. Ten percent are complete, larger specimens
(between about 50 and 350 cm total length) and the remaining 10% are heads, skulls or lower
jaws [12]. These proportions are an indication of the material stored in the museum that was
contributed by Lortet and Gaillard and therefore do not necessarily reflect the proportions in
which these animals occurred in cemeteries where they were used as votive offerings. The
exact provenance of many of the crocodiles kept in the Musée des Confluences is unknown,
but it is likely that most of them come from Esna [13] and Kom Ombo [14].

Although the practice of mummifying crocodiles in Egypt has been reported since Antig-
uity by historians such as Herodotus, Diodorus, Strabo, Pliny the Elder, Plutarch and Aelian
[7], a review of the literature shows that the amount of detailed morphological observations on
the crocodiles themselves and on the mummification techniques is quite limited. To avoid
unwrapping the mummies, traditional radiographs and CT-scans were performed on croco-
diles from the Manchester Museum [15], the British Museum [16] and the Musée des Conflu-
ences [17, 18]. It is striking that, unlike many of the other animal species collected by Lortet
and Gaillard, almost no osteomorphological or osteometric work has been done on the croco-
diles [14]. Indeed, these authors used the animal mummies as a source of information for their
study of contemporary Egyptian fauna and therefore the specimens at their disposal were
often unwrapped.

In addition to the mummies mentioned above, information on ancient crocodiles can also
be obtained from archaeozoological studies. However, crocodiles from more recent excava-
tions of funerary contexts are quite rare and consist only of scattered remains from disturbed
contexts. Examples are the Middle Kingdom remains from a necropolis in the valley of North
Asasif, Thebes [19], and a rock tomb at Deir el Barsha [20]. Despite the large number of croco-
dile mummies reported from al-Maabda since the late 19™ century, osteological information is
limited to an assemblage of heavily burnt remains that allowed only a small number of osteo-
metric or other observations [21]. From Tuna el-Gebel a few isolated cranial and postcranial
remains, without any find context, have been reported; the largest specimens were from croco-
diles with an estimated total length of 4.5 and 5.5 m [22]. Finally, at Elkab, numerous burnt
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QH34jj

crocodile bones have been found from animals thrown from a number of rock-cut tombs used
as repositories for animal mummies in the Greco-Roman period [23, 24]. The minimum num-
ber of individuals was not given, but the reconstructed total lengths were estimated between 1
and more than 5 m.

Given the paucity of information in the literature, it is clear that the in situ finds of Qubbat
al-Hawa may provide unique data.

The site and the excavation of the crocodile deposit

Excavations carried out since 2018 in the eastern area of Qubbat al-Hawa have revealed seven
new intact burial chambers discovered under a thick Byzantine rubbish dump. These small
rock tombs (QH34ff, QH34gg, QH34hh, QH34ii, QH34jj, QH34kk and QH34ll) were located
below the level of the rocky platform that lies in front of two larger Middle Kingdom graves
(QH34aa and QH34bb) (Fig 2). The undecorated tombs were cut into the weak layers of lutites
at the edge of the hillslope before the 12 Dynasty [25]. The roof of some of them, including
Tomb QH34ll, collapsed, making it necessary to excavate from the top. Tomb QH34ll appears
to be a small space (2 x 1.80 m), with an entrance on the east side, facing the slope of the hill. A
first stratigraphical layer in the tomb (stratum EU 445) yielded the remains of several croco-
diles. Some were in good condition and even showed signs of being mummified, as remains of
wrappings (bandages and mats) occurred. However, no associated artefacts, such as ceramics,
were found that could be used to date the crocodile remains. Below this level with the croco-
diles, a sandy layer was discovered (stratum EU 446). It was probably deposited to level the
floor of the tomb for the purpose of positioning the crocodiles. A considerable number of elon-
gated faience beads from the New Kingdom were collected from this sand layer. Below this

QH34ee

QH341l

QH34ii QH34hh

Fig 2. Orthophotography of the tombs located on the hillside, Campaign 2019. The arrow indicates the tomb where the crocodiles were found.

https://doi.org/10.1371/journal.pone.0279137.9002
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was stratum EU 447, which contained the deposit of four human burials whose imprint of the
wooden coffins was still preserved. Associated medium-sized ceramic bowls indicate that these
burials date from the end of the First Intermediate Period.

All necessary permits were obtained from the Ministry of Tourism and Antiquities, Arab
Republic of Egypt, for the described study, which complied with all relevant regulations. The
crocodile finds from tomb QH34ll have been studied on site and are also currently stored
there.

Description of the finds

In the course of the excavation, carried out under the supervision of VBC, numbers were
assigned to what were believed to be the remains of different individuals (Fig 3). When the
material was analysed by BDC and WVN in spring 2022, the numbers assigned to the different
clusters were maintained. The original numbering of the crocodiles has also been maintained
in the description below, albeit that instead of 11 individuals there appear to be only the
remains of 10 crocodiles. These were five isolated skulls, as well as four more or less complete
skeletons and a single, still articulated, mummified specimen. Crocodile #2 has no head and
the skull was found to be labelled as “crocodile #4”. In the further description below and in the
supplementary information, all bones are assigned to crocodile #4, and crocodile #2 is not
maintained as a separate individual.

The following is a description of the crocodile remains discovered. Attention is paid to the
general preservation of the material, the skeletal elements represented, pathological deforma-
tions, and cut marks. Measurements were taken whenever possible. The skull and lower jaw
measurements, defined in Fig 4, are given in Table 1. The postcranial measurements are listed
in S1 Table. These include, for the long bones, the greatest length (GL), the greatest proximal
width (Bp) and the greatest distal width (Bd). The measuring distances defined for the ele-
ments of the pectoral and pelvic girdle, the hyoid, the first cervical vertebrae, the astragalus
and calcaneus are shown in S1 Fig. Most of the measurements were taken with callipers and
had a precision of 1 mm or 0.1 mm, while the longer cranial distances were taken with a metal
tape measure with a precision of 5 mm. A schematic representation of a crocodile skeleton
with indication of the main elements is shown in S2 Fig.

An estimate of the total length of the crocodiles is given, based on the ratio of head to total
length. According to Hutton [26] the 1:7 ratio of skull length to total length observed in Zim-
babwe also applies to other populations. A study on Crocodylus porosus shows that the ratio
increases to some extent as crocodiles grow and can reach 1:8 for animals above 5 m [27], but
overall the ratio observed in Zimbabwe can be safely maintained. Estimates of length are useful
because they give an idea of the size of crocodiles that people could hunt and make into mum-
mies. Moreover, the reconstructed lengths are important when discussing the species identifi-
cations below.

The mummified complete individual

The best preserved specimen, labelled crocodile #5, was still largely articulated in the deposit
and could be lifted in its entirety, although the individual had a tendency to fall apart into
three main pieces (Figs 3 and 5). Taphonomic damage to the skin was almost negligible. The
head, the neck region and the anterior part of the body-up to the level of the fourth row of dor-
sal scutes—form one unit (Fig 6). The four post-occipital osteoderms are in a semi-circle, and
there are six nuchals in two rows. Both forelegs are still present, but the extremities are dam-
aged and part of the phalanges are missing. The right foreleg is folded backwards along the
body, while the left foreleg is turned laterally. The mid-part of the body, with 13 rows of scutes,
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Fig 3. Overview of the crocodiles during excavation showing numbers attributed to them before lifting.

https://doi.org/10.1371/journal.pone.0279137.9003

has the hind legs folded forward under it. Again, the distal parts of the feet are incomplete. The
skin on the ventral side is largely intact with not a single trace of human modification (Fig 7).
Finally, the third piece is the tail whose end is missing. Using a tape measure we estimated the
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Fig 4. Measuring distances defined for the skull and lower jaw. Skull: 1) head length (anterior border premaxilla to
posterior margin supraoccipital); 2) greatest lateral length of skull (anterior margin of premaxilla to posterior margin
of quadrate); 3) snout length (oral border of orbita to anterior margin of premaxilla); 4) greatest posterior breadth over
quadratojugalia; 5) greatest posterior breadth over squamosa; 6) smallest breadth of the frontals; 7) greatest breadth of
snout (greatest anterior breadth over the maxillae); 8) smallest breadth of snout (smallest breadth on junction of
macxilla and premaxilla); 9) greatest breadth of quadratum; 10) greatest breadth of occipital condylus. Lower jaw: 1)
greatest length of lower jaw (anterior margin of dentary to posterior margin of retroarticular process); 2) greatest
length of lower jaw (idem in measuring box); 3) greatest breadth of articular (not shown on figure).

https://doi.org/10.1371/journal.pone.0279137.9004

minimum total length of the crocodile to be 2.23 m, which is obviously less than the total
length of 2.63 m reconstructed from the head length. An interesting observation with this spec-
imen is the presence of gastroliths in situ which can be seen in two instances on the ventral
side (Fig 8). Apart from the skull, few skeletal elements could be measured due to skin adher-
ing to the bones.
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Table 1. Overview of the measurements in mm taken on the skulls and lower jaws.

measurement

skull #11 #4 #10 #1 #3 #6 #8 #5 #7 #9
1 505 500 475 405 405 390 385 375 - 264
2 555 580 540 450 460 440 420 420 - 287
3 345 350 330 285 277 275 260 250 - 177
4 298 288 263 218 209 206 195 215 - 127

5 136 130 123 103 - 102 92.5 95 - 67

6 49.5 42 47 38 37 - 32 37 - 19

7 155 140 131 99 101 103 96 106 - 59

8 96 87 85 55 62 60 58 64 - 35

9 61 (57) 53.5 45.5 41 41 38.5 43 37 26

10 36 35 34.9 32 29.5 28 - - 27 20

lower jaw

1 630 635 605 500 495 - 465 460 410 315

2 620 620 585 485 490 - 450 445 395 310

3 66 70 55 47 57 - 41.5 - 38.5 26

Measurements are arranged from the largest (at the left) to the smallest individual. Measuring distances are shown in Fig 4. Measurements in brackets are approximate.
The skulls in bold are from crocodiles that were only represented by their heads.

https://doi.org/10.1371/journal.pone.0279137.t001

Four skeletons

Crocodile #4. The most complete skeleton is from crocodile #4, an individual with an esti-
mated length of 3.50 m based on its skull dimensions. The skull, including the lower jaws, is
well preserved with soft tissue still visible at the level of the nostrils, the eye sockets, and the lat-
eral temporal and supratemporal fenestrae (Fig 9). In certain areas, such as the snout and the
lateral side of the lower jaws, the colour of the scales is still preserved (Fig 10). The proatlas
was attached to the occipital condyle. The atlas, axis and all the other cervical vertebrae were
also found. The rest of the vertebral column is present with the exception of that from the tail
end: 23 of the 37 expected caudal vertebrae were counted. Except for the right hindfoot and
the right scapula, all skeletal elements of the pectoral and pelvic girdles and of the fore- and
hindlegs were present (Fig 11). A total of 116 dermal scutes were counted. Besides the bones, a
piece of soft tissue was also found, consisting of skin attached to the phalanges of two digits.

Fig 5. Dorsal view of the complete crocodile #5.

https://doi.org/10.1371/journal.pone.0279137.9005
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Fig 6. Dorsal view of the head and anterior part of crocodile #5.

https://doi.org/10.1371/journal.pone.0279137.9g006

The skeletal elements of this crocodile show several pathologies. Two of the 22 dorsal ribs
present show deformities: one left rib has a healed fracture and another left specimen shows an
abnormal superficial thickening (Fig 12). Of the 19 ventral ribs present, two specimens have a
healed fracture. The distal part of the left pubic bone is covered with additional bone forma-
tion. Lesions are also seen on the left ulnare, on the distal part of a left metacarpal IIl and on a
second or third posterior phalanx. Four of the five chevrons found have a pathology: in one

Fig 7. Ventral view of the mid-part of crocodile #5. The bones of the right hind leg and the articulating ischium are visible. The left hind leg is still almost completely
covered with skin. The skin on the ventral side of the body is largely intact and shows some folds. Gastroliths could be observed in the place of the arrows (see Fig 8).

https://doi.org/10.1371/journal.pone.0279137.9007
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Fig 8. Area A (left) and B (centre) of the ventral part of the body of crocodile #5 with gastroliths visible in situ. Three gastroliths are visible in area A, but more
are visible on the right, protruding through the soft tissue. Several gastroliths from area B have fallen out of the body and are shown separately (C, right).

https://doi.org/10.1371/journal.pone.0279137.9g008

specimen the bone is clearly broken and healed, while superficial new bone formation is
observed in three others.

Crocodile #11. The skull and lower jaws of this individual are intact, with almost no skin
preserved (Fig 9). The skull length gives an estimated total length of 3.53 m, which is the largest
animal found in the assemblage. Almost all dorsal and cervical ribs are present as well as
numerous ventral ribs. All vertebrae are found, except the proatlas and the caudal vertebrae of

croc #4 croc #11

Fig 9. Dorsal view of the skulls of crocodiles #4, #11, and #1.
https://doi.org/10.1371/journal.pone.0279137.9g009
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Fig 10. Detail of the left anterior part of the snout of crocodile #4 showing the excellent preservation of the scales, including the colour.

https://doi.org/10.1371/journal.pone.0279137.9010

which less than half are present. Few elements of the foot extremities are missing. The number
of dermal scutes (n = 59) is lower than that of crocodile #4. However, it is worth mentioning
that the final cleaning of the excavated surface revealed another 83 large scutes that may have
belonged partly to crocodile #11. Like crocodile #4, the skeleton of crocodile #11 is quite com-
plete, with even smaller elements such as phalanges present to some extent (Fig 11). This croc-
odile seems to have been deposited in its entirety, with the exception of the end of its tail.

Crocodile #11 shows pathological deformations to some of its bones. The left pubis has a
bony inflammation on both the internal and external side reminiscent of osteomyelitis (Fig
13). A slight exostosis can be seen in the distal part of the right femur. The left tibia and fibula
show a lesion that may be related to the same traumatic event: the fibula has a healed fracture
in the mid-part of the shaft and a swelling is seen at the same level of the tibia, which appears
to be due to a haematoma. Bone lesions are also observed in the distal part of the left metatarsal
IT and in the proximal part of the right metacarpal IIL

Crocodile #1. Based on the skull length, the total length of crocodile #1 can be estimated
at 2.83 m. This specimen consists of bone only, no remains of skin or other soft tissue are pre-
served (Fig 9). The lower jaws are detached from the skull. The skeleton of this animal is far
from complete (Fig 11). The vertebral column is fairly well represented, only the anterior cervi-
cal vertebrae and the last caudals are missing. Twelve of the expected 37 caudal vertebrae were
found, the posterior-most elements are absent. Remarkably, no ribs or chevrons at all are
found. The skeletal element representation of the fore- and hindlimbs is also peculiar. Both
humeri and femurs are present, but the left and right radius and ulna are missing, as are both
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croc #11

1 50 100 %
[ —

Fig 11. Schematic representation of the skeletal completeness of crocodiles #4, #11, #7 and #1. Missing elements

are not shown and for the others the degree of completeness is given as a percentage of the expected numbers, see S2
Table.

https://doi.org/10.1371/journal.pone.0279137.9011
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Fig 12. A selection of pathologies observed in crocodile #4. A left dorsal rib and two ventral ribs with a healed fracture; lesions in a left ulnare; new bone
formation in a chevron and on the external side of the distal left pubis.

https://doi.org/10.1371/journal.pone.0279137.9012

tibiae and fibulae. Foot elements are almost entirely missing: only two metatarsals were found
and metacarpals and phalanges are entirely missing. However, there is a considerable number
of dermal scutes (n = 75). No pathologies were observed in crocodile #1.

Crocodile #7. Because the skull of this crocodile is broken and incomplete (Fig 14), the
total length could not be estimated on the basis of the conversion factor defined by Hutton
[26]. However, the lower jaws are completely preserved and using the proportion of the head
length and lower jaw length seen in the other specimens, the total length of the crocodile must
have been around 2.3 m. No teeth are present in what is preserved of the left premaxilla and
maxilla, in both the left and right lower jaw only two teeth can be seen. The postcranial skele-
ton of this crocodile is far from complete (Fig 11). The mid portion of the vertebral column is
present, but the first five cervicals, one of the sacral vertebrae and 31 of the 37 expected termi-
nal caudal vertebrae are lacking. Ventral ribs are totally absent and only five left and five right
dorsal ribs are recorded. Bones of the pectoral and pelvic girdles as well as from the fore- and
hindlegs are found, but many elements are missing. Except for a left astragalus and a right
metatarsal I, nothing of the fore- or hindfeet is found. Also the scutes (n = 9) are heavily under-
represented. No pathologies were observed on this specimen.

Five isolated skulls

Crocodile #10. This is the largest isolated head found at the site and belonged to an indi-
vidual with an estimated total length of 3.33 m. Remains of the skin can be observed in several
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Fig 13. Some of the pathologies seen in crocodile #11. Internal and external side of left pubis with bone infection, possibly osteomyelitis; left tibia with
swollen shaft and left fibula with healed fracture.

https://doi.org/10.1371/journal.pone.0279137.g013

areas of the lower jaws and the skull, especially on the dorsal side (Fig 15). At the snout, the
nostrils are well preserved and in the posterior part of the skull, soft tissue covers the supratem-
poral fenestrae. The articular surface of the occipital condyle is damaged, although no clear cut
mark is seen, suggesting that the bone was broken off during detachment of the head from the
vertebral column. In the lower jaws, similar damage is seen on the retroarticular process of
both right and left angulars (Fig 16).

Crocodile #3. Despite the damage to the hind skull of crocodile #3, all the defined dis-
tances could be measured. This head is from an animal with an estimated total length of 2.84
m, exactly the same size as the complete crocodile #1. The lower jaws are detached from the
skull but intact. Remains of soft tissue are present and preserved in the area of the nostrils and
the right eyelid (Fig 15). No marks were observed on the occipital condyle, the angulars or
other bones.

Crocodile #6. From this specimen only the skull is present; the lower jaws are absent. The
estimated total length of this individual is 2.73 m. No traces of skin are visible (Fig 15). No
damage is observed to the occipital condyle or other parts of the hind skull. Unlike the other
isolated skulls, all teeth are missing.
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Fig 14. Fragmented skull and lower jaws of crocodile #7.

https://doi.org/10.1371/journal.pone.0279137.9014

Crocodile #8. This almost intact skull is from an individual with an estimated total length
of 2.69 m. Skin remains are preserved over large parts of the skull and lower jaws, and in par-
ticular near the nostrils, the eye sockets, and the lateral temporal and supratemporal fenestrae
(Fig 15). Of all the crocodiles found at the site, this specimen shows the most signs of process-
ing (Fig 17). The proatlas is still attached to the occipital condyle whose articular surface was
completely damaged, albeit lacking cut marks. The retroarticular process of the left lower jaw
is damaged at its interior side. In the right lower jaw, a chop mark is seen on the angular, close
to the distal part of the skull’s quadrate. In nuchal view, a chop mark can also be seen on the
hind skull at the level of the right squamosum that is “in line” with the chop mark on the angu-
lar and thus appears to result from the same “movement” performed to separate the head from
the rest of the body.

Crocodile #9. With its reconstructed total length of 1.85 m this is the smallest crocodile
found in the assemblage. Although fully preserved, the skull of this crocodile is slightly
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Fig 15. Dorsal view of the skulls of crocodiles #10, #3, #6, #8 and #9.
https://doi.org/10.1371/journal.pone.0279137.9g015

weathered and there is no skin left at its surface (Fig 15). The occipital condyle of the skull is
completely broken off; no damage can be seen in the lower jaws.

Associated finds

Associated to crocodiles #4, #5 and #6, leaves of palm trees (Hyphaene cf. thebaica; doum
palm) were found that appear to represent material in which the animals were wrapped (Fig
18). Even scarcer are the remains of linen of which only fragments were found in association
with crocodiles #5 and #11. Pieces of rope, which may have been used to hold the linen or mat-
ting together, were found with crocodile #4 and #11.

Several objects could be recovered from the body cavity of crocodile #5, in addition to the
gastroliths already mentioned (Fig 19). Remains of egg shells, yellowish in colour, were found
(Fig 19A) corresponding to at least five eggs similar in shape and size to those discovered in
one of the scanned mummies from the Musée des Confluences (MHNL 90001591) and
believed to be from small lizards or snakes eaten by the crocodile [17]. Around 20 insect pupae
of relatively large size, more than 1 cm in length and 4-5 mm wide, were recovered (Fig 19B).
They had a very thin, fragile wall and one end, which was dark in colour, was heavier than the
rest of the theca. These pupae are from ants, but we cannot give a more precise identification.
Three other exuviae, belonging to two different taxa, were also found and tentatively identified
as originating from dermestid beetles (Fig 19C). In addition to these insects, three specimens
of mites (Fig 19D) were found reminiscent of Oribatida, a group of mites that typically live in
litter and on plants. Arachnids form an important part of the diet of juvenile crocodiles, but
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Fig 16. Nuchal view of the skull of crocodile #10, showing the damage to the occipital condyle and to the angulars of the lower jaws.

https://doi.org/10.1371/journal.pone.0279137.9g016

their contribution decreases as the animals grow larger [28]. It is therefore unlikely that the
oribatid mites constitute the stomach content of the crocodile. Similarly, the insects should not
be seen as food of the crocodile, but as animals that invaded the crocodile when it was already
a mummy. Both dermestids and ants colonize corpses relatively late, usually when the body is
already desiccated [29, 30].

Some macrobotanical remains were also found in crocodile #5. There were two seeds of
sedges (Cyperaceae, cf. Cyperus), one of pondweed (Potamogeton sp.) and one seed of Assyrian
plum (Cordia myxa). A date stone (Phoenix dactylifera) and a seed of Assyrian plum were
found in association with crocodile #1. Crocodile #4 also contained a date stone and two seeds
of Assyrian plum. What is interesting about these latter seeds of Assyrian plum is that they
show gnaw marks of small rodents (Fig 19E). This suggests that these seeds, and perhaps the
other macrobotanical remains, are recent intrusives introduced into the body cavity by small
rodents. In retrospect, one may also wonder if the reptile eggs also came from an animal that
used the crocodile’s body cavity as a living space.
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10 cm

Fig 17. Hind part of the skull and lower jaws of crocodile #8. a: damaged occipital condyle; b: chop mark on right squamosum; c: damaged interior side of left
retroarticular; d: chop mark on right articular.

https://doi.org/10.1371/journal.pone.0279137.g017

Fig 18. Palm leaves (left) and linen fragments (middle) associated with crocodile #5. Piece of rope (right) found near crocodile #4.
https://doi.org/10.1371/journal.pone.0279137.9018
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Fig 19. Intrusive material found associated with crocodile #5: Egg of small lizard or snake (a), pupae from ants (b), exuviae from (?) dermestids (c) and (?)
oribatid mites (d). Associated with crocodile #4: two seeds of Cordia myxa with rodent gnaw marks (e).

https://doi.org/10.1371/journal.pone.0279137.9019

Discussion

The assemblage consists of five more or less complete crocodiles with an average total length
0f2.97 m (minimum 2.34 m, maximum 3.53 m). The average total length of the crocodiles
from which only the skulls were deposited is 2.69 m (minimum 1.85 m, maximum 3.32 m).
Below we discuss the state of preservation and completeness of these specimens, the possible
cause of death of the crocodiles, the preparation techniques that may have been used, the possi-
ble provenance and methods used to capture the animals. Finally, the dating of the crocodile
deposit and the species identification of the animals are discussed.

Although, as mentioned in the introduction, several hundred crocodile mummies are avail-
able for study in museums worldwide [9] not many specimens have been subjected to detailed
investigation. This is undoubtedly due to the fact that observations of these mummies are com-
plicated by the bandages and because large amounts of resin or bitumen are often applied to
the animal bodies. Non-invasive imaging methods (CT-scanning and radiographing) have
therefore been used on a number of mummy bundles. These imaging techniques were largely
applied to verify the content of the bundles, and it turns out that not only single complete ani-
mals—corresponding to the species that was expected on the basis of the shape of the bundles-
but also partial specimens, as well as multiple juvenile individuals, completely different species
or even non-skeletal material occur [15]. The vast majority of crocodile mummies in museum
collections are juveniles with a significant proportion of hatchlings [9, 12]. However, a few
large individuals have received detailed attention and provided information relevant as a com-
parison with our new findings. Explicit mention of the cause of death was made in the case of
three crocodiles from the Musée des Confluences [17, 18], one specimen in the Manchester
Museum [15] and one in the British Museum [16]. Observations on the preparation of croco-
dile mummies, regarding the use of bitumen and resin, the evisceration and even the removal
of other tissue are available from animals kept at the Cairo Museum [5], the Musée des Conflu-
ences [12, 17, 18] and the British Museum [16]. Radiocarbon dates are rare, and were made
based on bandages in the case of specimens from the Musée des Confluences [31]. A large
crocodile from Kom Ombo, kept in the British Museum [16], and two hatchlings of unknown
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provenance were dated based on skin fragments [32]. However, these latter dates should be
treated with caution because of the predominantly piscivorous diet of crocodiles, which creates
a freshwater reservoir effect. Radiocarbon dates of aquatic animals have been shown to lead to
anomalously old ages with differences of up to 2000 *C years [33].

In addition to these datings and the morphological observations mentioned above, genetic
analysis was also carried out on a number of crocodile mummies. The crocodiles from the
Egyptian Nile have usually been identified as C. niloticus, although a second species is also
reported to have occurred. This additional species was first mentioned by the classical author
Herodotus, who wrote that it was a smaller crocodile particularly favoured by the ancient
Egyptians in their rituals because of its more docile nature. Building on this, Etienne Geoffroy
Saint-Hilaire, a French naturalist, described a new species C. suchus Geoffroy 1807 that was
long considered a subspecies of C. niloticus, until genetic studies showed it to be a valid species
[34]. Eight mummified crocodile hatchlings from Thebes and the es-Samun caves (al-Maabda)
were all assigned to C. suchus in the latter study, and subsequent aDNA analysis of an undated
museum specimen about 2.5 m long, probably from Kom Ombo, also confirmed the presence
of this second species in the Egyptian Nile [35]. The current distribution of C. suchus is
restricted to West and Central Africa [36], showing that the species must have become extinct
from Egypt. Additional genomic results from four crocodile hatchlings, without exact prove-
nance, showed that C. niloticus was also used as a votive animal, implying that C. suchus was
not the only species selected for the rituals [32].

Completeness of the specimens

The analysis of the faunal remains showed that the completeness of the crocodiles and of the
isolated skulls varied considerably. Crocodile #5, the specimen with the best preservation of
soft tissue, was quite complete. There was damage to the front and hind feet and the end of the
tail was also missing, showing that these are the most vulnerable body parts. This is confirmed
by the representation of the skeletal elements of the four skeletons, with the foot bones and tail
vertebrae missing to varying degrees (Fig 11). The absence or underrepresentation of these ele-
ments cannot be explained by the excavation techniques. The material was collected by hand,
but the sandy environment made it relatively easy to retrieve the bones without sieving. More-
over, some of the missing bones are large, for example the long bones of the front and hind
legs, as in crocodile #1, of which a humerus, a radius, an ulna and both femurs are missing.
Nor can the absence of numerous metatarsals, whose greatest lengths vary between about 7
and 12 cm, be solely due to sampling bias. Differential preservation is also a highly unlikely
explanation as the missing bones are relatively large and sturdy. So it seems that bone loss may
be due to events that took place before the crocodiles were deposited.

A closer look at the skeletal representation of the crocodiles shows another pattern. The
skeletons of crocodiles #11 and in particular #4 are quite complete with more or less the same
elements missing as in crocodile #5, namely foot elements and terminal caudal vertebrae. In
the two other crocodiles, namely crocodiles #1 and #7, it is noticeable that the vertebral col-
umns are well represented, with the exception of the anterior cervicals and the posterior cau-
dals. In crocodile #7, only some dorsal ribs are preserved, while all other ribs, dorsal and
ventral, are totally missing. Both specimens lack the cervical ribs and the chevrons, although
the vertebrae to which they were attached are present. All this indicates that we are dealing
with desiccated skeletons whose axial part was still present. Probably the vertebrae were con-
nected with desiccated tendons and intervertebral discs. The dorsal and ventral ribs, as well as
the cervical ribs and chevrons had fallen off. The incompleteness of the legs is also striking in
these two individuals. Apart from an isolated metacarpal, no foot bones were found in
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crocodiles #1 and #7. In crocodile #7 all leg bones are present (left and right radius, ulna, tibia
and fibula), while in crocodile #1 the humeri and femurs are the only leg elements preserved.
All these observations suggest that the overall preservation condition of crocodiles #4 and #11
may have been similar to that of crocodile #5, except that their soft tissues disintegrated. This
must have happened after the crocodiles were deposited in the tomb, as their skeletal elements
were still largely in articulating position and the scutes are still in place. Crocodiles #1 and #7,
however, must have been low-quality mummies that were already badly damaged when they
were brought into the tomb. These specimens in particular appear to have suffered from inade-
quate production methods.

Variable preservation conditions can also be seen in the skulls, indicating differences in the
specimen preparation and handling over time. The lower jaws are still firmly attached to the
cranium in crocodiles #4, #8, #9, #10 and #11 due to dried soft tissue holding them together. In
the well preserved skulls of crocodiles #1 and #3, the cranium and lower jaws can be detached
from each other. In all the individuals just mentioned, most of the teeth are still in place, unlike
the skulls of crocodiles #6 and #7 which are almost or completely toothless. Crocodile #6 has
no lower jaws and the general preservation of crocodile #7 is also poor. The cranium of the lat-
ter specimen is fractured and incomplete, and it is the only crocodile whose skull length mea-
surements could not be taken.

Cause of death

In all ten individuals, the outer surface of the hind skull could be observed, the area where
some crocodiles mentioned in the literature show damage associated with killing. Synchroton
CT-scanning recently performed on well preserved crocodile mummies, still wrapped in linen
bandages and impregnated with resin, showed that the hind skull was fractured at the level of
the braincase. In the case of a mummy from Kom Ombo, kept at the Musée des Confluences
in Lyon (Inventory # MHNL 90001591), the size and orientation of the fractures suggest that a
single blow with a stick may have caused the death of the animal that was slightly taller than
1.12 m (the tail end is missing as in our crocodile #5) [17]. A similar fracture was noted in at
least two other heads from Kom Ombo, also kept at the Musée des Confluences. The trauma-
induced depression was filled with resin in all three cases, indicating that the modifications
took place before the mummification process and that they are therefore no post-depositional
artefact. The skull of another crocodile (AEABB90, Ancient Egyptian Animal Bio Bank,
accessed April 13™ 2022, https://www.mummies.manchester.ac.uk/items/show/116) of
unknown provenance, measuring about 1.6 m, kept in the Manchester Museum (Museum
Acquisition Number: 1772) also shows a depressed fracture [15]. Other possible indications of
the cause of death, namely apparently fractured or displaced cervical vertebrae, have been
reported in the literature, but should be treated with great caution as these can also occur post
mortem. A natural death due to old age has been suggested for a crocodile about 4 m long with
mummified crocodile hatchlings on its back kept at the British Museum (register # EA 38562)
[16]. This crocodile, found at Kom Ombo, is believed to be a sacred animal rather than a votive
or sacrificial offering.

The roof of all the hind skulls of the Qubbat al-Hawa crocodiles is intact, and no marks
could be found that can be associated with the killing of the animals. The few chop marks and
bone damage observed on three of the five isolated skulls all seem to be related to decapitation
of already desiccated animals, and not to cutting off the necks of living or freshly killed ani-
mals. Among the various methods mentioned for killing crocodiles [37] the ones that do not
leave clear traces and that seem to have been practicable in the past, are drowning, suffocation
and heating the animals by exposing them for a long time to the sun.
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Fig 20. Crocodiles (Osteolaemus osborni) for sale at the market in Mbandaka, RD Congo, with ropes around their waists and snouts. (http://
congomasquerade.blogspot.com/2019/05/urban-bushmeat-project.html; accessed 4 June 2022; © Théodore Trefon).

https://doi.org/10.1371/journal.pone.0279137.9020

The above pathologies observed on the crocodile remains from Qubbat al-Hawa include a
fibula with a healed fracture and the associated tibia with a thickening of the periost in croco-
dile #11. A similar healed fracture on a fibula of a young hippo was found at the elite cemetery
HKG® of predynastic Hierakonpolis [38, 39]. It was seen as evidence that the animal had a rope
on its hind leg and that the hippo broke its own leg when it tried to escape. Moreover, the fact
that the fracture was healed indicates that the animal was kept in captivity for several weeks
after the accident. It is highly unlikely that the healed fracture in crocodile #11 can be
explained by a similar scenario. Because of the different anatomy of reptiles and mammals, it
seems difficult to restrain a crocodile by attaching a rope to its hindleg. Today, when ropes are
used to immobilise crocodiles, they are attached around the body, often around the waist (Fig
20). The observed pathology on the hind leg is probably the result of an injury during a fight
between animals. All other pathologies on the feet and the tail of this individual, and also in
crocodile #7, probably have the same cause. Trauma is highly prevalent in recent wild croco-
diles, averaging 20% for all age classes combined, but rising to more than 40% in animals 3 to
4 m long [40]. The scars, wounds, fractures and even amputations observed are mainly due to
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territorial fights between males during the breeding season and to cannibalistic behaviour. The
lesions on the pubic bones of crocodiles #4 and #11, and the healed fractures of the ventral ribs
noticed in crocodile #4 may have resulted from similar violence or may also have been caused
during mating. Copulation has been rarely observed in the field [40]. It has been reported in
ancient Egyptian iconography in the Old Kingdom tombs of Kagemni [12] and Mehu in Saq-
qara [41], although the scenes may in fact represent fighting and not mating [42].

Provenance and capture of the crocodiles

How and where the crocodiles were obtained is not easy to determine. Although crocodiles
have occasionally been observed lying among rocks in Upper Egypt, they prefer river sections
with slow currents and numerous sandbanks [43]. It seems unlikely that they were abundant
near the site, as the Aswan area does not provide suitable living conditions for crocodiles.
Since the river is very narrow, with almost no floodplain, there are very few shallow areas and
riverbanks with sandy bottoms that could provide suitable basking and breeding areas.

The lack of shallow water habitats in ancient times is well illustrated by the fish remains
found in the excavations on Elephantine island [44] and Syene [45]. Shallow water fishes such
as tilapia and clariid catfish, commonly found on floodplains, are very rare, while taxa such as
the Nile perch (Lates niloticus) and Synodontis and Bagrus catfish, which occur in open, deeper
waters [46], are abundant. The low number of crocodile bones among the food refuse from
sites on Elephantine and in Syene, ancient Aswan, has been seen as an indication of the low
densities of this species [45], although the overall low contribution of hunting to the diet and
food preferences may be an alternative or additional explanation. Moreover, crocodiles may
have been hunted in more downstream areas of the river where the animals from Qubbat al-
Hawa may also have been caught. A nearby place where crocodiles may have found suitable
habitats is the area of Naq’ el-Hamdulab, on the westbank of the Nile about 5 km north of
Qubbat al-Hawa. The present landscape, with its floodplain several hundred metres wide, has
remained virtually unchanged since predynastic times [47].

The actual capture of crocodiles in ancient times is occasionally depicted, showing mainly
netting and sometimes spearing from a boat (for a compilation see [12]). Predynastic iconog-
raphy also mainly shows the capture of crocodiles with nets while spearing is usually associated
with the hunting of hippos [48]. Ethnographic observations across Africa also mention these
methods and, in addition, report capture in traps [49]. In many regions, including the Egyp-
tian Nile, inhabitants of riverbanks or lake margins built defensive structures such as thorn
fences or palisades to protect their livestock, but these semi-circular constructions allowed
crocodiles to be caught in them at the same time. One could also use baited hooks, and a
tamous account by Herodotus (II, 70) mentions a technique in which a partial carcass of a pig
was attached to a large hook [50]. The fisherman, standing on the shore, would then beat a
restrained live pig to make it scream to attract crocodiles.

Preparation of the crocodile mummies

There is an extensive literature on the different steps of the preparation of Egyptian human
and animal mummies, for example [5, 11], and the main empbhasis is on the methods involving
embalming agents such as natron and resins, and the wrapping of the individuals. However, it
should be remembered that the environmental conditions of Egypt are ideal for more natural
mummification, namely by burying the bodies in sand pits. Forensic studies have shown that
desiccation in such an environment can take place within weeks [51].

Previous observations of crocodile mummies show a wide variation in preparation meth-
ods. Synchroton CT-scans performed on a relative small (1.2 m) Roman period crocodile from
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Kom Ombo, kept at the Musée des Confluences, showed that all internal organs were still pres-
ent [17]. This individual was wrapped in several layers of linen impregnated with a large
amount of resin, which may have been a way of preventing decay. Evisceration via a cut in the
abdomen has been observed in two sacred crocodiles from the Cairo Museum collection [5].
In these specimens and in other crocodiles from Kom Ombo, a large amount of resin was
poured into the body, almost doubling the weight of the animals and obliterating the incision.
Some specimens in the Musée des Confluences also show a ventral incision, and it appears that
black resin has been applied to all animals [12]. CT-scans of the 4 metre long crocodile in the
British Museum showed that this animal, from Kom Ombo, had been partially eviscerated
[16]. Only the organs of the upper torso had been removed and the cavity was filled with tex-
tile. The organs of the abdomen were still in place and it was possible to observe the stomach
contents with the last meal, mixed with gastroliths. On the other side of the variation in
mummy preparation is the undated Kom Ombo specimen that was analysed using synchro-
tron microtomography [18]. In this animal, not only was complete evisceration observed, but
most of the muscles and skeleton appear to have been removed. Only the foot extremities,
skull and skin with its osteoderms remain.

None of the crocodiles found at Qubbat al-Hawa showed evidence of the use of resin or
bitumen, and in only a few cases were small pieces of linen found (crocodile #5 and #11). In
connection with crocodiles #4, #5 and #6, palm leaves were found in which the animals may
once have been wrapped. Ropes that may have been used to hold this vegetal matter together
were found on crocodile #4 and #11. Both the linen and palm leaves seem to have been applied
when the animals were already desiccated, the question is how the individuals were dried. It is
very likely that the crocodiles were desiccated by ‘deliberate natural mummification’ (sensu
[52]). It is clear from the above description of the finds that the state of preservation of the
crocodiles found at Qubbat al-Hawa is variable: the bone surface of the skull of the smallest
individual (crocodile #9) was whitish and slightly weathered, crocodile #7 was darker in colour
and had no soft tissue preserved, while all the other crocodiles showed much better preserva-
tion with skin and other soft tissue still somewhat present. All these different degrees of preser-
vation and weathering indicate that the crocodiles did not all receive the same treatment
during their preparation as mummies. We hypothesise that the observed variation is an indica-
tion that the animals were buried at different depths, during different periods of time or in dif-
ferent soils. This would have led to different surface exposure of the crocodile body and thus
different subaerial weathering. Only in crocodile #5 were observations of the soft tissues possi-
ble and no cut marks or other indications of an evisceration were noticed. Gastroliths were
still present showing that at least part of the intestines was still in situ. In the crocodile skele-
tons whose gastralia were preserved, no evidence of evisceration was seen either: all the gastra-
lia were intact and no cutmarks were observed. The varying completeness of the animals, i.e.
the absence of ribs, tail ends and the poor representation of limbs in some crocodiles suggest
that the specimens were fragile and that they fell apart or were damaged when they were taken
away from the drying site. Additional damage may also have occurred during the subsequent
preparation as a mummy and later during transport to Qubbat al-Hawa, where the animals
were laid out.

As mentioned above, the heads were also of varying quality: some were well preserved and
in others the teeth had fallen out or the skull was fractured. Traces related to the decapitation
were observed in three of the five isolated skulls. The chop marks on the cranium at the level of
the squamosum and on the articular (crocodile #8) and the damage to the retroarticular pro-
cesses of the angulars (crocodiles #8 and #10) indicate that a heavy tool was used in chopping
off the head. In crocodiles #8, #9 and #10, the surface of the occipital condyle was damaged. In
all three cases, the altered part is irregular indicating that no cutting tool but brute hand force
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was used to detach this part of the hind skull from the vertebral column. This seems to have
happened in the final stage of decapitation after the tool was used.

Finally, it is worth recalling the way the fore and hind limbs are folded in crocodile #5. In
the animals examined via CT-scanning, and also in crocodiles kept in museums whose leg
positions can be observed without such analyses, it appears that both the fore and hind limbs
are folded backwards. In crocodile #5 from Qubbat al-Hawa, the hind legs are folded forward
under the body, and the fore leg, at least of the left limb, is pointed outwards. During the exca-
vation, it was noted that the hind legs of crocodile #4 were also folded forward.

Dating of the crocodiles

As mentioned above, based on their stratigraphical position, the crocodile remains can be
placed between the New Kingdom and before the Byzantine period. Until radiocarbon dates
are available, only circumstantial evidence can be used to speculate on a more accurate chro-
nological attribution. As for the use and human habitation of Qubbat al-Hawa, it can be
mentioned that the site served mainly as a burial place for humans during the Middle King-
dom, with reuse in the New Kingdom and Late Period. In fact, there is a hiatus in the site’s
use until Byzantine times, with no evidence for human presence in the Ptolemaic and
Roman periods.

Tomb QH34ll is part of a small group of graves constructed during the late First Interme-
diate Period/early Middle Kingdom (QH33bb [53]; QH34cc [54]; QH34ff, QH34gg,
QH34hh, QH34ii, QH34jj and QH34kk [25]). Some were reoccupied during the first half of
the 18™ Dynasty, but most were reused for multiple burials during the 6™-5" centuries BC.
This use coincides with neighbouring reuse of the monumental tombs QH31 and QH33
[55]. After the 5™ century, Qubbet al-Hawa appears to have been abandoned as a burial
ground in favour of the Wadi Samman, where an Egyptian-Italian mission has been conduct-
ing excavations since 2018 [56]. Preliminary results of this archaeological project has shown
that the funerary use of this site runs from the Ptolemaic period (3™ century BC) till the 1%/
2" century AD [57]. It is precisely from this later period that numerous crocodile mummies
have been reported from Kom Ombo (50 km north of Aswan) and Esna (about 150 km), the
localities closest to Qubbat al-Hawa where crocodile cemeteries have been reported. The
crocodile mummies at the Musée des Confluences, dated with radiocarbon [17, 31] yielded
mainly late dates, both for Kom Ombo and Esna as well as for a series of crocodiles of
unknown provenance. The calibrated dates (20) for three crocodiles from Kom Ombo range
between the 1% and the mid-3" century AD, the specimen from Esna is dated to 52 BC-71
AD, and all but one of the four unprovenanced crocodiles fall in the same range. A head of a
crocodile without provenance was dated to 2255 + 30 BP (or 396 cal BC (35.1%) 348 cal BC;
316 cal BC (60.3%) 208 cal BC; 20). The even older dating (2518 + 27 BP; 792-542 cal BC; 20)
obtained on the skin of the 4 m long crocodile mummy from Kom Ombo, preserved at the
British Museum [16], is unreliable due to the freshwater reservoir effect. Radiocarbon dating
of two hatchlings of unknown provenance from the Yale Peabody Museum of Natural His-
tory was also done on skin [32]. The calibrated (20) dates 169 BC-8 AD and 54 BC-82 AD
should also be considered too old.

Of importance for the chronological attribution of the crocodiles from Qubbat al-Hawa is
the absence of any trace of resin, a substance that was abundantly applied to all crocodile
mummies from Kom Ombo and Esna [12]. In the diachronic series of baboon and ibis mum-
mies from Tuna el-Gebel, there is clear evidence of a shift in embalming techniques. In Saitic
times (664-525 BC), baboons were prepared by burying them in sandy sediments, followed by
unearthing and removing the remaining soft tissues, and finally wrapping them in linen cloth
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[58]. The same technique was used in Persian times (525-332 BC), but from then on small
amounts of resin (turpentine and/or bitumen) were applied. However, it was only during the
reign of Ptolemy I (304-284 BC) that larger amounts of resin were used, eliminating the need
to start mummy production with maceration or burial in sand. The large series of ibis mum-
mies also show that before the 30™ Dynasty (380-343 BC), bitumen or resin was rarely used
[59, 60]. The method of preparation of the crocodile mummies from Qubbat al-Hawa suggests
a pre-Ptolemaic dating for the deposit, a hypothesis consistent with the final phase of funerary
use of Qubbet al-Hawa in 5™ century BC (see above).

Species identification

As ancient DNA studies could not be performed on the specimens from Qubbat al-Hawa, we
examined the morphological criteria that were described by Geoffroy Saint-Hilaire [61, 62] as
diagnostic for C. suchus. The distinguishing criteria he defined were based on the examination
and comparison of a single specimen of a C. niloticus measuring 1.28 m and of a C. suchus
measuring 1.19 m. The two main criteria that can be applied to the material from Qubbat al-
Hawa are the skull shape and the number and arrangement of the dermal scutes. Since both
specimens used by Geoffroy Saint-Hilaire are the same length, the observed differences cannot
be size-related. It is also doubtful whether the different skull proportions observed in the two
specimens are due to sexual dimorphism. A study of sexual dimorphism and allometric growth
in a south American crocodile showed that morphometric differences do not occur in animals
smaller than 2 metres in length [63]. Crocodile #5 is the only specimen in which the dermal
scutes can be observed within the skin (Fig 6). Behind the four post-occipital scutes (called
‘plaques nuchales’ [62]), six nuchal scutes (called ‘plaques cervicales’ [62]) are arranged in two
rows. The anterior row consists of four larger scutes, while the posterior row consists of two
smaller scutes. This arrangement is typical of C. niloticus; in C. suchus there are eight nuchal
scutes in two rows [62].

The two species also differ in skull shape, with that of C. suchus being more elongated. Geof-
froy Saint-Hilaire [62] mentions that the ratio of the greatest lateral length of the skull to the
greatest posterior breadth, measured across the quadratojugale, is 2.07 in C. niloticus and 2.22
in C. suchus. These ratios could be established for all individuals found in Qubbat al-Hawa,
except for crocodile #7 with its fractured, incomplete skull. The ratio greatest lateral length to
greatest posterior breadth of the skulls varies from 1.86 for a 3.54 metre animal to 2.26 for a
1.85 metre crocodile (Table 2). When the ratios are plotted against the total length of the croc-
odiles, although the coefficient of determination is low, it appears that their values decrease as
the animals grow larger (Fig 21). This means that the heads of crocodiles become proportion-
ally wider as their overall length increases. In any case, the two specimens examined by Geof-
froy Saint-Hilaire [62] were of similar length and the ratios greatest lateral length to greatest
posterior breadth are clearly different. The specimen identified by Geoffroy Saint-Hilaire as C.
suchus plots relatively close to the smallest individual from Qubbet al-Hawa. It is tempting to
interpret all but the two specimens with the lowest ratio (1.95 and 1.86, in the lower part of the
graph) as C. suchus. Indeed, the individual with the ratio 1.95 (= crocodile #5) had already

Table 2. Ratio of the greatest lateral length of the skull to the greatest posterior breadth measured across the quadratojugale, and the estimated total length (TL) of

each individual.
Crocodile

Ratio

TL (m)

https://doi.org/10.1371/journal.pone.0279137.t1002

#4 #10 #1 #6 #8 #3 #9
2.01 2.05 2.06 2.14 2.15 2.20 2.26
3.50 3.33 2.84 2.73 2.70 2.84 1.85
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Fig 21. Ratio of the lateral length and the posterior width of the skull versus the estimated total length of the
crocodiles from Qubbat al-Hawa. The trend line shown is the power curve for all specimens from the site. The
specimens of C. suchus and C. niloticus described by Geoffroy Saint-Hilaire are coloured orange.

https://doi.org/10.1371/journal.pone.0279137.9021

identified as C. niloticus by its scutes. If the two aforementioned specimens are omitted, an
equation with a much better correlation is obtained (y = 2.536x™*'”%; R* = 0.7534). The C. nilo-
ticus described by Geoffroy Saint-Hilaire and the two omitted specimens from Qubbet al-
Hawa, although only three individuals, fit very well on a power curve (R* = 0.9696). The data
obtained seem to indicate that the two species may have been present at the site. However, this
would mean-if our species designations are correct-that C. suchus could reach much larger
sizes than mentioned by ancient writers and could even surpass the 2.5 m length of a C. suchus
recently identified by genetic analysis.

Conclusion

The mummified crocodiles from Qubbat al-Hawa differ from mummies thus far recorded from
other localities. There was no evidence of the use of bitumen or pitch, for evisceration or any other
special preparation technique. It is assumed that the animals were laid on the surface or, more likely,
buried in a sandy environment that allowed the bodies to dry out naturally. The use of linen and
wrapping in mats was documented for some specimens, but it is unclear whether this was the case
for all animals, as this organic material may have been eaten by insects. Unlike the crocodile mum-
mies reported in the literature so far in which the fore and hindlegs are oriented backward, in the
two mummies of Qubbat al-Hawa in which the orientations could be properly observed, the hind-
legs were folded forward and at least one of the forelegs was oriented laterally in a more or less natu-
ral position. The most striking feature of this collection of crocodiles is the wide variation in the
state of preservation of the mummies. The only individual whose skin and other soft tissue were still
preserved showed damage at the end of the tail and the extremities of the feet. The same damage to
those body parts is evident from the loss of skeletal elements in two fairly well-preserved skeletons.
Two more crocodiles were very incomplete with loss of the anterior and posterior most parts of the
vertebral column and most ribs, as well as the legs. This pattern is not related to preservation condi-
tions at the site, but indicates that some of the dried crocodile carcasses were already of poor quality,
disarticulated or decomposed, when they were deposited. Similar variation was observed in the state
of preservation of the five isolated heads, with specimens whose skin was still attached and one with-
out any teeth. The chop marks and damage pattern observed in the hind skulls show that the ani-
mals were decapitated when the crocodiles were already desiccated.

Finally it should be mentioned that no evidence was found on how the animals were killed
or where they may have been caught. The crocodiles varied in length between 1.8 and 3.5 m
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and it seems that both C. niloticus and C. suchus are present, based on the morphological crite-
ria described as diagnostic. It would be ideal to test this further with genomic analysis and
radiocarbon dating of the animals would also be worthwhile. For now, the crocodile deposit is
assumed to be pre-Ptolemaic, based on the lack of evidence of resin or bitumen use, and on
the archaeological information about human presence at the site.

Supporting information

S1 Fig. Measuring distances of postcranial skeletal elements. All paired elements shown are
from the left side of the body. 1) atlas, anterior view; BFcr, breadth of the Facies articularis cra-
nialis. 2) axis, anterior view; BFcr, breadth of the Facies articularis cranialis. 3) axis, left lateral
view; GL, greatest length of the corpus. 4) hyoid, dorsal view; GL, greatest length. 5) coracoid,
lateral view; GL, greatest length; SD: smallest diameter. 6) scapula, lateral view; GL, greatest
length; GLo, greatest oblique length; GBinf, greatest breadth inferior end; SD: smallest diame-
ter. 7) calcaneus, dorsal view; GL, greatest length. 8) astragalus, anterior view; GL, greatest
length.9) ischium, lateral view; GL, greatest length. 10) pubis, lateral view; GLo, greatest obli-
que length; Bp, greatest breadth proximal end; SD, smallest diameter; Bd, greatest breadth dis-
tal end. 11) ilium, lateral view; GL, greatest length.

(TIF)

S2 Fig. Schematic representation of the crocodile skeleton with indication of its main ele-
ments.
(TIF)

S1 Table. Measurements (in mm) taken on the postcranial bones. The measuring distances
are shown in S1 Fig. Values in brackets are approximate.
(XLSX)

S2 Table. Absolute numbers of skeletal elements expected in a crocodile skeleton [1], and
the proportion observed in the individuals #4, #11, #7 and #1.
(XLSX)
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