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A new species of Orycteropodidae (Mammalia,
Tubulidentata) in the Mio-Pliocene of northern Chad
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A new species of fossil Tubulidentata has been found by the Mission Paléoanthropologique Franco-Tchadienne in
Northern Chad. It is the first fossil Orycteropodidae (aardvark) from the Mio-Pliocene of Central Africa. The new
taxon, Orycteropus abundulafus sp. nov., is considered in the framework of the available Orycteropodidae fossil
record. The Chadian specimen is characterized by the highest dental robustness index among all Tubulidentata, the
presence of crests on the pterygoid, the triangular-shaped olecranon fossa and the reduction of the deltoid crest. All
of these characters are linked to a less fossorial animal that had a tougher diet. This new African species is closer
to the Eurasian O. gaudryi than to any other Tubulidentata. Together they form a clade distinct from that which
includes O. afer. This is the first evidence of a relationship for aardvarks between Africa and Eurasia. An initial step
is made towards revision of the phylogeny of the order. © 2005 The Linnean Society of London, Zoological Journal
of the Linnean Society, 2005, 143, 109-131.
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INTRODUCTION

During palaeontological fieldwork in 1997 at Kossom
Bougoudi (Chad), the Mission Paléoanthropologique
Franco-Tchadienne (MPFT) discovered a partial aard-
vark skeleton. This is the first fossil of Tubulidentata
discovered in Chad. The site is situated west of Koro
Toro and east of Toros-Menalla (B.E.T. Province,
northern Chad), two fossiliferous areas that yielded
hominids (Brunet et al., 1995, 1996, 2002). On the
basis of biostratigraphy, Brunet & MPFT (2000) esti-
mate an age close to the Mio-Pliocene boundary for the
site.

Currently, the order Tubulidentata is only repre-
sented by a single species, Orycteropus afer. Geo-
graphically, this aardvark lives in sub-Saharan Africa.

Fossil Tubulidentata are not numerous but their
record can be followed from the Miocene onwards to
present times. Moreover, the fossil forms are wide-
spread from France to Pakistan and in Africa, where
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they are found in numerous early hominid sites (Koobi
Fora, Laetoli, Lukeino, Makapansgat, Olduvai, Toros-
Menalla, etc.).

The discovery of the Chadian fossil is important for
at least two reasons. First, although fossil Tubuliden-
tata are known from North, South and East Africa as
well as Eurasia, this is the first Central African fossil
aardvark found. Secondly, very few complete skeletons
of fossil aardvarks have been found until now, and a
detailed description of the major part of this new form
is possible, regarding the cranium, teeth and post-
cranial skeleton. This facilitates comparison with
other fossils, which are often fragmentary, and permits
the development of the first data matrix for the order,
relevant for assessing relationships between taxa.

ORDER TUBULIDENTATA

The order Tubulidentata Huxley, 1872 consists of a
single family: the Orycteropodidae Gray, 1821. Follow-
ing Patterson (1975, 1978), this family contains two
subfamilies (Orycteropodinae Gray, 1821; Plesio-
rycteropodinae Patterson, 1975) and four genera

© 2005 The Linnean Society of London, Zoological Journal of the Linnean Society, 2005, 143, 109-131 109



110 T. LEHMANN ET AL.

(three fossil), the affinities and validity of which are
still debated (Pickford, 1975).

The genus Plesiorycteropus Filhol, 1895, from the
Pleistocene of Madagascar, is the single member of the
Plesiorycteropodinae. MacPhee (1994) shows evidence
that this taxon does not belong to the Tubulidentata
but represents a new order: Bibymalagasia. However,
other authors continue to refer to the genus as a mem-
ber of the Tubulidentata (Milledge, 2003). It is not the
purpose of this paper to debate this issue. Two species
of Plesiorycteropus are recognized: Plesiorycteropus
madagascariensis Filhol, 1895 and Plesiorycteropus
germainepetterae MacPhee, 1994, both subfossils from
different localities on Madagascar.

Among Orycteropodinae, two genera from Kenya
have been described: Myorycteropus Maclnnes, 1956
from the Lower Miocene and Leptorycteropus Patter-
son, 1975 from the Upper Miocene. Both are mono-
specific: Myorycteropus africanus Maclnnes, 1956
from Rusinga and Mfwangano, and Leptorycteropus
guilielmi Patterson, 1975 from Lothagam.

The fourth genus is Orycteropus Geoffroy, 1791. The
only living species of the order Tubulidentata,
Orycteropus afer (Pallas, 1766) (the aardvark), belongs
to this genus. It is a nocturnal animal that burrows
relatively deeply in the ground for shelter. The aard-
vark shows a very low degree of sexual dimorphism,
such that zoo specimens are often ‘resexed’ after their
death (M. Damen, pers. comm.). Its diet consists of
ants, termites and larvae of some insects. The aard-
vark is easily able to break open termite mounds.
From South Africa to sub-Saharan regions, 18 subspe-
cies have been described since 1766 (Shoshani, Gold-
man & Thewissen, 1988), but their taxonomic validity
is uncertain.

Fossils representing this genus are found from the
Lower Miocene until the present. Traditionally, it
includes six Eurasian species: O. seni Tekkaya, 1993
from the Middle Miocene of Candir (Turkey);
O. browni and O. pilgrimi Colbert, 1933 from the Mid-
dle and Upper Miocene of Nagri, Dhok Pathan and
Chinji (Pakistan) (Pickford, 1978); O. pottieri Ozansoy,
1965 from the Vallesian of Sinap (Turkey) and Pen-
talophos (Greece) (Bonis et al., 1994); Orycteropus
gaudryi Major, 1888 from the Turolian of Samos (Col-
bert, 1941), Italy (Rook & Masini, 1994), Turkey (Sen,
1994), Moldavia (Pavlova, 1915) and Iran (Major,
1893); and O. depereti (Helbing, 1933) from the
Pliocene of Perpignan (France). In Africa, the genus
comprises five species: O. minutus Pickford, 1975 from
the Lower Miocene of Songhor, Mfwangano, Rusinga
(Kenya); O. chemeldoi Pickford, 1975 from the Middle
and Upper Miocene of Ngorora and Fort Ternan
(Kenya); O. mauritanicus Arambourg, 1959 from the
Upper Miocene of Bou Hanifia (Algeria); O. crassidens
MaclInnes, 1956 from the Pleistocene of Rusinga and

Kanjera (Kenya); and O. afer, the extant and type spe-
cies, recognized from the Late Pleistocene of Algeria
(Romer, 1938) onwards. Pickford (1975) considers
Myorycteropus and Leptorycteropus as synonyms of
Orycteropus.

Many Orycteropus fossils have not been attributed
to any species in particular. An Orycteropus sp. is
present in Lower Miocene deposits from East Africa
(MacInnes, 1956). Other specimens have been discov-
ered in Middle Miocene deposits in Asia, notably in
Pakistan (Pickford, 1978), Georgia (Gabunia, 1956)
and Turkey (Fortelius, 1990; Tekkaya, 1993; Sen,
1994). Upper Miocene specimens have been excavated
in Greece (Bonis et al., 1994), East Africa (Patterson,
1975; Milledge, 2003) and South Africa (Hendey,
1973). Pliocene specimens have been found in East
Africa (Dietrich, 1942; Pickford, 1975; Leakey, 1987)
and South Africa (Kitching, 1963; Lehmann, 2004).
Pleistocene specimens are represented throughout
Africa (Leakey, 1931 1951; Clark, 1942; Lehmann,
2004).

The Upper Miocene is the period during which the
Tubulidentata show their widest distribution and
greatest diversity. Later, in the Pliocene, aardvarks
are found mostly in Africa. The Pleistocene is the real
beginning of the isolation of the order in Africa.

SYSTEMATIC PALAEONTOLOGY

ORDER TUBULIDENTATA HUXLEY, 1872

FAMILY ORYCTEROPODIDAE GRAY, 1821

GENUS ORYCTEROPUS GEOFFROY, 1791
SPECIES ORYCTEROPUS ABUNDULAFUS SP. NOV.

Holotype: KB03-97-214 (Figs 1-9, 11). It is a subcom-
plete skeleton discovered in anatomical connection
(assigned to Orycteropus sp. nov. in Brunet & MPF'T,
2000). It includes cranium and mandible with teeth;
pectoral girdle (left and right glenoid part); vertebrate
spine in articulation (cervical vertebrae to sacrum);
some rib fragments; complete right and left forelimbs
(including ungueal phalanges and sesamoids); pelvic
girdle including the right acetabular region; right
femur (proximal end), tibia, fibula, tarsal, metatar-
sals, right phalanges (including ungueal phalanges
and sesamoids); left femur (distal epiphysis), left tibia
(distal end), tarsal, metatarsals and left phalanges
(including ungueal phalanges and sesamoids). After
study, the specimen will be permanently curated in
the Centre National d’Appui a la Recherche (CNAR) in
N’Djaména, Chad.

Hypodigm: Type only.

Type locality: Kossom Bougoudi, KB03 site (Chad)
(GPS: 16°19-16°20'N; 18°42-18°43'E).
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Age: Mio-Pliocene boundary (around 5 Mya) (Brunet
& MPFT, 2000).

Etymology: Specific name, abundulafus (Latin),
derived from Abundoulaf meaning ‘the one who digs’
and also aardvark in Chadian Arabic language.

Diagnosis: General size around 75% that of the
extant form, Orycteropus afer.

Skull: Glenoid cavity with well-developed lateral
tubercle, lateral crests on pterygoid wall.

Mandible: Long symphysis (21% of total length), con-
cave condyle.

Dentition: Very robust molars with transversal intra-
cuspal rim.

Forelimb: Deltoid ridge of the humerus not projecting
laterally, olecranon fossa triangular in shape.

Hind limb: Sesamoid bone for the M. gastrocnemius
situated backwards.

DESCRIPTION AND COMPARISON

The teeth have an advanced dental wear and some
limb bones (femur) do not have fused epiphyses. In the
extant form, the adult size is reached at 1 year of age
(Jacobi, 1972) but sexual maturity is reached at
2 years (Haltenorth & Diller, 1977). The anatomical
stages of development in aardvark have not been well
studied, but KB03-97-214 is estimated to be a late
subadult in terms of development, having reached
adult size at time of death.

CRANIAL

Cranium (Table 1; Figs 1-3)

The skull is remarkably well preserved and despite
post mortem deformation of the preorbital region, the
right side is complete. The infra-orbital foramina are
not visible and the left orbital region is weathered.

A depression on the frontal, above and in front of the
orbit, is present. Although the fossil has been slightly
compressed laterally during fossilization, the cranial
roof is flatter in O. abundulafus, O.gaudryi or
O. depereti than in O. afer. The temporal lines
(representing the dorsal limit of the temporal muscle)
are positioned closer to the sagittal plane (as in
O. depereti or O. gaudryi) than is the case in O. afer.
The suture between squamosal and parietal (squamo-
sal scale) is very distinct. Its position can be related to
the weak lateral extension of the parietal. The lamb-
doid crest (in dorsal view) has a clear V-shaped outline
as in O. gaudryi, O. depereti and O. pottieri but not in
the living aardvark. The frontal is slightly longer
sagittally than the parietal in O. abundulafus,

O. depereti and O. afer, whereas in O. gaudryi it is the
opposite.

The angle between tooth row and zygomatic arch is
about 30° in O. abundulafus, which matches the range
of variation measured in 16 skulls of O. afer (26—38°)
from the Transvaal Museum (Pretoria) collections,
hereafter referred to as the TMP sample. Conversely,
the same angle measured from Colbert’s (1941) dia-
gram of O. gaudryi is c. 25°.

As suggested by Colbert (1941), there is a constant
and significant difference in the position of the ante-
rior rim of the orbit relative to the dentition in the
Orycteropodinae. It is always situated above M? in
O. abundulafus, in O. gaudryi and in O. depereti
whereas it is always above M? for all O. afer (n =57)
from the TMP sample, as well as in the zoological col-
lection of the Museum fiir Naturkunde in Berlin (ZMB
sample) and in the collection of the Staatliches
Museum fiir Naturkunde Stuttgart (SNMS sample),
and in O. mauritanicus (Colbert, 1941; Arambourg,
1959). The ventral most point of the zygomatic arch (at
the maxillojugal suture) also has a variable position.
In O. abundulafus it is above M? as in O. gaudryi,
whereas it is behind M? in O. depereti, as well as in all
the O. afer (n = 57) specimens from the TMP, ZMB and
SNMS samples.

The palatine of KB03-97-214 (Fig. 2) is slender with
a low breadth-to-length index of 0.197 (Bpal/Lpal;
Table 1). The palatine region is wider in Orycteropus
afer in the TMP, ZMB and SNMS samples (n =65)
with an index of 0.25 + 0.02. Noticeably, in O. gaudryi
(AM 20562) this ratio is 0.19 and in O. depereti, it is
estimated to be c. 0.25. There are two palatine foram-
ina at the M? level, which are not developed back-
wards in this tooth. They are circular as in O. depereti
and O. gaudryi but not elongated as in O. afer and lead
into the orbit solely. The posterior rim of the palatine
is straight and posterior to the M? in the extant spe-
cies. In the specimen from Chad, and in O. gaudryi as
well as in O. depereti, the rim is curved and is at the
level of, or tangential to, the M® A well-marked
palatine groove occurs in front of the palatine in
KB03-97-214, similar to the condition in O. afer. In
Orycteropus gaudryi, O. depereti, and Leptorycteropus
guilielmi, however, the palatine is not grooved but dis-
plays a concave outline (Patterson, 1975). The palatine
bones are depressed in front of the palatine foramina,
but not bulged as in O. afer or O. depereti.

Many features show elongation and widening of the
snout in the living aardvark as well as in
O. mauritanicus or O. depereti. In fact, it seems that
there is a shifting forward of the tooth-row in some
species. As proposed by Maclnnes (1956), taking the
tooth row as the horizontal, we measured the distance
between perpendiculars through the posterior border
of the infra-orbital foramina and the anterior rim of
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Figure 1. Cranium of Orycteropus abundulafus sp. nov. in dorsal view. f, frontal; j, jugal; 1, lacrymal; If, lacrymal fora-
men; ma, maxillary; n, nasal; oc, occipital; p, parietal;, pma, premaxillary; sq, squamosal. Scale bar =5 cm.
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Figure 2. Cranium and upper teeth of Orycteropus abundulafus sp. nov. in ventral view. ect, ectotympanic; lcpt, lateral
crest on the pterygoid wall; 1t, lateral tubercle of the glenoid cavity; of, oval foramen; pf, palatine foramen; sP?, socket for P2.

Scale bar =5 cm.

the orbit (L1) and the distance between perpendicu-
lars through the posterior border of the infra-orbital
foramina and the M® (12) in O. afer and O. gaudryi.
The ratio L1/L2 gives 0.55 for Colbert’s figure (1941) of
O. gaudryi used by Maclnnes, whereas the ratio
ranges from 1 to 0.73 for the TMP sample of O. afer
(n =11). In contradiction to MacInnes, we found a dif-
ferent ratio for the two species. Given the different
position of the anterior border of the orbit and the
variable position of the infra-orbital foramina relative
to the dentition in the two species (more posterior in
O. afer), the distance L2 tends to get shorter from
Lower Pliocene to more recent samples. This is inter-
preted as growing and moving forward of the maxil-
lary, dragging the M? and the complete tooth-row.
Further evidence of this is that the distance from M? to
the posterior rim of the palatine is greater in O. afer
and O. mauritanicus than it is in O. abundulafus and

O. gaudryi. Moreover, this border is rectilinear for the
two former species whereas it is bowed in
O. abundulafus and O. gaudryi. The maxillary is in
contact with the lateral edges of the rim and can,
while moving forward, drag the wings of the rim to fall
into line forwards. This movement results in the wid-
ening of the snout in O. afer and O. mauritanicus.
O. depereti has a wide palatine and the transversal
rim is flatter than it is in O. gaudryi. However, the
position of the M?® relative to the orbit is closer to that
of O. gaudryi. O. depereti appears to be intermediate
in terms of this feature.

On the pterygoid lateral wall and on part of the
alisphenoid is an oblique crest bordering anteriorly a
shallow basin in front of the oval foramen (Fig. 3).
Another crest, on the pterygoid, closes the basin pos-
teriorly. This depression is different from a fossa
pterygoidea because it extends on the alisphenoid. It
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Pterygoid

Alisphenoid
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Figure 3. Cranium of Orycteropus abundulafus sp. nov. in lateral view (right side) showing detail of the infratemporal
region. lept, lateral crest on the pterygoid wall; of, oval foramen. Scale bar = 1 cm.

is clearly visible on the right side of the skull whereas
it is somewhat damaged but still distinct on the left
side (not visible on Fig. 2 because of perspective).
Apart from O. abundulafus and O. depereti, no Tubu-
lidentata present this feature, previously unrecog-
nized. Andrew (1896) and Colbert (1941) did not notice
any peculiarity on the pterygoid of O. gaudryi. The
basin does not enclose the oval foramen, but in
O. depereti the crests are thicker. This is part of the
insertion surface of Mm. pterygoideus medialis and
lateralis. Those muscles participate in the occlusion
and anteroposterior movement of the mandible. This
feature shows that O. abundulafus had a more power-
ful chewing potential than O. afer. Unfortunately, the
insertion of the M. masseter on the jugal has been dis-
torted during fossilization, so the importance of that
muscle cannot be assessed. A strong constriction is
observed under the orbitosphenoid, in front of the opti-
cal and sphenorbital foramina. This constriction con-
tinues forwards to the frontal and palatinal
components of the orbit, beneath the ethmoidal fora-
men. The same can be seen in O. depereti and in
O. gaudryi, whereas in O. afer, linked to the widening
of the snout, it is wider.

The oval foramina are orientated anterolaterally/
posteromedially and are round in shape. By contrast,
in O. afer, they are more oval and the orientation of
the aperture is anteroposterior.

The glenoid cavity is slender, much deeper in com-
parison with that of the extant form, and shows a well-
developed lateral tubercle (Fig. 2). The glenoid cavities
of O. depereti (broader) and O. gaudryi are similar.

The post glenoid process is strong and more verti-
cally raised in O. abundulafus than in O. afer. The

lengthening of the skull in the extant form extends the
lateral components of the cerebral cavity posteriorly,
such that the caudal part of the process projects over
the tympanic rim. Adjacent to the squamosal, the ecto-
tympanic of O. abundulafus is more erect on the pet-
rosal than in its extant relative. The principal axis of
the tympanic rim is anteroposterior and displays an
oval shape.

The breadth of the cranium at the level of the hypo-
glossal foramen (Bh, Table 1) in O. abundulafus and
O. gaudryi represents approximately 75% of that in
O. afer. The widening of the snout is correlated with a
widening of the whole cranium from Lower Pliocene to
present times.

Mandible (Table 2; Fig. 4)

The mandible is complete from the symphysis to the
angular apophyse. On the left side, the vertical branch
is truncated. The articular condyle and coronoid pro-
cess are missing. On the right side, only the coronoid
process is incomplete. The symphysis was still fused,
which is rare.

The mandible swells at the level of the molars in all
Tubulidentata. However, Table3 shows that
O. abundulafus has the greatest mandible buccolin-
gual broadening with the doubling of the breadth from
the P; to the M,. Two mental foramina can be observed
on the vestibular side, adjacent to the P,. The symphy-
sis remains fused, which is rare for Tubulidentata,
extant and extinct. It is longer than in the extant
aardvark. The length of the symphysis compared with
the total mandible length (Ls and L, Table 2) gives an
index of 20.8 compared with 17 0.2 for the TMP,
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Table 1. Biometry (measurements in mm) of the cranium of Orycteropus abundulafus sp. nov. (KB03-97-214, holotype)

Lutr Lutr
MSL Lno Ln Lf Lfo Lpar ijs Bio Bpop prs Bc Bh Lpal Bpal (P3 to MS) (P2 to Ma)
165% 154* 60* 45.7 100.1 444 74.2*% 48.6* 59* 42.8* 46* 49* 912 18 432 49.5

MSL, maximum cranium length; L,,, nasal to occipital dorsal length; L,, nasal length; Ly, frontal length; Ly, frontal to occip-
ital dorsal length; L,,,, parietal length; B,,, breadth of the cranium at the maxillojugal suture; B, interorbitary breadth;
B, breadth taken between the tips of the postorbitary processes; By, breadth of the cranium at the frontoparietal suture;
B., cerebral cavity breadth; By, breadth of the cranium at the hypoglossal foramen level; L,,;, palatine length, from posterior
rim to tip of the maxilla; B,,, palatine breadth at the M? level; Lutr, upper tooth row length. *Estimated measurements.

Table 2. Biometry (measurements in mm) of the mandible of Orycteropus abundulafus sp. nov. (KB03-97-214, holotype)

thr L]tr thr
L Ls (M3 to P4) (M3 to P3) (M3 to Pg) Hac Bac Hap BMZ HM2,3 LM1,3
132.5 27.6 38.7 44.8 50 55 11 35.3 12.8 17.9 32.7

L, length from anterior-most point to tip of the angular process; Ls, length of symphysis; Ly, lower tooth row length; H,,,
articular condyle height; B,., articular condyle breadth; H,,, angular process height; BM,, ramus breadth at the M, level;
HM,_;, ramus height at the M,_; level; LM, 3, length of the molar row.

SP2
ﬁ\ﬁﬂ\ "
. \
|
< ) _h-_h_x—“w-u.
g __r#____ﬂa—————_____:-?‘

Figure 4. Mandible of Orycteropus abundulafus sp. nov. in lateral (left) and dorsal (right) view. M,, second lower
molar; sP?, socket for P2 Scale bar =5 cm.

ZMB and SNMS samples (n =51). The connection
between the two parts of the mandible is then greatly

as an angular spine. The articular condyle shows a
concave surface in O. abundulafus instead of the flat

strengthened. The lingual side of the symphysis is
strongly concave buccolingually.

The angular apophyse, on the left side, is well
defined. The dorsal notch is deep and the apophyse is
stretched dorsally and posteriorly. This slender, sharp,
curved and dorsally projected apophyse could be seen

shape in O. afer. In caudal view, it tends to be flared
and its medial component is wider. The mandibular
articulation configuration precludes any disconnection
of the joint. However, limited lateromedial and/or
anteroposterior movements of the mandible are possi-
ble. The anteroposterior movement of mastication has
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Table 3. Comparative breadth (measurements in mm) of
the ramus horizontalis in some Orycteropodinae

Species B P; B M, Index

O. pottieri 6.8 11 56.7%
(type specimen
MNHN-TRQ1003)

0. gaudryi 7.1 11.2 63.5%
AM 20562 (cast)

O. afer 6.9 10.7 64.5%
(MNHN-1923-398)

O. abundulafus sp. nov. 6.5 12.8 50.8%
(KB3-97-214)

B P;, vestibulolinguale breadth of the ramus at P; level;
B M,, vestibulolinguale breadth of the ramus at M, level;
Index: B Ps/B M,.

low amplitude due to the strong postglenoid process
and the developed glenoid lateral tubercle, but is pow-
erful. Although the two flat articulation surfaces in
the recent form enable wider movements, there are
apparently no differences between the dental
microwear signal. Major mesiodistal scratches are
found in both species.

A commonly used character is the angle formed by
the anterior border of the vertical branch and the
tooth row. Orycteropus abundulafus sp. nov. shows an
angle of ¢. 74°. The TMP sample (n = 13) presented an
angle ranging from 64.9 to 75.5°. This angle is c. 45° in
Myorycteropus africanus and is close to 80° in
0. gaudryi (Maclnnes, 1956).

Dentition (Table 4; Figs 2, 4)

The dental formula is I %, C °/, P %/s M /5. Upper right
M!, P* as well as left P* and P? were found out of their
socket. Both P? and the right P? are missing. All teeth
show advanced dental wear with sloping occlusal sur-
faces, accentuated on the lower teeth.

The teeth show minute internal structures charac-
teristic of the Tubulidentata. The upper and lower P4
are bilobed as in O. depereti, some O. gaudryi and
O. pottieri and, in a more symmetric manner, in
O. mauritanicus. This feature is variable in O. afer.
Conversely, the upper and lower P3 are never bilobed
in the Tubulidentata except perhaps for the P? of Myo-
rycteropus africanus described by MacInnes (1956: 3)
as having ‘a slight constriction on either side’. A dis-
tinct vertical groove on the medial aspect of both the
upper and lower P3 is clearly detectable in
O. abundulafus. This tooth is bilobed. Because the
alveoli of the premolars do not show exactly the same
shape as the tooth, it is not possible to assess the gen-
eral outline of P2

Table 4. Biometry (measurements in mm) of the dentition
of Orycteropus abundulafus sp. nov. (KB03-97-214,
holotype)

Anteroposterior Breadth of the Breadth of the

Tooth length anterior lobe posterior lobe
P2 4.2 - 1.7

P/3 5.2 2.1 2.5

P/4 5.7 3.5 4.5

M/1 10.5 7.6 8.7

M/2 10.8 9.5 9.6

M/3 9.6 8 6.5

P3/ 4.4 2.7 3.1

P4/ 6.7 4.3 5

M1/ 10.7 7.2 8

M2/ 111 8.3 8.6

M3/ 8 8 6.2

Molars are the only teeth displaying grooves on the
lingual and vestibular side. Upper and lower M1 and
M2 of the Chadian fossil aardvark, as well as M; are
distinctly bilobed, whereas on M?, only the vestibular
wall is grooved. The unworn molars present two cusps,
one on each lobe. In the adult, the upper molars are
uniformly worn so that the occlusal surface is almost
flat. However, as the occlusion with the lower molars
is largely alternating, the occlusal surface shows wear
facets on the mesial and distal side of the cusps. Thus,
an intracuspal rim, usually smooth, is visible between
those facets. Sen (1994) termed this a loph. In
O. abundulafus the intracuspal rim has a transversal
orientation with regard to the mesiodistal length of
the tooth. The lower molars of an adult aardvark are
not as flat as the upper molars. Instead, they are
strongly concave in the vestibulolingual direction. The
lingual wall is higher than the vestibular one.
However, an intracuspal rim is still visible, transver-
sal in the Chadian form. The lobes of the molars, as
well as the intracuspal rim, have a transversal orien-
tation in O. gaudryi (Sen, 1994) and O. afer as in
O. abundulafus, whereas in O. depereti and
O. mauritanicus the intracuspal rim is oblique.
Diastema are found between the premolars and
between the molars as well as between premolars and
molars, but this can change from one hemimandible to
another. The distance between the right M? and M? is
probably the result of deformation during fossilization
as the right M3 does not occlude with the right M3
Lower and upper M2 are the largest teeth (Table 4).
O. gaudryi, O. depereti, Leptorycteropus guilielmi and
a large majority of O. afer (TMP, ZMB, and SNMS
samples) show a similar pattern. In O. mauritanicus it
is the M1, which is the largest molar. In O. pottieri and
Myorycteropus africanus, the largest teeth are M, and
M.
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Table 5. Dental Robustness Index calculated for some Orycteropodinae

Species M, M, M; M! M2 M3

O. afer (n = 60)* 67.8+6 72.4+5 65.7+8.9 67.2+8.3 70.7+£7 67.4+82
O. chemeldoit 38.9 42.3 68.4 - - -

O. crassidensi 69.1 75 79.6 771 76.8 78.3

O. depereti - - - 64.3 60.5 71.8

O. gaudryi (n =18)§ 64.5+5.6 68.4+4.9 69.1+5.6 63.0+2.9 65.2+4.5 80.6 £6.7
O. mauritanicusq 54.9 64.4 64.0 59.1 70.4 95.4

O. pottieri (n = 10)** 59.3+3.9 60.6 £ 2.6 70.0 £1.8 63.3 72 81

O. abundulafus sp. nov. 82.9 88.9 83.3 74.8 77.5 100

Dental Robustness index = maximum breadth/length x 100. *Data from the TMP, ZMB and SNMS samples for comparison.
TAfter Pickford (1975). fAfter MacInnes (1956), §After Colbert (1941), Tekkaya (1993) and Sen (1994). {After Arambourg

(1959). **After Tekkaya (1993) and Bonis et al. (1994).

Dental size of the new Chadian fossil is similar to
that of the other Miocene Orycteropodinae. However,
the cheek teeth are broader than in every other Tubu-
lidentata. The dental robustness index (Table 5) is sig-
nificantly higher in O. abundulafus. This implies that
the occlusal surface is relatively large, vestibulolin-
gualy, in each molar.

POST-CRANIAL SKELETON

Scapula (Table 6)

Both left and right glenoid parts and the right acromion
are preserved. The acromial process projects a caudal
apophysis. The spinosal curves steeply relative to the
glenoid cavity. Thus, the neck of the scapula is shorter
in O. abundulafus and O. gaudryi than in O. afer.

Humerus (Table 7; Fig. 5)
Both left and right humeri are intact, but the distal
epiphyses are incomplete.

Having fused, the two tuberosities of the proximal
epiphysis are well developed. The proximal epiphysis
is as wide anteroposteriorly as it is mediolaterally
(HMD and HAD, Table 7), as seen in O. afer. In Myo-
rycteropus africanus, the anteroposterior diameter is
more developed (MacInnes, 1956).

The pectoral crest merges under the proximal epi-
physes, in continuity with the bicipital groove. It is not
continuous with the deltoid tuberosity, but the pecto-
ral crest is as developed in O. abundulafus as it is in
O. afer or O. gaudryi, as shown in the drawings of Col-
bert (1941: 327). This crest is the surface of insertion
for the pectoral muscles. Those muscles are responsi-
ble for the adduction of the arm, help in the flexion of
the shoulder joint, rotate the humerus inward and
participate in the pull-off of the limb. A V-shaped del-
toid tuberosity is present in KB03-97-214 (Fig. 5D). Its
position is low on the bone, below the mid line. An
important and diagnostic feature on the humerus that

Table 6. Biometry (measurements in mm) of the scapula
of Orycteropus abundulafus sp. nov. (KB03-97-214,
holotype)

Scapula SGV SGT La Ba
Right side 17.9 10.3 26.8 11.6%*
Left side 18.2 10.8 - -

SGYV, transverse diameter of glenoid cavity; SGT, vertical
diameter of glenoid cavity; La, acromion length; Ba, acro-
mion breadth. *Estimated measurement.

distinguishes O. abundulafus from O. afer and
O. gaudryi is the absence of a well-developed deltoid
crest. It is prominent and laterally projected in the
extant aardvark, whereas in the Chadian aardvark
fossil the shaft shows only a very small crest. This can
be compared with the situation described by Patterson
(1975: 192) in Leptorycteropus guilielmi: ‘The deltoid
crest is unique in being rather feebly developed,
nearly straight and merging imperceptibly at its distal
end into the body of the shaft’. The morphology in
O. depereti is unknown as there are no post-cranial
elements for comparison. This crest serves as inser-
tion surface for the two deltoid muscles. They are the
main abductors of the member, and rotate the
humerus outward. The reduction of the lateral projec-
tion of the deltoid crest reduces the moment arm of
those muscles as well as the available attachment
area. The brachial crest has a very strong develop-
ment, as suggested by its remaining bases. According
to MacInnes (1956), this reflects a digging adaptation.
The brachial crest is the insertion area for the M. tri-
ceps brachii, extensor of the elbow, which presses the
lower arm against the substrate during its retraction
(Thewissen & Badoux, 1986).

The general shape of the olecranon fossa is triangu-
lar, ascending in the middle, with well-marked rims
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Table 7. Biometry (measurements in mm) of the humerus of Orycteropus abundulafus sp. nov. (KB03-97-214, holotype)

Humerus MHL GTCL HMD HAD Bd Lef HI
Right side 105.5 101.9 26.5 24.5 32.2-37* - 0.30-0.35*
Left side 105.2 100.3 25.9 24.3 32.7-37* 54 0.31-0.35*

MHL, maximum humerus length; GTCL, length from greater tuberosity to capitulum; HMD, mediolateral diameter of the
head; HAD, anteroposterior diameter of the head; Bd, distal mediolateral breadth; Lef, entepicondylar foramen length; HI,

Hildebrand Index (Bd/MHL). *Estimated measurements.

Figure 5. Comparative set of humeri. A, B and C in dorsal view; D in ventral view. A, Orycteropus afer (after Colbert,
1941); B, Orycteropus gaudryi (after Colbert, 1941); C, D, Orycteropus abundulafus sp. nov. *No projection of the deltoid
crest. Note that A and B are scaled approximately relative to C and D. Scale bar =5 cm.

(Fig. 5C). A cylindrical pillar can be observed border-
ing the fossa medially as in O. gaudryi. Proximally,
the border of the fossa continues in a steep gradient
but is still distinct. By contrast, in O. afer, the fossa is
oval and bound proximally. Colbert (1941: 326) states:
‘The principal qualitative difference (in respect to
O. afer; n.d.) is that in the fossil (O. gaudryi; n.d.) the
olecranon fossa is not bounded proximally by a rim as
it is in the recent species’. In the Chadian specimen,
this fossa is also slender in comparison with the
extant form. Thus, when reconstructed, the elbow of
O. abundulafus shows limited mediolateral move-
ments for the sigmoid notch in the olecranon fossa.
Triangular and slender in shape, sloping steeply prox-
imally, the olecranon fossa of the new species is simi-

lar to that of O. gaudryi. The distal epiphysis would
have been broad, but preservation is unfortunately
poor. The estimated Hildebrand index (Bd/MHL,
Table 7) is between 0.30 and 0.35, suggesting fossorial
abilities (Hildebrand, 1985). The index is 0.37 £ 0.028
in the combined TMP, ZMB and SNMS samples of
O. afer (n = 37). Noticeably, in a badger (Meles meles,
MO2-5-040, Collection of the University of Poitiers) a
value of 0.30 is found.

Ulna (Table 8; Fig. 6)

Both left and right cubitus are well preserved, but the
left olecranon is missing. The olecranon is straight,
with little medial expansion. The diaphysis is curved
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Figure 6. Comparative set of radio-ulna. A, Orycteropus
afer (after Colbert, 1941); B, Orycteropus gaudryi (after
Colbert, 1941); C, Orycteropus abundulafus sp. nov.
*Blunt oblique rim. Note that A and B are scaled approxi-
mately relative to C. Scale bar =5 cm.

Table 8. Biometry (measurements in mm) of the cubitus of

Orycteropus abundulafus sp. nov. (KB03-97-214,
holotype)

MUL Bd Bsn LOC LSN Busn
110.8 15.8 15 29.1 18 6.1

MUL, maximum ulna length; Bd, distal breadth; Bsn, sig-
moid notch breadth; LOC, olecranon process length; LSN,
sigmoid notch length; Busn, mediolateral breadth of the
shaft under the sigmoid notch.

and slender. It is also marked with very strong mus-
cular insertions.

Radius (Table 9; Fig. 6)

Both left and right radii are preserved and complete.
Minor morphological differences reflect post-
depositional effects.

Table 9. Biometry (measurements in mm) of the radius of

Orycteropus abundulafus sp. mnov. (KB03-97-214,
holotype)

MRL Lro MHD TBd APBd Lbt Bbt
76.1 75.7 11.9 19 14.1 7.2 3.2

MRL, maximum radius length; Lro, radius length along the
oblique rim; MHD, maximum head diameter; TBd, distal trans-
versal breadth; APBd, distal anteroposterior breadth; Lbt,
bicipital tuberosity length; Bbt, bicipital tuberosity breadth.

The proximal epiphysis is oval in shape. The general
outline of the diaphysis is slender. The distal epiphysis
is slender and mediolaterally elongated but broader
anteroposteriorly, and thus more triangular-shaped in
O. afer. The radius is shorter than the humerus
(Tables 7, 9). The brachial index (MRL/MHL) is 0.72, a
value suggesting a fossorial way of life (MacPhee,
1994). The radial tuberosity (or bicipital tuberosity),
which acts as insertion point for the M. biceps brachi-
alis, forms an anteromedial prominent process in
O. abundulafus instead of being flat and button-like
as in O. afer. The diaphysis is strongly keeled. In par-
ticular, the oblique rim is blunt and longer than in
O. afer, showing some significant ridges along the
proximal two-thirds of the length of the bone (Fig. 6C).
These rugosities serve as insertions for M. supinator.
In the extant species, the pro- and supinator muscles
are either reduced or have aberrant functions because
any rotations of the radius are mechanically inhibited
(Thewissen & Badoux, 1986). Thus, the M. biceps bra-
chialis becomes an accessory flexor of the elbow joint
and the M. supinator would fuse with the extensor of
the fingers (see Thewissen & Badoux, 1986). In the
Chadian species, the strong insertions of such muscles
show that they were well developed. Nonetheless, the
morphology of the radius suggests that no rotation
would have been possible. In O. gaudryi, the oblique
rim is marked, according to the drawing of Colbert
(1941: 328), and also possesses some ridges (Fig. 6B).
In this respect, O. abundulafus is close to O. gaudryi.
The pro- and supinator seem to have lost their func-
tion before the Late Miocene and continued a reduc-
tional trend until recent times.

Hand (Table 10; Fig. 7)

Both hands are remarkably well preserved, having
being found articulated, with ungueal phalanges as
well as sesamoid bones.

Most of the carpals are not disjoint and have been
weathered. The unciform and the pyramidal bone are
similar in shape to those of O. afer, but differ by being
of smaller size. The metacarpals are all characterized
by their slenderness, especially the narrow epiphysis.
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Table 10. Biometry (measurements in mm) of the hand of Orycteropus abundulafus sp. nov. (KB03-97-214, holotype)

Carpals Dorsoventral length Mediolateral length Proximodistal length
Unciform 11 11.3 8.3

Pyramidal bone 6.2 9.6 6%

Metacarpals

and phalanges L Bp Hp Bd Hd
Mc ¢ 44.7% 11.1% 10.5% 7.7 8.2
Me it 44.6 10.5 10.3 7.1 8.6
Me v 33.5 7.3% 8.6 7 7.9
Me v 20.6 74 7.6 7.2 8
Php 33.2 8.6 8.8 6.9 5.6
Php 30.2 8 8.9 7.3 5.7
Php v 25.3 7.5 8.4 6.9 5.7
Php v 19.7 6.2 9.3 6 5.5
Phm 14 7.5 7.4 6 5.6
Phm 144 7.5 7.9 5.9 6.1
Phm 1y 13.6 74 8.3 5.7 6.4
Phm y 10.8 6.6 7.6 5 5.2
Phu 19% 6.7* 10%* - -
Phu 19.5% 5.9 10.1 - -
Phu 1y 19.6 5.4 11.8 - -
Phu v 17.8 4.9 10.6 - -

Mec, metacarpal; Php, proximal phalange; Phm, middle phalange; Phu, ungueal phalange; L, length, Bp, proximal breadth;
Hp, proximal height; Bd, distal breadth; Hd, distal height. *Estimated measurements.

Table 11. Biometry (measurements in mm) of the pelvis of

Table 12. Biometry (measurements in mm) of the femur of

Orycteropus abundulafus sp. nov. (KB03-97-214, Orycteropus abundulafus sp. nov. (KB03-97-214,
holotype) holotype)
Acetabulum antero- Acetabulum Preacetabular PMB CAD MB AB DMB DAB
posterior width vertical height surface length

44.6 18.1 184 14%* 35% 37*

17.9 10.3 26.8

This is a similarity with O. gaudryi. Moreover, the
plantar surface is straighter in both fossils whereas it
is curved in the extant form. On the fifth metacarpal,
the proximal articular facet for the metacarpal IV is
developed until the middle of the diaphysis in O. afer
whereas it is shorter (only until the proximal quarter
of the diaphysis) in O. abundulafus. Similarly, the
phalanges are slender in O. abundulafus but are more
bulged and broad in O. afer. The dorsal aspect is dis-
tinct proximally in O. gaudryi and in O. abundulafus.
Finally, the second finger (metacarpal to medial pha-
lange) is the longest in O. abundulafus and in O. afer.

Pelvis (Table 11)
The only preserved part of the pelvis is the right ace-
tabular region. The pubis is stick-like and orientated

PMB, proximal mediolateral breadth; CAD, anteroposte-
rior diameter of the condyle; MB, mediolateral breadth
under the fourth trochanter; AB, anteroposterior breadth
at the level of the third trochanter; DMB, distal mediolat-
eral breadth; DAB, distal anteroposterior breadth. *Esti-
mated measurements.

caudally, another feature indicating a fossorial animal
(MacPhee, 1994). The femoral spine (the insertion for
the M. rectus femoris) is large and straight. The ilio-
pectineal eminence is well developed.

Femur (Table 12; Fig. 8)

The proximal half of the right femur, broken at the

level of the third trochanter, is preserved. On the left

side, only the distal epiphysis (unfused) remains.
The femoral head is almost globular in shape and

orientated at 80° to the axis of the diaphysis. However,
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Figure 7. Comparative set of hands. A, Orycteropus afer (after Colbert, 1941); B, Orycteropus gaudryi (after Colbert, 1941);
C, Orycteropus abundulafus sp. nov. Note that A and B are scaled approximately relative to C. Scale bar =5 cm.

A B

Figure 8. Proximal epiphysis of the right femur of Orycteropus abundulafus sp. nov. in ventral (A) and dorsal (B) view.
Scale bar =5 cm.
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the proximolateral part of the articular condyle is
rather flat and its extension to the great trochanter
ends laterally in a depression. A true neck cannot be
outlined. According to Reed (1951), animals with fos-
sorial habits show an indistinct neck, close to the axes
of the diaphysis. The head of the femur is separated
from the great trochanter (insertion for the Mm. glu-
teus profundis and pyriformis) by the anterior wall of
the trochanteric fossa. In O. abundulafus and
O. gaudryi, this side is narrower (anteroposteriorly)
than it isin O. afer. In addition, the great trochanter is
slender, semilunar in shape and extends backwards.
Thus, the trochanteric fossa (insertion for the Mm.
obturator externus, obturator internus and gemelli) is
deep and distinct.

Below the femoral head, the lesser trochanter
(insertion for the Mm. psoas and illiacus) is broken.
However, its base suggests that it was prominent. Dis-
tally, the most diagnostic trait of the Orycteropodinae,
the fourth trochanter (or pectineal tubercle)
(MacPhee, 1994) is present but broken too. It is the
insertion point of the M. pectineus, one of the muscles
responsible for the adduction of the femur, and its out-
ward rotation. Only the beginning of a slender third
trochanter remains. The third trochanter of
O. gaudryi is thin and not swollen in the middle like in
O. afer.

Distally, the patellar surface is grooved as in all
Tubulidentata except the genus Plesiorycteropus. The
distal epiphysis of the femur as a whole is large. The
lateral origin of the M. gastrocnemius arises from the
sus-condyloid cavity and contains a large sesamoid
bone, which acts on the femur just below the tendon.
The facet for this sesamoid bone, above the lateral
condyle of the femur, is situated behind the diaphysis
level in O. abundulafus, posteriorly to that in O. afer.
This feature is important because the M. gastrocne-

mius goes back to the calcaneum with its strong Achil-
les tendon and, with the whole triceps, it can extend,
adduct and rotate the foot inward. While digging, the
aardvark uses its hindlimbs for displacing the soil.
The M. gastrocnemius is one of the muscles that can
keep the foot extended. A more anterior position of the
sesamoid bone, involving a moment arm axis closer to
the lateromedial diameter of the diaphysis, reduces
energy expenditure.

Tibia and fibula (Table 13)

The right tibio-fibula is complete except for the prox-
imal epiphysis. On the left side, tibia and fibula are
represented by distal components.

It is not certain whether the tibia and fibula were
fused proximally. They are not fused distally, as is
the case in all Tubulidentata except the genus
Plesiorycteropus.

The tibia is slender and curved. On the proximal
epiphysis, the tibial tuberosity (or patellar tuberosity,
for the insertion of the patellar ligaments) is a well-
defined concave and oblique surface continuous with
the proximal articulation surface as in O. afer or
O. mauritanicus (Arambourg, 1959). In O. gaudryi, an
angular border limits the surface posteriorly. In Lep-
torycteropus guilielmi and O. gaudryi, Patterson
(1975: 198) found that ‘there is an uninterrupted rim
of bone running from the patellar tuberosity to the
junction with the fibula, a contrast to the living spe-
cies in which a deep notch is present in this area’. In
O. abundulafus, the rim is broken. The tibial crest is
developed and runs on the proximal third of the dia-
physis. It is rectilinear and there is no real cnemial
tuberosity that is present in only Plesiorycteropus or
Myorycteropus. The crest terminates higher on the
shaft of O. abundulafus than in O. afer.

Table 13. Comparative biometry (measurements in mm) of the tibio-fibula of Orycteropus abundulafus sp. nov.

(KB03-97-214, holotype) and other Tubulidentata

Species MTFL TFDW TSD FSW FSD DAB DMB
O. afer (n = 29)F 180.4 +£23.3 59+5 27.1+2.7 8.1+0.8 8.8+1 36.2+6.1 29.2+3.9
Myorycteropus africanusi 103 - - 6 6 - -
O. mauritanicus¥ 164.5 — - 29.7 22
‘O. capensis’t 180 - - - - 24.6 19.5
0. gaudryi 151.5 - 26.7 - - 20.7 25.3
AM 22976 (cast)
O. abundulafus sp. nov. 140%* 36.3 25% 7.3 5.7 19 22.8

MTFL, maximum tibio-fibula length; TFDW, tibio-fibula distal mediolateral width, malleolus to malleolus; TSD, antero-
posterior depth of tibial shaft, at end of the tibial crest; FSW, minimum mediolateral breath of fibula (taken at same level
as T'SD); FSD, anteroposterior breadth of fibula (at 90° to FSW); DAB, distal anteroposterior breadth of tibia; DMB, distal
mediolateral breadth of tibia. *Estimated measurements. tData from the TMP, ZMB and SNMS samples for comparison.

fAfter Arambourg (1959).
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The tibia is longer in O.gaudryi than in
O. abundulafus (Table 13). However, the crest and the
proximal epiphysis are of same size. The tibial diaphy-
sis appears proportionally longer in O. gaudryi. This is
of importance because O. gaudryi is the only known
species of Orycteropodidae that has a tibia longer than
the femur (although Leptorycteropus may also display
this feature; Patterson, 1975). The total length of the
femur of O. abundulafus is not known, but it seems
that the tibia would not have been longer. The distal
epiphysis shows a small but deep trochlea and is
broader in O. afer than in O. gaudryi, itself broader
than in O. abundulafus (Table 13). The fossa for the
medial lip of the talus is not as broad as in O. gaudryi
but is deeper as in Leptorycteropus. The medial
malleolus, for articulation with the astragalus, is
convex.

Tibia and fibula are curved and close to one another.
The fibula is not distinct from that of O. afer except for
the smaller size.

Foot (Tables 14-16; Fig. 9)
The two feet were found articulated, with sesamoids.
They are very well preserved.

The talus is very similar to that of O. gaudryi except
for the smaller breadth (Table 14). This bone is long
relative to width in O. abundulafus, O.gaudryi,
O. crassidens and O. mauritanicus but not in O. afer
(Arambourg, 1959). The neck of the talus, short but
less distinct than in O. mauritanicus, supports a
nearly round condyle. An astragalar foramen is

present as in all Tubulidentata except Plesioryctero-
pus. The posteromedial process, on the medial aspect
of the proximal articulation of the talus, is absent as in
O. mauritanicus, contrary to all other comparable
Tubulidentata. Apart from size, the calcaneum shows
no other significant differences with O. afer. It is slen-
der and has all articular facets found in O. afer. The
navicular is smaller than in the extant form. The artic-
ular facet for the talus is rounder than in O. afer. It is
oval in Myorycteropus africanus (Maclnnes, 1956).
The cuboid is also smaller than in the extant form and
has a more triangular proximal surface. The cunei-
form shows no significant differences from that of
O. afer except in terms of smaller size.

The general outline of the metatarsals of
O. abundulafus is identical to that of O. gaudryi and
O. afer. Nonetheless, metatarsals II, III and IV are
c.20% shorter than in the extant species, whereas
metatarsals I and V are almost equal (Table 15). The
metatarsals, especially metatarsal V, are relatively
broader in O. afer than in O. abundulafus (Table 15).

The phalanges are slender in O. abundulafus, and
their length is close to that of O. gaudryi and O. afer.
The extant form is distinct from the two fossil forms
by the relative broader size of the phalanges
(Table 16). The dorsal surface is convex, without the
pinching found on the hand (Fig. 9A). This condition is
also present in O. gaudryi. The phalanges of the fifth
finger are longer in the Chadian specimen than in the
extant form. Fingers II and III are of similar length.
The foot size in the three species shows a degree of
overlap (Tables 15, 16). Colbert (1941: 329) noted: ‘In

Table 14. Biometry (measurements in mm) of the tarsals of Orycteropus abundulafus sp. nov. (KB03-97-214, holotype)

Segment Dorsoventral length Mediolateral length Proximodistal length
Navicular 15.2 13.9 13.9

Cuboid 13.7 174 10.6

Cuneiform I 12.9 8.2 18.5

Cuneiform II 11.3 7.2 6%

Cuneiform IIT 16.2 8.2 8.5%

Segment Dorsoventral length Mediolateral length Lm
Calcaneum 22.3 28 48.4
Segment MW ML ™ NL HH HW MH EcF EnF
Talus 21.5% 25.6 10 11.8 11 114 17.1 12.2 13.5%

MW, maximum mediolateral width; ML, maximum anteroposterior length; TW, mediolateral width of trochlea; NL, length
of head and neck; HH, dorsoplantar head height; HW, mediolateral head width; MH, maximum height; EcF, ectal facet
anteroposterior length; EnF, ental facet anteroposterior length; Lm, length along manubrium. *Estimated measurements.
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Figure 9. Comparative set of feet. A, Orycteropus afer (after Colbert, 1941); B, Orycteropus gaudryi (after Colbert, 1941);
C, Orycteropus abundulafus sp. nov. Note that A and B are scaled approximately relative to C. Scale bar =5 cm.

contrast to the development of the manus, there has
been no relative increase in the size of the pes in
Orycteropus between Lower Pliocene and Recent
times’. The third finger of the pes is longer than the
third finger of the hand (119.4 mm vs. 89.2 mm, from
metapodial to the medial phalange) in O. abundulafus
and O. gaudryi, whereas they are almost equal in
O. afer. According to Colbert (1941: 327) this length-
ening of the hand in Orycteropus is ‘a result of the
accentuation of its fossorial habits’.

PHYLOGENY

At the Miocene—Pliocene boundary, three forms coex-
isted, including O. cf. afer from Langebaanweg and
O. sp. from Lothagam in Africa (Hendey, 1973;
Milledge, 2003), and O. gaudryi in Europe. Similari-
ties between O. abundulafus sp. nov. and O. gaudryi
can be observed, and are discussed below. The mate-
rial referred to the genus Orycteropus in the Upper
Nawata Formation of Lothagam differs from the
Chadian Tubulidentata mostly by its larger size,
although smaller than the living aardvark. No
description of the single tooth attributed to O. cf. afer

from Langebaanweg is currently available. This exam-
ple illustrates how scarcity of fossil aardvark material
has tended to limit comparisons of features in terms of
phylogenetic relationships. Only Patterson (1975:
fig. 16) and Van Der Made (2003: fig. 4) suggested pos-
sible relationships among the known tubulidentate
genera and species, respectively. A data matrix that
compares characters and taxa is not yet available for
Tubulidentata species, although MacPhee (1994) pub-
lished a matrix at a higher taxonomic level.

The anatomical description and comparison per-
formed in this study highlight the affinities between
O. abundulafus and O. gaudryi, the penecontempo-
rary European form. It also shows that the Chadian
fossil aardvark displays fewer affinities with
O. depereti, O. mauritanicus and O. pottieri (which
had canines). Moreover, O. afer, O. crassidens and
O. chemeldoi are closer to each other than to
O. abundulafus in terms of size, and also in terms of
limb bone and hand proportions.

This overview shows that the discovery of the new,
almost complete, material from Chad constitutes a
great opportunity for studying the relationships
within the genus Orycteropus. A cladistic analysis has
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Table 15. Comparative biometry (measurements in mm) of the metatarsals of Orycteropus abundulafus sp. nov.
(KB03-97-214, holotype), O. gaudryi (AM22762, cast) and O. afer

O. gaudryi Index

AMNH 22976 O. afer O. abundulafus/
Measurements O. abundulafus (cast) (n =21} O. afer
L Mt 38.6 34* 38.6+2.9 1.00
L Mt 62.9 66%* 75.8+3 0.83
L Mt 63.1 69 78.7+3.3 0.80
L Mt v 53.7 - 64.1+2.6 0.84
LMty 36.6 37* 36.5+2 1.00

Index Index
O. afer B/L B/L

Measurements O. abundulafus (n =217 0. abundulafus O. afer
Bp Mt 9 11+0.8 0.23 0.29 +0.02
Bp Mt 8.7 124+1.1 0.14 0.16 +0.01
Bp Mt 9.7 156+1.1 0.15 0.20 £0.01
Bp Mt 10.5 17+£1.5 0.20 0.27 £0.02
Bp Mt y 7.8 15+2.3 0.21 0.41+0.06
Bd Mt 8.2 12+1 0.21 0.31+0.02
Bd Mt 10.7 156+1 0.17 0.21+0.01
Bd Mt 10.1 15.6+1.2 0.16 0.20+0.01
Bd Mt v 8.8 14+1.1 0.16 0.22+£0.01
Bd Mt y 7.4 10.9+0.9 0.20 0.30 £0.02

L, maximum length; Bp, proximal mediolateral breadth; Bd, distal mediolateral breadth. *Estimated measurements. fData
from the TMP, ZMB and SNMS samples for comparison.

Table 16. Comparative biometry (measurements in mm) of the posterior phalanges of Orycteropus abundulafus sp.
nov. (KB03-97-214, holotype) and O. afer

Segment Species L Bp Bd I, I,
Php ; O. abundulafus 31.9 9 6.3 0.28 0.2

O. afert 33.5+3.6 12.7+0.9 9.4+0.8 0.38 £0.04 0.28 £0.03
Php O. abundulafus 35 11.1 9.6 0.32 0.27

O. afert 42.7+2.2 166+14 14+1.3 0.39 £ 0.02 0.33 £ 0.02
Php O. abundulafus 36.9 11.5 10 0.31 0.27

O. afert 40+£2.3 16.6 +1.6 13.9+1.5 0.41£0.03 0.35+0.03
Php v O. abundulafus 33.9 9.5 7.9 0.28 0.23

O. afert 37.3+2 15.1+1.2 129+1.2 0.41+£0.02 0.35+£0.02
Php v O. abundulafus 25.7 7.9 6.2 0.31 0.24

O. afert 249+1.5 12.7+£0.9 9.7+£0.7 0.49 +0.03 0.39 £ 0.03
Phm O. abundulafus 194 10.1 8.5 0.52 0.44

O. afert 21.7+0.8 13.6 +0.5 11.3+04 0.63 £0.02 0.52 £ 0.02
Phm 1 O. abundulafus 194 94 7.7 0.48 0.4

O. afert 21.7+£0.8 13.3£0.6 11.6+1.2 0.61+£0.03 0.563 £0.05
Phm v; O. abundulafus 17.6 7.9 6.2 0.45 0.35

O. afert 19.7+£0.8 12.1+£0.5 9.9+04 0.61+0.03 0.5 £0.02
Phm v O. abundulafus 12.9 6.3 5 0.49 0.39

O. afert 142+1.1 9.5+0.5 8.2+0.6 0.67 £0.03 0.58 +0.04

L, maximum length; Bp, proximal mediolateral breadth; Bd, distal mediolateral breadth; I ;,index Bp on L;; I 5, index Bd on
L. *Estimated measurements. {(n = 18) Data from the TMP, ZMB and SNMS samples for comparison.
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thus been conducted at the species level with the best
represented forms of the genus. Most of their descrip-
tions are based on the literature (Colbert, 1941;
MaclInnes, 1956; Arambourg, 1959; Patterson, 1975;
Bonis et al., 1994; MacPhee, 1994). The developed
data matrix (Table 17) shows the states of 29 cranial
and post-cranial characters among seven species of
Orycteropus and the three species Myorycteropus afri-
canus, Leptorycteropus guilielmi and Plesiorycteropus
madagascariensis. The last of these has been chosen
as an outgroup because it is close to Orycteropodinae
for some morphological features, but is also set apart
for others, as shown by MacPhee (1994). The matrix
has been analysed using the program PAUP, version 4
(Swofford, 1998), in a heuristic search for most-parsi-
monious arrangements of taxa.

Characters were used with the presumed plesiomor-
phic state denoted by a ‘0’ and derived states by inte-
gers. Question marks indicate unavailable features or
characters not described in the literature. All charac-
ters are of equal weight and of type ‘unord’ in this
analysis. Comments are included in the list given
below, where relevant.

SKULL
1. Temporal line position: low (0); high (1).
In O. afer, the temporal lines are situated on the
middle of the cerebral cavity whereas in other
forms, like O. gaudryi, they are closer to the sag-
ittal plane, and thus higher on the cerebral cavity.

2. Lambdoid crest: rectilinear (0); V-shaped (1).

3. Anterior border of the orbit: above M? (0); above
M? (1).
Taking the upper tooth-row as the horizontal, the
character refers to the position of the perpendicu-
lar through the anterior border of the orbit.

4. Ventral-most point of the maxillo-jugal suture:
above M2 (0); behind M?3 (1).

5. Zygomatic arch thickness: thin (0); thick (1).

6. Zygomatic arch angle with the upper tooth-row:
low (< 25°) (0); high (> 25°) (1).

7. Palatines breadth: slender (index Bpal/Lpal <20)
(0); broad (index > 20) (1).

8. Palatine groove: absent (0); present (1).

9. Palatine posterior rim shape: curved (0); rectilin-
ear (1).
When curved, this rim is U-shaped with the con-
cave part in the caudal direction.

10. Palatine posterior rim position: at the M? level (0);
behind M3 (1).

11. Pterygoid lateral wall: smooth (0); with ridges (1).
12. Glenoid cavity: with a lateral tubercle (0); flat (1).

This feature is redundant with the shape of the
mandibular articulation.

13. Intracuspal rims orientation: transversal (0);
oblique (1).
The orientation is relative to the mesiodistal axis
of the tooth.

14. Canine: present (0); absent (1).

The canines of L. guilielmi and O. pottieri are
large, significantly larger than the premolars. Hel-
bing (1933), Arambourg (1959) and Patterson
(1975) described O. depereti and O. mauritanicus
as possessing canines. Those maxillary teeth are
in fact the fifth ones in front of the molars and are
smaller than the premolars. In the extant form,
supernumerary teeth are sometimes visible, espe-
cially in the immature stages, and are always
smaller than the teeth posterior to them. It is sug-
gested that O. depereti and O. mauritanicus dis-
play supernumerary premolars and not canines.

15. Longest tooth (mesiodistal): M, and M? (0); M, and
M! (1); M, and M! (2).

POST-CRANIUM
16. Radius oblique rim: sharp (0); blunt (1).
17. Deltoid crest: developed (0); weak (1).

18. Humeral proximal epiphysis: anteroposterior >
mediolateral diameter (0); subequal diameters (1).

19. Humeral diaphysis: curved (0); straight (1).

20. Olecranon fossa: oval and bounded proximally (0);
triangular (1).

21. Hildebrand Index: low (< 0.35) (0); high (> 0.35)
(D).

22. Femoral neck: distinct from the diaphysis (0);
indistinct (1).

23. Tibial proximal epiphysis: trilobed (0); quadri-
lobed (1).
As suggested by Arambourg (1959), in proximal
view the tibial proximal epiphysis of O. gaudryi
and L. guilielmi lacks the anterolateral develop-
ment. This trait is unavailable in O. abundulafus
Sp. nov.

24. Tibio-fibula diaphysis: straight (0); curved (1).
25. Cnemial tuberosity: present (0); absent (1).

26. Anterior tuberosity of the tibial plate: modestly
developed (0); well elongated (1).
As suggested by Arambourg (1959), the proximal
surface of the tibial crest, or anterior tuberosity of
the tibia, displays a sloping surface. In O. gaudryi
and M. africanus, this surface is modestly
developed.

27. Astragalus neck: short (0); long (1).
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Table 17. Data matrix (see text for description of characters)

% -

f2 g . g
ST F &, ié F T
$§ 3w S &3 3 kS = 3 Y
% =5 53 S5 2 . 2 $ s S =
s¥ 53 2§ 388 & g 5 S g 3
Y 8% &8 s 0¥ 0P oz o 2R
Characters S S & SRS S & e} @) e} e} o @
1 TEMPORAL LINE 0 ? ? 1 0 0 1 1 ? 1
2 LAMBDOID CREST 0 ? ? 1 0 0 1 1 ? 1
3 ANT BORDER ORBIT ? ? 0 0 1 1 0 0 1 ?
4 VM MAX-JUG SUTURE ? 1 ? 0 1 1 1 0 0 ?
5 ZYGO ARCH THICKNESS ? ? ? 0 0 0 1 0 1 ?
6 ZYGO ARCH ANGLE ? ? ? 1 1 0 0 0 ? ?
7 PALATINE BREATH ? ? ? 0 1 ? 1 0 1 ?
8 PALATINE GROOVE ? 0 ? 1 1 ? 0 0 0 ?
9 PAL POST RIM SHAPE ? ? ? 0 1 ? 0 0 1 ?
10 PAL POST RIM POSITION ~ ? ? ? 0 1 1 1 0 ? ?
11 PTERYGOID LAT WALL 0 ? ? 1 0 0 1 0 ? ?
12 GLENOID CAVITY ? ? ? 0 1 1 0 0 ? 0
13 IR ORIENTATION ? 0 0 0 0 0 1 0 1 1
14 CANINE ? 0 ? 1 1 1 1 1 1 0
15 LONGEST TOOTH ? 0 2 0 0 0 0 0 1 2
16 RADIUS OBLIQUE RIM 0 0 ? 1 0 ? ? 1 ? ?
17 DELTOID CREST 0 1 0 1 0 ? ? 0 ? ?
18 HUM PROX EPIPHYSIS 0 ? 0 1 1 ? ? 1 ? ?
19 HUMERAL DIAPHYSIS 0 1 0 1 1 ? ? 1 ? ?
20 OLECRANON FOSSA 0 0 0 1 0 0 ? 1 ? ?
21 HILDEBRAND INDEX 0 1 1 0 1 1 ? 1 ? ?
22 FEMORAL NECK 0 1 0 1 1 ? ? 1 ? ?
23 PROX TIB EPIPHYSIS 0 0 ? ? 1 ? ? 0 1 ?
24 TIB FIB DIAPHYSIS 0 0 1 1 1 ? ? 1 1 ?
25 CNEMIAL TUBEROSITY 0 1 0 1 1 ? ? 1 1 ?
26 ANT TUBEROSITY TIBIA 0 0 0 1 1 ? ? 0 1 ?
27 ASTRAGAL NECK 0 ? 1 0 0 0 ? 0 1 0
28 ASTR POST MED PROC 0 ? ? 1 0 0 ? ? 1 0
29 ASTRAG PROPORTION 1 ? 0 0 2 2 ? 0 0 0

TAfter the description made by MacPhee (1994). fAfter the description made by Patterson (1975). §After the description
made by MacInnes (1956). {In part after the description made by Colbert (1941). {{After the description made by Aram-
bourg (1959). tiIn part after the description made by Bonis et al. (1994).

28. Astragalus posteromedial process: present (0);
absent (1)

29. Astragalus proportions: length > breadth (0);
breadth > length (1); length = breadth (2)

Eight equally most parsimonious trees (MPTs)
have been found. For all trees, the length is 45, the
consistency index (CI) is 0.69 and the retention
index (RI) is 0.60. The strict consensus tree (Fig. 10)
shows all unambiguous diagnostic characters (char-
acters with a CI=1 that support clades) and the
selected ones that will be discussed hereafter. This
tree shows that the disagreement among the MPTs

concerns the relationships between Myorycteropus
and clade A (Leptorycteropus + all Orycteropus spe-
cies) as well as the relationships within the clade A.
However, four clusters are identical in all eight
MPTs. A bootstrap proportion, based on 1000 repli-
cates, obtained with the heuristic search option in
PAUP version 4, supports this analysis. The boot-
strap index for clade A is 64%; for the clade B
(0. abundulafus + O. gaudryi) it is 59%; and for the
clade D (O. afer + O. crassidens) it is 76%. Clade C,
containing O. mauritanicus as sister group of clade
D, is not well supported, with a bootstrap index of
only 39%.
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M. africanus is separated from other genera in all
MPTs. This analysis provides new evidence for Myo-
rycteropus as a valid genus of the order Tubulidentata.
The species included in clade A are united by four
well-defined synapomorphies (characters 18, 19, 22
and 25). Those characters are well represented in the
data matrix and their assumed polarity seems to be
confirmed. These traits should be taken into consider-
ation, as no real diagnosis for the genus Orycteropus is
currently available. However, this group also includes
the genus Leptorycteropus.

Clade A presents a polytomy at its base. The posi-
tion of L. guilielmi is not resolved in the eight MPTs.
In three instances it is a sister group of O. pottieri, and
only once is it a sister group of all Orycteropus species.
The relationships of the two outlying species,
O. depereti and O. pottieri, are also ambiguous. This is
mostly due to the lack of comparative material. No
post-cranial elements are known for O. depereti and
some character state assessments are absent from the
published descriptions of O. pottieri. However, they
both share characters with O. abundulafus and
O. gaudryi, for example in terms of trait 1 (high tem-
poral lines) and trait 2 (lambdoid crest V-shaped). This
helps to explain why, in all MPTs, these four Oryctero-
pus species are regrouped into the sister group of clade
C. The strict consensus tree does not present this
topology because the position of the two outlying spe-
cies in reference to clade B is variable. Moreover, the
state of characters 1 and 2 is unknown for L. guilielmi.
This taxon is basal to the group or within this group.

29 Plesiorycteropus
madagascariensis
Leptorycteropus
guilielmi
Orycteropus
abundulafus sp. nov.
Orycteropus

gaudryi
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Figure 10. Strict consensus three of eight most parsimo-
nious trees resulting from a heuristic search, PAUP version
4. Tree length =45, CI =0.69 and RI = 0.60. Apomorphies
are marked with black bars, convergences are marked with
white bars, reversions are marked with crossed circles, and
apomorphies discussed in the text are marked with black
bars and question marks. The character number and direc-
tion of state change are given next to the bar.

The unresolved position of L. guilielmi causes the
polytomy within clade A. This relates to the problem
of monophylogeny of the genera Orycteropus and
Leptorycteropus.

Clades B and C are placed in polytomy with
the other clade A taxa, but they are both well
supported as monophyletic groups. Clade B
(0. abundulafus + O. gaudryi) has at least two
uniquely derived synapomorphies (16 and 20). The
developed oblique rim of the radius (16) and the tri-
angular and not bounded proximally olecranon fossa
(20) can be viewed as the strongest defining traits of
this clade. Beyond these two diagnostic features, and
traits 1 and 2 in O. depereti and O. pottieri, two fur-
ther characters seem to be uniquely reversed in clade
B: features 7 (slender palatine) and 10 (posterior rim
of the palatine at the M?® level). However, these rever-
sions are in contradiction with our description of the
evolutionary trend toward an elongation of the snout.
In fact, these characters are not observable in the
other genera or in O. crassidens, O. mauritanicus and
O. pottieri. Nonetheless, some species (O. pottieri or
L. guilielmi for instance) show indirect clues that
their palatines were short and slender. Thus, the
assumed polarity for characters 7 and 10 is main-
tained here. Trait 11 (ridges on the lateral pterygoid
wall), only shared by O. abundulafus and O. depereti,
appears to be a convergent character. Clade B, sup-
ported by the strict consensus tree and the bootstrap
proportion, is considered valid.

In the three species of clade C, the anterior border
of the orbit lies above M? (3), whereas it is above M2 in
clade B, in L. guilielmi and in O. depereti. Thus, char-
acter 3 is a diagnostic apomorphy of the group con-
taining the aardvark. Three other synapomorphies (9,
12 and 23) are uniquely shared by two species
included in clade C, while in the third,
O. mauritanicus, their state is wunknown. That
explains why the bootstrap proportion is low. Clade D,
included in the former, is better supported because
O. afer and O. crassidens actually share the following
synapomorphies: (12) flat glenoid cavity and (29) talus
as long as wide. Character 12 could thus be a diagnos-
tic character of clade D not shared by O. mauritanicus
that would not change the relationship among clade
C.

Although it is not the aim of this paper to discuss the
validity of O. crassidens as a distinct species (see Pick-
ford, 1975), it is noted that the strict consensus tree
shows that O. afer and O. crassidens are very close, but
at least one character distinguishes both: the angle of
the zygomatic arch (6). Moreover, as described by
MaclInnes (1956), O. crassidens differs from O. afer by
the orientation of the socket of the upper tooth row.
This feature was not included in the matrix because its
state is generally unknown in most species.
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DISCUSSION AND CONCLUSION

The specimen was found in foetal position, lying on its
right side (Fig. 11). The left side has been more dam-
aged by erosion. In this position, even sesamoids have
been preserved. There is evidence against any post
mortem displacement of the body. In association with
this specimen, other articulated fossils have been
found, including an incomplete skeleton of a gazelle
(at KB03) and two gazelle limbs (at KB07, a nearby
site). Despite the lack of sedimentological evidence
(there is no heterogeneity in the sediments surround-
ing the skeleton), it is possible that the specimen died
in its burrow.

Orycteropus abundulafus sp. nov. shows peculiar
features that are morphofunctionally different from
the extant species, O. afer. The chewing apparatus is
more compact and more powerful in O. abundulafus
and the amplitude of movement of the mandible was
probably reduced. Demand for a higher pressure on a
more focused area could be a sign of a tougher diet. In
this perspective, it should be noted that there is con-
siderable evidence of dung beetles at KB (Duringer
et al., 2000). With reference to mastication, the
greater vestibulolingual expansion of the occlusal
molar surface in the Chadian fossil is important. The
digging ability of this form is also different. The
absence of projecting deltoid crest probably indicates a
less developed deltoid muscle. However, the Hilde-
brand index and the large brachial crest show that the
animal was probably able to burrow. Moreover, the
pectoral muscles are likely to have been as developed
as in the extant aardvark. Less dedicated to the dig-
ging effort, those muscles could have been associated
with the animal’s locomotion. Correlatively, the elbow

joint, because of the slender olecranon fossa and slen-
der distal epiphysis as a whole (Hildebrand index,
Table 7) restrain the ad- or abduction of the lower
arm’s with respect to the upper arm. This can be com-
pared with the situation in many digitigrad animals.
Additionally, the shorter hand further reduces the effi-
ciency of the power stroke. Thus, O. abundulafus was
a less specialized fossorial animal with smarter gait,
like the badger.

A mosaic palaeoenvironment existed at Kossom
Bougoudi, with an aquatic habitat, a forested area and
a more open landscape (Brunet & MPFT, 2000). The
presence of fishes, crocodilians, aquatic birds, hippos
and liana-like plants indicate the vicinity of a stream
or lake. Elephants, pigs, giraffes and rhinos identified
in KB indicate a wooded savannah. However, hare,
squirrel and hipparions reflect a nearby more open
environment. Some bovids also indicate a humid grass-
land. Pages (1970) is the only author to have observed
and reported aardvark from a wooded environment. It
is not possible to infer whether O. abundulafus lived in
forest. During the Turolian, Samos had a forest—-wood-
land environment (Solounias & Dawson-Saunders,
1988). Morphological convergence between
O. abundulafus and O. gaudryi may be suggested.

The cladistic analysis shows that O. abundulafus
and O. gaudryi form a clade. The relationships with
the other species of the genus are still unresolved,
O. depereti and O. pottieri being the closest taxa.
Noticeably, this clade is distinct from a group includ-
ing the extant aardvark, O.crassidens and
O. mauritanicus. The genus Leptorycteropus is not
clearly separated from the Orycteropus species. As a
whole, these results show that the monophylogeny of
the genus Orycteropus should be re-examined. At

Figure 11. Skeleton in situ of Orycteropus abundulafus sp. nov. Scale bar =5 cm.
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present, we cannot suggest appropriate generic dis-
tinctions, but reconsideration of previously reported
fossil material and description of new specimens will
likely lead to a revision of the order Tubulidentata.
The discovery of an Orycteropodidae in Chad
extends the knowledge of aardvark distribution in
Africa. The less specialized features of this new taxon
are unique for the genus in Africa and suggest a rather
isolated palaeobiogeographical history from the rest of
the continent at the Mio-Pliocene boundary. Some of
these features can also be found in Eurasian fossil
aardvarks. No species of Tubulidentata were known to
have representatives in both Africa and Eurasia, but
the present phylogenetic reconstruction gives us new
evidence for such relationships. For the moment,
O. abundulafus is the only Orycteropodidae known
from Africa that shows clear affinities with a Eurasian
form. The relationships suggested here imply that

intercontinental  dispersions of Tubulidentata
occurred during the Late Miocene.
ACKNOWLEDGEMENTS

We thank the Chadian authorities (Ministere de
I’Education Nationale de 'Enseignement supérieur et
de la Recherche, Université de N’Djaména and
CNAR). We also thank the Ministére Francais de
’Education Nationale (Faculté des Sciences, Univer-
sité de Poitiers), de la Recherche (CNRS) and des
Affaires Etrangeres (DCSUR, Paris, and SCAC,
N’Djaména), the Région Poitou-Charentes, the RHOI
project (F. C. Howell and T. D. White) funded by the
NSF and also the Armée Francaise (MAM and Eper-
vier) for logistic support. T.L. was supported by a
DAAD Kurzstipendium fiir ausldndische Nachwuch-
swissenschaftler. We especially thank F. Thackeray of
the Transvaal Museum of Pretoria and P. Tassy and S.
Sen of the Muséum National d’Histoire Naturelle de
Paris for support. We express our gratitude to the
Museum fiir Naturkunde Berlin and the Staatliches
Museum fiir Naturkunde Stuttgart for giving us the
opportunity to work with their collections. We would
like to thank our colleagues at the University of Poit-
iers for discussion and advice. We are most grateful to
Ghislaine Florent and Carune Noél for MPFT admin-
istrative guidance, to Sabine Riffaut for the drawings,
and to the two anonymous reviewers for their com-
ments. None of the work could have been possible
without the field and technical work of all the MPFT
participants.

REFERENCES

Andrew CW. 1896. On a skull of Orycteropus gaudryi, Forsyth
Major, from Samos. Proceedings of the Zoological Society of
London 1896: 196-199.

Arambourg C. 1959. Vertébrés continentaux du Miocéne
supérieur de I'Afrique du Nord. Publication du Service
de Carte Géologique, Algérie, N. S., Paléontologie 4: 42—
53.

Bonis L, Bouvrain G, Geraads D, Koufos GD, Sen S. 1994.
The first aardvarks (Mammalia) from the late Miocene of
Macedonia, Greece. Neues Jahrbuch fiir Geologie und Pald-
ontologie, Abhandlungen 194: 343-360.

Brunet M, MPFT. 2000. Chad: discovery of a vertebrate
Fauna close to Mio-Pliocene Boundary. Journal of Vertebrate
Paleontology 20: 205—-209.

Brunet M, Beauvillain A, Coppens Y, Heintz E, Moutaye
AHE, Pilbeam D. 1995. The first Australopithecine 2500
kilometres west of the Rift Valley (Chad). Nature 378: 273—
274.

Brunet M, Beauvillain A, Coppens Y, Heintz E, Moutaye
AHE, Pilbeam D. 1996. Australopithecus bahrelghazali
une nouvelle espéce d'Hominidé ancien de la région de Koro
Toro (Tchad). Comptes Rendus de I’Académie des Sciences de
Paris 322: 907-913.

Brunet M, Guy F, Pilbeam D, Mackaye HT, Likius A,
Ahounta D, Beauvillain A, Blondel C, Bocherens H,
Boisserie J-R, Bonis Ld Coppens Y, Dejax J, Denys C,
Duringer P, Eisenmann V, Fanone G, Fronty P, Ger-
aads D, Lehmann T, Lihoreau F, Louchart A, Maha-
mat A, Merceron G, Mouchelin G, Otero O,
Campomanes PP, Ponce De Leon M, Rage J-C, Sapa-
net M, Schuster M, Sudre J, Tassy P, Valentin X, Vig-
naud P, Zazzo A, Zollikofer C. 2002. A new hominid
from the Upper Miocene of Chad, Central Africa. Nature
418: 145-151.

Clark JD. 1942. Further excavations (1939) at the Mumbwa
Caves, Northern Rhodesia. Transactions of the Royal Society
of South Africa 29: 133-201.

Colbert EH. 1933. The presence of tubulidentates in the Mid-
dle Siwalik Beds of northern India. American Museum Novi-
tates 604: 1-10.

Colbert EH. 1941. A study of Orycteropus gaudryi from the
island of Samos. Bulletin of the American Museum of Natu-
ral History 78: 305-351.

Dietrich WO. 1942. Altestquartire Saugetiere aus der siidli-
chen Serengeti, Deutsch-Ostafrika. Palaeontographica 94
(Abt. A): 43-133.

Duringer P, Brunet M, Cambefort Y, Beauvillain A,
Mackaye HT, Vignaud P, Schuster M. 2000. Des boules
de bousiers fossiles et leurs terriers dans les sites & Austral-
opitheques du Pliocene tchadien. Bulletin de la Société
Géologique de France 171: 259-269.

Filhol MH. 1895. Observations concernant les mammiferes
contemporains a Aepyornis a Madagascar. Bulletin du
Museum d’Histoire Naturelle, Paris 1: 12—-14.

Fortelius M. 1990. Less common ungulate species from
Pasalar, middle Miocene of Anatolia (Turkey). Journal of
Human Evolution 19: 479-487.

Gabunia L. 1956. An extinct Tubulidentate (Orycteropus sp.)
from the Middle Miocene deposits of Belomechetskaya
(North Caucase). Dok. AN Azerbaidzhanskoi SSR 12: 203—
206. [In Russian].

© 2005 The Linnean Society of London, Zoological Journal of the Linnean Society, 2005, 143, 109-131



A NEW FOSSIL ORYCTEROPUS FROM CHAD 131

Geoffroy C. 1791. Mémoire sur le Myrmecophaga capensis
Gmelin, 1788. Magazin Encyclopédique, Paris Tome VI.

Gray JE. 1821. On the natural arrangement of vertebrose ani-
mals. London Medical Repository XV: 296-310.

Haltenorth T, Diller H. 1977. A field guide to the mammals
of Africa including Madagascar. London: Collins.

Helbing H. 1933. Ein Orycteropus-Fund aus dem Unteren
Pliocaen des Roussillon. Eclogae Geologicae Helvetiae 26:
256-267.

Hendey QB. 1973. Fossil occurrences at Langebaanweg, Cape
Province. Nature 244: 13-14.

Hildebrand M. 1985. Digging of quadrupeds. In: Hildebrand
M, Bramble DM, Liem KL, Wate DB, eds. Functional verte-
brate morphology. Cambridge: Harvard University Press,
89-109.

Huxley TH. 1872. A manual of the anatomy of vertebrated ani-
mals. New York: D. Appleton.

Jacobi EF. 1972. Raising Aardvark (Orycteropus afer Pallas)
in Amsterdam Zoo. Zoological Garten NF 41: 209-214.

Kitching JW. 1963. A fossil Orycteropus from the limeworks
quarry, Makapansgat, Potgietersrus. Paleontologica Afri-
cana 8: 119-121.

Leakey LSB. 1931. The stone age cultures of Kenya colony.
Cambridge: Cambridge University Press.

Leakey LSB. 1951. Olduvai Gorge. Cambridge: Cambridge
University Press.

Leakey MG. 1987. Fossil aardvarks from the Laetolil Beds.
In: Leakey MD, Harris JM, eds. Laetoli, a Pliocene site in
northern Tanzania. Oxford: Clarendon Press, 297-300.

Lehmann T. 2004. Fossil aadvark (Orycteropus) from Swart-
krans Cove, South Africa. South African Journal of Science
100 (5/6): 311-314.

MaclInnes DG. 1956. Fossil Tubulidentata from East Africa.
Fossil Mammals of Africa 10: 1-38.

MacPhee RDE. 1994. Morphology, adaptations, and relation-
ships of Plesiorycteropus, and a diagnosis of a new order of
eutherian Mammals. Bulletin of the American Museum of
Natural History 220: 1-214.

Major F. 1888. Sur un gisement d’ossements fossiles dans 1I'ile
de Samos, contemporains de ’dge de Pikermi. Compte Rendu
de ’Académie des Sciences de Paris 117: 1178-1181.

Major F. 1893. On the tooth of an ant bear. Proceedings of the
Zoological Society of London 1893: 239-240.

Milledge SAH. 2003. Fossil Aardvarks from the Lothagam
Beds. In: Harris JM, Leakey MG, eds. Lothagam — the dawn
of humanity in eastern Africa. New York: Columbia Univer-
sity Press, 303—-308.

Ozansoy F. 1965. Etude des Gisements Continentaux et des
Mammiferes du Cénozoique de Turquie. Mémoires de la
Société Géologique de France 102: 1-92.

Pages E. 1970. Sur I'écologie et les adaptations de l'oryctérope
et des pangolins sympatriques d’Afrique. Biologia Gabonica
6: 27-92.

Pallas. 1766. Miscellanea zoologica. La Haye: AP Van Cleef.

Patterson B. 1975. The fossil Aardvarks (Mammalia: Tubuli-
dentata). Bulletin of the Museum of Comparative Zoology,
Cambridge 147: 185-237.

Patterson B. 1978. Pholidota and Tubulidentata. In: Maglio
VdJ, Cooke HBS, eds. Evolution of African mammals. Cam-
bridge, MA: Harvard University Press, 268-278.

Pavlova MV. 1915. Mammiferes tertiaires de la Nouvelle
Russie. Nouveaux Mémoires de la Société des Naturalistes,
Moscou XVII: 45-46.

Pickford M. 1975. New fossil Orycteropodidae (Mammalia,
Tubulidentata) from East Africa. Netherlands Journal of
Zoology 25: 57-88.

Pickford M. 1978. New evidence concerning the fossil Aard-
varks (Mammalia, Tubulidentata) of Pakistan. Tertiary
Research 2: 39-44.

Reed CA. 1951. Locomotion and appendicular anatomy in
three soricoid insectivores. American Midland Naturalist
45: 513-671.

Romer AS. 1938. Mammalian remains from some Paleolithic
stations in Algeria. Logan Museum Bulletin. 5: 165-184.
Rook L, Masini F. 1994. Orycteropus cf. gaudryi (Mammalia,
Tubulidentata) from the late Messinian of the Monticino
Quarry (Faenza, Italy). Bullettino della Societa Paleontolog-

ica Italiana 33: 369-374.

Sen S. 1994. Les gisements de mammiferes du Miocéne
supérieur de Kemiklitepe, Turquie: 5. Rongeurs, Tubuli-
dentés et Chalicotheres. Bulletin du Muséum National d’His-
toire Naturelle de Paris 16; 4éme Série; Section C (1): 97-111.

Shoshani J, Goldman CA, Thewissen JGM. 1988.
Orycteropus afer. Mammalian Species 300: 1-8.

Solounias N, Dawson-Saunders B. 1988. Dietary adapta-
tions and paleoecology of the late Miocene ruminants from
Pikermi and Samos in Greece. Palaeogeography, Palaeocli-
matology, Palaeoecology 65: 149-172.

Swofford DL. 1998. PAUP: phylogenetic analysis using
parsimony. Sunderland, MA: Sinauer Associates.

Tekkaya I. 1993. Tirkiye fosil Orycteropodidae’leri. 7. C.
Kiiltiir Bakanligi Anitlar Ve Miizeler Genel Mudurliugi. VIII.
Arkeometri Sonuglari Toplantisi 1992. Ankara, 275-289.

Thewissen JGM, Badoux DM. 1986. The descriptive and
functional myology of the fore-limb of the aardvark
(Orycteropus afer, Pallas 1766). Anatomische Anzeiger, Jena
162: 109-123.

Van Der Made J. 2003. The aardvark from the Miocene hom-
inoid locality Candir, Turkey. Courrier Forschung Institute
Senckenberg 240: 133-147.

© 2005 The Linnean Society of London, Zoological Journal of the Linnean Society, 2005, 143, 109-131





