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Abstract

The origin of the African hominoid clade is a matter of current debate, with one hypothesis proposing that chimpanzees,
humans, and gorillas originated in tropical Africa, while another suggests they originated in Eurasia. Support for the latter
hypothesis includes biogeographical patterns inferred from the fossil record and proposed Miocene hominoid phylogenetic
relationships. The absence of fossil apes from the African Late Miocene has been used as evidence that crown hominoids were
not present in Africa during this period. An alternative explanation for the paucity of these hominoids is that biases in collection
and preservation have affected the African Miocene fossil record. A survey of currently known African Later Miocene sites and
their faunas shows that these sites generally do not contain hominoids because of small sample sizes, poor preservation, or
inappropriate habitat sampling. These preservation biases have important implications for evaluating the origins of the
Homininae. To cite this article: S.M. Cote, C. R. Palevol 3 (2004).
© 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Les origines des hominoides africains : évaluation des faits paléobiogéographiques. L’origine géographique du clade
des hominoides africains est couramment débattue, les hypotheéses suggérant d’une part 1’Afrique tropicale, d’autre part
I’Eurasie, pour I’ origine des gorilles, des chimpanzés et des humains. Les arguments en faveur de la seconde hypothese se basent
sur les schémas biogéographiques obtenus a partir de 1’enregistrement fossile et les reconstitutions phylogénétiques des
hominoides miocenes. L’absence de fossiles de grands singes dans le Miocene africain récent indiquerait que les hominoides
n’étaient pas présents en Afrique a cette période. Des biais dans les collections et la préservation du registre fossile du Miocéne
africain pourraient toutefois constituer une hypothese alternative expliquant la rareté de ces hominoides. Une étude des sites
actuellement connus dans le Miocene africain et de leur faune montre que 1’absence de restes d’hominoide est la conséquence de
la petite taille des échantillons, de la faible qualité de préservation et d’un d’échantillonnage inapproprié (lacune des milieux
forestiers). Ces biais de préservation ont des implications importantes dans la résolution de 1’origine du clade des hominoides
africains. Pour citer cet article : S.M. Cote, C. R. Palevol 3 (2004).
© 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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Version francaise abrégée

Deux hypotheses différentes ont été proposées pour
rendre compte de ’origine du clade des hominoides
africains. La premiere suppose que les gorilles, les
chimpanzés et les hommes sont originaires d’ Afrique
tropicale (Fig. 1b), tandis que la seconde suggere une
origine eurasiatique et une migration vers 1’ Afrique
durant le Miocene récent (Fig. 1a). Les arguments en
faveur de la seconde hypothese reposent sur des re-
constitutions phylogénétiques qui suggerent une
étroite relation de parenté entre les hominoides afri-
cains modernes et les hominoides mioceénes eurasiati-
ques [12]. Toutefois, ces relations de parenté ne sont
pas toujours corroborées par d’autres analyses phylo-
génétiques (e.g., [56]). Les relations phylogénétiques
des hominoides mioceénes sont actuellement mal com-
prises et il est difficile d’interpréter ces données avec
confiance pour reconstituer 1’histoire évolutive des
grands singes africains modernes.

En raison de I’incertitude sur les relations au sein du
groupe des hominoides miocenes, de nombreux spé-
cialistes se sont tournés vers 1’examen d’autres types
d’indices confortant I’hypotheése d’une origine eurasia-
tique des grands singes africains modernes. Le pro-
bleme fondamental dans 1’étude de 1’origine du clade
africain est de savoir s’il existe, en Afrique, des candi-
dats ancestraux potentiels. Bien s{ir, le meilleur moyen
de tester ceci est de rechercher davantage d’hominoi-
des fossiles dans le Miocene africain moyen et récent.
De tels fossiles n’ont encore pas été découverts, ce qui
a conduit Begun [9-11] a suggérer qu’en fait, ils
n’existaient pas. Spécifiquement, Begun [9] suggere
que I’absence notable de fossiles de grands singes au
Miocene récent infirme 1’hypothese d’une origine afri-
caine a cette période. Alternativement, il propose que
les ancétres des hominoides aient migré vers I’Eurasie
il y a 17 Ma, le rameau africain revenant en Afrique
entre 6 et 9 Ma (Fig. 1A). Begun [9] dénombre, en
Afrique, 26 localités fossiles datées du Miocene ré-
cent, pour lesquelles les grands singes ne sont pas
représentés. Selon cet auteur, ceci constitue une dé-
monstration suffisante pour conclure que les hominoi-
des sont absents en Afrique a cette période. Le princi-
pal objectif de cette étude est d’évaluer ces assertions
en examinant les données relatives a ces localités fos-
siles.

Les données ont été établies a partir de 25 localités
africaines datées entre 12 et 5 Ma ; elles incluent les

taxons mammaliens présents, le nombre de fossiles
collectés, le contexte écologique supposé, les biais
(taphonomie, préservation) pouvant affecter ces sites.
Les résultats de cette étude montrent que les localités
miocenes connues en Afrique sont inégalement distri-
buées dans I’espace (Fig. 2). Sur 25 localités fossiles
africaines étudiées, presque toutes sont orientales
(n = 11) ou septentrionales (n = 13). Seul un site
représente I’Afrique du Sud, tandis qu’il n’existe
aucune occurrence pour les régions centrales et occi-
dentales du continent dans la liste de Begun. De méme,
les localités fossiles africaines sont irrégulierement
distribuées temporellement durant le Miocene (Fig. 3).
La plupart des sites correspondent a la tranche d’age
5 a7 Ma, tandis que la période située entre 7 et 9 Ma est
particulierement peu représentée. En fait, des hominoi-
des sont présents dans quelques unes des localités
étudiées (Tableau 1) ; leur représentation est toutefois
peu envisageable dans les sites restants, principale-
ment en raison du peu d’échantillons collectés, de la
mauvaise qualité de préservation, etc. Un nombre ex-
trémement faible de sites miocenes africains connus
semblent enregistrer des communautés écologiques si-
milaires a celles des grands singes actuels.

L’hypothese selon laquelle les hominoides fossiles
ont pu étre présents en Afrique mais n’ont pas été
échantillonnés dans D’enregistrement fossile, est
confortée par I’extréme rareté des fossiles de chim-
panzé et de gorille dans le registre fossile. Les lignées
conduisant aux chimpanzés et aux gorilles étaient vrai-
semblablement déja présentes en Afrique au moment
de leur divergence a partir de leur ancétre commun, il y
a environ 8 Ma. Malgré tout, leurs restes fossiles sont
encore trés rares avec un seul fossile probablement
apparenté au gorille [55,60]. Ceci suggere que I’enre-
gistrement fossile représentant le Miocene africain est
incorrectement échantillonné, ceci étant d’autant plus
vrai dans le cas des taxons décrivant un milieu fores-
tier. Finalement, le seul moyen de préciser 1’origine
géographique du rameau africain des hominoides est
de rechercher de nouveaux sites a hominoides sur le
terrain, particulierement dans les régions actuellement
non prospectées. En identifiant de nouvelles régions
d’exploration paléontologique, plus en adéquation
avec les milieux de vie habituels des grands singes,
nous pourrons trouver les nouveaux fossiles essentiels
a la résolution du débat actuel sur la phylogénie et la
paléobiologie des hominoides.
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1. Introduction

The African hominoid clade consists of humans,
chimpanzees, gorillas, and extinct forms more closely
related to them than orangutans. This group is also
often referred to as the Homininae or hominines (Fig
1C and D). The terms hominines and African hominoid
clade will be used interchangeably in this paper. Two
different hypotheses have been proposed to explain the
geographic origins of this group. These hypotheses can
be summarized as follows:

H,: Modern African hominoids arose in Africa.

This hypothesis proposes that stem catarrhines and
hominoids arose in Africa. Some lineages then
migrated into Asia giving rise to modern gibbons,
orangutans, and Eurasian Miocene apes. The stem
African hominine lineage remained in Africa, eventu-
ally diversifying into gorillas and the chimpanzee-
human lineage, which in turn diverged into the chim-
panzee and human lineages. Thus, some crown
hominoids persisted in Africa throughout the Mi-
ocene, and all modern hominoids have an ultimate
African origin.

H,: Modern African hominoids arose in Eurasia.
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Fig. 1. A. Outline of the Eurasian hominine origin hypothesis as suggested by Begun [9,11] and Stewart and Disotell [76] in which hominoids
migrate out of Africa approximately 17 Ma and hominines re-enter Africa at 9 Ma. B. Outline of the African hominine origin hypothesis in which
only the lineages giving rise to modern gibbons, orangutans, and Eurasian Miocene apes migrating to Eurasia, while some crown hominoids
remain in Africa, eventually giving rise to the hominines. C. Simplified cladogram of hominoid relationships that fits with the Eurasian hominine
origin hypothesis [12]. D. Simplified cladogram showing hominoid relationships that fit with an African origin of the Homininae.

Fig. 1. A. Schéma de I’hypothese d’une origine eurasiatique des hominoides selon laquelle il y a eu migration de ce groupe vers I’Eurasie il y a
17 Ma, puis migration des hominines vers I’Afrique il y a environ 9 Ma [9,11,76]. B. Schéma de I’hypothese d’une origine africaine des
hominoides ou seuls les ancétres du groupe gibbons, orang-outans et grands singes eurasiatiques du Mioceéne ont migré en Eurasie, tandis que
quelques hominoides restaient en Afrique, conduisant éventuellement aux hominines. C. Cladogramme simplifié des relations entre les
hominoides selon I’hypothése d’une origine eurasiatique [12]. D. Cladogramme simplifié des relations entre les hominoides selon I’hypothese
d’une origine africaine des hominines.
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This hypothesis also suggests that the stem catar-
rhines originated in Africa. The common ancestor of
the extant large hominoids migrated to Eurasia ap-
proximately 17 Ma. This lineage then diversified into
the modern and fossil Eurasian apes, and all remaining
African Miocene hominoids went extinct. The com-
mon ancestor of the Homininae arose in Eurasia in the
earliest Late Miocene and migrated back to Africa
between 6 and 9 Ma ago, diversifying rapidly into the
modern African forms including hominins. Thus, in
this hypothesis, hominines have a Eurasian origin.

The first hypothesis (H;) has been the traditional
view for many years (e.g., [4]). Once it was known that
the earliest catarrhines and hominoids were found in
Africa, it seemed logical that the modern African apes
also originated there, and that only the lineages leading
to Eurasian hominoids migrated out of Africa
(Fig. 1B). Currently accepted molecular divergence
dates for the apes suggest that the Pongo-hominine
split is at 14 Ma, while gorillas diverge at approxi-
mately 8 Ma, and hominins and chimpanzees diverge
at around 6.5 Ma [65]. Thus according to the African
origin hypothesis, we should expect to find the stem
hominine ancestor living in Africa between 14 and
8 Ma. It has been proposed that this ancestor would
likely be chimpanzee or gorilla like, in that it would
have eaten ripe fruits and lived in tropical forests [85].
Since tropical forests in Africa during this period
would have largely been restricted to Central and West-
ern Africa, we might predict that it is most likely that
hominine ancestors would have inhabited these areas.

New hominoid discoveries in Eurasia have caused
some researchers to support the second hypothesis —
that the ancestor of all living hominoids migrated out
of Africa into Eurasia, and that the common ancestor of
the African apes migrated back into Africa in the Late
Miocene. Begun [8—12] has been the major advocate of
a Eurasian origin for the Homininae. He hypothesizes
that Miocene hominoids originated from a thick-
enameled common ancestor, such as Afropithecus (17—
18 Ma in Kenya) or Heliopithecus (Early Middle Mi-
ocene, Saudi Arabia). This lineage migrated to Eurasia,
its oldest representative being a molar fragment from
Engelswiess Germany, currently dated to 16.5 Ma
[11,31]. A radiation of Eurasian Middle Miocene
hominoids followed, with the ancestor of the homi-
nines eventually migrating back into Africa (Fig. 1A).
The implications of this hypothesis are that hominine

ancestors should not be found in Africa between 14 and
8 Ma, but only after they return from Eurasia and
diverge into gorillas and the hominin-chimpanzee lin-
eage. Under this hypothesis, hominines could not be
completely restricted to tropical forest, since they
would have needed to expand their range in the early
Late Miocene between Eurasia and Africa through
non-tropical forest habitats [11]. Consequently, we
might expect that they would have a more widespread
distribution in Africa than extant apes.

Begun’s reasons for suggesting a Eurasian origin for
the Homininae stem mostly from the fact that he, like
many researchers, does not recognize any of the few
known African Miocene hominoids as good ancestral
candidates for modern African apes and humans. In-
stead, based on cladistic analyses, he believes that
Dryopithecus and Ouranopithecus from Europe are
most closely related to the ancestor of the hominines
[10,12,46] (Fig. 1C). Further, he argues that the ab-
sence of fossil remains of likely hominine ancestors in
Africa suggests that they were not present in Africa
during this period.

Stewart and Disotell [76] have examined the role of
intercontinental population range extensions in homi-
noid evolution as a way of evaluating the Eurasian
hypothesis for the origin of hominines. They propose
that the most likely scenario for the origin of the
Homininae is one that requires the fewest migration
events. Their analysis supports Begun’s hypothesis
[11,12] since they conclude that an Asian origin is
more likely because it requires fewer migration events
and is therefore more parsimonious. Stewart and Diso-
tell’s conclusion concerning hominoid migrations is
based on presumed relationships between fossil homi-
noid taxa taken directly from Begun’s work [10,12]
and as such is not an independent test of his hypothesis.
In addition, they assume that many Eurasian fossil
hominoids have separate African origins, requiring
several migrations of hominoids into Eurasia, but it is
unclear why this must be the case. As suggested by
Moya-Sola et al. [57], it is plausible that the distribu-
tion of Eurasian hominoids can be explained by two
extensions into Eurasia — one for the lesser apes, and
one for the modern and fossil Asian great apes
(Fig. 1B).

1.1. Evaluating the evidence

There are many issues to consider in evaluating the
two models for the origin of the Homininae. First, they
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are effectively mutually exclusive hypotheses — either
hominines arose in Africa or they arose in Eurasia.
These hypotheses have been supported using both phy-
logenetic and biogeographic evidence. Only by locat-
ing new hominoid fossils can these alternative hypoth-
eses be adequately tested. For the present time, we
must be content to evaluate these hypotheses based on
the evidence at hand — the currently known fossil
evidence on which they are based.

1.1.1. Miocene hominoid phylogeny

In general, the phylogenetic relationships of Mi-
ocene hominoids are poorly understood [64,65] and
hominoids are so poorly sampled, that it is difficult to
know how to use the data to reconstruct the evolution-
ary history of modern African apes. Begun’s [10-12]
hypothesis concerning hominine origins is largely
driven by his phylogenetic reconstructions of homi-
noid relationships (Figs. 1A and B) and, while Begun
argues for a link between Dryopithecus and the homi-
nines to the exclusion of modern Asian apes, others
(e.g., [56]) make an equally strong case for the affini-
ties of Dryopithecus and Asian apes. Other phylog-
enies (e.g., [3,29,56,72]) that do not propose close
links between Dryopithecus and the African apes sup-
port an African origin for the hominines (Figs 1B and
D).

It is important to note that the probability of recog-
nizing a Eurasian fossil taxon as a likely ancestor for
the Homininae is higher simply because there are more
taxa known. In other words, the fact that there seem to
be better modern hominoid ancestors in Eurasia could
be an artifact of there being more candidates to choose
from. Uncertainty in Miocene hominoid relationships
has led many researchers to examine other types of
evidence to strengthen the assertion that modern Afri-
can apes arose in Eurasia.

1.1.2. Distribution of Miocene hominoid fossils

It is generally recognized that there is a gap in the
fossil record of African hominoids between 13 and
6 Ma ago. Traditionally, this gap has been viewed as a
period of ‘missing evidence’ when hominoids are not
found due to a lack of collections from suitably aged
and located deposits (e.g., [64]). In contrast, Begun [9]
has suggested that this gap is real and represents the
period before Africa was repopulated by Eurasian-
derived hominoids. Recent fossil finds have closed this

gap significantly (e.g., [20]), but the African hominoid
record is still extremely sparse between 12 and 7 Ma
with the notable exception of Samburupithecus, a Ken-
yan hominoid dated to 9.5 Ma [37]. Conversely, homi-
noid fossils are abundant throughout much of Eurasia
during this period. Begun [9] concludes that this differ-
ence indicates that hominines and their ancestors were
absent from Africa during the early part of the Late
Miocene.

Some authors have commented that Begun’s asser-
tion that hominoids were absent from Africa is prema-
ture because the fossil record from this period is ex-
tremely poor [57,64,81]. Is the African Miocene fossil
record good enough to test hypotheses concerning
hominoid distributions and origins? And how can we
account for differences in hominoid abundances be-
tween Eurasia and Africa if it is not due to the actual
absence of hominoids in Africa?

One approach to this question is to look at the
distribution and characteristics of currently known Af-
rican Late Miocene sites in order to determine if they
provide adequate evidence to conclusively determine
the presence or absence of fossil apes in the early Late
Miocene of Africa. Begun [9 (p. 244)] lists twenty-six
fossil localities dating to the Late Miocene of Africa
(between 5—12 Ma). He notes that only three of these
localities have yielded hominoids, and that they sample
the habitats in which hominoids would be expected to
live. He further suggests that these localities provide
sufficient evidence to conclude that hominoids are ab-
sent from Africa during this period. The main goal of
this paper is to evaluate these statements by examining
the data from these fossil localities.

2. Materials and methods

Many different factors affect the composition of a
fossil assemblage, in addition to the composition of the
biota from which the fossil assemblage derives. Fac-
tors that can affect the probability of finding hominoids
at a given site include:

1. Habitat sampling. Although Miocene hominoids
are generally no longer thought to be suspensory
arborealists like modern apes, they are still inter-
preted as maintaining an arboreal lifestyle
throughout the Middle and Late Miocene [70].
Some Miocene hominoids such as Griphopith-
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ecus and Kenyapithecus have been interpreted as
inhabiting non-tropical woodland habitats [2,86].
These forms are not closely related to the modern
African apes and consequently should not be
used to reconstruct the chimpanzee and gorilla
ancestral morphotype. Modern hominoids are re-
stricted to tropical forests, and it is likely that this
is the case for the last common ancestor of chim-
panzees and gorillas as well.

Chimpanzees and gorillas have extremely similar
morphologies, and have been suggested to be
roughly scaled versions of the same animal [30].
If this is the case, then it seems likely that the
common ancestor of chimpanzees and gorillas
would have been very similar to the modern
forms and, as such, would have inhabited an
analogous tropical forest environment and relied
heavily on ripe fruits. The location and extent of
tropical forest in Africa has varied through time,
however there has always been tropical forest
habitat in Africa that would be suitable for large
bodied apes. Consequently, only fossil localities
which sample forested environments are ex-
pected to yield hominoid remains.

2. Sample size. The total number of fossils collected
from a site (both total number of fossils, and total
number of identifiable specimens) has important
implications for how the site can be interpreted. It
is well known that the diversity of species
sampled at a fossil locality increases with the
number of specimens recovered [6,24]. Thus,
rare taxa have a higher probability of being found
when sample sizes are large. Hominoids are ex-
pected to be rare in the fossil record because they
have low population densities and slow rates of
turnover [42]. Thus, to have a high probability of
finding fossil hominoids, sample sizes must be
relatively large.

3. Preservational biases. Many different tapho-
nomic factors affect the types of fossils that are
found at a locality. For example, differential
weathering of bone, different burial rates, size of
bone fragments and other factors can generate
biased samples that represent only part of the
ecological community that existed. In general,
preservation of fossil remains in forested envi-
ronments is thought to be rarer than preservation
in dry or lacustrine environments. However, re-

cent archaeological investigations in Central Af-
rica have clearly demonstrated that preservation
of vertebrate fossils does occur in forests [54].

With these factors in mind, a literature review was
conducted for the African localities listed by Begun
[9]. For each locality, data was collected for the follow-
ing parameters:

1. Species diversity — the faunal list of all mamma-

lian taxa reported at the locality.

2. Sample size — the total number of fossils removed

from the locality.

3. Ecological context — as reported in the literature,

or inferred from faunal lists and/or geology.

4. Taphonomy — information on potential biases in

preservation.

Once data was collected for these parameters, sites
were evaluated to determine whether it is likely that
hominoids would be found at the fossil site if they had
been present in the living community. The prediction is
that sites that contain fossil hominoids should have
relatively large sample sizes and should represent for-
ested environments. Fossil sites that do not have these
characteristics should not be expected to contain fossil
hominoids. If there are several sites that meet these
criteria, but do not contain fossil hominoids, then this
might be good evidence that hominoids were absent
from Africa during this period. On the other hand, if
none of the surveyed sites meet these criteria, then it is
premature to assume that hominoids are indeed absent.

Often, complete information was not available for
all the data categories for a given site. In particular,
information on total sample sizes and the abundance of
each fossil taxon at a locality are often not reported in
the literature. Also, many research reports do not in-
clude the numbers of unidentifiable specimens that
were recovered from the site. The total number of
specimens is reported whenever it is known, but in
many cases I have estimated the total sample size,
dividing sites into categories of small (n < 100), me-
dium (100 < n < 1000), and large (n > 1000). Abun-
dance data for specific taxa and for unidentifiable ma-
terial were not estimated, and are often missing from
the data set. In addition, some fossil sites examined
consist of a number of separate fossil localities that
often sample different time periods or environments.
Reported sample sizes are for the entire site because it
was generally difficult to get abundance and species
data for individual localities.
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An additional issue is that taxonomic identifications
for many of the localities excavated in the earlier part
of the twentieth century are often out of date. This was
not a major problem because identifications to the
genus level were adequate for the purposes of this
project. Faunal lists are as thorough as possible, but it
seems likely that at many sites there are additional taxa
not described in the literature — particularly micro-
mammals.

3. Results

After reviewing the available information for the
African localities between 5 and 12 Ma old listed by
Begun [9], it is apparent that the African Late Miocene
fossil record is indeed rather poor (Table 1). First,
known fossil localities are unevenly distributed in
space (Fig. 2). Of the 25 fossil sites surveyed, most
sites are from East (n = 11) and North (n = 13) Africa,
with only one site from Southern Africa, and none
from Central or Western Africa. Late Miocene deposits
in these regions are probably rare, but until more palae-
ontological exploration is done in these under-sampled
areas the African Late Miocene fossil record will be
poorly sampled geographically. Most of the known
Late Miocene localities in Africa fall outside of the
likely distribution of tropical rainforest during the Mi-
ocene.

The temporal distribution of African Miocene fossil
localities is also uneven (Fig. 3). Most sites date to
between 5 and 7 Ma, with the period between 7 and
9 Ma being particularly poorly sampled. This trend is
even more exaggerated when one looks at sample sizes
of sites through time. The sites with the largest sample
sizes are almost always in the 5 to 7 Ma range, such as
Lothagam, the Lukeino Formation, and Sahabi. Newly
reported fossil finds from the Late Miocene of Chad
also fall in this interval [20]. Conversely, only a few
hundred specimens are reported for the entire two
million year period between 7 and 9 Ma ago. Uneven
sampling suggests that much taxonomic diversity is
being missed, particularly in poorly sampled time peri-
ods. Given such small sample sizes, it is not surprising
that fossil apes have not been found in this critical
period.

Although hominoid remains are extremely rare in
Africa between 5 and 12 Ma ago, they are present.

Three of the fossil sites have hominin remains —
Lothagam, the Lukeino Formation, and the Middle
Awash deposits [47,73,74], in addition to recently re-
ported hominin finds from Chad [20]. An additional
three localities have ape remains — the Ngorora Forma-
tion in the Tugen Hills (3 specimens), Nkondo, and
Samburu [34,37,60]. Fossil hominins and apes are
never found at the same locality, reinforcing the hy-
pothesis that apes would have remained in closed for-
est, while early hominins would have moved into
woodland environments.

Sites that contain either apes or hominins have
larger than average sample sizes. The site with the
smallest sample size that contains a hominoid is
Nkondo in Uganda with a total of 832 fossils collected
[62,63]. Of the nineteen sites that contain neither
hominins nor apes, twelve have significantly fewer
than 500 collected specimens (Table 1), and therefore
have a very low probability of sampling fossil homi-
noids even if they had been present in the biotic com-
munity because the sample size is too small to sample
rare taxa. This leaves seven Late Miocene African sites
that are large enough to sample rare taxa, and would be
the best candidates for containing hominoid fossils.
These seven sites are Sahabi, Bled Douarah, Nchorora,
the Mpesida Beds in the Baringo Basin, the Sinda
Basin localities, Manonga Valley, and Langebaanweg.

Sahabi in Libya and Bled Douarah in Tunisia are
both large North African fossil sites. Sahabi has an
extremely diverse fauna that contains several species
of carnivores and Old World Monkeys [17]. Mamma-
lian species of a wide range of body sizes are repre-
sented. The environment of Sahabi is reconstructed as
representing a mosaic of mixed-woodland and open-
country habitats [15]. Thus, the absence of fossil apes
in the Sahabi localities is likely due to the fact that this
site samples a non-forested environment unsuitable for
apes. Bled Douarah is significantly older than Sahabi
(9.5-12.5 Ma), but in other respects is quite similar.
Several thousand specimens have been collected and
there is a relatively diverse fauna [51,68]. This fauna
includes early equids and hypsodont bovids [67], sug-
gesting that the environment is relatively open and
again is unsuitable for hominoids ancestral to chim-
panzees and gorillas.

The Nchorora Formation in Ethiopia is dated to
10.7-10.5 Ma [79]. There is no published information
on the number of fossils collected from the site. How-



Table 1

Results of the survey of Late Miocene fossil localities. The sample-size column contains known numbers of specimens when possible. Estimated sample sizes have been divided into
small (< 100), medium (< 1000), and large (> 1000) categories. Faunal diversity column refers to the taxonomic diversity of mammalian faunas found at the site. Environment column
refers to published environmental interpretations. The inferred environment column contains personal inferences on the environment based on information from published sources.
Superscript numbers refer to primary sources for the data, and are listed in the references for the paper.
Résultats de I’étude des localités fossiles du Miocene récent. La taille de 1’échantillon correspond au nombre de spécimens lorsqu’il est connu. Les tailles estimées ont été divisées
selon trois catégories : petit (< 100), moyen (< 1000), et grand (> 1000). La diversité faunique réfere a la diversité taxonomique des faunes mammaliennes récoltées dans un site donné.
La colonne environnement représente les inférences établies a partir des informations fournies dans la littérature, mais I’information dans la colonne sur I’environnement inféré
correspond a des inférences personnelles.

Site Country Age Sample size Faunal diversity = Fauna notes Environment Inferred Taphonomy
(published) environment
1 Sahabi Libya 4.2-7.1 Ma Large—over 2000 Diverse [15] Carnivores and Savannah mosaic ~ Relatively open Suggested bias
primates well [17] with some against open
represented [17] woodland areas country forms
2 Wadi Egypt 5-6 Ma No data (medium?) Moderately diverse Cercopithecines Open country near  Relatively open
Natrun present lake with wooded
shoreline [59]
3  OuedZra Morocco 10.5-10.7 Ma Small Rodents and Some fish, bird, Relatively open Relatively open
insectivores only and amphibian [38]
remains
4 Ait Morocco 10-6 Ma Small Diverse Rodents only [13]  Dry and relatively ~ Probably relatively
Kandoula open [38] open
5 Khendekel Morocco 7.4Mal77] Small Low diversity Rodents and Dry and relatively ~ Probably relatively
Ouaich insectivores only open [38] open
(38]
6 BouHanifia Algeria 12 Ma (Vallesian)  No data (small?) Moderately diverse Some primates, None published Uncertain. Early
[1] (12 species) large mammals equids, colobines
[1,5] suggest mix of
habitats
7  Menacer Algeria  5.3-7.1 Ma[77] Small (~75) Moderately diverse Dominated by None published Relatively open Poor preservation
primate remains with some and fragmentary
[5,78] woodland areas remains
8 Ouedel Algeria  9.7-10.0Ma[77]  Small Low diversity Rodents, None published Equids suggest
Atteuch Hipparion, and two some open
bovid species environments
[5,22]
9 Amama Algeria  1: 10 Ma 2: Small 1: Rodents and 2: Three Hipparion None published Probably relatively
land 2 7-8Ma [77] insectivores only teeth and open

[38]

proboscidean
fragments [77]

(continued on next page)
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Table 1

(continued)
Site Country Age Sample size Faunal diversity = Fauna notes Environment Inferred Taphonomy
(published) environment
10 Bled Tunisia ~ 9.5-12.5 Ma* Large >1000 [68]  Diverse [16,66-68] Small and large Older level-river Hypsodont bovids
Douarah species and savannah. and horses indicate
Younger some open
level-river and environments
forest [68]
11 Douaria Tunisia ~ 5.3-7.1 Ma* Small (~ 20) Large mammal Giraffids, None published Probably relatively
fauna only [77] rhinocerotids, and open
one bovid [69]
12 ElHamma Tunisia ~10Ma Small (< 30) Large mammal Artiodactyls, None published Probably relatively Poor preservation
du Djerid fauna only equids, and one open—equids
[5,18,51,75] proboscidean
13 M’Dilla Tunisia ~ Late Miocene [77]  Small Large mammal Hipparion, None published Probably relatively
fauna only proboscideans, open
bovids [5,77]
14 Nchorora Ethiopia 10.5-10.7 Ma [79] No data (medium) Moderately diverse Some carnivores Lakeside setting Probably wooded ~ Remains heavily
(Chorora) [39,40] [41] with more open fragmented
habitats
surrounding
15 Middle Ethiopia 5.3-6.2Ma [41,84] Large ~2000 Moderately diverse Primates and Mosaic of Contains hominids,
Awash carnivores well woodland and probably wrong
represented. more open habitats. environment for
Hominins present ~ Becomes more apes
[40,84] open in younger
times [41,84]
16 Samburu Kenya 8-10Ma (9.5 Ma) Large >1500 Diverse [58] Hominoids Mosaic of dry and
represented forested habitats.
Represents
transition to
savannah biome
(58]
17 Lothagam  Kenya 5-7 Ma [53] Large —over 2200  Diverse [47,48] Carnivores, Mixed woodland/  Contains hominids, Good preservation
monkeys, several ~ open country [47]  probably wrong
hominin specimens environment for
apes
18 Baringo Kenya 6.2-7 Ma [34] No data (medium?) Moderately Colobines, Strong evidence of  Different
Basin diverse— mostly chalicotheres, little  tropical forest. environments
(Mpesida large bodied equid material, Also C4 signal sampled. Some
Beds) modern from tooth enamel  tropical forest,
rhinocerotids [44.,45] seasonal forest, and
[35,44] open country

(continued on next page)
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Table 1

(continued)
Site Country Age Sample size Faunal diversity = Fauna notes Environment Inferred Taphonomy
(published) environment
19 Lukeino Kenya 5.6-6.2 Ma [34] Large Diverse [35,82] Hominins Most fauna suggests Mosaic of open and
represented. Fauna a mix of woodlands  closed habitats.
dominated by and more open habi- Probably a
colobines and tat. Rodents suggest woodland—savanna
bovids [35,61] a savannah habitat mosaic
[83].
20 Ngorora Kenya 8.5-13 Ma [36] Large > 1000? Diverse Hominoids Botanical remains  Good habitat for Often isolated teeth
represented, other ~ suggest tropical hominoids early in
primates, lowland rainforest ~ sequence, probably
carnivores early in sequence,  not later.
[14,36,58] replaced by arid
open woodland
after 10 Ma [34,44]
21 Nakali Kenya 8.5-9 Ma [36] Small- unknown Limited diversity ~ One colobine, large None published Equids, colobines
mammals, few etc—probably a
rodents [14,58] mosaic of open and
closed environ-
ments with dry
woodlands
22 Sinda Basin Zaire Late Miocene Medium (report Large mammal Perrisodactyls, Suggest mosaic of May represent Very poor
579 not all fauna only proboscideans, environments sam- forested habitat preservation—all
identified) [87] bovids etc. [87] pled, including tooth fragments of
tropical rain forest large mammals
(52]
23 Nkondo Uganda  5-6 Ma[63] Medium (832) Moderately diverse Hominoids, Humid Gorilla suggests
cercopithecoids environment with  well-forested
represented mosaic of forest environment
[60,62,63] and savannah. Also
supported by fossil
woods and fruits
(23]
24 Manonga Tanzania 5.0-5.5 Ma Medium (852) Moderately diverse No primates Mosaic of more Lack of arboreal One fossiliferous
Valley [27] open and more taxa suggests no horizon with no
bushy habitats near closed forest transport of fossils
lake [28]
25 Langa- South 5Ma [33] Large > 1000 Diverse Includes carnivo-  Seasonal rainfall Mixed fauna with  Good preservation
baanweg Africa res, few primates ~ with woodland many grazers.

[21,32,33,82]

giving way to
fynbos (open
vegetation) [26,33]

Temperate climate
— too seasonal for
hominoids

# Data from NOW — Neogene of the Old World Database of fossil mammals http://www.helsinki.fi/science/now.
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Fig. 2. Map of Africa showing the spatial distribution of 25 fossil
localities listed by Begun [9] dated to between 12-5 Ma. Shaded
gray area shows the likely distribution of gorillas and chimpanzees.
1, Sahabi, Libya 2, Wadi Natrun, Egypt 3, Oued Zra, Morocco 4, Ait
Kandoula, Morocco 5, Khendek el Ouaich, Morocco 6, Bou Hanifia,
Algeria 7, Menacer, Algeria 8, Oued el Atteuch, Algeria 9, Amama
1 and 2, Algeria 10, Bled Douarah, Tunisia 11, Douaria, Tunisia 12,
El Hamma du Djerid, Tunisia 13, M’Dilla, Tunisia 14, Nchoroa,
Ethiopia 15, Middle Awash, Ethiopia 16, Samburu, Kenya 17, Lotha-
gam, Kenya 18, Mpesida Beds, Baringo Basin, Kenya 19, Lukeino
Formation, Kenya 20, Ngorora Formation, Kenya 21, Nakali, Kenya
22, Sinda Basin, Zaire 23, Nkondo, Uganda 24, Manonga Valley,
Tanzania 25, Langebaanweg, South Africa. The 26th localitiy listed
by Begun (Abu Dhabi, Saudi Arabia) was omitted from analysis.
Fig. 2. Carte de I’ Afrique, montrant la distribution géographique des
25 localités datées entre 5 et 12 Ma et examinées par Begun [9]. 1,
Sahabi, Libye 2, Wadi Natrun, Egypte 3, Oued Zra, Maroc 4, Ait
Kandoula, Maroc 5, Khendek el Ouaich, Maroc 6, Bou Hanifia,
Algérie 7, Menacer, Algérie 8, Oued el Atteuch, Algérie 9, Amama
1 et 2, Algérie 10, Bled Douarah, Tunisie 11, Douaria, Tunisie 12, El
Hamma du Djerid, Tunisie 13, M’Dilla, Tunisie 14, Nchorora, Ethio-
pie 15, Middle Awash, Ethiopie 16, Samburu, Kenya 17, Lothagam,
Kenya 18, Mpesida, bassin de Baringo, Kenya 19, formation de
Lukeino, Kenya 20, formation de Ngorora, Kenya 21, Nakali, Kenya
22, Sinda Basin, République Démocratique du Congo 23, Nkondo,
Ouganda 24, Manonga Valley, Tanzanie 25, Langebaanweg, Afrique
du Sud.

ever, the fauna is only moderately diverse, and fossil
remains are heavily fragmented [79]. The faunal list
includes rodents, a felid, early equids, suids, and bo-
vids. The environment is reconstructed as representing
a lakeside setting, with wooded and more open country

-
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Fig. 3. Temporal distribution of the 25 fossil localities dated to
between 12-5 Ma.

Fig. 3. Distribution en fonction du temps des 25 localités fossiles
datées entre 5 et 12 Ma.

environments nearby [39,40]. This environment is
probably not suitable for hominoids during this period.

The Mpesida Beds in the Tugen Hills of Kenya are
dated to 7-6.2 Ma. Outcrops of these beds occur in
distinct, unconnected lenses of different ages [35] that
probably sample different environments. The number
of fossils collected from the Mpesida Beds is not pub-
lished, but the sample size is likely to be relatively
small as the mammalian fauna recovered from the site
is not very diverse. The fauna includes colobines, pro-
boscideans, equids, suids, giraffids, and bovids, and is
mostly large-bodied. Fossil plants have been recovered
from several localities. One locality contains fossil
wood indicating the presence of tropical lowland rain
forest at 6.3 Ma, while another suggests more seasonal
woodlands [44]. The tropical lowland forest habitat
could be good ape habitat, but the number of fossils
that actually come from this habitat is probably quite
small, suggesting that apes would not be sampled even
if they were present in the living community.

The Sinda Basin localities are found in the Western
Rift Valley in Eastern Uganda [52,87]. The localities
are not well dated, but biostratigraphy indicates the
fossils are Late Miocene in age. Over 500 fossils have
been collected, of which only 52 could be identified as
mammalian, and only 27 were assigned a more specific
taxonomic designation. The fossil assemblage appears
to have been subject to a rather rigorous set of tapho-
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nomic processes, with only tooth fragments of very
large taxa preserved. The Sinda Basin fossiliferous
localities have been interpreted as representing a hu-
mid tropical forest fauna [87], likely suitable for apes.
But since preservation at these localities is biased in
favor of large taxa, and the number of fossils collected
is relatively small, we would not expect to find homi-
noid remains at this site.

The Ibole member of the Wembere—Manonga For-
mation in the Manonga Valley, Tanzania is dated to
5.0-5.5 Ma by biostratigraphic correlation with other
East African sites [27]. The Ibole Member faunas are
not very diverse and are dominated by large bodied
animals, so there may be a size bias in preservation.
Fossil and sedimentological evidence suggests that the
Ibole deposits represent a lakeside setting. Proboscide-
ans and suids dominate the fauna and suggest that
closed habitats surrounded the lake [28]. On the other
hand, bovids are also relatively common, representing
25% of the total fauna, and suggest the presence of
more open habitats in the area. The four species of
rodents present are considered to be characteristic of
open or semi-aquatic environments [27]. In addition,
the Ibole Member fauna contains no primates and no
arboreal taxa. The lack of small arboreal taxa suggests
that the Ibole faunas may not represent a closed forest
habitat and would therefore not be suitable ape habitat,
although it may be suitable for hominins [20].

Most fossils from Langebaanweg in South Africa
have come from the ‘E’ quarry locality and the fauna
has been roughly dated to 5 Ma by biostratigraphy.
Thousands of specimens have been removed from this
locality from several fossil horizons in the Varswater
Formation [33]. The fauna is extremely diverse with a
large range of body sizes represented and many carni-
vore species. The only primate remains known are two
cercopithecid teeth. The presence of rhinocerotids,
equids, and several species of hypsodont bovids sug-
gest a relatively open environment [26]. Hendy [33]
concludes that the Langebaanweg fauna represents a
temperate environment in transition from woodland
vegetation into a more open grassland environment
with strong seasonal rainfall — a habitat unsuitable for
Late Miocene apes ancestral to chimpanzees and goril-
las.

Thus none of the Late Miocene African sites sur-
veyed would necessarily be expected to contain homi-
noids ancestral to modern African apes. Sites that do

contain fossil apes share the following features: (1)
they sample forested environments, (2) have large
sample sizes with at least 500 specimens, and often
considerably more, (3) have a high taxonomic diver-
sity, (4) and a high quality of preservation. Few sites
combine all of these characteristics, and those that do
contain ape remains (Ngorora, Samburu, and Nkondo).
None of the other fossil sites examined have all these
features (Table 1).

In summary, many Late Miocene African sites have
extremely small sample sizes, indicating that rare fau-
nal elements would not be preserved. Others have
obvious sampling biases, containing only fragments of
very large mammals, or consisting solely of micro-
mammal teeth, and others probably did not sample
suitable habitat for apes. Thus it is not unexpected that
they do not contain fossil apes and these sites should
not be used as evidence to suggest that hominoids were
not present in Africa at this time. I conclude therefore
that biases in preservation and inadequate exploration
of the African continent lead to the poor Middle and
Late Miocene hominoid record in Africa, not an actual
absence of crown hominoids.

4. Discussion

Because the question of where hominines origi-
nated is a controversial one, temporal gaps in the
record and fragmentary fossils allow much room for
interpretation, and result in alternative hypotheses con-
cerning the evolutionary history of Miocene homi-
noids. I have reviewed some of the evidence associated
with Begun’s [9] hypothesis that the Homininae have a
Eurasian origin, most particularly the claim that the
fossil record is sufficient to conclude that hominoids do
not exist in Africa throughout much of the Miocene.

Results of my analysis show that the Late Miocene
fossil record in Africa is relatively poor, particularly
when compared with the Eurasian fossil record from
this period. There are numerous palaeontological sites,
but many of these sites contain few fossils and are
biased towards either only very large or very small
taxa. Four of the twenty-five sites examined contained
only micromammals (rodents and insectivores), while
five contained only large mammals (Table 1). It is
unlikely that hominoids would be found in sites with
such preservation patterns.



S.M. Cote / C. R. Palevol 3 (2004) 323-340 335

Sample sizes at most of these African Miocene sites
tend to be quite small. Specific data on the number of
specimens recovered from a site is frequently not avail-
able, but approximate estimates of sample size can be
made for most localities. Forty-four percent of the
25 localities examined had fewer than 100 specimens,
and none of these contained hominoids. At the three
sites in which ape fossils were recovered, sample sizes
tend to be significantly larger, with at least 500 speci-
mens recovered (Table 1). Hominoid remains formed
less than 0.5% of the total fossil assemblage at each of
these sites. This figure is similar to hominoid sites in
Eurasia. For example, even though over 300 Sivapith-
ecus fossils have been found in the Siwaliks of Paki-
stan, they represent only 0.75% of the fossil assem-
blage collected [7,43]. This is presumably due to the
fact that hominoids are relatively rare components of a
living faunal assemblage because of their low popula-
tion densities and long life histories [42]. Conse-
quently, a site with less than a hundred fossils has a
very low probability of containing a hominoid fossil —
even if hominoids were present in the living commu-
nity. One good indicator that sample size and diversity
are high enough to sample rare taxa is when the faunal
list also contains several species of other rare taxa such
as carnivores.

Some sites do have large sample sizes but still do not
contain fossil apes. This can be explained as the result
of unsuitable environmental sampling, as these sites
typically represent more open country or savannah
environments. As discussed previously, it is unlikely
that the immediate ancestors of chimpanzees, humans,
and gorillas would have lived in such open environ-
ments. There is evidence to suggest that Miocene
hominoids occupied a broader ecological niche than
modern apes, however still lived in largely forested
environments [2,3,80]. In general, it would seem that
although some Miocene hominoids did move into
‘more open’ environments, these habitats were still
forested, but were more seasonally variable than the
rainforest habitats favored by modern apes [2,3].

There is limited evidence to suggest that some Afri-
can hominoids, such as Kenyapithecus may have
moved into savannah-like environments at sites such as
Fort Ternan and Kaimogool (e.g., [86]), however this
evidence is controversial, and most environmental re-
constructions and the available morphological evi-
dence suggest forested environments [3]. Even if Ken-

yapithecus had occupied non-forested environments,
this should not be used as evidence to reconstruct the
environment of the immediate common ancestor of the
modern African ape clade because Kenyapithecus is
not closely related to this group. The principle of par-
simony suggests that if gorillas, bonobos, and chim-
panzees all inhabit tropical forest environments, then
most likely their common ancestor did as well — ac-
cepting that hominins clearly represent a derived con-
dition [64,65,85].

4.1. Other approaches

This paper has considered one approach to examin-
ing the question of where hominines originated. A
future step in this research would be to attempt to
‘quantify’ the type of palacontological site that is likely
to contain hominoids. It is generally thought that apes
are expected to be relatively rare components of a
fossil assemblage [42]. However, the degree to which
this is true is currently unknown. Models that can
predict the proportion of hominoids a fossil assem-
blage should contain are required to further address
this question. Surveying modern ape biocommunities
and forming accurate estimates of the biomass of great
apes relative to their forest community will be needed
in order to incorporate information about turnover
rates and ape biomass into models. Data on probable
hominoid abundance is necessary for paleontologists
to know how large a fossil sample from a site must be
before one can conclude that hominoids are actually
absent from that palacocommunity.

There has been little palaeontological research done
in central and western Africa (Fig. 2). Since this area
includes the range of modern chimpanzees and goril-
las, it is likely that apes would have lived there in the
past. Most palaecoanthropological fieldwork in Africa
has focused on East and South Africa, with very little
attention given to the interior of the continent. This
bias is partly due to the fact that sedimentary deposits
in East and South Africa are abundant and easily acces-
sible to researchers. Some palaeontological explora-
tion has taken place in Cameroon, with the goal of
discovering fossil deposits outside of traditionally re-
searched areas. This research uncovered Cretaceous
aged vertebrates [19,25]. Miocene deposits were also
located, but thus far have yielded only plant and insect
fossils [71]. Further research in these areas may yield
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Miocene vertebrate remains. These and other areas
should be explored before concluding that hominoids
were not present in Africa during the early Late Mi-
ocene.

4.1.1. Fossils of the living African apes

Another approach to assessing the quality of the
African record is to look at the distribution of fossils of
the modern African apes. It is reasonable to hypoth-
esize that chimpanzees and gorillas would have di-
verged in Africa, even if their common ancestor had
migrated to Africa from Eurasia. The recent discovery
of the hominin species Sahelanthropus tchadensis
dated to 67 Ma [20] suggests that the chimpanzee-
hominin split is older than previously thought, indicat-
ing that the last common ancestor of chimpanzees and
gorillas would have lived between eight and eleven
million years ago [65]. This suggests that the chimpan-
zee and gorilla lineages would have been living in
Africa for at least the last eight million years.

It can also be hypothesized that throughout this
period the chimpanzee and gorilla lineages were simi-
lar in their ecology and morphology to their descen-
dants, being large bodied, rare, forest dwelling frugi-
vores [64,85]. It is reasonable to assume that other
African crown hominoids, prior to the appearance of
hominins, would have been similarly adapted. If we
have truly sampled the African fossil record in such a
way as to find these rare, forest dwelling taxa, then
fossil remains of the chimpanzee and gorilla lineages
should have been found.

There are in fact very few known chimpanzee or
gorilla fossils. Reported chimpanzee fossils include
associated dental remains from near Lake Naivasha,
Kenya [50], an isolated canine from the Serengeti
region of East Africa (unpublished data), and postcra-
nial remains of two different individuals from the
Pleistocene site of Mumba, Tanzania [49]. The only
reported gorilla fossil is a canine from Nkondo,
Uganda dated to 5-6 Ma [60].

Following restudy, none of the purported chimpan-
zee fossils actually is a chimpanzee. The Lake
Naivasha dental remains, thought to represent a canine
and two premolars, are carnivore incisors, most likely a
hyaenid (L. Werdlin, J. Barry, personal communica-
tion). The Serengeti chimpanzee canine is not fossil-
ized, but modern, is of uncertain provenience having
been moved around in museum collections, and is

unlikely to be from the Serengeti region (W.D. Hein-
rich, personal communication). The Mumba material
has been restudied and represents Homo sapiens (T.
Harrison, personal communication). However, the go-
rilla canine from Nkondo probably does represent the
first fossil gorilla [55,60], and the only fossil of a
modern African ape.

This reanalysis shows that fossil remains of chim-
panzees and gorillas are extremely rare in the African
fossil record, indeed effectively absent. This could
mean that chimpanzee and gorilla remains are not
frequently fossilized due to biases in preservation in
heavily forested environments. However, numerous
Pleistocene and Holocene archaeological sites contain-
ing faunal remains indicative of forested settings have
been reported throughout Central Africa [54], suggest-
ing that fossil preservation does occur in these habitats.
If we have not been successful in locating fossil re-
mains of modern African apes, then it is clearly un-
sound to assume that we have adequately sampled the
African Late Miocene fossil record in such a way as to
uncover other fossil hominoid species. Possible rea-
sons why chimpanzee and gorilla fossils have not been
recovered are (a) that they are very rare and (b) that
paleontologists have not been successful in locating
extensive fossil deposits in Western and Central Africa
— the areas in which the ancestors of chimpanzees and
gorillas are most likely to have lived.

5. Conclusions

The suggestion that hominoids ancestral to homi-
nines lived in Eurasia and not Africa during the Late
Miocene is based on the fact that appropriate ancestral
candidates have not been found in Africa [9]. Several
authors have commented that this assertion is prema-
ture because the fossil record in Africa from this period
is poor [57,64,81]. The goal of this paper was to exam-
ine whether or not the quality of the African Late
Miocene record is sufficient to conclude that homi-
noids were indeed absent during this period.

A literature review of known African early Late
Miocene sites demonstrates that these sites are un-
evenly distributed in space and time (Figs. 2 and 3),
with little information available from Central and
Western Africa — the geographical areas most likely to
have been home to apes. Even with this large gap in our



S.M. Cote / C. R. Palevol 3 (2004) 323-340 337

knowledge, fossil ape remains are present at three
different localities in East Africa, demonstrating that
they were present in Africa during this time period.
This suggests that further palacontological exploration
could uncover new fossil taxa, perhaps including the
ancestors of the Homininae.

Many currently known Miocene fossil localities do
not contain hominoids. This can be interpreted to mean
either that hominoids were not present in these areas
[9,76], or that hominoid remains have not been pre-
served at these sites due to small sample sizes, sam-
pling of non-forested environments, or biased preser-
vation. The fact that fossil chimpanzees and gorillas
have not been found in later periods when it is certain
that they were present should make us skeptical that we
have adequately sampled the fossil faunas of the Afri-
can Miocene.

Ultimately, the only way to know where the ances-
tor of the Homininae resided is to look for new homi-
noid sites, particularly in currently unsampled areas.
Large portions of Eurasia as well as Africa are unstud-
ied, leading to serious gaps in our knowledge of homi-
noid history. By identifying new areas for palaconto-
logical exploration, particularly in areas where modern
apes live, we may find new fossils that will help resolve
current disputes in hominoid phylogeny and palaeobi-

ology.

Acknowledgements

This research was supported by the Department of
Anthropology at Harvard University and the American
School for Prehistoric Research. This work was pre-
sented as a poster at the American Association of
Physical Anthropology meetings in 2003 and has been
much improved by the comments of many individuals
there. David Pilbeam, John Barry, and Meg Crofoot
read early drafts of this manuscript. Franck Guy pro-
vided the French translations. Larry Flynn and Michele
Morgan provided advice and helped track down hard to
find references. Lars Werdelin, Charles Musiba, Wolf
Dieter-Heinrich, Terry Harrison, and Hansjiirgen
Miiller-Beck helped find and identify purported chim-
panzee remains. Nathan Young not only read drafts and
provided many helpful comments, but also provided an
almost embarrassing amount of assistance with the
illustrations.

References

[1]  R. Ameur, Découverte de nouveaux rongeurs dans la forma-
tion mioceéne de Bou Hanifia (Algérie Occidentale), Geobios
(Lyon) 17 (2) (1984) 167-175.

[2]  P.Andrews, Palacoecology of the Miocene fauna from Pasalar,
Turkey, J. Hum. Evol. 19 (4-5) (1990) 569-582.

[3] P. Andrews, Evolution and environment in the Hominoidea,
Nature (Lond.) 360 (1992) 641-647.

[4] P. Andrews, R. Bernor, Vicariance biogeography and paleo-
ecology of Eurasian Miocene hominoid primates, in: J. Agusti,
L. Rook, P. Andrews (Eds.), Hominoid evolution and climatic
change in Europe, volume 1, The evolution of Neogene terres-
trial ecosystems in Europe, Cambridge University Press,
Cambridge, 1999, pp. 454-487.

[5] C. Arambourg, Vertébrés continentaux du Miocene supérieur
de I’Afrique du Nord, Publications du Service de la carte
géologique de 1’ Algérie, nouvelle série, Paléontologie (1959)
Mém. n° 4, 159 p.

[6] C. Badgley, P. Gingrich, Sampling and faunal turnover in
Early Eocene mammals, Palacogeogr. Palaeoclimatol. Palaeo-
ecol. (1988) 141-157.

[71 J. Barry, Faunal turnover and diversity in the terrestrial Neo-
gene of Pakistan, in: E. Vrba, G. Denton, T. Partridge,
L. Burckle (Eds.), Paleoclimate and evolution, Yale University
Press, New Haven, 1995, pp. 114-134.

[8] D. Begun, Middle Miocene Hominoid origins, Science 287
(2000) 2375a.

[91 D. Begun, African and Eurasian Miocene hominoids and the
origins of the Hominidae, in: L. de Bonis, G. Koufos,
P. Andrews (Eds.), Hominoid evolution and climate change in
Europe, volume 2, Phylogeny of the Neogene Hominoid pri-
mates of Eurasia, Cambridge University Press, Cambridge,
2001, pp. 231-253.

[10] D. Begun, European hominoids, in: W. Hartwig (Ed.), The
primate fossil record, Cambridge University Press, Cam-
bridge, 2002, pp. 339-368.

[11] D. Begun, Planet of the Apes, Sci. Am. 289 (2) (2003) 74-83.

[12] D. Begun, C. Ward, M. Rose, Events in Hominoid evolution,
in: D. Begun, C. Ward, M. Rose (Eds.), Function, phylogeny,
and fossils: Miocene Hominoid evolution and adaptations,
Plenum Press, New York, 1997, pp. 389—441.

[13] M. Benammi, M. Calvo, M. Prevot, J. Jaeger, Magnetostratig-
raphy and paleontology of Ait Kandoula Bain (High Atlas,
Morocco) and the African-European Late Miocene terrestrial
fauna exchanges, Earth Planet. Sci. Lett. 145 (1996) 15-29.

[14] B. Benefit, M. Pickford, Miocene fossil cercopithecoids from
Kenya, Am. J. Phys. Anthropol. 69 (4) (1986) 441-464.

[15] R. Bernor, P. Pavlakis, Zoogeographic relationships of the
Sahabi large mammal fauna (Early Pliocene, Libya), in:
N. Boaz, A. El-Arnauti, A. Wahid Zaziry, J. deHeinzelin,
D. Boaz (Eds.), Neogene paleontology and geology of Sahabi,
Alan Liss Inc, New York, 1987, pp. 349-383.

[16] C. Black, A new species of Meycopotamus (Artiodactyla:
Anthracotheriidae) from the late Miocene of Tunisia, Notes
Serv. géol., Travaux de Géologie tunisienne 6 (1971) 5-39.



338

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

S.M. Cote / C. R. Palevol 3 (2004) 323-340

N. Boaz, A. El-Arnauti, A. Wahid Zaziry, J. deHeinzelin,
D. Boaz, Neogene Paleontology and Geology of Sahabi, Alan
Liss Inc, New York, 1987, 401 p.

M. Boule, Sur quelques vertebres fossiles du Sud de la
Tunisie, C. R Soc. géol. France (1910) 50 p.

M. Brunet, Y. Coppens, D. Pilbeam, S. Djallo, K. Behrensm-
eyer, A. Brillanceau, W. Downs, M. Duperon, G. Ekodeck,
L. Flynn, E. Heintz, J. Hell, Y. Jehenne, L. Martin, C. Mosser,
M. Salard-Cheboldaeff, S. Wenz, S. Wing, Les formations
sédimentaires continentales du Crétacé et du Cénozoique
camerounais : premiers résultats d’une prospection paléon-
tologique, C. R. Acad. Sci Paris, Ser. IT 303 (5) (1986) 425—
428.

M. Brunet, F. Guy, D. Pilbeam, H. Mackaye, A. Likius,
D. Ahounta, A. Beauvillain, C. Blondel, H. Bocherens,
J. Boisserie, L. de Bonis, Y. Coppens, J. Dejax, C. Denys,
P. Duringer, V. Eisenmann, G. Fanone, P. Fronty, D. Geraads,
T. Lehmann, F. Lihoreau, A. Louchart, A. Mahamat, G. Mer-
ceron, G. Mouchelin, O. Otero, P. Campomanes, M. Ponce De
Leon, J. Rage, M. Sapanet, M. Schuster, J. Sudre, P. Tassy,
X. Valentin, P. Vignaud, L. Viriot, A. Zazzo, C. Zollikofer, A
new hominid from the Upper Miocene of Chad, Central
Africa, Nature (Lond.) 418 (2002) 145-151.

H. Cooke, Q. Hendey, Nyanzachoerus (Mammalia: Suidae:
Tetraconodontinae) from Langebaanweg, South Africa, Dur-
ban Mus. Novit. 17 (1992) 1-20.

Y. Coppens, Les vertébrés villafranchiens de Tunisie : gise-
ments nouveaux, signification, C. R. Acad. Sci. Ser. D 273
(1971) 51-54.

R. Dechamps, B. Senut, M. Pickford, Fruits fossiles pliocenes
et pléistocenes du Rift occidental ougandais, signification
paléoenvironnementale, C. R. Acad. Sci. Paris, Ser. II 314
(1992) 325-331.

J. Durham, The incompleteness of our knowledge of the fossil
record, J. Paleontol. 41 (1967) 559-564.

L. Flynn, A. Brillanceau, M. Brunet, Y. Coppens, J. Dejax,
M. Duperon-Laudoueneix, G. Ekodeck, K. Flanagan, E. Hei-
ntz, J. Hell, L. Jacobs, D. Pilbeam, S. Sen, S. Djallo, Vertebrate
fossils from Cameroon, West Africa, J. Vertebr. Paleontol. 7
(4) (1987) 469-471.

T. Franz-Odendaal, J. Lee-Thorp, A. Chinsamy, New evidence
for the lack of C4 grassland expansions during the Early
Pliocene at Langebaanweg, South Africa, Paleobiology 28 (3)
(2002) 378-388.

T. Harrison, Neogene paleontology of the Manonga Valley,
Tanzania, a window into the evolutionary history of East
Africa, Plenum Press, New York, 1997, 418 p.

T. Harrison, Paleoecology and taphonomy of fossil localities
in the Manonga Valley, Tanzania, in: T. Harrison (Ed.), Neo-
gene paleontology of the Manonga Valley, Tanzania. A win-
dow into the evolutionary history of East Africa, Plenum
Press, New York, 1997, pp. 79-106.

T. Harrison, L. Rook, Enigmatic anthropoid or misunderstood
ape? The phylogenetic status of Oreopithecus bambolii recon-
sidered, in: D. Begun, C. Ward, M. Rose (Eds.), Function,
phylogeny, and fossils: Miocene Hominoid evolution and
adaptations, Plenum Press, New York, 1997, pp. 327-362.

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

S. Hartwig-Scherer, Allometry in Hominoids: a comparative
study of skeletal growth trends, PhD thesis, Zurich University,
Switzerland, 1993, 163 p.

E. Heizmann, D. Begun, The oldest Eurasian hominoid, J.
Hum. Evol. 41 (2001) 463-481.

Q. Hendy, The Late Cenozoic Carnivora of the South-Western
Cape Province, Ann. S. Afr. Mus. 63 (1974) 1-369.

Q. Hendy, Palacoecology of the Late Tertiary fossil occur-
rences in ‘E’ Quarry, Langebaanweg, South Africa, and a
reinterpretation of their geological context, Ann. S. Afr. Mus.
84 (1981) 1-104.

A. Hill, Paleoanthropological research in the Tugen Hills,
Kenya, J. Hum. Evol. 42 (2002) 1-10.

A. Hill, R. Drake, L. Tauxe, M. Monaghan, J. Barry, A. Beh-
rensmeyer, G. Curtis, B. Fine Jacobs, L. Jacobs, N. Johnson,
D. Pilbeam, Neogene palaeontology and geochronology of the
Baringo Basin, Kenya, J. Hum. Evol. 14 (1985) 759-773.

A. Hill, M.G. Leakey, J. Kingston, S. Ward, New cercopith-
ecoids and a hominoid from 12.5 Ma in the Tugen Hills
succession, Kenya, J. Hum. Evol. 42 (2002) 75-93.

H. Ishida, M. Pickford, A new Late Miocene hominoid from
Kenya: Samburupithecus kiptalami gen. and sp. nov, C. R.
Acad. Sci. Paris, Ser. ITa 325 (1997) 823-829.

J. Jaeger, Les rongeurs du Miocene moyen et supérieur du
Maghreb, Palaeovertebrata 8 (1) (1977) 1-166.

J. Kalb, C. Jolly, S. Tebedge, A. Mebrate, C. Smart, E. Oswald,
P. Whitehead, C. Wood, T. Adefris, V. Rawn-Schatzinger,
Vertebrate faunas from the Awash group, Middle Awash Val-
ley, Afar, Ethiopia, J. Vertebr. Paleontol. 2 (2) (1982) 237-258.
J. Kalb, A. Mebrate, S. Tebedge, C. Smart, E. Oswald,
D. Cramer, P. Whitehead, C. Wood, G. Conroy, T. Adefris,
L. Sperling, B. Kana, Fossil mammals and artifacts from the
Middle Awash Valley, Ethiopia, Nature (Lond.) 298 (1982)
25-29.

J. Kalb, E. Oswald, S. Tebedge, A. Mebrate, E. Tola, D. Peak,
Geology and stratigraphy of Neogene deposits, Middle Awash
Valley, Ethiopia, Nature (Lond.) 298 (1982) 17-25.

J. Kelley, A biological hypothesis of ape species density, in:
B. Theirry, J. Anderson, J. Roeder, N. Herrenschmidt (Eds.),
Current Primatology, 1, université Louis-Pasteur, France,
Strasbourg, 1994, pp. 11-18.

J. Kelley, The hominoid radiation in Asia, in: W. Hartwig
(Ed.), The primate fossil record, Cambridge University Press,
Cambridge, 2002, pp. 369-384.

J. Kingston, Environmental determinants in early hominid
evolution: issues and evidence from the Tugen Hills, Kenya,
in: P. Andrews, P. Banham (Eds.), Late Cenozoic environ-
ments and Hominid evolution: a tribute to Bill Bishop, Geo-
logical Society, London, 1999, pp. 69-84.

J. Kingston, B. Jacobs, A. Hill, A. Deino, Stratigraphy, age,
and environment of the Late Miocene Mpesida Beds, Tugen
Hills, Kenya, J. Hum. Evol. 42 (2002) 95-116.

L. Kordos, D. Begun, Rudabanya: A Late Miocene subtropical
swamp deposit with evidence of the origin of the African apes
and humans, Evol. Anthropol. 11 (2002) 45-57.

M.G. Leakey, J. Harris, Lothagam: The dawn of humanity in
eastern Africa, Columbia University Press, New York, 2002
678 p.



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

S.M. Cote / C. R. Palevol 3 (2004) 323-340 339

M.G. Leakey, C. Feibel, R. Bernor, J. Harris, T. Cerling,
K. Stewart, G. Storrs, A. Walker, L. Werdelin, A. Winkler,
Lothagam: a record of faunal change in the Late Miocene of
East Africa, J. Vertebr. Paleontol. 16 (3) (1996) 556-570.

U. Lehmann, Eine jungpleistozane Wirbeltierfauna aus
Ostafrika, Mitt. Geol. Staatsinst. Hamburg, Heft 26 (1957)
100-140.

E. Lonnberg, On some fossil mammalian remains from East
Afrika, Ark. Zool. Band 29A 2 (1936).

V. Maglio, H. Cooke, Evolution of African mammals, Harvard
University Press, Cambridge, 1978, 631 p.

T. Makinouchi, S. Ishida, Y. Sawada, N. Kuga, S. Kimura,
Y. Orihashi, B. Bajope, M. Yemba, H. Ishida, Geology of the
Sinda-Mohari Region, Haut-Zaire Province, Eastern Zaire,
Afr. Stud. Monogr. 17 (1992) 3-18.

I. McDougall, C. Feibel, Numerical age control for the
Miocene-Pliocene succession at Lothagam, a hominoid-
bearing sequence in the northern Kenya Rift, J. Geol. Soc.
(Lond.) 156 (1999) 731-745.

J. Mercader, Forest people: the role of African rainforests in
human evolution and dispersal, Evol. Anthropol. 11 (2002)
117-124.

J. Moggi Cecchi, M. Pickford, Une nouvelle technique non
destructive de détermination de la structure prismatique de
I’émail des dents chez les Mammiferes fossiles, C. R. Acad.
Sci. Paris, Ser. 11 308 (1989) 1651-1654.

S. Moya-Sola, M. Kohler, New partial cranium of Dryopith-
ecus lartet, 1863 (Hominoidea, Primates) from the Upper
Miocene of Can Llobateres, Barcelona, Spain, J. Hum. Evol.
29 (1995) 101-139.

S. Moya-Sola, M. Kohler, D. Alba, Primate evolution —in and
out of Africa, Comments and Response, Curr. Biol. 9 (15)
(1999) R547-R550.

H. Nakaya, Faunal change of Late Miocene Africa and
Eurasia: Mammalian fauna from the Namurungule Formation,
Samburu Hills, Northern Kenya, Afr. Stud. Monogr. (20)
(1994) 1-112.

A. Papp, E. Thenius, Handbuch der stratigraphischen Geolo-
gie, Zweiter Teil Wirbeltierfaunen, Ferdinand Enke Verlag,
Stuttgart, 1959, 411 p.

M. Pickford, Premiers résultats de la mission de 1’Uganda
Palaeontology Expedition a Nkondo (Pliocéne du bassin du
lac Albert, Ouganda), C. R Acad. Sci. Paris, Ser. I1 306 (1988)
315-320.

M. Pickford, B. Senut, The geological and faunal context of
Late Miocene hominid remains from Lukeino, Kenya, C. R.
Acad. Sci. Paris, Ser. I1a 332 (2001) 145-152.

M. Pickford, B. Senut, J. Tiercelin, R. Kasande, P. Obwona,
Résultats de la troisieme mission (1988) de I’ Uganda Palaeon-
tology Expedition: régions de Nkondo-Sebugoro et de Hohwa
(bassin du lac Albert, Ouganda), C. R. Acad. Sci. Paris, Ser. Ila
311 (1990) 737-744.

M. Pickford, B. Senut, A. Vincens, W. Van Neer, I. Ssem-
manda, Z. Baguma, E. Musiime, Nouvelle biostratigraphie du
Néogene et du Quaternaire de la région de Nkondo (bassin du
lac Albert, Rift occidental ougandais). Apport a 1’évolution
des paléomilieux, C. R. Acad. Sci, Paris, Ser. II 312 (1991)
1667-1672.

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]

[74]

[75]
[76]

[77]

[78]

[79]

[80]

[81]

D. Pilbeam, Perspectives on the Miocene Hominoidea, in:
W. Hartwig (Ed.), The primate fossil record, Cambridge Uni-
versity Press, Cambridge, 2002, pp. 303-310.

D. Pilbeam, N. Young, Hominoid evolution: synthesizing dis-
parate data, C. R. Palevol 3 (4) (2004).

P. Robinson, Pachytragus solignaci, a new species of Caprine
bovid from the Late Miocene Béglia formation of Tunisia,
Notes Serv. géol., Travaux de Géologie tunisienne 6 (1971)
73-94.

P. Robinson, Very hypsodont antelopes from the Béglia For-
mation (central Tunisia), with a discussion of the Rupicaprini,
in: K. Flanagan, J. Lillegraven (Eds.), Vertebrates, Phylogeny,
and Philosophy, Contributions to Geology, University of Wyo-
ming, 1986, pp. 305-315.

P. Robinson, C. Black, Note préliminaire sur les vertébrés
fossiles du Vindobonien (formation Béglia) du Bled Douarah,
Gouvernorat de Gafsa, Tunisie, Notes Serv. géol., Travaux de
Géologie tunisienne 2 (1969) 67-70.

F. Roman, M. Solignac, Découverte d’un gisement de Mam-
miferes pontiens a Douaria (Tunisie septentrionale), C. R
Acad. Sci. Paris 199 (1934) 118-119.

M. Rose, Locomotor anatomy of Miocene Hominoids, in:
D. Gebo (Ed.), Postcranial adaptation in nonhuman primates,
Northern Illinois University Press, DeKalb, 1993, pp. 252—
272.

M. Salard-Cheboldaeff, Palynologie maestrichtienne et ter-
tiaire du Cameroun. Etude qualitative et répartition verticale
des principales especes, Rev. Palaeobot. Palynol. 28 (1979)
365-388.

J. Schwartz, Lufengpithecus and its potential relationship to an
orang-utan clade, J. Hum. Evol. 19 (1990) 591-605.

Y. Selassie, Late Miocene hominids from the Middle Awash,
Ethiopia, Nature (Lond.) 412 (2001) 178-182.

B. Senut, M. Pickford, D. Gommery, P. Mein, K. Cheboi,
Y. Coppens, First hominid from the Miocene (Lukeino Forma-
tion, Kenya), C. R. Acad. Sci. Paris, Ser. II 332 (2001) 137-
144.

M. Solignac, Le Pontien dans le Sud tunisien, Ann. Univ. Lyon
48 (1931) 1-42.

C. Stewart, T. Disotell, Primate evolution — in and out of
Africa, Curr. Biol. 8 (1998) 582-588.

H. Thomas, R. Bernor, J.-J. Jaeger, Origines du peuplement
mammalien en Afrique du Nord durant le Miocéne terminal,
Geobios (Lyon) 15 (1982) 283-297.

H. Thomas, G. Petter, Révision de la faune de mammiféres du
Miocene supérieur de Menacer (ex-Marceau), Algérie: discus-
sion sur 1’age du gisement, Geobios (Lyon) 19 (3) (1986)
357-373.

J. Tiercelin, J. Michaux, Y. Bandet, Le Miocéne supérieur du
Sud de la dépression de I’ Afar, Ethiopie : sédiments, faunes,
ages isotopiques, Bull. Soc. géol. France 21 (3) (1979) 255-
258.

P. Ungar, Dental microwear of European Miocene catarrhines:
evidence for diets and tooth use, J. Hum. Evol. 31 (1996)
335-366.

S. Ward, D. Duren, Middle and Late Miocene African homi-
noids, in: W. Hartwig (Ed.), The primate fossil record, Cam-
bridge University Press, Cambridge, 2002, pp. 385-397.



340

[82]

[83]

[84]

S.M. Cote / C. R. Palevol 3 (2004) 323-340

L. Werdelin, A. Turner, N. Solounias, Studies of fossil
hyaenids: the genera Hyaenictis Gaudry and Chasmaporthetes
Hay, with a reconsideration of the Hyaenidae of Lange-
baanweg, South Africa, Zool. J. Linn. Soc. 111 (1994) 197—
217.

A. Winkler, Neogene paleobiogeography and East African
paleoenvironments: contributions from the Tugen Hills
rodents and lagomorphs, J. Hum. Evol. 42 (2002) 237-256.
G. WoldeGabriel, Y. Haile-Selassie, P. Renne, E. Hart,
S. Ambrose, B. Asfaw, G. Heiken, T. White, Geology and
palaeontology of the Late Miocene Middle Awash Valley, Afar
rift, Ethiopia, Nature (Lond.) 412 (2001) 175-178.

[85]

[86]

[87]

R. Wrangham, D. Pilbeam, African apes as time machines, in:
B. Galdikas, N. Briggs, L. Sheeran, G. Shapiro, J. Goodall
(Eds.), All apes great and small, Vol. 1: African apes, Kluwer
Academics/Plenum Press Publishers, New York, 2001, pp. 5—-
17.

J. Wynn, G. Retallack, Paleoenvironmental reconstruction of
Middle Miocene paleosols bearing Kenyapithecus and Victo-
riapithecus, Nyakach Formation, southwestern Kenya, J.
Hum. Evol. 40 (2001) 263-288.

K. Yasui, Y. Kunimatsu, N. Kuga, B. Bajope, H. Ishida, Fossil
mammals from the Neogene strata in the Sinda Basin, Eastern
Zaire, Afr. Stud. Monogr. 17 (1992) 87-107.



	Origins of the African hominoids: an assessment of the palaeobiogeographical evidence
	Version française abrégée
	Introduction
	Evaluating the evidence
	Miocene hominoid phylogeny 
	Distribution of Miocene hominoid fossils 


	Materials and methods
	Results
	Discussion
	Other approaches
	Fossils of the living African apes 


	Conclusions

	Acknowledgements
	References

