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Abstract:

The fossiliferous deposits exposed north of Birket Qarun in the Fayum Depression, northeast
Egypt, have produced a remarkable collection of fossil mammals from localities that range in age
from earliest late Eocene (~37 Ma) to latest early Oligocene (~29 Ma). Anthracotheriidae are
among the most common mammals that are preserved in these deposits.

Here we describe a new fossil specimens of the Anthracotheriidae (Mammalia,
Artiodactyla) discovered in the Jebel Qatrani Formation of Fayum. The specimens consist of a
seven astragalus, which is referable to Bothriogenys sp. from the formation. The specimens
Bothriogenys sp. show a higher degree of size variation and some feature suggest that the

anthracothere are not closely related to Hippopotamus.
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Introduction:

The fossiliferous sedimentary deposits exposed north of Birket (lake) Qarun in the Fayum
Depression (Fig.1), northeast Egypt, have produced a remarkable collection of a wide variety of
fish, amphibian, reptile, bird and mammal taxa (e.g. Andrews, 1906; Simons and Rasmussen,
1990; Murray et al. 2010; Rasmussen et al. 1987) from localities that range in age from earliest
late Eocene (~37 Ma, early Priabonian) to latest early Oligocene (~29 Ma, late Rupelian)
(Seiffert, 2006). Almost all of the area’s major vertebrate fossil quarries, such as quarries A, B,
E, V, I, M, O, L-41and L-75 occur in the Jebel Qatrani Formation (Fig. 2) that have a diverse
mammalian assemblages such as large-bodied hyracoids (Rasmussen and Simons, 2000),
primates  (Simons, 1997; Seiffert et al.,, 2005), elephant-shrews (Simons et al., 1991),
“insectivores” (Seiffert and Simons, 2000; Seiffert et al., 2007), bats (Gunnell et al., 2008),
rodents (Sallam et al., 2009; 2011) and anthracotheriid artiodactyls (Ducrocq, 1997)..
Anthracotheriidae has long been recognized as a family of artiodactyls that originated in Asia in
the late Eocene and diversified in Africa, Eurasia and North America and extinct by the late
Miocene. Anthracotheres are considered to be closely related phylogenetically to
Hippopotomidae (e.g., Black, 1978; Boisserie and Lihoreau, 2006), however, their relationship is
not globally accepted (e.g., Pickford, 2008). The Fayum anthracotheres are among the most
common terrestrial mammals preserved at the fossil localities in particular at those occur in the
Jebel Qatrani Formation and become larger in size stratigraphically through time. However
among the most abundant components of the Jebel Qatrani Formation’s terrestrial mammal
faunas, little has been published about the group (Ducrocq, 1997).0nly two genera, Bothriogenys

and Qatraniodon, have been previously attributed to the family anthracotheriidae from
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Paleogene of Egypt based mainly on craniodental materials (Andrews, 1906; Schmidt, 1913;
Black, 1978; Ducrocq 2007 ).The oldest fossil remains of Fayum anthracotheres recorded from
the underlie late Eocene Qaser El Sagha Formation (Holroyed et al., 1996). Here we describe the
seven anthracothere astragalus from Jebel Qatrani Formation and compare it with Hippopotamus

astragalus.

EGYPT
Fayum

Depression

Eastern
Desert

Western Desert

AFRICA

—— 250 Km.

Fig. 1. Location map of the Fayum Depression in the Western Desert, northern Egypt.
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Fig. 2. Stratigraphic ranges of Fayum anthracotheres recognized in this paper and unstudied
specimens (Anthracotheriidae) from older quarries. Age estimates for major mammal-bearing
fossil localities, and approximate position of Eocene-Oligocene boundary, follows Seiffert

(20086).
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Abbreviation and materials:

Institution: CGM: Cairo Geological Museum.

Material: The specimens described here are stored in Egyptian Geological Museum (CGM). The
studied specimens include the seven anthracothere astragalus represented by CGM 27363, CGM
27368, CGM 27350, CGM 27327, CGM 27416, CGM 27325 and CGM 27334. The basic
anatomical terminology of astragalus indicated in Figure the terms compiled from Tsubamoto et
al. (2008) (Fig.3).

Occurrence: Qasr el Sagha Formation and Jebel Qatrani Formation, Early Oligocene, Fayum
Depression, Egypt.

Measurements: Shown in Table 1.

Systematic Paleontology
Class: Mammalia Linnaeus, 1758
Order: Artiodactyla Owen 1848
Family: Anthracotheriidae Leidy, 1869
Subfamily: Bothriodontinae Scott, 1940
Genus: Bothriogenys Schmidt, 1913
Bothriogenys sp.
Description:

Seven isolated astragali have been recovered from the Fayum Depression. All specimens are
from the Jebel Qatrani Formation except for the oldest astragalus, which was collected from
Quarry L-25 in Dir Abu Lifa Member, Qasr el Sagha Formation (see Simons, 1968) (Fig.4),
(Fig.5) and (Fig.6). Among all of the bones of the Fayum anthracothere postcranial skeleton,
astragali are the most common bone to be found, because of their robust and compact structure

that makes them less likely to be eroded away like other skeletal elements.
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Fig. 3. Line drawing of anthracothere astragalus. (A) in anterior view, (B) in posterior view, (C)

in medial view (D) in lateral view. Scale bars equal 2 cm.
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Table 1. Measurements (in cm) of the anthracothere astraglus bones described in this paper.

lateral medio- medio- medial
proximo- medial lateral width | lateral width dorso- lateral length medial length
distal proximo- of tibial of distal plantar (diameter) of (diameter) of tibial
CGM.No. Locality length distal length trochlea trochlea height tibial trochlea trochlea

27363 L-25 5.03 4.62 2.2 2.57 2.24 2.46 2.56
27368 [ 8.3 7.01 4.2 4.7 3.61 4.59 4.44
27350 M 8.22 7.49 4 4.37 3.7 4.1 3.97
27327 M 8.57 7.62 4.11 4.68 4.05 4.8 4.17
27416 [ 9.12 8.05 4.61 5.3 4.5 5.2 4.4
27325 0 8.38 8.9 3.72 4.48 4.05 4.22 3.98
27334 [ 8.2 7.2 4.04 4.31 4.9 4.2 4.28

Most Fayum anthracothere astragali are well preserved except for a few that exhibit postmortem

erosion and damage.

The anthracothere astragalus has the typical artiodactyl double pulley morphology.
Fayum anthracothere shows change in size through the Fayum Paleogene sequence matching
with that seen in the dentitions. In dorsal view, anthracothere astragali have relatively high lateral
and medial tibial trochlear ridges with the lateral ridge being slightly higher and more massiveve
than medial trochlea ridge. There is a moderate trochlear groove, separating the medial and
lateral trochlea ridges. The tibial trochlea is larger than the distal trochlea and is slightly oblique
to the long axis, but not lying in the same plane as the distal trochlea. The astragalus from the
Qasr El Sagha Formation CGM 27363 differs slightly from later occurring forms in being

marrower and in having a very small deviation between the tibial and distal trochleae.

The distal calcaneal facet is prominent laterally and underneath it there is a small
indentation. The cuboid facet is slightly wider than the navicular facet and is separated from it by
a keel. In ventral view, the sustentacular facet is well developed. The lateral surface nearly
convex in the proximo-distal direction. The flattened medial surface extends nearly to the
sustentacular facet, but it is separated from it by a shallow sulcus of the sustentacular. The
sustentacular facet is limited proximally by deep groove and distally by a broad and somewhat

deep cuboid fossa. There is a cuboid facet developed at the end of distal trochlea. In the lateral
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view, there is a large and well-basined inter-articular fossa. In the medial view, there are two

shallow depressions, one proximally and the other distally.

Fig.4. Anthracothere astragalus. A, CGM 27363: (Al) in anterior view, (A2) in posterior view, (A3) in

medial view, (A4) in lateral view. Scale bars equal 2 cm.
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Fig. 5. Anthracothere astragalus. A, CGM 27368: (Al) in anterior view, (A2) in posterior view, (A3) in
medial view, (A4) in lateral view. B, CGM 27350: (B1) in anterior view, (B2) in posterior view, (B3) in
medial view, (B4) in lateral view. C, CGM 27327: (C1) in anterior view, (C2) in posterior view, (C3) in
medial view, (C4) in lateral view. Scale bars equal 2 cm.
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Fig. 6. Anthracothere astragalus. A, CGM 27416: (Al) in anterior view, (A2) in posterior view,
(A3) in medial view, (A4) in lateral view. B, CGM 27325: (B1) in anterior view, (B2) in
posterior view, (B3) in medial view, (B4) in lateral view. C, CGM 27334: (C1) in anterior view,

(C2) in posterior view, (C3) in medial view, (C4) in lateral view. Scale bars equal 2 cm.
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Compression:

Compared with Hippopotamus, Fayum anthracotheres have narrow and elongate astragali
with a prominent projection on the lateral side (Fig. 7 arrow A). They also have a uniform width
throughout their extent and low oblique cuboid and navicular facets (Fig. 7 arrow B). In the
Hippopotamus, the astragalus is relatively shorter and broader, without a prominent projection on
the lateral side, more oblique cuboid and navicular surfaces. In the anterior view, there is a more

oblique angle between the tibial and distal trochlea than those of anthracotheres (Fig. 7 arrow C).

Anthracothere — Hippo.

Fig.7. Morphology of astragalus of anthracothere from Fayum and astragalus of Hippopotamus. Scale

bars equal 2 cm.
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Discussion:

For a long time anthracotheres were believed to have similar habits and to have occupied similar
habitats to those of the modern Hippopotamus (Black, 1978; Kron and Manning, 1998; Boisserie
and Lihoreau, 2006). The main reason for supporting this belief was that the first described
anthracothere was a large, massive species, recovered from lignite deposits indicated a swampy
habitat (Cuvier, 1822; Falconer and Cautley, 1836; Rutimeyer, 1857). In addition, the pattern of
tooth wear of some anthracotheres is similar with that of the extant Hippopotamus amphibius
(Laws 1968)

But so far, the relation between anthracotheres and Hippopotamus has been the subject of
hot debates between scholars. Recent molecular work has concluded that Hippopotamus are not
strongly related to anthracotheres and some have suggested that the anthracotheres are not
closely related to Hippopotamus and may be are related to Palaeochoeridae (extinct artiodactyla)
(e.g. Pickford, 2008) instead. The Fayum anthracothere postcranial bones reinforce Pickford’s
hypothesis and suggestive that these anthracotheres were adapted for a springing and bounding

type of locomotion — such activities are known not to occur in Hippopotamus.

Acknowledgement:

I am very grateful to all members of the Egyptian Mineral Resources Authority and Egyptian
Geological Museum for their continuous support, especially Dr. Omar Teamaa, Dr. Ramadan
Hraoun, Mr. Medhat Abdel Ghani, Mr. Mohamed Magdi.

387



IJSEAS

International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-8,November 2015
ISSN: 2395-3470
www.jjseas.com

References:

Andrews, C. W. 1906. A descriptive catalogue of the Tertiary Vertebrata of the Fayum, Egypt.
Based on the collection of the Egyptian government in the Geological Museum, Cairo,
and on the collection in the British Museum (Natural History). London: Brit. Mus. [Nat.
Hist.], London, 324 pp.

Black, C. C. 1978. Anthracotheriida, p. 423-434. In: V.J. Maglio, & H. B. S. Cooke, (Eds.):
Evolution of African mammals. Harvard University Press, Cambridge, 641 pp.

Boisserie, J. R., and F. Lihoreau. 2006. Emergence of Hippopotamidae: new scenarios. Comptes
Rendus Palevol., 5: 749-756.

Cuvier, G. 1822. Recherchés sur les ossemens fossiles, ou I’on rétablit les caracteres de plusieurs
animaux, dont les révolution du globe ont détruit les espéces. G. Dufour et E.D Ocagne,
1-412.

Ducrocq, S. 1997. The anthracotheriid genus Bothriogenys (Mammalia, Artiodactyla) in Africa
and Asia during the Paleogene: phylogenetical and paleobiogeographical relationships.

Stuttgarter Beitrage zur Naturkunde, B (Geologie und Palaontologie), 250: 1-44.

Falconer, H. and P.T. Cautley. 1836. Note on the fossil Hippopotamus of the Siwalik Hills.
Asiatic Researches, 19: 39-53.

Gunnell, G. F., E. L. Simons, and E. R. Seiffert. 2008. New bats (Mammalia: Chiroptera) from
the late Eocene and early Oligocene, Fayum Depression, Egypt. Journal of Vertebrate
Paleontology, 28: 1-11.

Holroyd, P. A., E. L., Simons, T. M. Bown, P. D. Polly and M. J. Kraus. 1996. New records of
terrestrial mammals from the upper Eocene Qaser el Sagha Formation, Fayum

Depression, Egypt. Paleovertebrata, 23: 175-192.

Korn, D. G. and E. Manning. 1998. Anthracotheriidae, p. 381-388 in C.M. Janis, K.M. Scott,

L.L. Jacobs (eds). Evolution of Tertiary Mammals of North America. Volume 1:

388



International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-8,November 2015
ISSN: 2395-3470
www.jjseas.com

IJSEAS

Terrestrial carnivores, Ungulates, and Ungulatelike Mammals. Cambridge. Cambridge
University press.

Laws, R. M. 1968. Dentitione and ageing of the hippopotamus. E. Afr., Wild. J., Nairobi, 6: 19-
52.

Leidy, J. 1869. The extinct mammalian fauna of Dakota and Nebraska, including an account of
some allied forms from other localities, together with a synopsis of the mammalian
remain of North America. Journal of the Academy of Natural Sciences, Philadelphia, 2:
1-472.

Linnaeus, C. 1758. Systema Naturae per Regna tria Naturae, secundum Classes, Ordines,
Genera, Species, cum Characteribus, Differentis, Synonymis, Locis. Tenth edition.
Laurentii, Slavi, Stockholm, 824 pp.

Murray, A. M., T. D. Cook, Y. S. Attia, P. Chatrath, and E .L. Simons. 2010. A freshwater
ichthyofauna from the late Eocene Birket Qarun Formation, Fayum, Egypt. Journal of
Vertebrate Paleontology, 30: 665-680.

Owen, R. 1848. Description of teeth and portions of two of two extinct anthracotheroid
quadrapeds (Hyopotamus vectianus and H. bovinus) discovered by the Marchioness of
Hastings in the Eocene deposits on the N. W. coast of the Isle of Wight, with an attempt
to develop Cuvier’s idea of the classification of pachyderms by the number of their toes.
Quarterly Journal of the Geological Society of London, 4: 104-141.

Pickford, M. 2008. The myth of the Hippo-Like anthracothere: the eternal problem of homology
and convergence.Rev. Esp. Paleont, 23(1): 31-90.

Rasmussen, D. T., and Simons, E. L. 2000. Ecomorphological diversity among Paleogene
hyracoids (Mammalia): a new species of cursorial browser from the Fayum, Egypt.
Journal of Vertebrate Paleontology 20: 167-176.

Rasmussen, D. T., S. L. Olson and E. L. Simon. 1987. Fossils birds from the Oligocene Jebel
Qatrani Formation, Fayum, Egypt, Smithonain contrib.Paleobiol., 62: 1-20.

Rutimeyer, L. 1857. Ueber Anthracotherium magnum und hippoideum. Neue Denkschirften der

schweizerischen Naturforchenden Gesellschaft, 15: 1-32.

389



International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-8,November 2015
ISSN: 2395-3470
www.jjseas.com

IJSEAS

Sallam, H. M., E. R. Seiffert, and E. L. Simons. 2011. Craniodental morphology and systematics
of a new family of hystricognathous rodents (Gaudeamuridae) from the late Eocene and
early Oligocene of Egypt. PLoS ONE, 6: €16525.

Sallam, H. M., E. R. Seiffert, M. E. Steiper, and E. L. Simons. 2009. Fossil and molecular
evidence constrain scenarios for the early evolutionary and biogeographic history of
hystricognathous rodents. Proceedings of the National Academy of Sciences, U.S.A.,
106: 16722-16727.

Schmidt, M. 1913. Ueber Paarhufer der fluviomarinen Schichted des Fajum. Geologische und
Paldontologische Abhandlungen, 15: 153-264.

Scott, W. B. 1940. Artiodactyla, p. 363-746. In W. B. Scott and G. L. Jepsen (eds.), The
Mammalian Fauna of the White River Oligocene. Transactions of the American
Philosophical Society, Philadelphia, 28(4):1-980.

Seiffert, E. R., E. L. Simons and J. G. Fleagle. 2000. Anthropoid humeri from the late Eocene of
Egypt. Proc Natl Acad Sci, USA, 97:10062-10067.

Seiffert, E. R., E. L. Simons, W. C. Clyde, J. B. Rossie, Y. Attia, T. M. Bown, P. Chatrath and
M. Mathison. 2005. Basal anthropoids from Egypt and the antiquity of Africa's higher
primate radiation, Science, 310:300-304.

Seiffert, E. R. 2006. Revised age estimates for the later Paleogene mammal faunas of Egypt and
Oman. Proceedings of the National Academy of Sciences, USA, 103: 5000-5005.

Seiffert, E. R. 2007. A new estimate of afrotherian phylogeny based on simultaneous analysis of
genomic, morphological, and fossil evidence. BMC Evolutionary Biology 7, 224
doi:10.1186/1471-2148-7-224.

Simons, E. L. 1968. Early Cenozoic mammalian faunas, Fayum Province, Egypt. Part 1. African
Oligocene mammals: introduction, history of study, and faunal succession. Bull. Peabody
Mus. Nat. Hist., Yale Univ., 28: 1-21.

Simons, E. L. 1997. Discovery of the smallest Fayum Egyptian primates (Anchomomyini,
Adapidae). Proc Natl Acad Sci, USA, 94: 180-184.

390



International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-8,November 2015
ISSN: 2395-3470
www.jjseas.com

IJSEAS

Simons, E. L. and D. T. Rasmussen. 1990. Vertebrate paleontology of Fayum: history of
research, faunal review and future prospects, p 627-638 In: R. Said (ed): The Geology of
Egypt: A. A. Balkema, Rotterdam.

Simons, E. L., P. A. Holroyd, and T. M. Bown.1991. Early Tertiary elephant shrews from Egypt
and the origin of the Macroscelidea. Proc Natl Acad Sci, USA 58: 9734-9737.
Tsubamoto, T. and K. Tsogtbaatar S. 2008. New specimens of anthracotheriid artiodactyls from

the upper Eocene Ergilin Dzo Formation of Mongolia. Paleontological Research, 12:

371-386.

391



	References:

