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ABSTRACT

Anthracotheres, like many other mammals, are useful for biochronology, especially those lineages that increased 
in dimensions with the passage of geological time. One such lineage comprises the tetracuspidate African anthra-
cotheres of the genera Afromeryx and Libycosaurus, which started out as hog-sized animals in the Early Miocene 
and ended up larger than hippopotami by the end of the Late Miocene. 

In mammal groups with few genera at any one time, such as the Neogene anthracotheres of Africa, not only 
can dental data yield evidence of geological age, but so can postcranial evidence. In the case of Late Neogene 
suids, which comprised several contemporaneous genera, dental data is useful for biochronology, but only when 
morphological and metric data are combined. In such groups, postcranial evidence is not as valuable because it 
is difficult to determine with confidence to which group such bones belong, save in the case of skeletons asso-
ciated with teeth, of which there are extremely few in the African fossil record. 

In Africa, in contrast, anthracotheres had low diversity throughout the Neogene, with usually three or fewer taxa 
present at most levels older than 17.5 Ma, and only one after ca 16 Ma to the end of the Late Miocene. Evidence 
shows that this lineage increased in size throughout its existence, from which it is inferred that knowing the di-
mensions of an African Middle or Late Miocene anthracothere provides information of a biochronological nature.

The Toros-Menalla (TM) fossil zone in Chad has yielded an impressive sample of Late Miocene anthracoth-
eres that was initially attributed to two species of different sizes (Lihoreau, 2003). The presence of two species 
in the Chad sample was confirmed by Pickford (2008a, 2008b) who drew out some biochronological information 
from the sample, showing that the TM sedimentary deposits probably spanned a considerable period of time, from 
ca 10 Ma to ca 6 Ma. Not only does the dental sample show this, but so does the postcranial one. The material 
was subsequently pooled into a single species by Lebatard et al. (2008) who deduced a much shorter duration 
of sedimentation for the TM sequence aged ca 7 Ma.

The aim of this contribution is to re-examine the question of variability in the Chad sample of Libycosaurus 
and to compare it to collections from other African localities in order to determine whether the size differences 
observed are compatible with a single species (Lebatard et al., 2008) or whether they support the presence of 
two species in the region (Pickford, 2008a, 2008b). If two taxa occur at Toros-Menalla, then this would have 
implications for the biochronology of the deposits (Pickford, 2008a, 2008b) whereas if only one highly sexually 
dimorphic species is present, it would have implications for understanding the ecology of these anthracotheres.
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RESUMEN

Los antracoterios, como muchos otros mamíferos, son útiles en biocronología, especialmente aquellos linajes que 
incrementan sus dimensiones con el paso del tiempo geológico. Uno de estos linajes comprende a los antracoterios 
africanos tetracuspidados de los géneros Afromeryx y Libycosaurus, que comienzan en el Mioceno Temprano con 
animales del tamaño de un cerdo y terminan en el Mioceno Final con formas más grandes que los hipopótamos.

En grupos de mamíferos con pocos géneros en cualquier momento, como los antracoterios del Neógeno de 
África, no sólo los datos dentales puede suministrar evidencias de la edad geológica, sino también lo puede hacer 
los datos postcraneales. En el caso de los suidos del Neógeno Final, que comprenden varios géneros contemporá-
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neos, los datos dentales son útiles para biochronología, pero sólo cuando los datos morfológicos y métricos se 
combinan. En esos grupos, la evidencia de información postcraneal no es tan valiosa porque es difícil determi-
nar con certeza a qué grupo pertenecen tales huesos, salvo en el caso de esqueletos asociados con la dentición, 
lo que sucede raramente en el registro fósil de África.

En contraste, en África, los antracoterios durante el Neógeno tuvieron una diversidad baja, usualmente con 
tres o menos taxones presentes en la mayoría de los niveles más antiguos de 17,5 Ma, y sólo con uno después 
de ca. 16 Ma hasta el final del Mioceno tardío. Las evidencias muestran que este linaje incrementó su talla du-
rante su existencia, de lo que podemos inferir que conociendo las dimensiones de un antracoterio del Mioceno 
Medio o Mioceno Final tendremos información de carácter biocronológico.

El área fosilífera de Toros-Menalla (TM) en el Chad ha suministrado una impresionante muestra de antracote-
rios del final del Mioceno que fueron inicialmente atribuidos a dos especies de diferentes tallas (Lihoreau, 2003). 
La presencia de dos especies en la muestra del Chad fue confirmada por Pickford (2008a, 2008b) quién destacó 
alguna información biocronológica de la muestra, mostrando que los depósitos sedimentarios de TM probable-
mente abarcaban un periodo de tiempo considerable, desde ca. 10 Ma a 6Ma. No sólo la muestra de dentición 
muestra esta afirmación, sino también la de material postcraneal.  El material fue subsecuentemente agrupado en 
una única especie por Lebatard et al. (2008), que dedujo una duración mucho más corta para la secuencia sedi-
mentaria de TM datada cerca de los 7 Ma.

El propósito de esta contribución es reexaminar la cuestión de la variabilidad en la muestra de Libycosaurus 
del Chad y compararlo con las colecciones de otras localidades africanas, para determinar si las diferencias de 
talla observadas son compatibles con una única especie (Lebatard et al., 2008) o si ellas sostienen la presencia 
de dos especies en la región (Pickford, 2008a, 2008b). Si existen dos taxones en Toros-Menalla, entonces habría 
implicaciones para la biocronología de los depósitos (Pickford, 2008a, 2008b) mientras que si sólo hubiese una 
especie con dimorfismo sexual elevado existirían implicaciones para entender la ecología de estos antracoterios.

Palabras clave: Mioceno, África, anthracoterios, biocronología, variaciones de tamaño.

INTRODUCTION

African mammals have long been successfully used 
for determining the ages of sediments from which they 
were collected (Maglio, 1973; Cooke, 1976, 1978a, 1978b, 
1984, 1985; Harris & White, 1979; Pickford et al., 1997). 
Pickford (2006a) included the anthracotheres in a general 
review of African Suiformes, and showed that, at a broad 
scale, the tetracuspidate lineage Afromeryx-Libycosaurus 
was useful for biochronology. Subsequent studies based 
on more comprehensive samples from Gebel Zelten stored 
at the Natural History Museum, London, the Muséum Na-
tional d’Histoire Naturelle in Paris, and the Geological 
Survey of Tunisia, Tunis, reveals that the broad subdivi-
sions of time deduced by Pickford (2006a) can be refined 
thereby improving the resolution of age determinations. 

The species Afromeryx zelteni Pickford, 1991 is known 
to occur at Ombo, Kenya, in deposits aged ca 16 Ma. The 
type locality of the species, Gebel Zelten, is basal Middle 
Miocene in age ca 16.5 Ma (Pickford, 1991). The locality 
of Nementcha, in Algeria, which yielded Libycosaurus al-
geriensis Ducrocq et al., 2001 is of late Middle Miocene 
age, ca 14 Ma, on the basis of the restricted fauna from 
the site. Much better known is the extensive Beglia, Tu-
nisia, sample of anthracotheres which is reported to have 
come from two levels, the so called niveau inférieur and 
niveau supérieur (Black, 1972; Pickford, 2006b) which are 
close to the Hipparion datum (ca 11 Ma) some specimens 

probably being from the end of the Middle Miocene, while 
others are from the base of the Late Miocene. The Sahabi 
fauna which yielded the holotype of Libycosaurus petroc-
chii Bonarelli, 1947 has traditionally been correlated to the 
Late Miocene, although some authors considered it to be 
as young as Pliocene. Pickford (2006a) argued that the Sa-
habi succession spanned the entire Late Miocene period.

As Pickford (2008a) demonstrated, there has been a 
great deal of confusion about Libycosaurus petrocchii, not 
only because it was thought to be a dinosaur by Bonarelli 
(1947), hence its generic name, but subsequently because 
its first reviser (Black, 1972) confused the holotype for a 
much larger specimen (in the meantime the holotype seems 
to have been lost). Because of this confusion, Black (1972) 
created a new species for the sample from Beglia on ac-
count of its diminutive dimensions when compared with 
the «false» holotype, unaware that it was in fact similar 
in size to the real holotype. This history was recounted by 
Pickford (2008a). This leaves the large Libyan anthraco-
theres without a species name. Gaziry (1982, 1987) de-
scribed additional specimens from Sahabi, but his way of 
measuring fossils seems to have been incompatible with 
the methods used by other researchers, making it difficult 
to work with his measurements. What emerges from all 
this, though, is that the Sahabi stratigraphic succession 
spans a considerable period of time (Pickford, 2008a).

What the above résumé reveals is that the tetracus-
pidate anthracotheres of Africa increased in dimensions 
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from the base of the Middle Miocene until the end of the 
Late Miocene, and that this trend is of potential utility for 
biochronology because size increase appears to have been 
gradual rather than punctuated.

The highly significant collection of anthracotheres from 
the Djourab Desert, Chad, was described and interpreted 
by Lihoreau (2003) who concluded that the material be-
longed to two species which differed in dimensions. For 
some  postcranial elements such as the talus, calcaneum 
and metapodials, the differences in dimensions of the 
smallest and largest individuals are of the order of 15%. 
If there are two taxa in Chad, the means differ by 12-13% 
(MC III 13%, MC IV 15%, MT III 12.9%, MT IV 12.3%). 

If the Chad anthracothere material is pooled into a sin-
gle species (Lebatard et al., 2008), it would imply that the 
mean body weight of males would have been in the region 
of 1.6 times as much as that of females. For comparison, 
hippopotamid females are on average smaller than males, 
but the difference in mean body weight is not as much as 
proposed for the Chad anthracotheres if they are pooled 
into a single species [male hippos 1500-3200 kg, female 
hippos 1350-2500 kg, male mean is 1.3 times the female 
mean (Haltenorth & Diller, 1988)].

Because there are important implications concerning 
the biochronology (Pickford, 2008a) and palaeoecology of 
the Toros-Menalla sedimentary succession, it is crucial to 
re-examine the variability that characterises the anthraco-
theres collected from there. For this exercise to be mean-
ingful it is necessary to refer to samples of anthracotheres 
from other localities, in order to determine whether the 
same, or a similar, degree of variability occurs in those 
localities as well. The only other sample of Libycosaurus 
Bonarelli, 1947 that approaches the Chad one in terms of 
quantity of material is the one from Beglia, Tunisia (Pick-
ford, 2006b). The anthracothere collections from Gebel 
Zelten, Libya and Ombo, Kenya, are much more restrict-
ed, but  they are included in this analysis because they 
provide time depth to the evolution of the Libycosaurus 
lineage, as concluded by Pickford (1991). Good samples 
of anthracotheres are also available from the Siwaliks of 
the Indian Subcontinent (Lihoreau et al., 2004, 2007) and 
these provide adequate samples for comparison with the 
Chad material.

BIOSTRATIGRAPHY
For understanding variability in any fossil sample it is cru-
cial to have knowledge about the sequence and timing of 
events. The stratigraphy of the tetracuspidate African an-
thracotheres was provided by Pickford (1991, 2008a) and 
is extended here in figure 1.

The Siwalik succession of the Potwar Plateau, Pakistan, 
has been well mapped and dated (Barry et al., 1980, 2002). 
The stratigraphic position of the localities that yielded the 
fossil anthracotheres is shown in figure 2. Each of the three 
species of Merycopotamus Falconer & Cautley, 1847 de-

scribed from the region spans an appreciable time period, 
ca 2.6 million years for Merycopotamus nanus Falconer, 
1868, ca 1.7 million years for Merycopotamus medioximus 
Lihoreau et al., 2004, and ca 1.9 million years for Meryco-
potamus dissimilis (Falconer & Cautley, 1836). 

DENTAL VARIABILITY
IN ANTHRACOTHERES

INTER-MOLAR PROPORTIONS
Pickford (2008b) demonstrated that a significant difference 
between hippopotamids and anthracotheres concerned the 
dimensions of the first upper molars relative to the second 
and third ones. In general, anthracothere M1/s are signifi-
cantly smaller than the M2/s and M3/s (Lihoreau et al., 
2004, 2007; Pickford, 2008b) and in homogeneous sam-
ples there is no overlap in dimensions of the M1/ relative 
to M2/ or M3/.

Indian Subcontinent
In Merycopotamus medioximus, the slight degree of over-
lap in dimensions between M1/ and M3/ (Fig. 3) is due 
to the fact that specimens from various levels have been 
pooled together. The hypodigm of this species (Lihoreau 
et al., 2004) came from many stratigraphic levels spanning 
the period from ca 9 Ma (loc. Y251) to ca 7.6 Ma (loc. 
Y 408) (Fig. 2). Time averaging of a lineage that was in-
creasing in size with the passage of time is therefore un-
doubtedly responsible for the overlap in M1/ and M3/ di-
mensions in M. medioximus. The other two species from 
the Siwaliks show no overlap between the dimensions of 
M1/ and M3/ and the small degree of overlap between the 

Figure 1. 	Stratigraphic distribution of African tetracuspidate an-
thracotheres (figure extended from Pickford, 2008a).
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breadths of M1/ and M2/ is probably due to time averag-
ing of a lineage that was increasing in dimensions, albeit, 
in this case, quite slowly.

Africa
In the Beglia sample of Libycosaurus petrocchii Bonarel-
li, 1947 (ex Libycosaurus anisae Black, 1972) there is no 
overlap in the scatter of breadth dimensions of M1/ rela-
tive to M2/ or M3/ (Fig. 4). The same applies to Afromeryx 
zelteni Pickford, 1991, although the sample from the latter 
site is small (Fig. 4). In Lihoreau’s (2003) initial interpre-
tation of the Chad sample in which he recognised the pres-

ence of two species, there is minor overlap in dimensions 
of M1/ and M2/, but none between M1/ and M3/ (Fig. 4). 

In contrast, if Lebatard et al. (2008) are right that there 
is only one species of anthracothere at Toros-Menalla, then 
there is significant overlap in the breadth dimensions of 
M1/, M2/ and M3/ (Figs 5, 6). This would make the Chad 
sample markedly divergent from the pattern expressed in 
the Beglia assemblage, which indicates the likely presence 
of time averaging of a lineage that was increasing in size 
with the passage of time, and it therefore underscores the 
fact that the Chad sample was gathered from sediments 
that accumulated over a lengthy span of time. 

In conclusion, the presence of an overlap in breadth 
measurements of M1/ and M3/ in a pooled Chad sample of 
anthracotheres, provides sound evidence that it contains a 
time averaged collection of a lineage that was increasing 
in dimensions with the passage of time. Conversely, sepa-
ration of the Chad anthracotheres into two size groups, as 
was done by Lihoreau (2003) yields a pattern of inter-molar 
variation that is closer to that of species from other localities, 
such as Beglia, but with some residual effect of time aver-
aging. This is because the separation between molar dimen-
sions (M1/-M2/, and M1/-M3/) is less in the Chad groups 
than in the Beglia sample. There can be little doubt that the 
Chad anthracotheres span a considerable period of time.

Conversely, if the Chad anthracotheres are pooled to-
gether into a single species (Lebatard et al., 2008), and 
the bimodality is interpreted in terms of sexual dimor-
phism, then it would imply that the average male anthra-
cothere would have weighed about 1.6 times the average 
female, which would make the Chad anthracotheres ex-
tremely sexually bimodal in body size. In hippos, in con-
trast, males are on average only 1.3 times the weight of 
females. Additional argument against this interpretation is 
provided by evidence from other sites in Africa and Asia 
that have yielded adequate samples of anthracotheres. In 
none of them does sexual dimorphism approach that pos-
tulated for the pooled Chad species.

BIMODALITY OF MOLARS
Univariate plots of molars of Libycosaurus (Figs 7, 8) re-
veal that the Chad collection is highly bimodal, with no 
overlap between the two groups in length measurements of 
M3/, unlike the Beglia assemblage in which the distribution 
is bimodal with significant overlap between two groups. 
In breadth measurements the Beglia sample is essentially 
unimodal, but the Chad one is trimodal for breadth of M3/. 

In the lower third molars the Beglia sample is unimodal 
whereas the Chad one is trimodal, suggesting the presence 
of at least two taxa in the deposits.

DISCUSSION
The published data on the M1/ and M2/ of Libycosaurus 
from Chad does not permit assessment of the role of sex-
ual dimorphism in the sample, because this is usually only 

Figure 2. 	Stratigraphic positions and geochronology of Pot-
war, Pakistan, anthracotheres (data from Barry et al., 
1980, 2002; Lihoreau, 2003; Lihoreau et al., 2004, 
2007). Note that all three species of Merycopota-
mus from the Potwar deposits span lengthy periods 
of time during which all three species increased in 
dimensions. Implicit is continuity between species, 
even though the fossil record has been interpreted as 
having gaps.
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Figure 3. 	Inter-molar proportions among three species of Merycopotamus Falconer & Cautley, 1847 from the Siwaliks of Pakistan 
and India. In only one species is there any overlap in the dimensions of M1/ and M3/ (shaded) and in that case (M. medi-
oximus) the overlap is minor. In two of the species (M. nanus and M. medioximus) there is slight overlap in dimensions of 
M1/ and M2/, but there is none in the third species (M. dissimilis). Data from Lihoreau et al. (2004, 2007). The number 
of individuals is provided (Image of cheek tooth row is modified from Lihoreau et al., 2007).

Figure 4. 	Molar size relations in Libycosaurus and Afromeryx. In Zelten and Beglia species there is no overlap in breadth dimen-
sions between M1/ (shaded) and M2/, or between M1/ and M3/ (shaded). If there are two species at Toros-Menalla as 
originally concluded by Lihoreau (2003), then there is only minor overlap between M1/ and M2/ and none between M1/ 
and M3/. Toros-Menalla measurements represent the mean, minimum and maximum measurements from Lihoreau (2003); 
other measurements from Pickford (1991, 2006b).
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Figure 5. 	If the Toros-Menalla Libycosaurus sample is treated as a single species (Lebatard et al., 2008), then there is extensive 
overlap between the breadth dimension of M1/ (shaded) and those of M2/ and M3/ (shaded). Toros-Menalla measure-
ments represent the mean, minimum and maximum measurements from Lihoreau (2003); other measurements from Pick-
ford (1991, 2006b). Scale of left maxilla from Chad containing M1/-M3/: 1 cm.

Figure 6. 	Relative breadth dimensions of M1/, M2/ and M3/ in African Miocene anthracotheres. Note the absence of overlap in 
measurements of M1/ (shaded) and M3/ (shaded) in all species except the pooled sample from Chad. Number of individu-
als is provided.
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Figure 7. 	Histogram of length and breadth of M3/s of Libycosaurus species. S – Sahabi. Data from Black (1972), Gaziry (1987), 
Lihoreau (2003), Pickford (2006b) and Pavlakis & Boaz (2008); x- axis: dimensions of teeth; y-axis: quantity of specimens.
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Figure 8. 	Histogram of length and breadth measurements m/3 of Libycosaurus species. Data from Black (1972), Gaziry (1987), 
Lihoreau (2003) and Pickford (2006b); x- axis: dimensions of teeth; y-axis: quantity of specimens.
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appreciated in bivariate scatter plots. Tables of mean, min. 
and max. with standard deviations, such as were published 
by Lihoreau (2003; Lihoreau et al., 2004, 2007) are not 
endowed with this kind of information. However, Lihoreau 
(2003) did publish bivariate plots of M3/, m/3 and some 
postcranial elements, which demonstrate clearly that the 
Chad anthracotheres are bimodal, as he concluded. The 
bimodality is not due to sexual dimorphism because none 
of the other samples of tetracuspidate anthracotheres from 
Africa show a comparable degree of variation, neither do 
the samples of Merycopotamus from the Indian Subconti-
nent. Such a bimodal pattern of variation in bivariate plots 
in which the two groups are well separated from each other 
(Figs 9, 10) provides sound evidence not only of the pres-
ence of two taxa in the Chad sample but also that neither 
of them belongs to the same species as the Beglia sam-
ple. The next section of this paper, therefore, examines in 
detail the metric variation in the postcranial skeleton of 
tetracuspidate anthracotheres.

POSTCRANIAL VARIABILITY
Examination of samples of anthracothere postcranial bones 
from various localities in Africa and Asia, provides evi-

dence about the range of metric variation in these mam-
mals (Fig. 9). The most useful measurements to analyse 
are those related to weight-bearing bones near the ends 
of the limbs. The talus and the axial metapodials are the 
most abundantly preserved, and thus the most useful. For 
the purposes of bivariate analysis we concentrate on the 
medio-lateral breadth and length of these bones.

Talus
Bivariate plots of African anthracothere tali reveal a con-
sistent pattern (Fig. 9). In the Beglia sample the differ-
ence between the smallest and largest talus is 11.6% and 
in Afromeryx zelteni Pickford, 1991 from Libya and Ken-
ya, the difference is 11.2%. Treated as separate species the 
tali of the two bimodal groups of Chad anthracotheres dif-
fer by 11.5% and 11.4%, whereas if the sample is pooled 
into a single species, the variation in the dimensions of 
tali rises to 13.8%.

Metapodials
The metapodials of anthracotheres from Chad are impor-
tant in that they reveal major variation in dimensions (Ta-
ble 1) that when pooled together fall beyond what would be 

Figure 9. 	Bivariate length-breadth plot of Libycosaurus tali from Toros-Menalla compared with those of anthracotheres from other 
fossil localities in Africa. Data from Pickford (1991, 2005, 2007) and Lihoreau (2003); % = range of variation - max/min%.
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Figure 10. 	Dimensions of upper and lower third molars of African tetracuspidate anthracotheres and estimated ages of size groups. 
(B – Beglia, N – Nementcha, O – Ombo, S – Sahabi, TM – Toros-Menalla, Z – Zelten).
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expected for metric variation in a single species of mam-
mal, especially large mammals of the dimensions of an-
thracotheres. The available sample, even though restricted, 
indicates the likely presence of two taxa, rather than two 
sexes of a single species.

When pooled into a single species the measurements 
of the anthracothere metapodials from Chad show an ex-
tremely large range of variation (Table 1) even though 
the quantity of material is low. Ranges of variation of 
pooled samples of bones generally exceed 12.5% and go 
as high as 16.5%, but when separated into two groups 
the variation is in most cases a more reasonable figure 
of less than 11.7%. 

HIATUS IN THE CHAD MIOCENE RECORD
The tempo and mode of evolution has been a matter of 
investigation for more than a century (Simpson, 1944). 
The presence of morphological or metric gaps in the fossil 
record has been interpreted in many ways, including vary-
ing rates of evolution (bradytely versus tachytely), gaps 
in the stratigraphic record, shifts in biogeographic ranges 
of species and others. For lineages that survived for long 

periods within a restricted biogeographic province, such as 
North and Central Africa (Algeria, Tunisia, Libya, Chad) 
it is unlikely that shifting species ranges could account 
for abrupt changes in metric variation. In the case of the 
tetracuspidate anthracotheres of North Africa, the rate of 
evolution seems to have been quite steady, without abrupt 
periods of accelerated change interspersed with periods 
of stagnation (Figs 10, 11). The locality sample is small, 
yet the pattern of metric change seems to be clear; there 
was an increase in dimensions of this lineage throughout 
the period 16-6 Ma. The large gap in dimensions between 
Afromeryx zelteni Pickford, 1991 and Libycosaurus pet-
rocchii Bonarelli, 1947 reflects the presence of a hiatus 
in the fossil record extending over about 4 million years. 
This gap is partly filled by Libycosaurus “algeriensis” 
Ducrocq et al., 2001, from Nementcha, Algeria, but this 
species is poorly known, and was considered to be a syn-
onym of the Beglia species Libycosaurus anisae (Black, 
1972) by Pickford (2006b). The interesting point about the 
Nementcha occurrence is that it falls into the small end of 
the range of variation of L. anisae, and it is thought to be 
from older deposits (Ducrocq et al., 2001), thereby con-

Species Chad Bone N Minimum length Maximum length Minimum distal breadth Maximum distal breadth
Large MC III 5 108.4 130.3 40 46.7

Max/Min% 12% 11.6%
Medium MC III 5 87.5 98.3 30.8 36.2

Max/Min% 11.2% 11.7%
Pooled MC III 10 87.5 130.3 30.8 46.7

Max/Min pooled % 14.9% 12.9%
Large MC IV 2 137.5 137.5 47.8 55.6

Max/Min% -- 11.6%
Medium MC IV 1 88.9 88.9 33.7 33.7

Max/Min% -- --
Pooled MC IV 3 88.9 137.5 33.7 55.6

Max/Min pooled % 15.5% 16.5%
Large MT III 2 156 158 57.3 68

Max/Min% -- 15.1%
Medium MT III 3 113.6 125 45 50.2

Max/Min% 11% 11.2%
Pooled MT III 5 113.6 158 45 68

Max/Min pooled % 13.9% 15.1%
Large MT IV 3 146.9 151.3 55.8 60.5

Max/Min% 10.3% 10.8%
Medium MT IV 2 121.1 123.4 45 49.1

Max/Min% 10.2% 10.9%
Pooled MT IV 5 121.1 151.3 45 60.5

Max/Min pooled % 12.5% 13.4%

Table 1. 	 Ranges of metric variation of the anthracothere metapodials from Chad.
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Figure 11. 	Increase in dimensions of tali of African anthracotheres (Afromeryx and Libycosaurus) with the passage of geological time 
(squares – Gebel Zelten, Libya; cross – Ombo, Kenya; diamond – Beglia, Tunisia; triangle – Toros Menalla, Chad; cross 
with vertical bar – Toros Menalla, Chad). Chad data from Lihoreau (2003), other data from Pickford (2006b, 2008b). 
Pooling the Chad sample into a single species would not only make the species unique in its style of dimorphism, but 
also in its enormous range of metric variation. 

forming to the hypothesis of a lineage that was increasing 
in body size through its history.

The overlap in the range of metric variation between 
Libycosaurus from Beglia, Tunisia, and the medium sized 
species from Chad, suggests that the latter species is mar-
ginally younger than the Beglia one, with only a minor 
time gap between them. In contrast, the lack of overlap 
in the metric variation of the medium and large anthraco-
theres from Chad, suggest the presence of a hiatus in the 
fossil record of the Toros-Menalla (TM) region. The TM 
fossils have generally been correlated to the Late Miocene 
ca 7 Ma on the basis of the mammalian fauna (Vignaud 
et al., 2002). The gap in sedimentation in the Chad Basin 
could well be about 1 million years, spanning the period 
9-8 Ma (Fig. 10).

CONCLUSIONS

The evidence concerning the biochronology of anthra-
cotheres from the Miocene of Africa based on dimensions 
of the molars and talus is summarised in figures 10 and 11. 
Similar diagrams could be prepared for other bones and 
teeth, and most of them would show similar relationships.

Finally, whether the Chad anthracotheres are attribut-
ed to one species or to two, does not alter the probability 
that the assemblage represents individuals ranging in age 
from ca 10 Ma to 6 Ma. Furthermore, the separation of 
the material into two non-overlapping groups in bivariate 
plots, indicates the presence of a hiatus in the Toros-Me-
nalla sedimentary record which lasted for about 1 million 
years (from ca 9 to ca 8 Ma).
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