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Abstract: The earliest cetaceans are found in the early Eocene of Indo-Pakistan. By the late middle to late Eocene, the group
colonized most oceans of the planet. This late Eocene worldwide distribution clearly indicates that their dispersal took place during
the middle Eocene (Lutetian). We report here the first discovery of a protocetid fossil from middle Eocene deposits of Senegal (West
Africa). The Lutetian cetacean specimen from Senegal is a partial left innominate. Its overall form and proportions, particularly the
well-formed lunate surface with a deep and narrow acetabular notch, and the complete absence of pachyostosis and osteosclerosis,
mark it as a probable middle Eocene protocetid cetacean. Its size corresponds to the newly described Togocetus traversei from the
Lutetian deposits of Togo. However, no innominate is known for the Togolese protocetid, which precludes any direct comparison
between the two West African sites. The Senegalese innominate documents a new early occurrence of this marine group in West
Africa and supports an early dispersal of these aquatic mammals by the middle Eocene.
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INTRODUCTION
Africa seems to have played a pivotal role in the evolution of
early marine mammals, but the sub-Saharan Paleogene fossil
record is very poor and relatively little paleontological work
has been carried out in sub-Saharan Africa (Domning et al.,
2010; Gingerich, 2010). The great potential to discover early
cetaceans and associated fauna in Senegal was demonstrated
over half a century ago. In 1966, Elouard reported the discovery
of a partial skeleton of an archaeocete from Lutetian deposits
in a water well at Tiavandou located 8 km south of Kaolack
(west-central Senegal; Fig. 1 and Elouard, 1966).
Fifteen meters deep inside the well, the well-diggers of
Tivandou were surprised to find bones of a gigantic beast in
limestone deposits, namely some ten vertebrae and a few teeth.
Shocked by this discovery, they finally decided to carefully
bury the bones in the vicinity of the well. As chance would have
it, one vertebra did not take part to the funeral and was given
to the village chief and came to a school teacher in Kaolack, L.
Costes, who brought it to Dakar. The members of Laboratory
of Geology of the University of Dakar then decided to organize
a proper excavation inside the abandoned well.
The excavation led to discovery of numerous vertebrae (18),
some fragments of ribs, but no limb or piece of skull except
for some teeth enclosed in an altered bone. Elouard (1966)
attributed these remains to the genus Zeuglodon, an archeocete
of 8 to 10 metres long. Gingerich (2010) recently gave a younger
estimation (from Bartonian to Priabonian) for the age of these
remains based on the recognition of basilosaurid features on
the teeth. Frustratingly, the “bête de Tiavandou” (i.e. beast of
Tiavandou), which was the only Senegalese specimen of fossil

cetacean found to date, seems to have been lost (pers. comm.,
Institut Fondamental d’Afrique Noire, IFAN).
Recent discovery of a Lutetian stem sirenian (Hautier et al.,
2012) in the phosphate quarry of Taïba Ndiaye has demonstrated the great potential for new discoveries in the Senegalese
phosphate series, especially of early marine mammals. In 1979,
one of us (PMH) was in charge of undertaking the geological
survey in the area of Taïba Ndiaye when he discovered a partial
innominate in the now abandoned quarry of Ndomor Diop. This
discovery occurred at the end of the exploitation period of this
part of the quarry, the ore layer becoming thinner and grading
laterally into limestone and marl. The partial innominate was
found in these latter deposits. We present here the description
of this bone, which represents the westernmost African remains
of a protocetid.
Institutional abbreviation: SN, University of Dakar, Dakar,
Senegal.
GEOLOGICAL OVERVIEW
The phosphate quarry of Taïba Ndiaye is located north of the
plateau of Thiès (Western Senegal - Fig. 1B). Previous studies
already described precisely the stratigraphical context of the
quarries of Taïba Ndiaye and Lam-Lam (Tessier, 1952; Chino,
1963; Castelain, 1965; Marie, 1965; Monciardini, 1966;
Brancart & Flicoteaux, 1971; Flicoteaux, 1975, 1982; Tessier et
al., 1976; Ducasse et al., 1978; Samb, 2008). In the new stratigraphical nomenclature of the Senegalese sedimentary basin,
Roger et al. (2009) distinguished two formations, the lower of
1
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Figure 1. Stratigraphic position (A) and geographic position (B) of the quarry of Taïba Ndiaye that yielded the fossil of cetacean described in this study. Original arts
by Laurence Meslin, © Laurence Meslin - CNRS.

which is the Formation of Lam-Lam and the upper the Taïba
Formation (Fig. 1A). The Lam-Lam Formation is composed
predominantly of marl and limestones from the lower Lutetian
(Fig. 1A, 1) whereas the Taïba Formation mainly consists of
phosphate deposits.
Three units are represented in the Taïba Formation, which
varies in thickness from 5 to 12 m (Fig. 1A). The basal heterogeneous ore, bearing the specimen described here, consists of
a fine brownish phosphate bearing sandstone with flints, rarely
interbedded with brown clays (Fig. 1A, 2). It is overlain by
homogeneous ore, which consists of pinkish phosphate of lime
constituted by phosphatic grains in a phosphatic and/or clay
matrix with rare flints (Fig. 1A, 2). A thin layer of variegated
clay overlies the homogeneous ore (Fig. 1A, 3). The whole
formation is dated from the late Lutetian to the Bartonian based
on planktonic foraminifera (Marie, 1965; Flicoteaux, 1975,
1982; Brancart, 1977; Ducasse et al., 1978; Samb, 2008) and
sharks (Hautier et al., 2012).
A superficial covering, dominated by quaternary sand dunes
of 20 to 40 m high (Fig. 1A, 6), covers the phosphate Taïba
Formation. These dunes are part of a system called the “Red
Dunes of Ogolian” that cover most of the northern part of the
Senegalese coast.

SYSTEMATIC PALAEONTOLOGY
Class MAMMALIA Linnaeus, 1758
Order CETACEA Brisson, 1762
Suborder ARCHAEOCETI Flower, 1883
Family PROTOCETIDAE Stromer, 1908
gen. and sp. indet.
Referred material. SN103, a partial left innominate. A 3D
reconstruction of SN103 was deposited in MorphoMuseum
(http://www.morphomuseum.com/; M3#5_SN103).
Age and occurrence. Taïba Formation, Lutetian of the near
Taïba Ndiaye, quarry of the Industries Chimiques du Sénégal
(ICS) (Figs 2, 3, and 4). The innominate, like the prorastomid
vertebra (SN102; Hautier et al., 2012), was collected in the
area of Ndomor Diop, which was previously exploited but is
now completely abandoned.
Description (Figs 2 and 3)
Partial left innominate mostly consisting of the ilium. The ilium
2

HAUTIER ET AL.: FIRST PROTOCETID REMAIN FROM SENEGAL

Comparison

A

B

C

Figure 2. CT scan of the Senegalese innominate SN103 in lateral (A), ventral
(B), and medial (C) views. Scale bar = 1 cm.

is gracile and characterized by the retention of a well-formed
acetabulum with a circular lunate surface. Suture lines have
been obliterated, so individual bones of the innominate may
have fused but the ischium and pubis are largely missing. The
rounded acetabulum is 31.5 mm in diameter (measured around
the margin of the lunate surface) and 16 mm deep (measured to
the deepest part of the lunate surface). It opens caudaloventrally (the ventral part is largely broken). A sharp ridge in the lower
third of the socket suggests the presence of a deep, well-marked
acetabular notch (Figs 2 and 3).
The lunate surface overhangs the acetabular notch dorsally. A
groove is defined medially behind this ridge. A bulge delineates
the lateral edge of the acetabulum, forming a thick ridge. A
distinct bulge is visible on the lateral side anterior to the
acetabulum for origination of ligaments or muscles (Figs 2 and
3). The foramen obturator and the iliopectineal eminence are
not preserved. The body of the ilium is slender and constricted,
trihedral in cross-section close to acetabulum and oval more
anteriorly.
The ventral border of the iliac neck is relatively flat, whereas
the dorsal border is convex; the surface of the innominate dorsal
to the acetabulum is rugose. The medial surface is relatively
smooth and flat. The rest of the body is missing, especially the
auricular surface for articulation of the sacral vertebrae. The
ilium shows no sign of pachyostosis and osteosclerosis (Fig. 4),
the medullar region is occupied by an open cavity composed by
a network of thin trabeculae. The preserved part of the body of
the ischium is D-shaped in cross section. A flat lateral surface
of the ischium overhangs the acetabulum posteriorly

Gingerich et al. (1993) and Beatty and Geisler (2010) noticed
that the morphology of the pelves of protocetid archaeocetes
can be confused with pelves of protosirenids or moeritheriids
(Fig. 5). In fact, the present innominate closely resembles the
one of Protosirenidae such as Protosiren fraasi and P. sattaensis
characterized by a dorsoventrally slender ilium (Fig. 5A and B;
Gingerich et al., 1995a). However, the identity of SN103 as
a sirenian can be ruled out because its ilium shows no sign
of pachyostosis or osteosclerosis (Fig. 4). The most primitive
sirenian, Pezosiren portelli has been shown (Domning, 2001;
de Buffrénil et al., 2010) to be already pachyosteosclerotic like other sirenians. With the exception of a few posterior
ribs, the skeleton of Protosiren is known to be pachyosteosclerotic (Beatty and Geisler, 2010; Zalmout, 2008; Zalmout
et al., 2003). As a matter of fact, the innominate of Protosiren
recently recovered from the late Middle Eocene of South
Carolina (Beatty and Geisler, 2010) was shown to be clearly
osteosclerotic.
Besides this, some other distinct morphological features were
observed. The acetabulum of Protosiren fraasi is delineated by
a sharp edge (Gingerich et al., 1995a) that contrasts with the
bulge-like acetabular edge of SN103. The ilium of Protosiren
sattaensis is characterized by a distinct bulge on the lateral side
anterior to the acetabulum. It resembles SN103 in this way, but
clearly differs in having a very shallow and wide acetabular
notch (Gingerich et al., 1995a).
Some morphological features of SN103 also recall the
morphology of the innominate of Moeritherium from Egypt
(Fig. 5C; Andrews, 1906; Gingerich 1992), an Eocene to
Oligocene proboscidean that did not have pachyosteosclerotic bones. However, the specimen can be clearly differentiated
from the proboscidean innominates in that Moeritherium has
a horseshoe-shaped acetabulum flattened dorsoventrally with
a prominent rim interrupted posteroventrally by a wide but
shallow acetabular notch (Andrews, 1906). Unlike SN103, the
surface of the ilium of Moeritherium is concave on the lateral
side anterior to the acetabulum (Andrews, 1906). The same is
true for the innominate of Numidotherium koholense, which is
bigger than SN103 and characterized by an iliac blade more
dorsoventrally flattened, a horseshoe-shaped acetabulum with
a widely opened and almost oval acetabular notch (pers. obs.;
specimen UOK 215, Université de Montpellier 2). Moreover,
even if post-mortem transport cannot be discarded, early proboscideans were likely restricted to a freshwater environment
(Clementz and Holroyd, 2007; Liu et al., 2008); such an
ecology contrasts with the marine depositional environment
previously proposed for the formation of Taïba.
This incomplete but well-preserved innominate shows a
suite of morphological features of Cetacea. Eocene cetacean
innominates are very rare in the fossil record but partial or
subcomplete ones are known from remingtoncetids (Gingerich
et al., 1993, 1995b), protocetids (Gingerich et al., 1993, 1994,
2001a, 2009; Hulbert, 1998; Uhen, 2014), and basilosaurids
(Kellogg, 1936; Gingerich et al., 1990). The innominate of the
remingtoncetid Dalanistes (GSP-UM 3106, Gingerich et al.,
1995b) can be clearly discriminated from SN103 in displaying
a massive ilium with a larger and deeper acetabulum, and a
characteristic triangular depression on the lateral surface of
the ilium just anterior to the acetabulum (Gingerich et al.,
1995b). Basilosaurid innominates clearly differ from SN103
in displaying a rectangular shape with ischial and pubic rami
3
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Figure 3. Drawings of the Senegalese innominate SN103 in lateral (A), ventral (B), and medial (C) views. Dashed line represents missing portion of pelvis based on
the morphology of the innominate of Georgiacetus vogtlensi (Hulbert et al., 1998, holotype GSM 350) Abbreviations: a., acetabulum; a. n., acetabular notch; d. m.
a. n., dorsal margin of the acetabular notch; o. f., obturator foramen. Scale bar = 1 cm. Original arts by Laurence Meslin, © Laurence Meslin - CNRS.

directed ventrally, a much shallower acetabulum, and a very
short ilium (Fig. 5D; Gingerich et al., 1990).
SN103 almost certainly belongs to the family Protocetidae based on its size and morphology. The most complete
protocetid innominates are known from Rodhocetus (Lutetian,
Pakistan; Gingerich et al., 1994, 2001b), Maiacetus (Lutetian,
Pakistan; Gingerich et al., 2009), Qaisracetus (Lutetian,
Pakistan; Gingerich et al., 2001a), Georgiacetus (Bartonian,
Georgia; Hulbert, 1998; Hulbert et al., 1998), Natchitochia (Bartonian, Mississippi; Uhen, 2014), and questionably
referred to Indocetus (Lutetian, India and Pakistan; Gingerich
et al., 1993). They all share a suite of morphological features of
the ilium: a deep acetabulum with well-formed lunate surface,
which overhangs dorsally a deep acetabular notch (Uhen,
2014). All these features are visible on SN103.
The ilia of Rodhocetus and Maiacetus (Fig. 5F and G) are
broader dorsoventrally than SN103. On the contrary, the ilia of
Indocetus, Qaisracetus, Natchitochia, and Georgiacetus (Fig.
5H, I and J) are much narrower, displaying a deep and narrow
acetabular notch and thickened acetabular edges, which closely
resemble SN103. Interestingly, SN103 presents a mixture of
morphological characters between the lower middle Eocene
Indocetus and more recent protocetids such as Qaisracetus,
Georgiacetus, and Natchitochia. The acetabulum of SN103 is
nearly as ventrally positioned as the one of Indocetus and is
overhung posteriorly by a flat lateral surface of the ischium;
however the acetabulum of Indocetus is delineated by a sharpen
edge and no bulge is visible anterior to it.
The iliac neck of SN103, like those of Qaisracetus, Georgiacetus, and Natchitochia, is slender and convex anterior
to the acetabulum. However, it differs from the latter two in

displaying a more robust iliac neck; the innominates of Georgiacetus and Natchitochia are also significantly larger, with an
acetabulum measuring 49.1 mm and 55.6 mm in height respectively (Uhen, 2014). Moreover, the lunate surface in Georgiacetus is more dorsally oriented whereas it is more lateral in
SN103, Qaisracetus, and Natchitochia.
Uhen (2014) noted that the two main differences between
Georgiacetus and Natchitochia reside in the shape of the ventral

Figure 4. Bone compactness distribution in cross-sections of the Senegalese
innominate SN103. In the cross-sections, gray areas do not represent
pachyosteosclerotic bone, but portions of the medullar region filled with
sediment. Scale bar = 1cm.
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pocetus-like, were also reported from the Lutetian deposits
of Kpogamé-Hahotoé basin (Cappetta & Traverse, 1988). A
recent reconsideration of these specimens (Gingerich et al.,
1992; Gingerich and Cappetta, 2014) allowed identifying
several Togolese archeocetes, the most common of which is
the protocetid Togocetus traversei. Unfortunately, only a pubic
portion of a left innominate of T. traversei is known from
Kpogamé; this portion is absent on SN103. For Gingerich and
Cappetta (2014), this pubic portion very closely matches the
left pubis of Rodhocetus kasranii and recalls the right pubis
of Maiacetus inuus. Despite the absence of a more complete
innominate in the Togolese material, it worth mentioning that
the spherical femoral head of T. traversei measures 28.5 in
diameter and so it closely matches the size of the acetabulum
of the innominate SN103.
From a paleobiological point of view, the retention of a
well-formed lunate surface and acetabular notch in acetabulum
suggests a locomotor function for the hind limb (Hulbert et
al., 1998). Rodhocetus, Qaisracetus, Protocetus, and Natchitochia were probably swimming using simultaneous pelvic
paddling (e.g. Lutra) due to the presence of a well-developed
articulation of the innominate with the sacrum, while Georgiacetus was probably using dorsoventral pelvic undulation
(e.g. Enhydra) because of the lack of such an articulation
(Uhen, 2014). The pelvic region likely to show the iliosacral
synarthrosis (the auricular surface) is not preserved on the
Senegalese innominate, so no interpretation can be made on
the locomotor function of the hind limb in terms of terrestrial
or marine locomotion.
DISCUSSION

Figure 5. Innominate outlines (lateral views) in several mammalian species
that were used for comparisons. A, Protosiren smithae (left, CGM 42292
holotype; Gingerich et al., 1995), B, Protosiren fraasi (left, SMNS 43976b;
Gingerich et al., 1995); C, Moeritherium (right, reversed; Andrews, 1906); D,
Basilosaurus cetoides (right, reversed; Kellogg, 1936); E, Pakicetus sp. (left,
H-GSP 18507; Uhen, 2014); F, Rodhocetus kasranii (right, reversed, GSP-UM
3012; Uhen, 2014); G, Maiacetus inuus (left, and pubis partly reconstructed,
GSP-UM 3551; Uhen, 2014); H, Qaisracetus arifi (right, reversed, GSPUM 3410; Uhen, 2014); I, Georgiacetus vogtlensis (left, GSM 350; Hulbert,
1998); J, Natchitochia jonesi (right, reversed, MMNS 4849; Uhen, 2014); K,
Senegalese innominate SN103. Abbreviations: a., acetabulum; il., ilium; is.,
ischium; o. f., obturator foramen; pu., pubis. Scale bar = 5 cm.

margin of the pubis and the presence/absence of clearly defined
auricular surface, two features that are missing on SN103. The
morphology of SN103 is overall quite similar to the innominate
of Qaisracetus both in size and morphology. However, the lateroventral margin of the iliac neck of Qaisracetus is distinctly
characterized by the presence of a sharp ridge whereas this
margin is more rounded in SN103. The acetabulum diameter
of Qaisracetus is 38 mm (Gingerich et al., 2001a), which is
larger than the one of SN103 (i.e. 31.5 mm). However, such
a difference in size can be attributed to individual variation,
especially considering that some protocetids (i.e. Maiacetus
inuus; Gingerich et al., 2009) have been shown to present
sexual dimorphism, with male having a significantly greater
body length and distinct pelvic morphology.
Several postcranial remains of the protocetid Pappocetus
have been described from the middle Eocene of Nigeria
(Halstead and Middleton, 1974, 1976), but no innominate was
reported. Teeth and bone fragments, first identified as Pap-

The earliest cetaceans are found in the early Eocene (Ypresian) of
Indo-Pakistan, but by the late middle to late Eocene (Bartonian
and Priabonian), the group has colonized most of the oceans of
the planet from Egypt (Gingerich, 1992; Gingerich and Uhen,
1996), Europe (e.g. Uhen and Tichy, 2000), North America (e.g.
Hulbert et al., 1998; Uhen, 2014), and New Zealand (Köhler
and Fordyce, 1997). This late Eocene worldwide distribution
clearly indicates that their dispersal took place during the
middle Eocene (Lutetian). The new fossils from Senegal and
Togo are then of primary importance as they have the potential
to considerably improve our knowledge of the African diversification and subsequent global dispersion of these early marine
mammals. Startlingly, despite some geological and temporal
similarities, the Senegalese and Togolese phosphate basins
have yielded somewhat different mammalian fossil remains.
Perhaps the most intriguing case is that of the sirenians: while
a prorastomid sirenian was described in Senegal (Hautier et
al., 2012), this family is absent from the phosphates of Togo
where, in contrast, protosirenid and dugongid sirenians have
been reported (Gingerich and Cappetta, 2014). The Senegalese
innominate may belong to Togocetus; however, in order to
confirm this, more material will be needed both from Senegalese
and Togolese deposits. We show that this innominate is more
similar to the one of the Asian Qaisracetus than to the one of
the North American Georgiacetus and Natchitochia.
Protocetids were not nearly as sophisticated swimmers as
extant cetaceans, probably swimming by undulation of the
body and tail (Buchholtz, 1998) or using alternate or simultaneous hind limb paddling (Gingerich, 2003; Uhen, 2014). It is
believed that their dispersal occurred from the eastern Tethys
of Indo-Pakistan via coastal water circling the Tethys Ocean.
5
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The fact that similar protocetids could be restricted to coastal
waters of West Africa, and share morphological features with a
Pakistani form, is consistent with this biogeographic scenario.
Such a scenario of dispersal via coastal water has also been
proposed to explain their dispersal in North America (Geisler et
al., 2005), which most likely took place along the continuous,
warm-climate North Atlantic shoreline.
However, Gingerich and Cappetta (2014) showed that
Togocetus was unusual among protocetids in being a more
aquatic foot-powered swimmer because it displays heavily
muscled shoulder and knee joints, as well as hind limbs that
were unable of supporting their own body weight on land.
The protocetids that reached the western coasts of Africa
might happen to be forerunners in showing more sophisticated swimming abilities. Such protocetids might have also been
able to migrate straight across the (then-narrower) Atlantic
Ocean with the help of favourable westward paleocurrents
and paleowinds from Africa (Bandoni de Oliveira et al.,
2009; Uhen, 1999; Hautier et al., 2012). New West African
discoveries would undoubtedly provide pivotal data to examine
the potential connections in deep time between contemporaneous localities in Africa and Americas.
ACKNOWLEDGEMENTS
We thank the Department of Geology of the University
Cheikh-Anta-Diop of Dakar, especially Professor El Hadji
Sow (Head of Department). We are very grateful to M. El Hadji
Mansour Sambe (Director of Mineral resources and Geology)
and M. Ibrahima Gaye (Director of the Mine site) for providing
full access to the quarry of Taïba Ndiaye and support from the
local miners (especially F. Lassy and C. Toumani). We are
also very grateful to Laurent Marivaux (Institut des Sciences
de l’Evolution de Montpellier) for his support and advice in
organizing the fieldtrip. We thank Montpellier Rio-imaging
(MRI) for access to microCT and facilities, and Renaud Lebrun
(Institut des Sciences de l’Evolution de Montpellier) for his
help in the acquisition of data. We also thank A-L. Charruault
(Institut des Sciences de l’Evolution de Montpellier) for
technical assistance, and Suzanne Jiquel (Institut des Sciences
de l’Evolution de Montpellier), for access to comparative
material. We thank Laurence Meslin (Institut des Sciences de
l’Evolution de Montpellier) for drawings. Philip Gingerich and
Brian Beatty provided constructive reviews that improved the
manuscript.
This research is part of the PaleoSen project (www.
paleosen.com), and was supported by the French ANR PALASIAFRICA Program (ANR-08-JCJC-0017), PICS-CNRS,
the International Exchange Scheme of the Royal Society, and
the National Geographic Society’s Global Exploration Fund
(Northern Europe). Lionel Hautier gratefully acknowledges
Sidney Sussex College (Cambridge, UK). Contribution ISEM
2014-218 S.
BIBLIOGRAPHY
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 the collection in the British Museum. British Museum of
Natural History, London.
Bandoni de Oliveira, F., Molina, E. C., Marroig, G., 2009. Paleogeography of the South Atlantic: a route for primates and

rodents into the New World? In: Garber, P. A., Estrada, A.,
Bicca-Marques, J. C. , Heymann, E. W., Strier, K. B. (Eds.),
South American primates: comparative perspectives in the
study of behavior, ecology, and conservation. Developments
in Primatology: Progress and Prospects, vol. 16. Springer +
Business Media, New York, pp. 55-68.
Beatty, B.L., Geisler, J., 2010. A stratigraphically precise record of
Protosiren (Protosirenidae, Sirenia) from North America.
Neues Jahrbuch für Geologie und Paläontologie - Abhandlungen 258, 185-194.
Brancart, R., 1977. Etude micropaléontologique et stratigraphique du
Paléogène sur le flanc occidental du horst de Ndiass et dans la
région de Taïba. Thèse Doctorat de 3ème cycle de l’Université
de Provence, volume 1: 89 p.
Brancart, R., Flicoteaux, R., 1971. Age des formations de Lam-Lam
et de Taïba (Sénégal Occidental). Données micropaléontologiques, conséquences stratigraphiques et paléontologiques. Bulletin de la Société Géologique de France 7,
399-408.
Brisson, M. J., 1762. Regnum animale in classes IX distributums
ivesynopsis methodica; editio altera auctior. Theodorum
Haak, Leiden.
Buchholtz, E. A., 1998. Implications of vertebral morphology for
locomotor evolution in early Cetacea. In Thewissen, J. G. M.
(Ed.), The emergence of whales. Plenum Press, New York, pp.
325-352.
Buffrénil de, V., Canoville, A., D’anastasio, R., Domning, D.P., 2010.
Evolution of sirenian pachyosteosclerosis, a model-case for
the study of bone structure in aquatic tetrapods. Journal of
Mammalian Evolution 17, 101-120.
Cappetta, H., Traverse, M., 1988. Une riche faune de sélaciens dans
le basin à phosphate de Kpogamé-Hahotoé (éocène moyen du
Togo): note préliminaire et precisions sur la structure et l’âge
du gisement. Geobios 21, 359-365.
Castelain, J., 1965. Aperçu stratigraphique et micropaléontologique
du bassin du Sénégal: historique de la découverte paléontologique. Mémoires du Bureau de Recherches Géologiques
et Minières 32, 135-161.
Chino, A., 1963. Quelques précisions sur la série stratigraphique
tertiaire du bassin sénégalais. Rapports du Bureau de
Recherches Géologiques et Minières, DAK 63 A5, 1-10.
Clementz, M. T., Holroyd, P., 2007. Using stable isotope analysis to
test inferred semi-aquatic habits of fossil herbivores from the
early Oligocene of Egypt. Journal of Vertebrate Paleontology
27, 59A-60A.
Domning, D. P., 2001. The earliest known fully quadrupedal sirenian.
Nature 413, 625-627.
Domning, D. P., Zalmout, I. S., Gingerich, P. D., 2010. Sirenia. In
Werdelin, L., Sanders, W. J. (Eds), Cenozoic mammals of
Africa. University of California Press, Berkeley, pp. 147-160.
Ducasse, O., Dufaure, P. H., Flicoteaux, R., 1978. Le passage de
l’Eocène inférieur à l’Eocène moyen dans la presqu’île du Cap
Vert (Sénégal Occidental). Révision micropaléontologique et
synthèse stratigraphique. Cahiers de Micropaléontologie 1,
3-28.
Elouard, P., 1966. Découverte d’un archéocète dans les environs de
Kaolack. Bulletin interne de l’IFAN, Notes Africaines 109,
8-10.
Flicoteaux, R., 1975. Sur l’attribution à l’Eocène moyen des couches
calcaires et argilo-phosphatées de Pallo (Plateau de Thiès,
Sénégal occidental). Bulletin de la Société Géologique de
France 17, 430-434.
Flicoteaux, R., 1982. Genèse des phosphates alumineux du Sénégal
Occidental. Etapes et guides de l’altération. Mémoires de la
Société Géologique de l’Université de Strasbourg 67, 1-229.
Flower, W. H., 1883. On the arrangement of the orders and families of
existing mammals. Proceedings of the Zoological Society of
London, 178-186.
Geisler, J. H., Sanders, A. E., Luo, Z.-X., 2005. A new protocetid
whale (Cetacea: Archaeoceti) from the Late Middle Eocene
of South Carolina. American Museum Novitates 3480, 1-65.

6

HAUTIER ET AL.: FIRST PROTOCETID REMAIN FROM SENEGAL
Gingerich, P. D., 1992. Marine mammals (Cetacea and Sirenia) from
the Eocene Gebel Mokattam and Fayum, Egypt: stratigraphy,
age, and paleoenvironments. University of Michigan Papers
on Paleontology 30, 1-84.
Gingerich, P. D., 2003. Land-to-sea transition in early whales:
Evolution of Eocene Archaeoceti (Cetacea) in relation to
skeletal proportions and locomotion of living semiaquatic
mammals. Paleobiology 29, 429-454.
Gingerich, P. D., 2010. Cetacea. In Werdelin, L., Sanders, W. J. (Eds),
Cenozoic mammals of Africa. University of California Press,
Berkeley, pp. 873-902.
Gingerich, P. D., Smith, B.H., Simons, E. L., 1990. Hind limbs of
Eocene Basilosaurus: evidence of feet in whales. Science 249,
154-157.
Gingerich, P. D., Cappetta, H., Traverse, M., 1992 Marine mammals
(Cetacea and Sirenia) from the middle Eocene of Kpogamé-Hahotoé in Togo. Journal of Vertebrate Paleontology
12A, 29-30.
Gingerich, P. D., Raza, S.M., Arif, M., Anwar, M., Zhou, X., 1993.
Partial skeletons of Indocetus ramani (Mammalia, Cetacea)
from the lower middle Eocene Domanda shale in the Sulaiman
range of Punjab (Pakistan). Contributions from the Museum
of Paleontology of the University of Michigan 28, 393-416.
Gingerich, P. D., Raza, S.M., Arif, M., Anwar, M., Zhou, X., 1994.
New whale from the Eocene of Pakistan and the origin of
cetacean swimming. Nature 368, 844-847.
Gingerich, P. D., Arif, M., Bhatti, M.A., Raza, H.A., Raza, S.M.,
1995a. Protosiren and Babiacetus (Mammalia, Sirenia and
Cetacea) from the Middle Eocene Drazinda Formation,
Sulaiman Range, Punjab (Pakistan). Contributions from the
Museum of Paleontology of the University of Michigan 29,
331-357.
Gingerich, P. D., Arif, M., Clyde, W. C., 1995b. New archaeocetes
(Mammalia, Cetacea) from the middle Eocene Domanda
Formation of the Sulaiman range, Punjab (Pakistan). Contributions from the Museum of Paleontology of the University of
Michigan 29, 291-330.
Gingerich, P. D., Uhen, M. D., 1996. Ancalecetus simonsi, a new
dorudontine archaeocete (Mammalia, Cetacea) from the early
late Eocene of Wadi Hitan, Egypt. Contributions from the
Museum of Paleontology of the University of Michigan 29,
359-401.
Gingerich, P. D., ul-Haq, M., Khan, I.H., Zalmout, I. S., 2001a. Eocene
stratigraphy and archaeocete whales (Mammalia, Cetacea)
of Drug Lahar in the Eastern Sulaiman range, Balochistan
(Pakistan). Contributions from the Museum of Paleontology
of the University of Michigan 30, 269-319.
Gingerich, P. D., ul-Haq, M., Zalmout, I. S., Khan, I.H., Malkani,
M.S., 2001b. Origin of whales from early artiodactyles: hands
and feet of Eocene Protocetidae from Pakistan. Science 293,
2239-2242.
Gingerich, P. D., ul-Haq, M., v. Koenigswald, W., Sanders, W. J.,
Smith B.H. Zalmout, I. S., 2009. New protocetid whale
from the middle Eocene of Pakistan: birth on land, precocial
development, and sexual dimorphism. PloS ONE 4 (e4366),
1-20.
Gingerich, P. D., Cappetta, H., 2014. A New Archaeocete and Other
Marine Mammals (Cetacea and Sirenia) from Lower Middle
Eocene Phosphate Deposits of Togo. Journal of Paleontology
88, 109-129.
Halstead, L. B., Middleton, J. A., 1974. New material of the archaeocete
whale, Pappocetus lugardi Andrews, from the middle Eocene
of Nigeria. Journal of Mining and Geology 8, 81-85.
Halstead, L. B., Middleton, J. A., 1976. Fossil vertebrates of Nigeria.
Part II, 3.4, Archaeocete whale Pappocetus lugardi Andrews,
1920. Nigerian Field 41, 131-133.
Hautier, L., Sarr, R., Tabuce, R., Lihoreau, F., Adnet, S., Domning,
D. P., Samb, M., Marwan Hameh, P., 2012. First prorastomid
sirenian from Senegal (Western Africa) and the Old World
origin of sea cows. Journal of Vertebrate Paleontology 32,
1218-1222.

Hulbert, R. C., 1998. Postcranial osteology of the North American
middle Eocene protocetid Georgiacetus. In: Thewissen,
J.G.M. (Ed.), The emergence of whales. Plenum Press,
New-York, pp. 235-267.
Hulbert, R. C., Petkewich, R. M., Bishop, G. A., Bukry, D., Aleshire, D.
P., 1998. Anew middle Eocene protocetid whale (Mammalia:
Cetacea: Archaeoceti) and associated bioto form Georgia.
Journal of Paleontology 72, 907-927.
Kellogg, R., 1936. A review of the Archaeoceti. Carnegie Institution
of Washington, Washington.
Köhler, R., Fordyce, R. E., 1997. An archaeocete whale (Cetacea:
Archaeoceti) from the Eocene Waihao Greensand, New
Zealand. Journal of Vertebrate Paleontology 17, 574-583.
Linnaeus, C., 1758. Systema naturæ per regna tria naturæ, secundum
classes, ordines, genera, species, cum characteribus, differentiis, synonymis, locis. Tomus I. Editio decima, reformata.
Laurentius Salvius, Holmiæ.
Liu, A. G. S. C., Seiffert, E. R., Simons, E. L., 2008. Stable isotopic
evidence for an amphibious phase in early proboscidean
evolution. Proceedings of the National Academy of Sciences
USA 105, 5786-5791.
Marie, P., 1965. Sur l’âge des phosphates de chaux de Lam-Lam
(région de Thiès, Sénégal). Colloque International de Micropaléontéontologie (Dakar, 1963). Mémoires du Bureau de
Recherches Géologiques et Minières 32, 161-179.
Monciardini, C., 1966. La sédimentation éocène au Sénégal. Mémoires
du Bureau de Recherches Géologiques et Minières 43, 1-65.
Roger, J., Banton, O., Barusseau, J. P., Castaigne, P., Comte, J.-C.,
Duvail, C., Nehlig, P., Noël, B. J., Serrano, O., Travi, Y., 2009.
Notice explicative de la cartographie multicouches à 1/50 000
et 1/20 000 de la zone d’activité du Cap-Vert. Ministère des
Mines, de l’Industrie et des PME, Direction des Mines et de
la Géologie, Dakar.
Samb, M., 2008. Géologie, minéralogie, pétrographie et géochimie
minérale des phosphates de Tobène (Sénégal). Application à
une exploitation. PhD, Université Cheikh Anta Diop de Dakar.
Stromer, E., 1908. Die Archaeoceti des agyptischen Eozans. Beitr.
Beiträge zur Paläontologie und Geologie Österreich-Ungarn
21, 106-178.
Tessier, F., 1952. Contribution à la stratigraphie et à la paléontologie
de la partie ouest du Sénégal (Crétacé et Tertiaire). 1e partie :
Historique et stratigraphie. Bulletin de la Direction des Mines
et de la Géologie d’Afrique Occidentale Française 14, 1-570.
Tessier, F., Flicoteaux, R., Lappartient, J. R., 1976. Etude géologique
de la carrière de Lam-Lam et de ses abords méridionaux
(République du Sénégal). Travaux du Laboratoire des Sciences
de la Terre de l’Université Saint-Jérôme de Marseille 9, 1-122.
Uhen, M. D. 1999. New species of protocetid archaeocete whale,
Eocetus wardii (Mammalia, Cetacea), from the middle Eocene
of North Carolina. Journal of Paleontology 73:512–528.
Uhen, M. D., 2014. New material of Natchitochia jonesi and a
comparison of the innominata and locomotor capabilities of
Protocetidae. Marine Mammal Science 30, 1029-1066.
Uhen, M. D., Tichy, G., 2000. A new basilosaurid archaeocete from
Austria. Journal of Vertebrate Paleontology 20, 74A-75A.
Zalmout, I. S., 2008. Late Eocene sea cows (Mammalia, Sirenia) from
Wadi Al Hitan in the Fayum basin, Egypt. Ph.D. dissertation,
University of Michigan.
Zalmout, I. S., Ul-Haq, M., Gingerich, P. D., 2003. New species of
Protosiren (Mammalia, Sirenia) from the Early Middle Eocene
of Balochistan (Pakistan). Contributions from the Museum of
Paleontology of the University of Michigan 31, 79-87.

7

