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NOTE / NOTE

Prehistory of the British Isles: A Tale of Coming and Going*

La préhistoire des iles britanniques : une histoire de va-et-vient

I. De Groote - M. Lewis - C. Stringer
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© Société d’Anthropologie de Paris et Lavoisier SAS 2017

Abstract It is now recognised that Britain has not always
been geographically isolated from Europe and, for most of
the last one million years, formed an extension of the north-
west European landmass. During most of this time, Britain
was accessible to migrating humans and animals, although
climatic conditions varied greatly from Mediterranean-like
through to glaciations and extreme cold, making Britain a
difficult place to settle for any length of time. The oldest
evidence for humans in Britain dates to between about
850,000 and 1 million years ago. Recovered lithic artefacts
suggest that hominin species occupied and deserted the Brit-
ish Isles at least nine times. This article reviews the prehis-
tory of the British Isles and presents the main sites and time
periods.

Keywords Pleistocene - Palaeolithic - Migration -
Homo sapiens - Homo neanderthalensis -
Homo heidelbergensis -+ Homo antecessor

Résumé Il est bien connu que les iles britanniques n’ont pas
toujours été des iles et que pendant la plus grande partie du
dernier million d’années, elles faisaient partie d’une pénin-
sule s’étendant a partir (ou a ’extrémité) du Nord-Ouest de
I’Europe. Cette région était alors accessible aux Hommes et
aux animaux venant du continent. Les conditions clima-
tiques ont varié entre celles trouvées aujourd’hui en Médi-

1. De Groote (<))

Research Centre in Evolutionary Anthropology and
Palacoecology, School of Natural Sciences and Psychology,
John Moores University, Liverpool, UK

e-mail : L.LE.DeGroote@ljmu.ac.uk

M. Lewis - C. Stringer
Earth Sciences Department, Natural History Museum,
London, UK

* This is an invited contribution following the Annual Meeting of
the SAP

terranée et les conditions désertiques des régions polaires,
rendant la Grande-Bretagne un endroit difficile a habiter. La
plus ancienne preuve de présence humaine en Grande-
Bretagne date entre 850 000 et 1 million d’années. Les
industries lithiques suggérent que les espéces d’homininés
se sont depuis installées puis ont déserté les iles britanni-
ques au moins neuf fois. Dans cet article, nous propo-
sons une revue des connaissances sur la préhistoire des
iles britanniques, a partir des principaux sites et périodes
correspondantes.

Mots clés Pléistocene - Paléolithique - Migration -
Homo sapiens - Homo neanderthalensis -
Homo heidelbergensis -+ Homo antecessor

Introduction

When did the first humans arrive in what is now known as
the British Isles? It is well known that the British Isles were
not always islands and for most of the last one million
years, they formed part of a peninsula extending from
northwest Europe, potentially accessible by migrating
humans and animals. Britain was not a straightforward
place to settle, however, with the local climate oscillating
between temperatures similar to those found in the modern
Mediterranean through to polar desert conditions. Humans
were able to migrate temporarily into the territory but were
repeatedly pushed out by successive ice ages. The process
of colonisation was repeated at least nine times, but when
the last British ice sheets began to melt around 12,000 years
ago, a new wave of migrants was able to settle more perma-
nently. The main Palaeolithic sites in Britain presented in
this review are shown in Table 1. Lithic artefacts of varying
industries and ages have been found across most of Britain
from its one-million-year-long human history, but human
fossil remains are few. This article provides an overview
of the presence of humans in the British Isles and their
tale of coming and going.

I!avoisier
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dans le texte sont indiqués

Table 1 Simplified table of the main Pleistocene sites in the text; dates given in most cases are approximate; at many sites, only
the relevant horizons and dates mentioned in the text are provided / Tableau récapitulatif des principaux sites Pléistocenes cités
dans le texte. Les dates sont pour la plupart approximatives, pour la majorité des sites seuls les niveaux et dates mentionnés

Site

Industry

Age

Dating method

Happisburgh 3

Pakefield

West Runton

Lower Palaeolithic

Lower Palaeolithic

None

950,000-850,000 BP Early
Pleistocene; MIS 25 or 21
750,000-680,000 BP; MIS

19 or 17

~700,000 BP; MIS 17
~500,000 BP; MIS 13
~400,000 BP; MIS 11

Middle Palaeolithic
Middle & Upper Palaeolithic

Lynford Quarry
Kent’s Cavern

~225,000 BP; MIS 7a

Boxgrove Lower Palaeolithic

Swanscombe Lower Palaeolithic

Baker’s Hole Levallois MIS 8/7
Pontnewydd Cave  Levallois

Crayford Levallois MIS 7a
La Cotte Levallois MIS 7 to 2

~60,000 BP; MIS 4/3
Maxilla ~40,000 BP; MIS 3

Paviland Upper Palaeolithic Burial ~ 34,000 BP; MIS 3 14C
Church Hole Middle & Upper Palaeolithic ~ MIS 3 to 1 U-series, 14C
Gough’s Cave Late Upper Palaeolithic 14,700 BP; MIS 2 14C

Palaecomagnetism, biostratigraphy

Lithostratigraphy, biostratigraphy, AAR,
palacomagnetism

AAR, biostratigraphy
Lithostratigraphy, biostratigraphy
Lithostratigraphy, biostratigraphy AAR
AAR, biostratigraphy

U-series, ESR, TL, biostratigraphy
AAR, biostratigraphy

OSL, 14C, TL, biostratigraphy

OSL (+14C)

14C, biostratigraphy

stades isotopiques marins

BP: before present; AAR: amino acid racemisation; OSL: optically stimulated luminescence; TL: thermoluminescence; U-series: Ura-
nium series; 14C: Ultra filtered radiocarbon; MIS: Marine Isotope Stage / BP : avant le présent ; AAR : racémisation des acides
aminés ; OSL : luminescence stipulée optiquement ; U-series : séries de |'uranium ; 14C : radiocarbone avec ultrafiltration ; MIS :

References: HSB 3 [4]; Pakefield [7,51]; West Runton [10,51]; Boxgrove [11]; Swanscombe [23,51]; Baker’s Hole [24,51]; Pontne-
wydd [52]; La Cotte [31,32]; Lynford [36,37]; Kent’s Cavern [39]; Paviland [40]; Church Hole [46,53]; Gough’s Cave [43]

The first explorers
(1 million — 475,000 years ago)

Connected lands

From the early Pleistocene, Britain was connected to main-
land Europe by a land-bridge that enabled humans and fauna
to migrate in and out (Fig. 1A). Until about 130,000 years
ago, this narrow chalk isthmus, separating the north (North
Sea) and southwest (English Channel) marine embayments,
kept Britain connected to varying extents even when sea-
levels were high during the warm interglacial periods [2];
the eventual complete breaching of this chalk barrier was
crucial in forming the island and the Dover Strait. During
glacial periods, much of the earth’s water would have been
trapped in the ice caps and when, during the later Pleisto-
cene, the bed of the North Sea was exposed, a large land
area known as Doggerland, created by geological uplift
and sedimentation from rivers, also provided a route into
the British Isles and fauna, including hominins, would
have entered this way. The flooding of the shallow shelf

Eavoisier

areas of the English Channel and the North Sea are the con-
sequence of the current high interglacial sea levels.

The main sites and their evidence

The site with the oldest evidence for humans in the British
Isles is at Happisburgh, Norfolk, now located on the eastern
English coast (Figs. 2, 3) [3,4]. During the late Early Pleis-
tocene (between about 1 and 0.78 million years ago), Hap-
pisburgh formed part of a large river estuary, close to the
confluence of the now extinct Bytham and the palaeo-
Thames (currently flowing further south through London)
[5]. The Happisburgh sites, now numbering more than five
localities, are situated on and near the present-day beach.
The cliffs are composed of till deposited by glaciers with
laminae of undisturbed bedding surfaces beneath. The sedi-
ments at the base of the cliffs (Happisburgh site 3) were
excavated between 2005 and 2010, and around 80 lithic arte-
facts were discovered dating broadly to between 850,000
and 950,000 years ago, the oldest known stone tools in
northwest Europe [4]. A borehole through the cliffs to the
underlying estuarine sediments was taken in May 2013.
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DOGGERLAND

Fig. 1 Generalised reconstruction of the land surface and the extent of ice sheets of the British Isles. A. ~900,000 years BP.
B. ~450,000 BP (MIS 12 — Elsterian Glaciation). C. ~20,000 years BP (MIS 2 — Last Glacial Maximum). D. ~10,000 years BP (MIS 1 —
Early Holocene) (after Stringer [1]) / Reconstitution des surfaces émergées et de [’étendue des glaciers sur les iles Britanniques.
A. ~900 000 ans BP. B. ~450 000 BP (SIM 12 — Glaciation Elsterienne). C. ~20 000 ans BP (SIM 2 — Dernier Maximum Glaciaire).
D. ~10 000 ans BP (SIM 1 — Holocene ancien) (d’apres Stringer [1])

Results show that these sediments are predominantly estua-  and fauna has allowed their attribution to the latter part of
rine sands and silts forming the infill of channels with inter-  an interglacial during the late Early Pleistocene, perhaps
mittent gravel deposits. The gravel deposits, up to 20 cm in ~ Marine Isotope Stage (MIS) 21 or 25.

thickness, within these sands and silts have yielded flint In May 2013, a footprint surface was discovered near

flakes and cores. In addition, a rich assemblage of flora  Happisburgh site 3 and was found to be in the same complex

Eavoisier
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m 1site

B Dsites
. 3 sites

I:I human fossils

Homo antecessor

Homo heidelbergensis

Homo neanderthalensis (early)

Homo neanderthalensis

Homo neanderthalensis (late)

Homo sapiens

High Lodge

Creswell Crags
Pontnewydd B £y 0 Beuno

Lakenheath
Brandon

Elveden

Barnham

Happisburgh

Lynford

Waverley Wood

Coygan Cave
Hoyle’s Mouth
[JGoat’s Hole/

Cat Hele [JGough’s Cave

Westbury-sub-Mendip

Hyaena Den

Harnham
[JBoxgrove

Tornewton Cave
LY Kent’s Cavern

Site association to species

Yiewsley

Pakefield
Hoxne

Foxhall Road

Clacton
— Gray’s Thurrock

—WEbbsfleet  Purfleet
Aveley

Hitchin

Crayford
Swanscombe

Fig. 2 Current distribution of the main Palaeolithic archacological sites of the British Isles / Distribution actuelle des principaux sites

archéologiques du Paléolithique des iles Britanniques

of channel fills as the archaeological layers [3]. The expo-
sure of the laminated silts through coastal erosion is frequent
at Happisburgh and usually takes the form of flat or gently
undulating surfaces. The exposed surface, approximately
12 m?, showed very different characteristics with a series
of hollows from circular to elongate, and the visual similarity
to other coastal footprint surfaces in Britain (e.g. Formby,
Sefton Coast [6]) prompted analyses of these hollows. The
surface was located in the intertidal zone and subsequently

Eavoisz’er

eroded by tidal action over a period of two weeks, until the
footprints were completely destroyed. The footprints may
well have been left by Homo antecessor, the only hominin
species so far known in Europe at that time [3].

Although no human fossils have been found at Pakefield
(Suffolk), flint artefacts dating back approximately
700,000 years were, until the more recent Happisburgh dis-
coveries, the earliest evidence for human presence in Britain
(Fig. 4) [7]. The presence of hippopotamus, elephant, lion
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Fig. 3 Happisburgh, Norfolk. A. Site 3 excavation (courtesy of NHM, London). B. Artist’s reconstruction of the environment at Happis-
burgh ~900,000 years BP (courtesy of John Sibbick and the AHOB Project) / Happisburgh, Norfolk. A. Fouilles du site 3 (NHM, Lon-
don). B. Vue d artiste de |’environnement a Happisburgh il y a ~900 000 ans BP (John Sibbick et le projet AHOB)

and deer remains, as well as analyses of sediments and pol-
len, suggest the climate of the British Isles was warmer than
at the earlier Happisburgh 3 site, with summers as warm as
those in the Mediterranean today [7-9]. At West Runton, on
the North Norfolk coast, an almost complete skeleton of a
mammoth was found in 1990, the largest and oldest steppe
mammoth skeleton found in Britain, dating to about
700,000 years ago, but no evidence of human occupation
was found at the site [10]. Climatic conditions at West Run-

ton were similar to those today. However, from soon after
this time climatic oscillations became more extreme and
Britain was regularly plunged into severe ‘Ice Ages’,
experiencing the effects of ice sheets reaching the lower lati-
tudes and the chilling of the North Atlantic.

Archaeological excavations at Boxgrove, in Sussex, Eng-
land, uncovered a land surface with freshwater pools where
animals gathered, dating from about 500,000 years ago
(Fig. 5). As well as the butchered bones of a range of

Eavoisier
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Fig. 4 Pakefield, Norfolk. A. Excavation at Pakefield with the Cromer Forest-bed deposits clearly visible at base of cliff. B. Flint arte-
facts recovered from the site (courtesy of NHM, London) / Pakefield, Norfolk. A. Fouilles a Pakefield avec le niveau sédimentaire
de forét du Cromérien clairement visible a la base du remplissage. B. Artefacts en silex découverts dans le site (NHM, London)

herbivores such as rhinoceros, horse and deer, large numbers
of Acheulian handaxes were discovered [11,12]. These tools
are more sophisticated than those found at Happisburgh and
Pakefield, and the earliest British human fossils, a tibia and
two teeth, were uncovered here in association with the
cutmarked animal bones and handaxes [13]. Around
475,000 years ago we see the onset of the most severe cold
stage of the Middle and Late Pleistocene, known as the
Anglian (or Elsterian), with ice sheets extending far into
southern Britain, making it uninhabitable.

Eavoisier

Hominins

There are no Homo antecessor fossils currently known from
Britain, but the footprint surface associated with Happis-
burgh 3, with a range of juvenile to adult hominin foot
sizes, may be evidence of that species. Using foot length to
stature ratios, the hominins who left the prints were esti-
mated to have been between 0.93 m and 1.73 m in height,
which suggests that the group consisted of individuals of
different ages [3]. The estimated adult statures of the
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Fig. 5 Boxgrove, West Sussex. A. Reconstruction of butchering of a rhinoceros at the Boxgrove site (courtesy of John Sibbick). B.

Excavations at Boxgrove. C. A rich assemblage of handaxes being excavated / Boxgrove, West Sussex. A. Reconstruction du découpage

d’un rhinocéros sur le site de Boxgrove (John Sibbick). B. Fouilles a Boxgrove. C. Un riche assemblage de bifaces a été découvert

hominins from Happisburgh fall within the range derived
from the fossil evidence of Homo antecessor, the only
known species in western Europe of a similar age and
known only from fossils found at the site of Gran Dolina,
Atapuerca, Spain and dated to about 860,000—780,000 years
ago. The species is believed to have evolved from Homo
erectus, but had unique features that distinguish it from
other Homo species [14-17]. A number of lithic artefacts
similar in typology to those found at Gran Dolina were
found at Happisburgh.

Animal remains at these early Pleistocene sites suggest
that the climate was largely warm but this changed after
about 650,000 years ago. At times, conditions throughout
Europe became harsh and cold and Britain became uninhab-
itable. It is unclear whether Homo antecessor gave rise to
Homo heidelbergensis, and subsequently to Neanderthals,
or whether they were an evolutionary dead-end.

Homo heidelbergensis is the earliest human species for
which we have fossil evidence in Britain, from around
500,000 years ago at Boxgrove. Two lower incisors were
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found close to one another and probably belong to the same
adult individual. The morphology of the teeth is similar to
that of other middle Pleistocene hominins making their
assignment to Homo heidelbergensis possible. The tibia
most likely originated from a different individual because it
was discovered in a different stratigraphic context from the
two teeth [18]. The tibia reveals a mosaic morphology rela-
tive to other archaic Homo tibiae. The external diaphyseal
robusticity and mediolaterally thickened cortical bone distri-
bution are characteristic of Late Pliocene to Late Pleistocene
archaic Homo. The estimated cold-adapted body proportions
would have promoted body heat conservation in a hominin
practicing minimal cultural buffering during the late intergla-
cial cool temperate climate [19]. From the Boxgrove tibia, it
has been shown that Homo heidelbergensis was taller than
the later, cold-adapted, Neanderthals [20]. Although no other
British sites have yielded Homo heidelbergensis fossils,
some have yielded similar lithic artefacts to those found at
Boxgrove, Brandon and Waverley Wood, for example
[11,21]. The tools associated with Homo heidelbergensis
were more varied than those of Homo antecessor and
included bifacial handaxes, cleavers and scrapers; they
were probably skilled hunters of large animals, such as rhi-
noceros, bear, horse and deer [11].

The colonisers (425,000 — 40,000 years ago)

Connected or disconnected?

Britain’s history of connectivity to mainland Europe is com-
plex. However, in broad terms around 450,000 years ago
(MIS 12), ice stretched across the North Sea, from Britain
to Scandinavia, and at the end of this glacial stage there was
an initial breaching of the chalk ridge (Fig. 1B). This initial
erosion of the land bridge was probably characterised by
waterfalls and channels that would have emptied proglacial
lakes in the southern North Sea basin [2]. During the follow-
ing glacial periods, Britain would have been too cold to
inhabit and Neanderthals would have been pushed out of
the British Isles to return during the interglacials. From
around 180,000 years ago, there was a steady decline in
global temperature which must have forced the Neanderthals
out of Britain, and at about 160,000 years ago (MIS 6) it is
unlikely that any humans were still present; however, the
climate then recovered rapidly at around 130,000 years
ago. This led to the rise of sea levels and the submerging
of the land surface between Britain and the continent, mak-
ing Britain an island. Some mammals, depending on the dis-
tances of their glacial refugia, were fast to migrate and man-
aged to reach Britain before it became an island. Others,
such as elephants and hippopotamus, may have swum
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across, but Neanderthals (without boats) are not thought to
have returned until around 60,000 years ago [22].

Coming and going: Ice ages and deserted lands

Just over 400,000 years ago a rapid improvement of the cli-
mate after the Anglian glaciation made Britain habitable
again. Swanscombe is the only British site, to date, where a
very early Neanderthal fossil [23] has been discovered and it
is possible that Neanderthals evolved from Homo heidelber-
gensis around this time (Fig. 6). The climate worsened again
by about 375,000 years ago, driving these early Nean-
derthals out again. Neanderthals returned to Britain after
the ice had retreated around 330,000 years ago, bringing
with them new technologies. The Neanderthals are mostly
known from sites across Britain with Mousterian artefacts,
an industry which incorporates Levallois technique'. Baker s
Hole (Ebbsfleet, Kent) is one of the foremost sites that shows
the Levallois industry [24].

The oldest human fossils in Wales found until now came
from Pontnewydd Cave, which has been dated to about
225,000 years ago [25,26], and comprise teeth of carly
Neanderthal adults and children (Fig. 7). The Mousterian
industry was also found at Crayford, Kent [27,28]. Addition-
ally, more than 250,000 lithic artefacts were found on the
other side of the channel at the site of La Cotte and although
this site is now on the island of Jersey, the island was con-
nected to mainland France during periods of Neanderthal
occupation. Generations of Neanderthals most likely
returned to the site over a period totalling more than
150,000 years [29-32]. Although for a long time it was
believed Neanderthals did not return to Britain until about
60,000 years ago, a recent discovery from Dartford (Kent),
dated at about 100,000 years ago, may hint that small Nean-
derthal groups possibly made rare visits into Britain from
their more permanent camps in France or Belgium [33,34].
It is possible that they followed herds of mammoths, rhinoc-
eros, horse and deer into Britain, but further analyses and
evidence are needed to support this claim.

Neanderthals were back in full force around 60,000 years
ago. The site of Lynford Quarry, Norfolk has extensive evi-
dence for classic Neanderthal Mousterian tools associated
with the remains of at least eleven woolly mammoths [35—
37]. Although no butchery marks were found on the recov-
ered mammal bones, none of the large meat-bearing bones
were found, indicating they may have been transported away
from the kill site.

! A method of stone reduction, involving the striking of flakes from a
prepared core that provided much greater control over the size and
shape of the final flakes which would then be employed as scrapers,
knives and points.
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Fig. 6 Swanscombe, Kent. The partial cranium belonging to an early Neanderthal, probably female, and a selection of handaxes recov-

ered at Swanscombe (courtesy of NHM, London) / Swanscombe, Kent. Le crdane partiel appartenant a un Néanderthalien ancien, proba-

blement de sexe féminin et une sélection de bifaces découverts a Swanscombe (of NHM, London)

Hominins

The oldest fossil evidence for Neanderthals in the British
Isles is the partial skull from Swanscombe. The three cranial
bones were discovered between 1935 and 1955; the articu-
lated bones form the back of the skull of what is believed to
be an early Neanderthal female and were found close to a
number of flint handaxes [23]. Despite its chronological
association with the Middle Pleistocene, the occipital bone
carries Neanderthal features: a weak occipital torus with
bilateral projection, a central suprainiac depression and a
strongly convex occipital plane. This makes the Swan-
scombe hominin one of the earliest primitive Neanderthals
and supports an ancient root for the Neanderthal clade. The
early emergence of these Neanderthal features in Swan-
scombe, while other roughly contemporary fossil hominins
from Italy, Hungary and Germany display less derived Nean-
derthal morphology, suggests a more complex pattern of

human evolution than has generally been assumed [20,23].
Neanderthal fossils were also found in Pontnewydd Cave,
North Wales. The nineteen hominin teeth were associated
with bifacial and Levallois artefacts and belonged to both
juveniles and adults. The teeth are taurodont and the overall
dental morphology shows clear affinities with Neanderthals
and the pre-Neanderthal Middle Pleistocene teeth from the
Sima de los Huesos, Atapuerca, Spain.

The founding people

(40,000 — 10,000 years ago)

An island established

Neanderthals had returned to the British Isles by about

60,000 years ago, and although MIS 3 climate was variable
and complex, conditions did not improve permanently until

Eavoisier
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Fig. 7 Pontnewydd Cave, North Wales. A. Handaxes discovered at Pontnewydd Cave (courtesy of the National Museum of Wales). B.

The cave entrance during excavations. C. A juvenile Neanderthal maxilla is part of the assemblage of 19 teeth discovered at the site
(courtesy of the NHM, London) / Pontnewydd Cave, North Wales. A. Bifaces découverts dans la grotte de Pontnewydd (National
Museum of Wales). B. L’entrée de la grotte durant les fouilles. C. Un maxillaire de Néanderthalien immature fait partie des 19 dents

découvertes dans le site (NHM, London)

the end of the glacial period (MIS 2), which reached its cold
peak around 20,000 years ago, the Last Glacial Maximum
(Fig. 1C). During the early part of the current interglacial,
the Holocene, Doggerland, the exposed land area in the
present-day North Sea region, gradually disappeared as the
ice melted and sea levels slowly rose to those of today (Fig.
1D). Well before this time (around 40,000 years ago), we see
the demise of the Neanderthals and the arrival of Homo sapi-
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ens in Europe [38]. The role of modern humans in the physi-
cal extinction of the Neanderthals is the subject of much
debate [38], but genetic data show that Neanderthal DNA
entered the modern human gene pool through interbreeding
events. At present, no evidence of overlap exists for the occu-
pation of Britain by Neanderthals and modern humans; any
interbreeding probably happened more centrally within the
Neanderthal range rather than at its geographical limits.
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Still coming and going

The oldest modern human fossil in Britain, a fragment of
maxilla, was found at Kents Cavern (Fig. 8) and dates
back to at least 40,000 years ago [39]. The “Red Lady of
Paviland” (actually the skeleton of a young man initially
wrongly identified as a female) was discovered at Goat’s
Hole, South Wales, in 1823. The skeleton was coated in
red ochre and the body had been buried wearing jewellery
made from mammoth tusks; recent dating to about
33,000 years makes this discovery the oldest ceremonial
burial in western Europe [40]. During the Last Glacial Max-
imum much of northern Britain and upland Wales would
have been under an ice sheet that was up to 1 km thick in
places, and cold winds and dry air would have prevailed
across Britain. This severe environment seems to have
been too difficult to deal with, even for the resourceful first
modern humans, and Britain was deserted once more, prob-
ably by around 28,000 years ago [41].

Around 15,000 years ago the climate started to improve
and the ice gradually retreated making Britain, once again, a
welcome place for large game and the hunters who followed
them [42]. Gough's Cave in Cheddar Gorge was one of the
first settlements for Magdalenian modern humans after the
peak of the last glacial stage [43]. Not only did these humans
bring with them finely decorated bone tools, like batons and
needles, they also made cups out of human skulls [44,45].
For a long time, it was believed that one of the main differ-
ences between early British and mainland European modern
human sites was the absence of figurative art, such as figur-
ines and cave paintings or engravings. In 2004 however, an
engraving at least 13,000 years old of a bison, similar in style
to those found in European caves, was found at Church Hole

Fig. 8 The maxilla from Kent’s Cavern, Devon, including

three teeth of the earliest known modern human in Britain, discov-
ered during excavations in 1927 / Le Maxillaire de la grotte
de Kent, Devon, qui comprend trois dents et correspond au plus
ancien Homme moderne connu en Grande-Bretagne, trouvé lors

de fouilles en 1927

in the English midlands [46]. Shortly after 13,000 years ago
another brief cold period hit Europe, but by about
11,700 years ago the current interglacial had started and
temperatures gradually reached what they are today [47,48].
Prehistoric hunter-gatherers coming from Europe had to deal
with new challenges. The animals they were used to hunting
on the European Steppe, such as reindeer and horse, were
replaced by forest dwelling taxa such as deer and wild boar.
Around 6000 years ago, new ideas of agriculture and animal
husbandry arrived from Europe leading to the decline of the
hunter-gathering way of life and the beginning of the Neo-
lithic [49,50]. As well as the adoption of agriculture, techno-
logical advances and a more sedentary way of life, these
farming communities also implemented the construction of
the first monuments in the landscape, such as Stonchenge
4600 years ago [49].

Conclusion

This review has laid out how human occupation of the Brit-
ish Isles during the last one million years is a story of
repeated migration. The changing environment, with tem-
peratures decreasing and recovering during the glacials and
interglacials, would have posed challenges to the humans
and fauna that they would not have encountered in more
southerly parts of Europe. Not only would the English Chan-
nel land area have been submerged or dissected by large
rivers at times, making accessing Britain difficult or impos-
sible, but also when the ice sheets were at their thickest the
extreme cold would have made the area uninhabitable for
long periods of time. The first hominins to venture into the
British Isles, probably Homo antecessor and Homo heidel-
bergensis, would have been unable to survive these long
cold periods. Even Neanderthals, a human species well
adapted to living in the cold northwest European plains,
seem to have been unable to survive in Britain during MIS
6. Modern humans, despite their controlled use of fire, build-
ing of shelters and advanced lithic technology, still needed
several attempts before being able to settle because life at the
western edge of the Old World was not easy. The prehistory
of the British Isles is a tale of coming and going of deserted,
lands and recurring migrations.
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“The biological anthropology of the African continent: from
the first hominins to extant populations” is a vast undertak-
ing not only because Africa is a vast continent, but also
because Africa, as the “cradle of humanity”, is the only con-
tinent that encompasses the full chronological depth of the
history of humankind from its earliest origins. This was the
theme of one of the two thematic scientific sessions of the
1842" SAP meeting held in Paris, at the National Institute of
the History of Art, from 25 to 27 January 2017. The seven
articles published together in this issue of BMSAP' are from
papers submitted during this session. Obviously, neither the
papers read nor these articles can fully cover such a wide
topic. The idea, rather, was to present, with some examples,
an overview of current research conducted by our commu-
nity on the African continent. This resulted in a rich session,
with guest speaker Professor Robert A. Foley, 15 oral pre-
sentations and 6 poster presentations.
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Human evolution was naturally one of the topics explored
in this session, with two oral presentations and three poster
presentations. Robert A. Foley (Cambridge University) [1]
presented his Afrotropical Model for Hominin Evolution,
explaining why Africa is so central to the issue of hominin
evolution through an approach mainly based on evolutionary
geography (the spatial and distributional properties of evolu-
tionary processes). Also devoted to hominin evolution was
the paper given by Prat and Caparros (UMR 7194 HNHP)
[2], who used cladistic analyses to assess the taxonomy of
the earliest representatives of the genus Homo. In their poster
presentation, Louail and Prat (UMR 7194 HNHP) [3]
discussed the relevance of the ASUDAS standard scoring
system when applied to hominin teeth and proposed some
adaptations to encompass their morphological variability.
Another poster, by Verna (UMR 7194 HNHP) [4], presented
the use of this ASUDAS standard scoring system together
with a morphometric analysis to compare dental morphology
between humans from northern and southern Africa during
the Pleistocene (MIS 5-3). Finally, the poster by Matu et al.
(UMR 5199 PACEA) [5] presented new human remains
from the Holocene site of Hara Idé 3 (Djibouti) documenting
the morphological variability of African Homo sapiens and
the issue of continuity or discontinuity at the Pleistocene—
Holocene boundary.

Five oral and three poster communications dealt with
mortuary or funerary practices of past African populations
from various periods and geographical origins, illustrating
both the variety of these practices as well as the close
involvement of SAP members in the field in Africa. Chro-
nologically speaking, the first of these communications was
the poster by Hanon et al. (UMR 7194 HNHP) [6], showing
the experimental taphonomic approach they developed to
reassess the intentionality of the process that produced the
linear marks on the South African hominin Stw53. The talk
by Chalamon de Bernardy et al. (UMR 7194 HNHP) [7]
then presented new Later Stone Age human remains from
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the Leopard Cave in Namibia. These document a previously
unknown mortuary chaine opératoire for the southern Afri-
can Later Stone Age. Probably also from the Holocene is the
Fossil man from Asselar (Mali). With their poster, Dumesnil
et al. (UMR 7194 HNHP) [8] proposed new insights into the
archaeology of the deaths of these individuals whose
remains were discovered in 1927. Sellier et al. (UMR 7206
Eco-Anthropology and Ethnobiology) [9] presented some
results of their fieldwork in Sudan in the Kadruka 23 ceme-
tery, including newly discovered Neolithic funerary prac-
tices in Sudan such as pre- and post-burial practices that
imply wrapping and carrying of the dead. Le Roy et al.
(UMR 5140 ASM) [10] documented the Egyptian area, pre-
senting evidence from new fieldwork at Kom Abu Billou of
funerary practices in the Nile delta during the Roman period.
Gleize et al. (INRAP) [11] are involved in fieldwork in Lali-
bela, Ethiopia, and presented new data from the Qedemt
cemetery bringing more in-depth knowledge on the influ-
ence of Christianization on funerary practices in mediaeval
Ethiopia. Ardagna and Maillot (UMR 7268 ADES) [12] co-
authored a poster presenting the mediaeval necropolis of
Mouweiss in Sudan. They notably document a very rare
case of leprosy in mediaeval Nuba. Finally, for the most
recent period, Polet et al. (IRSNB) [13] presented results
from Kindoki in the Democratic Republic of Congo,
describing two cases of DISH for the first time in an African
archaeological sample.

The African continent also displays such a wide diversity
of human populations that it is an inexhaustible source for
research on the biological anthropology of living humans, as
illustrated by the nine papers given during this session. West
Africa was represented in five of these. The first, by Cohen
et al. (UMI 3189 ESS) [14], presented results on the biocul-
tural determinants of excess weight in Senegal, arguing in
favour of local and global policies to fight obesity in that
country, where a nutritional transition is in progress. The
second study, by Macia et al. (UMI 3189 ESS) [15], com-
pared the prevalence of obesity and body size perceptions
between urban and rural areas, which enabled them to
explain how and why obesity is becoming a health problem
in rural areas in Senegal. A third study from the UMI 3189
ESS team in Senegal was presented by Duboz et al. [16].
They compared the determinants of self-rated health
between urban and rural areas in order to determine whether
self-rated health is a relevant indicator of actual individual
health in Senegal. Moving from Senegal to Ivory Coast, the
work of Kouassi et al. (ISAD) [17] shows that the interaction
between parity and physical self-esteem of the mother sig-
nificantly influences the physical development of children.
Kouadio et al. (ISAD) [18] also dealt with children’s devel-
opment, comparing the environments of children living in
different socio-sanitary conditions and confirming that
these factors strongly influence the children’s development.

Ramirez Rozzi (UMR 5288 AMIS) [19] is working on the
life history of the Baka Pygmies in Cameroon. Based on
chronological age, he shows that tooth eruption proceeds at
an carly age, suggesting that growth diversity in modern
humans is larger than previously thought, as his work on
body proportions in Pygmies confirms. From South Africa,
Ridel et al. (University of Pretoria) [20] presented a
computer-assisted method for the approximation of the
nose, based on an analysis of the anatomical variability of
nasal shapes among South African groups, with some foren-
sic anthropological implications. The great diversity of
human populations in Affrica is also the result of a complex
history of peopling and migration. This can be analyzed by
genetic anthropology, as exemplified by the last two commu-
nications of this session. Verdu et al. (UMR 7206 Eco-
Anthropology and Ethnobiology) [21] studied the trajecto-
ries of genetic and linguistic admixture in Kriolu speakers in
Cape Verde and propose combining the two trajectories to
reconstruct the complex admixture processes that have
shaped the wide diversity of human populations living in
this archipelago. The last communication, by Fortes-Lima
et al. (UMR 7206 Eco-Anthropology and Ethnobiology)
[22], offered new insights into the genetic legacy of Afri-
can—American populations. They showed that Noir Marron
communities have a strong African genetic legacy, and more
specifically that they are linked to the populations residing
today in the historical Gold Coast and Bight of Benin.

The number of communications and the variety of topics
covered during this session clearly demonstrated the close
involvement of our community in every aspect of anthropo-
logical research in Africa and also emphasized the major
importance of research conducted in the field. Field research
is, and will always be, the most important source of primary
data ensuring high-level scientific output. We hope that by
illustrating this with examples from across a whole conti-
nent, we will have given further encouragement to all our
colleagues already engaged in field research and helped to
motivate those who aim to do so in future.
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Abstract During the second half of the twentieth century,
the evidence that Africa was central to hominin evolution
became overwhelming. The earliest occurrences of most of
the fossil hominin taxa and lithic technologies are to be
found in Africa, and there is also strong evidence that
humans are closely related to African apes, and that the
genetic origins of modern humans lie in Africa. The aim of
this article is to consider the possible evolutionary and eco-
logical basis for this — why should Africa be so central?
After considering biases in the record that might promote
an African record, this article uses evolutionary geography
— the spatial and distributional properties of the evolutionary
process — to consider the factors that lead to higher rates of
speciation, novelty and dispersals, as well as the way in
which the African ecological context is structured and
changes through time. Critical factors identified are the vari-
able role of the Sahara, the different extent of the Afrotropi-
cal realm as climate changes, the impact of basin structure,
and the effect of variable topography and surface water dis-
tribution. The key factor is biogeographic regionalisation
and the shared evolutionary histories that reflect this. It is
proposed that hominin evolution is globally part of the Afro-
tropical realm and its history, and that biogeographical vari-
ation within Africa is a key to understand the diverse nature
of African hominins and their potential to disperse beyond
the continent. More broadly, this article shows the impor-
tance of placing hominin evolution into a comparative and
theoretical framework, particularly evolutionary geography,
and proposes a more general basis for the Afrotropical
Model of Hominin Evolution.

Robert A. Foley (D<)

Leverhulme Centre for Human Evolutionary Studies,
Department of Archaeology and Anthropology,
University of Cambridge, Fitzwilliam street,
Cambridge CB2 1QH, UK
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Résumé Au cours de la seconde moitié du xx° siécle, le fait
que I’ Afrique occupait une place centrale pour la question de
I’évolution humaine est devenu une hypothése soutenue par
des témoignages de plus en plus incontournables. Les plus
anciennes occurrences de la plupart des taxons d’hominines
et des technologies lithiques se trouvent en Afrique. En plus,
il existe des preuves trés solides du fait que les plus proches
parents des humains sont les grands singes africains et que
les origines génétiques des humains actuels sont africaines.
L’objectif de cet article est d’en considérer les fondements
évolutionnaires et écologiques — pourquoi 1’Afrique
occupe-t-elle une place si centrale ? Aprés avoir pris en
compte les biais fossiles qui peuvent déformer les enregistre-
ments en faveur de 1’ Afrique, cet article s’appuie sur la géo-
graphie évolutionnaire — les propriétés de localisation et de
distribution des processus évolutionnaires — pour appréhen-
der les facteurs a I’origine des taux supérieurs de spéciation,
de nouveauté et de dispersion, ainsi que la facon dont le
contexte écologique africain est structuré et varie au cours
du temps. Les facteurs critiques qui ont pu étre identifiés
sont le role variable du Sahara, les différentes extensions
du royaume afro-tropical en fonction des changements cli-
matiques, I'impact de la structure en bassin, et I’effet de la
grande variabilité de la topographie aussi bien que de la dis-
tribution en eau. Le facteur clé est la régionalisation biogéo-
graphique et les histoires évolutionnaires partagées que cela
refléte. Il est ici proposé que I’évolution des hominines s’in-
scrit globalement dans le royaume afro-tropical et son his-
toire, et que la variabilité biogéographique a 1’échelle de
I’Afrique est un facteur clé pour comprendre la diversité
des hominines et leur potentiel pour se disperser a terme
au-dela du continent africain. Plus généralement, cet article
montre I’importance de placer I’évolution des hominines
dans un cadre théorique et comparatif, notamment dans
une perspective de géographie évolutionnaire, et propose
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des fondements plus généraux en faveur du Modéle Afro-
tropical de I’évolution des Hominines.

Mots clés Evolution humaine - Géographie évolutionnaire
Biogéographie - Ecologie africaine

Introduction: the Afrotropical Model
of hominin evolution

When Raymond Dart described the first fossil hominin
in 1924 at Taung [1], few would have predicted that by the
end of the last century Africa would have moved from a
peripheral to a central role in human evolution. Both theory
and data seemed to point Eurasia as a more probable place of
origins [2]. Ironically, Darwin’s prediction that Africa would
be the place of human origins had largely been forgotten.

Now, no-one would challenge the substantial role of
Africa — especially sub-Saharan Africa — in the evolution
of the hominin lineage. A simple measure is to look at the
first appearances (Table 1). The earliest hominins, the earli-
est (and only) australopithecines, the earliest genus Homo,
the earliest hominin with significantly larger brain size and
human body proportions, the earliest anatomically modern
humans. Against that, Eurasia can claim one definite
palaeontological first appearance — H. neanderthalensis —
plus the genetic ghost lineage, the Denisovans. Homo geor-
gicus, H. antecessor, H. floresiensis, H. erectus and
H. heidelbergensis are hard to place, as it depends upon tax-
onomic definitions, but could have Eurasian origins. Of the
28 taxa so far identified in the hominin fossil record [3,4],
24 occur in Africa, and 21 exclusively in Africa. All hominin
genera have African origins.

Table 1 Occurrence of first appearances in Africa during
the course of hominin evolution / Occurrence des premieres
apparitions en Afrique au cours de I'évolution des hominines

First appearances Age (Ma) Reference

Earliest modern human 0.16-0.1 [62]

behaviours

Earliest Homo sapiens ~0.3-0.2 [17,27,63]
Earliest Mode 3 technologies ~0.3 [64]
Earliest Homo heidelbergensis ~0.7 [65]
Earliest Acheulean 1.7 [66]
Earliest Homo ergaster/erectus 1.9 [67]
Earliest Oldowan technologies 2.5 [68]
Earliest Homo 2.8-2.3 [69]
Earliest technology 33 [70]
Origins and radiation 4.2-2 [71]
of australopithecines

Earliest hominins ~7-5 [22]

Eavoisier

A similar story can be found among the lithic traditions
(Table 1) — the first stone tool technology (Lomekwian), the
first Oldowan, the earliest Mode 2 technologies and the ear-
liest Mode 3. Looking more broadly at the archaeological
record, fire, use of ochre and microliths are all found earlier
in Africa than elsewhere, and there is widespread acceptance
of the evidence for what might broadly be called modern
human behaviour in Africa by around 100,000 years ago.

It is not just the palacontological and archaeological
records that underpin the Afrotropical model of human evolu-
tion. Comparative genetics have shown that the sister clade of
the hominins is the chimpanzee/bonobo one [5], and that in
turn is part of an African ape clade, suggesting, in line with
Darwin’s proposal [6], that hominin origin is an African event.

Currently, genetics cannot inform on australopithecine
diversity, or the early evolution of Homo, but both ancient
and contemporary DNA has also shown a) that the ancestral
population of modern humans was in Africa [7]; b) that Afti-
cans have much larger genetic diversity than all Eurasia [8];
c¢) that Eurasian populations are descended from African
ones [9,10]; and d) that African ancestral populations did
not interbreed with Neanderthals and Denisovans [11].
This has been made clear for some time from the uniparen-
tal markers, mtDNA and Y-chromosome, and now it has
been firmly confirmed by whole genomes and multiple auto-
somal markers.

Even when the focus moves beyond Africa, the frame-
work remains African. Eurasian evolution and prehistory is
defined in terms of “out of Africa” models — Out of Africa 1
(H. ergaster/erectus) [12], Out of Africa 2 (modern humans)
[13] and more extensively, “out of Africa again and again”
(multiple dispersals) [14].

There is, on current evidence, little chance of this Afrocen-
tric model being overturned, although there may be chal-
lenges to some elements of it — for example, that the African
apes were in fact “recent” Eurasian immigrants [15], or that
H. erectus (defined broadly) evolved in Asia and subse-
quently dispersed into Africa [16], or that northern rather than
sub-Saharan Africa may have played an important role in
modern human origins [17,18]. Neither is there much to be
gained by thinking of this pattern in terms of “importance”; it
is not that Africa is more important than other regions, but
that the ecological and demographic conditions in different
regions prompt different evolutionary processes. Higher lati-
tudes, for example, are subject to more magnified habitat
change, and so responses are likely to be different (often
extinction), compared to tropical regions. Cold climates
demand particular adaptive responses which may be less
likely to lead to novelty. This is certainly the pattern across
broader biological systems, leading to such patterns as the
declining levels of diversity with latitude [19].

A more profitable approach is to examine how and why
Africa seems to have been, for hominins, such a promotor of
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change and diversity. The framework adopted here is
broadly speaking referred to as evolutionary geography.
Evolutionary geography investigates the role of spatial fac-
tors in the evolutionary process [20]. It differs from bioge-
ography in which it operates at a variety of scales. While
phylogenetic patterns are an important element, its primary
focus is the investigation of the environmental (biotic and
abiotic) and demographic conditions for both range expan-
sions and contractions in the history of a lineage, and the
way this plays out from the micro to the macroevolutionary
levels [20]. Geographical approaches to evolution are sig-
nificant because spatial distributions and their context
underlie most processes. “Evolutionary change occurs first
as a result of spatial distribution — population dispersals
and contractions, fragmentation and isolation in response
to vicariance, shifting habitat boundaries, and so on.
Changes in distribution result in altered selective pressures,
different demographic parameters, new levels of gene flow
or discontinuities, and as such, evolutionary change through
time is the end product of geographical processes” [21]
(Fig. 1). This article will examine the primacy of Africa in
human evolution in the context of geographical patterns,
and in particular that hominins share the evolutionary his-
tory and processes of the biogeographical area to which
they belonged, and that is the basis for an Afrotropical
Model of Hominin Evolution.

A

Evolutionary geography

Final extinction
Range contraction,
fragmentation and local
extinction

Phylogeny

Africa and the evolutionary process

Before considering the particular role of Africa in hominin
evolution, it is necessary to examine some broader issues
that may influence both the visibility of African fossil his-
tory and the probability of an evolutionary event taking
place. The former are issues of sampling and taphonomy,
while the latter are largely about biogeography and evolu-
tionary processes.

Taphonomic bias

One possibility that should be entertained is that the Afro-
tropical model is an artefact of preservation. The uneven
nature of the fossil record is well-established — preservation
of fossils is rare, exposure to discovery is very rare, and
furthermore, it is highly patchy in relation to both species
and time. Perhaps Africa is not just a good place for homi-
nins to have lived, but simply a good place for them to have
subsequently died in terms of becoming part of the fossil
records. Africa may have particularly good conditions for
fossilisation and discovery. Support for that view could be
found in the patchy distribution of the record of hominin
evolution. By and large, what is known comes from three
major sources — the East African Rift System (EARS), the
limestone caves of the Transvaal, and the rock shelters and
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Fig. 1 Evolutionary geography focuses on the way in which change occurs first as a result of spatial distribution (A); resulting in demo-

graphic and adaptive divergence through lineages (B); with variable levels of gene flow or discontinuities, and as such evolutionary

change through time (C). See [20] and [21] for further details / La géographie évolutionnaire se concentre sur la facon dont des change-

ments ont lieu en fonction de la distribution spatiale (A) ; impliquant des divergences adaptatives et démographiques a travers les lignées

(B) ; avec différents niveaux de flux géniques et de discontinuités, aboutissant a terme a des changements évolutionnaires au cours

du temps (C). Voir [20] et [21] pour plus de détails
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caves of the Cape. This does not mean that there are no other
important regions — Chad, for example, is the source of the
oldest potential hominin (Sahelanthropus tchadensis) [22],
and the north African coastal caves, such as Haua Fteah and
Jabel Irhoud [23,24] — but that these regions are particularly
rich, and probably account for well over 90% of all hominin
fossils.

The reasons for this are largely geological. The EARS has
created numerous fluvial and lacustrine systems that have
subsequently been buried and re-exposed by rifting, ideal
conditions for both fossilisation and research [23]. The Plio-
cene and Pleistocene caves in the Transvaal are one of the
few karstic systems in Africa, and are highly fossiliferous
[24]. The Cape has many caves which record the more recent
elements of human evolution [25,26]. Much of the rest of
Africa is either covered with dense rainforest which has
highly lateritic sediments that do not preserve fossils, or
have been denuded by erosion. Hominins have been found
in none of these regions.

We cannot exclude the case for taphonomic exceptional-
ism, but there are a number of points that can be made
against it. The most important of these are based on genetics.
This is entirely independent of taphonomic factors, yet both
the close relationship between humans and African apes and
the greater human diversity and inferred time depth among
African populations would point strongly to Africa as being
significant for both early hominins and modern human evo-
lution. There is a good match between the estimates for the
divergence of the last common ancestor of chimpanzees/
bonobos and hominins and the fossil record, so the timing
fits as well [S]. There is also a consistency for the dates of the
last common ancestral population of modern humans and
Neanderthals — in the region of 300-600 Ka [18,27-30],
the earliest anatomically modern humans. Equally, the
dates of both archaic hominins and modern humans in Eur-
asia are consistent with this pattern [31-33]. The centrality
of Africa in the human story may benefit from geological
history, but, at a comparative scale, it is likely to be correct.
What is uncertain is that whether the regional, within-Africa
pattern is not an artefact of that history.

Size and chance

When it is stated that humans — or hominins — evolved in
Africa, it is not a particularly discriminating perspective.
Africa is a very large continent. The Afrotropical Model nar-
rows down the origins to approximately one quarter of the
Old World, and once one has excluded the high latitudes
where it is unlikely such origins would be found, probably
to half the Old World. Africa is larger than Europe, China
and the USA combined. A null model would be that given its
size, it should be expected that a very large proportion of
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evolutionary events should occur there by chance. While
this must be a possibility, it can only be tested by excluding
other environmental hypotheses.

Latitudinal gradients and the importance
of the tropics

One such is the latitude diversity gradient hypothesis. It has
long been observed that there are many more species at the
tropics, and that species diversity declines with increasing
latitude. There are many explanations for this observation,
but the pattern is remarkably robust across taxa, trophic level
and habitat [19]. Whatever the ultimate causation — energet-
ics, climatic stability, land area, etc. — the implication of all
is that rates of speciation are higher in the tropics than at high
latitudes. The adaptive corollary of this is that there is a
higher rate of evolutionary novelty. As Africa has the highest
land mass of tropical and sub-tropical environments, the pat-
tern seen for hominins could be said to reflect a much
broader evolutionary process; hominins are simply follow-
ing general evolutionary principles. Rolland et al [34] have
shown that the latitudinal gradient is not just a reflection of
ecological equilibrium, but rates of speciation. There is a
higher speciation rate in the tropics than in temperate
zones, and this can be seen for mammals as a whole, and
in particular orders. In effect, mammalian species diversity
reflects an “out of the tropics” model, and such a model will
necessarily show a strong signal in Africa. Hominin evolu-
tion reflects both the latitudinal gradient in terms of taxic
diversity, and the high rate of endemism.

This pattern is not found solely for inter-specific diversity.
Studies of cultural and linguistic diversity among humans
have shown a similar latitudinal gradient, from tropics to
high latitudes [35-37]. This suggests there are at least anal-
ogous processes occurring in the way in which boundaries
are formed between human groups, with a higher probability
of such boundaries in tropical latitudes. Nettle [35] has
argued that this is a product of risk reduction in high lati-
tudes; a complimentary hypothesis is that niche partitioning
and isolation is possible at smaller scales in low latitudes
[38]. This would suggest that the higher rate of speciation
among hominins may not only reflect the environmental fac-
tors, but also integrates with evolving aspects of human cul-
tural behaviour.

Endemism: Africa as a species factory

Endemism is the central concept in the Afrotropical
Model — most hominin taxa are endemic to Africa, having
originated there. This high level of endemism is an African
characteristic; endemism levels at family rank (proportion of
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endemic families per biome) is highest in the Oceanic biome,
followed by Neotropics. The Ethiopian biome is ranked
next. However, what is perhaps most striking is that at family
level there are no endemics in the Palaearctic. Eurasia, in
terms of the origins of higher taxa, is a recipient and not a
donor. The same pattern is seen at species level for zoogeo-
graphic regions [39].

In an analysis of global patterns of endemism, Kier et al.
[40] showed that species endemism was generally higher in
island zones, but among the mainland regions it was the tro-
pics that had the highest levels of endemism, and within
Africa, parts of East Africa had the highest levels among
mammals. Fortelius et al. [41] have introduced the idea of
“species factories” — in particular, suggesting that the Tur-
kana Basin is one such; specific conditions of isolation, resil-
ience and resource availability provided the balance between
survivorship (so species did not become extinct), but suffi-
cient changes in conditions to prompt evolutionary novelty.
If this is the case — particularly for tropical Africa — then
the high level of African endemism among hominins would
be part of a more general evolutionary pattern.

Community and co-evolution

A final factor is that no lineage evolves in isolation, but as
part of a community and through co-evolutionary interac-
tions. Such co-evolutionary processes can be intimate,
intense and obligatory — for example, the co-evolution of
acacia trees and ants. More general long term patterns have
also been observed among predators and prey — for example,
in changes in limb lengths across the Cenozoic [42]. At a
broader level, there is a process of community evolution,
where many lineages coevolve as a response to changing
environmental conditions [43]. The expansion of the grass-
lands in the Late Miocene and Pliocene in East Africa cre-
ated conditions suitable for many mid to large body-sized
mammals, and an increase in grazing [44], although the
detailed sequence may have been complex [45]. The typical
African savanna or Ethiopian fauna evolved concurrently in
response to this, and hominins in Africa are likely to have
been a part of that process, and should be considered a mem-
ber of the African later Cenozoic biome. In a more specula-
tive manner, whether there were more intense competitive
interactions between lineages so that this community evolu-
tion took place in a Red Queen framework [43,46].

In summary, the evolutionary record of Africa is a prod-
uct of many factors, some of which may inhibit our under-
standing (for example, areas with no fossil preservation),
while others may promote it. Equally, some intrinsic charac-
teristics of the evolutionary process may have promoted
great evolutionary change than it was to be expected in
other areas (Fig. 2).

The evolutionary geography of Africa

Against this broad evolutionary background, we can exam-
ine the role of Africa in hominin evolution more specifically,
and, in particular, how its geography has been significant in
this. We can consider how Africa, as an evolutionary unit, is
neither constant nor homogenous.

The two Africas

Africa is, geologically speaking, a single continent, and has
been a unit in plate tectonics since the split from South
America around 100 Ma. Until the Early Miocene Africa
was essentially an island continent, unconnected to Eurasia.
From the Early Miocene a land bridge was established, and
faunal exchanges occurred, including by Hominoids. In that
context, Africa is a continent with a deep evolutionary his-
tory separated from Eurasia. However, Africa is also divided
into two biogeographical regions, created by the proximity
of the north to the Mediterranean, and the presence of the
Sahara as a major barrier. The result is two distinct zoogeo-
graphic zones — Saharo-Arabian and Afrotropical (more
colloquially known as northern Africa and sub-Saharan
Africa [39] (Fig. 3).

In practice, discussion of the role of Africa in hominin
evolution actually refers to sub-Saharan Africa, or more
formally the Afrotropical Zoogeographic Zone (approxi-
mately the same as Wallace’s Ethiopian Region) [39], for,
with the exception of the fossils from Chad [22] (which are
effectively on the boundary of the Afrotropical Zone),
and, for more recent times, the North African coastal
region, all hominin fossils of any significance come from
sub-Saharan Africa.

Two points arise from the dual nature of Africa [47].
The first point is that the Sahara is a major barrier, creating
isolation of the sub-Saharan element. The Sahara was
formed in the late Miocene, and was a progressively
major barrier to movement and range expansion from the
south (or indeed the north). Strictly speaking, while talk-
ing about African origins during the course of hominin
evolution, it should be more clearly specified as the sub-
Saharan Africa or the Afrotropical Zone. The second point
is that although the Sahara is a major barrier, this has not
been a constant. Based on the last glacial cycle, it is clear
that in the cold phases Africa becomes arid, and the desert-
ification intensifies and expands; conversely, at the begin-
ning of periods of deglaciation, the region becomes much
more humid, and as a result the Sahara contracts and is
replaced by savannas — basically an expansion of the
Afrotropical fauna [48]. At this point, there is much
greater connectivity between sub-Saharan Africa and Eur-
asia, and it is then that range expansion northward occurs.
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des hominines

What seems clear across many faunas is that this is the
directionality — from south to north, with few taxa mak-
ing the journey in the opposite direction [47].

The ‘two Africas’ model is therefore a dynamic model,
with periods of both isolation and connectivity. That connec-
tivity is still through particular corridors — the Nile and the
montane regions of the Central Sahara, most importantly cre-
ating the conditions for both isolation and range expansion
and dispersals towards Eurasia [20,47]. The pulses — multiple
dispersals — out of Africa are likely to have been regulated
by the opening and closing of this barrier.
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Greater and lesser Africa

The variable nature of Africa biogeographically — some-
times two distinct zoogeographic zones, sometimes one
continuum — can be extended further. When the Sahara
is a barrier, then in effect Africa — as in the Afrotropical
Zoogeographic Zone — is reduced. During warm wet
phases, it is greatly enlarged, and extends beyond the actual
boundaries of the continent. If the Afrotropical faunas
spread into the Saharo-Arabian regions, then these distribu-
tions will also extend further still. Dennell and Roebroecks
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centes d’Eurasie. Adapté de [39]

have referred to ‘savannastan’ [16], as the total range of
continuous habitat, stretching from East Africa as far as the
north-west frontier of India, and possibly beyond. While
the distinctive zoogeographic zones suggest that there
was never a complete swamping of the Palearctic by Afri-
can fauna, nonetheless it is important to recognise that evo-
lution operates on ecological boundaries, not geo-political
and geological units. At various times — principally in the
warmer marine isotope stages — “evolutionary Africa”
was larger than the continent, and at other times — during
cold phases — it was smaller (Fig. 4).

African basins

Another geographical perspective on Africa is to view it as a
series of basins, each of which may form a distinct biogeo-
graphic zone. Although the formation of the EARS in the
last five million years has altered some of these basins, and
the Nile is both recent and unstable as a basin, they represent,
in relation to hominin evolution, a long-term feature of
the African landscape, with strong evolutionary conse-
quences [49]. These basins have their own distinct responses
to climatic change (as they largely relate to precipitation and

I!avoisier



24

BMSAP (2018) 30:17-31

A. Lesser Africa

B. Greater Africa
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run-off), and as a result, high levels of endemism in some
cases. If hominins are both responding to environmental
changes as other taxa, and subject to distance effects, then
there may well have been asynchrony between basins, refu-
gia networks occurring between adjacent basins, and partic-
ular patterns of dispersals between adjacent basins [50-52].
In this regard, two basins stand out as particularly interesting
— Turkana and the Nile. These two have boundaries with
four other basins, more than is the case for any other basin.
They may therefore both act as refugia, and also have the
greatest potential for dispersal. It should be added that both
these basins are, relatively speaking, recent; the Turkana was
an open fluvial system until the Lower Pleistocene [53], and
the Nile has varied in size and catchment over time, at vari-
ous periods being much more reduced. It is also the only
major basin that connects beyond Africa (Fig. 5).

Biogeographic relationships across Africa

Although we have characterised Africa as having two major
zoogeographic regions, within those there is a considerable
amount of diversity, part of which maps on to the basin struc-
ture. In a wide-ranging analysis across multiple taxa of ani-
mals and plants, Linder et al [54] have used a bottom-up
approach to determine what these regions are, and how are
they related to each other. They identified eight major
regions — Saharan, Sudanian, Somalian, Zambezian, Con-
golian, Guinean, Kalaharian and South African (Fig. 6).
Their analysis shows the “relatedness” of the regions,
which in effect indicates the degree of contact through dis-
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persals or the presence of closely related species. In the anal-
ysis of mammals, the two forested regions of Central and
West Africa are the most similar. The savanna regions are
also similar, but divide quite strongly into northern (Suda-
nian) and southern (Zambezian) zones, suggesting a natural
break in evolutionary patterns. The Saharan and Somalian
zones link next to the savannas, and it is the southern African
zones (Kalaharian and South African) that are the most dis-
parate. The ‘savanna’ regions are the most similar to each
other (Fig. 6). Other groups of plants and animals show
slightly different patterns. These analyses would suggest
that eastern Africa is, in terms of mammalian evolution and
ecology, more loosely linked to northern rather than southern
Africa, and, as discussed above, the Sahara is a variable bar-
rier. An interesting question is that the nature of the barriers
between equatorial and southern Africa, whether these are
the result of biotic competition or some more physical or
climatic effect.

East-West versus North-South

The analysis of biogeographical zonation of Africa is based
on current distributions, but, as discussed above, this is not
stable. At certain times Affrica is more arid, and the more open
environments expand at the expense of the more humid ones.
When this happens, the ‘corridors of sub-Saharan Africa’ are
north-west, cutting the equatorial rainforests into eastern and
western parts [46]. However, at that time the Sahara is
expanded, acting as a barrier to further northern expansion.
When the climate is more humid, in contrast, the tropical
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forests expand, and cut the savanna regions into northern
(Sudanian) and southern (Zambezian), creating a continuous
forested distribution from coast to coast. At these times, how-
ever, the Sahara would have been an extension of the Suda-
nian region, and therefore a conduit to the north and Eurasia.
This oscillation would mean that Africa alternates between a
region with a north-south axis of movement, with a northern
cap, and periods when it has an east-west-axis, but reduced
barriers to the north [21].

Mosaic environments

Another perspective on Africa is as a set of mosaic environ-
ments. Where Eurasia is dominated by latitudinally-banded
habitats, Africa is a more patchy set of environments, shaped
by not just latitude, but also topography, relief and rainfall
patterns. The result, particularly on the eastern side of the
continent, is a mosaic structure of habitats. Mosaic environ-

ments are effectively regions with high environmental diver-
sity, where it is possible to travel relatively short distances
and cross a number of habitat boundaries. It has been argued
that these mosaic habitats can promote local adaptations,
form refugia and high levels of endemism, and will conse-
quently have high rates of speciation. These mosaic habitats
often coincide with biodiversity hotspots and also areas with
high extinction risk. Palaecoanthropologists have often pro-
posed that the mosaic environments played a critical role in
the early stages of hominin evolution [55,56], and the EARS
is particularly noted for the high level of habitat diversity
occurring within it. And in particular greater seasonality, a
key selective pressure [57].

Topography

One of the variables that promote a high level of mosaicism
in a region is a variable topography, or high relief. King and
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colleagues have made a strong case for linkage between high
relief and hominin evolution in Africa [57-59]. The argu-
ment is that traits such as bipedalism are advantageous in
regions with high relief, as well as providing suitable habi-
tats in terms of resource availability and distribution. They
also suggest that the distribution of hominin occupation, and
the regions to which they disperse tend to be ones with high
topographic relief. As always, there may be taphonomic fac-
tors involved, but there are also good ecological reasons for
such a correlation, including the presence of water, shelter
and protection, and good hunting conditions.

Water

While the requirements and availability for food resources
will vary with habitat, water is a constant. Hominins are
strongly water-dependent animals [55], and there are argu-
ments that their dependence upon sweating for thermoregu-
lation makes them particularly water-dependent. Access to
surface water is critical, and this in turn varies enormously.
In deserts, the mean distance between water sources is over
30 km; for most other habitats it is between 3 and 5 km, and
in the savanna/bush environments in which it is hypothe-
sised much of human evolution occurs, it is between 5 and
10 km [60] (Fig. 7). These average figures, of course, con-
ceal considerable variation, and it is likely that actual land-
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scape distributions of hominins will have been patchily
determined by water distribution.

Ecological and biogeographic context
for hominin evolution in Africa

The abundant genetic, archaeological and palacontological
evidence that places the Afrotropical realm at the centre of
many aspects of hominin evolution implies that there are
many reasons for focusing on the ecological and biogeo-
graphic context of Africa to understand why this is the
case. Several factors contribute to that context, and these
emphasise not only the homogeneity of Africa relative to
the rest of the world, but also the variable and dynamic
nature of it. That variability can explain not just the impor-
tance of the Afrotropical realm, but why particular parts of it
may play key roles in hominin evolution. Among these are:

e areas of high diversity, which occur both in the rain forests
and in the EARS, may act as sources for evolutionary
novelty, with higher rates of speciation, and therefore
the potential for dispersals of new populations to their
zones of endemism. These areas of high diversity may
relate to broader climatic, topographic variables, habitat
distribution and diversity and water availability;

e from the perspective of evolutionary geography, Africa
is neither homogenous nor stable. As an evolving
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community of plants and animals, geographical facts have
shaped the patterns observed, and in turn these patterns
show a strong spatial structure. Large scale basin struc-
tures play a strong role, although there are also broader
zoogeographic structures. Changes in these over time
result in different configurations of Africa and the Afro-
tropical realm — ‘greater’ and lesser, with or without a
Saharan barrier, and with either a north-south continuity
of open savannas, or an east-west continuity of forests.
These shifts are important in terms of isolation and pat-
terns of gene flow;

® actual geographical position is also an important factor.
The similarity coefficients of mammalian regions [54]
showed, for example, southern Africa was relatively iso-
lated from the rest, while Holt et al [39] also showed how
the Sahara was more closely related to the south-western
parts of Asia. The implication is that these are distance
effects, and are likely to have shaped hominin population
relationships and probabilities of dispersal. Put simply, it
is impossible to disperse into Eurasia without going
through north-eastern Africa.

African evolutionary geography and hominin evolution

Hominin evolution is a complex and multiphase process that
occurs over more than seven million years on current evi-
dence. As stated at the outset, much of that occurs in the
Afrotropical realm. How much can the evolutionary geogra-

phy and ecology of Africa described above provide insights
into these events. Table 2 shows the principal elements of
African evolutionary geography discussed, and the implica-
tions for patterns of hominin evolution.

Many of the underlying ecological principles and homi-
nin implications relate primarily to distributions and diver-
sity — broadly speaking macroevolutionary patterns that are
shaped by geographical factors. This is, in essence, the con-
tribution of evolutionary geography. Most of the expecta-
tions for hominin evolution are that there should be greater
diversity, endemism and evolutionary novelty in Africa com-
pared to other regions, and in tropical Africa relative to other
parts of Africa. The expectations from evolutionary geogra-
phy can apply to all phases — the diversity of the earliest
hominins with several genera, probably associated with the
emerging adaptations to ground-dwelling through bipedal-
ism, the peak diversity of Plio-Pleistocene hominins, the
complex biogeography of early Homo across eastern Africa
and into the Caucasus, and the multiple dispersals of novel
taxa from Africa into Eurasia during the Pleistocene. They
are all broadly consistent with the current data, although, as
stressed at the outset, it is not possible entirely to disentangle
these from taphonomic factors.

What is less clear is the extent to which the adaptive trends
of hominin evolution — as opposed to macroevolutionary
patterns — are also influenced strongly by the African con-
text. In general terms they must be, as the adaptive traits of
hominins are solutions to the problems of survival and repro-
duction at particular times and in particular places in Africa.
For this a different approach is required, one that is based
more closely on the adaptive traits of hominins — bipedalism,
technology, changes in life history strategy, changes in diet,
encephalisation and the development of an enhanced capacity
for culture — in other words whether this approach relates
only to macroevolutionary patterns, or microevolution and
adaptation. For example, what are the particular elements of
the African evolutionary and ecological environment that
makes bipedalism an optimal solution for a hominoid? Or,
what adaptive problems does the development of lithic tech-
nology solve for hominins in East Africa around or before
3.3 Ma? To put it another way, while the evolutionary geog-
raphy might predict a higher rate of speciation and evolution-
ary novelty in Africa compared to other regions, further com-
ponents and a much more fine-grained analysis would need to
be added to the model to explain why that novelty might be
bipedalism or larger brains.

Conclusions
Conclusive evidence from genetics, archaeology and

palacontology has shown the central role of Africa in homi-
nin evolution. That centrality can be measured by the
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Table 2 Evolutionary processes and patterns discussed in the text, and applications to hominin evolution / Processus et modéeles dis-

cutés dans le texte, et implication concernant I’évolution des hominines

Evolutionary geography component

Hominin applications and hypotheses

Latitudinal gradient: higher taxic diversity in equatorial Africa
relative to both northern and southern Africa, and Eurasia

Sahara as a variable barrier: under warmer and wetter
conditions, the Sahara is an extension of Sudanian Zone,
and does not act as a barrier-open

Sahara as a variable barrier: under drier and colder conditions
the Sahara expands and forms a barrier between northern
and southern Africa

Greater Africa: the more open environment elements of Africa
to the east and north expand into Eurasia (‘Savannastan’)

Lesser Africa: environmental differences and barriers such
as the Sahara lead to a more restricted Afrotropical geographical
range

Inter-continental endemism: tropical areas such as Africa have
higher levels of endemism relative to Eurasia

Intra-Africa endemism: East Africa has higher levels

of endemism than other parts of Africa

Co-evolution: due to competitive interactions and shared
environmental dynamics, there will be co-evolution among
lineages in the same regions

More hominin species have African origins

More hominin species occur only in Africa

There is higher hominin diversity in tropical Africa compared
to northern and southern Africa

Continuity of hominin populations across Africa and into
southern Eurasia during wet phases

Out of Africa dispersals during wet phases

Admixture and cultural contact between northern African
and southern Eurasian populations during wet phases

Isolation of sub-Saharan hominin populations

Early hominins limited to sub-Saharan Africa
Divergence of Eurasian and sub-Saharan lineages, such
as Neanderthal/Denisovans and ancestors of anatomically
modern humans

Northern Africa and southern Eurasia could have formed

a hominin metapopulation during these times

This may fit the observed complex diversity of early Homo
between 2 and 1.6 Ma

Some genetic evidence may indicate a similar metapopulation
after the early dispersals of modern humans, but prior

to the separation of Eurasians and Papuans/Australians

Restricted and fragmented populations in sub-Saharan Africa
may have created the conditions for population structuring
implied by the human evolutionary genetics

The African and Eurasian phylogeny proposed for Lower

and Middle Pleistocene Homo may reflect the sustained nature
of ‘lesser Africa’ at various periods

Most hominin taxa originate in Africa

Most hominin taxa occur in Africa

Relative to other parts of Africa, East Africa has higher rates
of origin of taxa and higher diversity

If hominin lineages evolved primarily in eastern Africa, then
there would be a greater correlation between co-evolutionary
and dispersal events in that region compared to other parts
of Africa

If hominin lineages evolved primarily in eastern Africa, then
there would be a greater correlation between co-evolutionary
and dispersal events in that region compared to other parts
of Africa

(Suite page suivante)
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Table 2 (suite)

Evolutionary geography component

Hominin applications and hypotheses

African basins and biogeographic phylogeny: biogeographical
zonation in Africa is structured to a large extent by major
topographic basins, which determine levels of endemism

and zoogeographic relationships between basins

East-West humid connectivity versus north-south savanna
connectivity: during arid phases the primary routes for range
dispersals are north-south, by open habitat organisms; during
humid phases it is east-west and dominated by forest organisms

Mosaic environments: some African regions have high
environmental diversity, which promotes local adaptations, form
refugia and high levels of endemism

Topographic variation: variation in relief promotes habitat
diversity and isolation, and thus species diversity and endemism

Water: water is one of the primary determinants of distribution
and habitat, and in addition to its broader impact on productivity,
surface water availability constrains water-dependent species

Patterns of hominin physiology, affinity and dispersals should
match the distribution of African basins, and their proximity

to each other

The relative isolation of the southern African biomes; the split
between Zambian and Sudanian savannas

Southern Africa should have a hominin evolutionary history that
reflects greater levels of isolation and terminal refugia, possibly
with later extinction dates

If hominins were largely adapted to the more open environments
of sub-Saharan Africa, then during more arid phases there would
have been range expansion and dispersals from eastern

to southern Africa (and vice-versa); during warmer and wetter
phases, eastern and southern Africa would have been less
connected

Little is known about the western extensions of hominins,

but these would have been more likely during more arid phases

Although taphonomy may well be a factor, the high level
of hominin diversity in East Africa coincides with the high levels
of habitat diversity found in the EARS

Hominins may have had a preference for areas with relatively
high relief, although this would be difficult to disentangle
from taphonomic factors

At the meso- and microscale, hominin distributions
(and their archaeological record) will be restricted to areas with
surface water

number of significant first appearances, by the high levels of
evolutionary endemism, by the high level of taxonomic
diversity, and the strong directionality of dispersals from
Africa to Eurasia across the Pleistocene. Evolutionary genet-
ics is also showing that Africa was the source for the ances-
tral modern human populations, and that genetic diversity
declines from Africa. These are straightforward facts, and
appear to be as secure as any major finding in evolutionary
history. There is inevitably a form of phylogenetic bias
involved; given the original African origin of the hominin
clade and its solely African distribution for several million
years. However, that this pattern continues after the first Eur-
asian dispersals remains an interesting observation.

These facts sum together as the Afrotropical model of
hominin evolution, namely that hominin evolution is rooted
in a distinct zoological region. The challenge addressed in
this article has been to connect this model to a broader range
of evolutionary theory and biology. Evolutionary geography
provides one such body of theory; using the way in which

evolutionary processes play out over different spatial
scales provides the basis for exploring whether what is
seen for hominin evolution reflects the broader rules of bio-
geography — the higher levels of endemism and speciation
in the tropics, the operation of latitudinal gradient rules and
comparisons with evolutionary patterns in other groups of
plants and animals. All of these lead to the conclusion that
there are good reasons why it might be expected that such
phenomena as higher hominin diversity occurs in Africa
compared to other continents, or why dispersals tend to be
from Africa to Eurasia. This approach, while largely con-
firming the current findings, could be extended to develop
more detailed predictions for hominin evolution. What
might be the next challenge would be considering the cases
in hominin evolution that do not conform to these general
rules — the possibility of dispersals from Eurasia into Africa
at the base of the African ape/human lineage, the possibil-
ity of convergence in behaviour between Eurasian and Afri-
can hominins, the Eurasian divergence of Neanderthal and
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Denisovan lineages — in other words, developing an evolu-
tionary geography framework for Eurasia.

Finally, it is worth emphasising what is not claimed in this
article — that hominin evolution could only have occurred in
Africa. The broad rules of evolution that have been used to
understand why there is a consistency between principles
and observations within hominin evolution are not fixed
and deterministic rules, but statistical properties, patterns
and trends that are more likely to occur than not. But evolu-
tion is also full of exceptions, of unusual conditions, of
chance and convergence. If — to develop Gould’s thought
experiment [61] — we were to rerun the tape of life a million
times, in most of those evolutionary histories “hominin”
evolution probably would not occur. Among those where it
did, there would, no doubt, be histories where the emergence
of a highly intelligent and cultural creature occurred under
different geographical conditions, in Asia, in Europe, in the
Americas. But, the largest proportion of alternative histories
are likely to be in the tropics and in Africa.
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Abstract The standard ASUDAS scoring system (Arizona
State University Dental Anthropology System) is used to
assess dental morphological variations in modern humans.
It is also frequently used to study, score, and compare mor-
phological variations in fossil hominin taxa and to examine
their phylogenetic relationships. However, using ASUDAS
in studies of this type is under debate because it is based on
modern Homo sapiens populations and does not appear to
cover all variations observed in fossil Plio-Pleistocene homi-
nins. Our observations and coding of 178 dentals casts of
Plio-Pleistocene specimens based on ASUDAS and from
the literature have confirmed the need to adapt the standard
system to fossil hominins. In this initial study, we propose
that the scoring procedures for some morphological charac-
ters need to be readjusted, while others could be standard-
ized following the ASUDAS system.

Keywords Dental morphology - Plio-pleistocene hominins
- ASUDAS

Résumé Le systéme de codage de référence des caractéres
morphologiques dentaires ASUDAS (Arizona Stade Univer-
sity Dental Anthropology System) est un outil fréquemment
utilisé pour étudier, coder et comparer les différents groupes
d’hominines fossiles. Or, ce systeéme étant basé sur des popu-
lations d’hommes actuels, il ne couvre pas I’ensemble de la
variation morphologique observée sur les hominines plio-
pléistocénes. Une adaptation du systéme de référence a ces
derniers permettrait de renforcer la pertinence de son utilisa-
tion dans les études paléoanthropologiques. Suite a I’examen
morphologique et au codage d’un échantillon de 178 mou-
lages dentaires de spécimens plio-pléistocénes selon les pla-
ques ASUDAS et les données de la littérature, nous avons pu
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e-mail : louailmargot@gmail.com
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confirmer la nécessité¢ d’adapter le systeme de référence
ASUDAS. Dans cette premiére étude, nous montrons que
certains caractéres morphologiques nécessitent un réajuste-
ment de leurs procédures de codage et que d’autres peuvent
faire I’objet d’une standardisation sur le modele ASUDAS.

Mots clés Morphologie dentaire - Hominines plio-
pléistocenes - ASUDAS

Introduction

The Arizona State University Dental Anthropology System
(ASUDAS) is frequently used in taxonomic and phyloge-
netic studies on fossil hominins [1,2]. Published in 1991 by
G. Richard Scott and Christy G. Turner II, ASUDAS covers
> 30 characters considered to be representative of morpho-
logical variations in modern Homo sapiens [3-5]. The
authors describe discrete dental characters and their grades
of expression. For most of the characters, scoring is easier
with the reference plaque, which represents the different
grades of expression. This system is particularly useful
because it makes it possible to standardize scoring, thus
facilitating comparisons between morphological studies:
the primary purpose of the standard ASUDAS is in fact to
standardize the scoring of morphological characters that are
easily and reliably observable. In addition, when taken
together, these traits can be used to characterize popula-
tions [3]. Therefore, dental morphological traits may be rel-
evant either to distinguish between geographic populations
within a species, or to distinguish between taxa at a higher
level [1,6].

This scoring system has also been used to describe dental
morphological variations in fossil hominins. However, some
studies consider that it may not be appropriate for morpho-
logical descriptions of fossil hominin teeth [1,2,6,7] because
it is based on modern human populations (initially, mainly
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Native South American and Arctic populations) [4,5].
Therefore, it seems important to test whether ASUDAS can
encompass the wide morphological variations found in the
different Plio-Pleistocene hominin species.

Many studies have described the dental morphology of
fossil specimens and estimated how dental morphological
variations were distributed across fossil hominin taxa
[e.g.], [8,9]. However, since the publication of ASUDAS
[3] and apart from uploaded versions [4,5], very few authors
have attempted to adapt the system or to propose new stan-
dards that would be required for studies of fossil hominins
[2,6,7,10-14]. This paper reports on our study to test
whether ASUDAS is appropriate to the morphological cod-
ing of Upper Pliocene and Lower Pleistocene hominins, and
to propose possible readjustments to the system.

Materials and Methods

The initial sample was made up of a collection of more than
200 high-resolution silicone (©President light body) dental
crown casts belonging to Sandrine Prat. Because postcanine
teeth have a larger number of morphological characters than
canines and are less subject to sexual dimorphism, this study
focused on premolars and molars. The specimens are from
Upper Pliocene and Lower Pleistocene South and East Afri-
can sites (mainly Sterkfontein, Swartkrans and the Omo val-
ley). One specimen from Dmanisi (D 211) was also included
in the study. The taxa in our sample are Australopithecus,
Paranthropus and early Homo (Table 1).

From the initial collection, we selected maxillary and
mandibular premolars and molars. We excluded third molars
because of their complex and irregular morphology. Teeth
with limited wear or fragmentation (i.e., on which we were
able to observe and score at least one character) were
included in the study. We thus used a sample of 178 teeth:
34 upper premolars, 41 upper molars, 43 lower premolars,
60 lower molars (Table 1).

We scored 22 characters following the standard scoring
procedure developed by Scott and Turner [3-5]. We also
included 11 additional, or revised, characters described in
the literature after the publication of ASUDAS in 1991
[2,6,7,10-14]. These studies described the types of expres-
sion of some additional characters that were relevant to mor-
phological descriptions of fossil hominins and were not
included in ASUDAS [3-5]. The authors [2,6,7,10—14] pro-
posed descriptions and standardizations to complement
ASUDAS, but usually with no reference plaques. We did
not take taxonomic attribution into account during our obser-
vations in order to minimize observer subjectivity, and we
did not analyze and describe characters that appeared to be
constant in our sample (Table 2). Concerning the revised or
new characters presented in this study, we tested both intra-

observer variability (scored three times by M.L.) and inter-
observer variability (scored by S.P. and M.L.). Inter-trait cor-
relations were estimated with Kendall’s T test using only one
tooth from each district. The frequencies of dental traits are
provided for each taxon in our sample. Specimens with
uncertain taxonomic attribution, as for “non-robust” speci-
mens, are not counted in the trait frequencies. The distribu-
tion of frequencies between taxa is estimated and compared
by means of a Fisher exact test, as the very small samples
prevented us from applying a chi-squared test. Groups with
< 2 specimens were not included in the Fisher exact test.

Results and discussions

We propose an initial approach for several dental characters
and additional grades for existing traits that would allow
more accurate assessments of dental morphological varia-
tions in Plio-Pleistocene hominins, and a standardization of
their scoring procedures. We observed that 19 ASUDAS
characters are well suited to studies focusing on Plio-
Pleistocene hominins (Table 2), which means that the stan-
dard system can be used to score Plio-Pleistocene hominins.
Three ASUDAS characters needed a readjustment of their
scoring procedures (Table 3). A new scoring procedure for
the protostylid is proposed, to combine the ASUDAS refer-
ence plaque and the types of expression described by Hlusko
[7] (see below). Seven additional characters are well suited
when applied to Plio-Pleistocene hominins (Table 4). We
argue that three characters already described in the literature
(Table 5) are observed in particular in Plio-Pleistocene homi-
nins [6,14] and should therefore be integrated into the stan-
dard system with their initial scores. This study also pro-
poses descriptions and scoring procedures for three new
characters (Table 6), including disto-buccal cusplets on
lower premolars as described in Suwa’s thesis on upper
premolars.

With regard to intra- and inter-observer errors, we found
very high replicability for a single observer and no less than
77% replicability between the two authors. No significant
differences were apparent. Inter-observer errors were esti-
mated at 88% and 98% for disto-buccal cusplets on upper
and lower premolars, respectively, 93% for hypocone reduc-
tion, >99% for double cusp 5, 81% for the distal fovea, 80 %
for the hypoconulid, 89% for the protostylid, 98% for double
cusp 6, and 77% for the mesial marginal ridge. Concerning
inter-trait correlations, most significant correlations (p<0.05)
do not exceed 1=0.4 or —0.4 (LM1 double cusp 6 and mesial
marginal ridge, LM 1 mesial marginal ridge and cusp 7, LM1
mesial marginal ridge and deflecting wrinkle, LM1 hypoco-
nulid and Y-pattern, LM1 mesial marginal ridge and proto-
stylid, LM2 double cusp 6 and cusp 6, UM1 distal fovea and
crista obliqua, LM2 cusp 5 and cusp 7, UM1 double cusp
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Table 1 List of Plio-Pleistocene hominins studied in this paper / Liste des hominines plio-pléistocénes étudiés dans cet article

Au. afarensis and aff. afarensis Au. africanus

AL 128-23 RP; MLD 2 LM,
RP, LM,
RM, Sts 8 LM!
RM, LM?

AL 145-35 LM, Sts 9 RM,
LM, Sts 24 LP?

AL 199-1 RP? LM!
RP* LP;
RM! RM,
RM? Sts 51 RP;

AL 200-1a LP? Sts 55 LP?
LP* Sts 56 LM!
LM! Stw 151 LM,
LM? Stw 252 LP3

AL 333w—1b RP, LP*
RM, LM!
RM, LM?

B7-39A LP? Taung 1 LM,

B7-39B Lp* T™ 1511 RP?

B7-39C LM! T™ 1523 LP,

B8-23A Lp*

B8-23B LM!

B8—4q Lp*

B8-49 LP*

LH 2 RM,

W7-23 LP,

W7-508 RM,

W8-751 LP,

W8-978 RP;

W8-749 RM! °r 2

W8-988 LpP*

Au. bahrelghazali

KT1 LP;
LP,
P. aethiopicus P. boisei
F22-1a RM, L628-9 LM o 2
L51-79 RP4 L628-10 LM,
L62-17 RM, L726-11 RP? lingual
fragment
L338x35 RP’ WT 37747 RM'
L338x40 LP, WT 47844 RM;
L398-120 RP; lingual fragment
[L398-1223 RP, lingual fragment
L420-15 LP, buccal fragment
L465-111 LP;
Omo 18-68-31 RP;
Omo 18-68-33 LP;

(Suite page suivante)
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Table 1 (suite)

Omo 18-68-34 LM, o 2
Omo 18-70-1799 LM!
Omo 33-71-508 LP,
Omo 1362 LM; o 3
P. robustus Early Homo
SK 1 LM, K7-19 LM,
SK6 LP, L26-1G LM,
LM, OH 7 LP;
LM, LP,
SK 7 RP, LM,
SK 9 LP, LM,
SK 24 LP? OH 13 RP?
SK 33 RP? RP?
SK 61 RM, LM!
RM, LM?
SK 88 LP, OH 21 LM! Germ
SK 89 LM! OH 22 RP;
SK 98 LM? RP,
SK 102 LM' RM,
SK 104 RM, RM,
SK 823 RP? Omo 29-1968—43 RP;
SK 824 Lp* Omo 74-18 RP,
SK 825 Lp* Omo 123N-1973-5495 RP;
SK 831 RP; Omo 177-4525 RP;
SK 832 LM! Omo SHI1-1-17 LM!
SK 834 RM? P933-1 LM!
SK 835 LM? SE 255 RM'
RM, SK 15 RM,
RM, RM,
SK 837 RM? SK 27 LpP3
SK 843 LM, RM?
LM, SKW 3114 LM?
SK 857 RP; SKX 258 LM,
SK 3974 RM; SKX 268 RM'
SK 3976 LM, WT 42718 RM,
SK 13114 RP? WT 47767 LM?
RP*
LM!
RM?>
SK 1587a LP,
LM,
LM,
SKW 5 RP;
RP,
RM,
RM,
SKW 4767 RM,
SKW 4772 RP*
SKW 14129 RM!

(Suite page suivante)
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SKX 162 RP?
RP*
SKX 4446 RP,
RM,
RM,
SKX 26625 Lp*
T™ 1517 LP?
Lp?
LM!
LM?
LP;
LP,
RM,
RM,
H. georgicus Uncertain
D211 LP; KB 5223 RM?
LP, LM,
LM, L28-31 RM; o >
LM, L45-2 RM, o »
L50-2 LM! or 2
L51-1 LM,
L51-2 LM! °r 2
L51-4 LM! °or 2
L51-80 RP,
L795-1 RM; o 3
Omo 69-900 Lp?
Omo 212-1950 LM,

5 and cusp 5, LP4 disto-buccal cusplet and metaconid place-
ment, UP4 disto-buccal cusplet and accessory marginal
tubercles). Those ranging from (—)0.4 to (—)0.6 are not
judged to be high enough to discard any character [5]
(LM1 double cusp 6 and cusp 6, LM1 double cusp 6 and
cusp number, LM1 mesial marginal ridge and cusp 6, LM1
mesial marginal ridge and cusp number, LM2 double cusp
6 and deflecting wrinkle, UM1 hypocone and lingual para-
cone tubercle, LP4 disto-buccal cusplet and mesio-lingual
groove, LP4 disto-buccal cusplet and crown asymmetry).
The highest significant correlations were found between
LM1 cusp 6 and double cusp 6 (t=0.6, p=0.00007) and
between cusp 6 and mesial marginal ridge (t=0.6, p
=0.0002). The lowest significant correlation was found
between LM1 mesial marginal ridge and protostylid
(=—0.3, p=0.02).

Readjustment of scoring procedures for ASUDAS
characters

Concerning the readjustment of the scoring procedure, our
observations suggest adding a sixth development grade for
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two characters: the hypocone on upper molars and the hypo-
conulid on lower molars. Additional grades described by
Hlusko [7] are confirmed for the protostylid expression on
lower molars.

Hypocone, upper molars (Table 3)

A large proportion of modern humans show an extreme
reduction, and sometimes the complete absence [3], of this
distolingual cusp, or hypocone, on upper molars. In our sam-
ple, only one molar (e.g., SK 27, Paranthropus robustus)
shows a significant reduction of this cusp whereas the major-
ity of the sample has either a large or very large hypocone,
i.e., grades 4 and 5. In ASUDAS, the expression types are
described according to the absolute size of the cusp. How-
ever, some Plio-Pleistocene hominins show a fourth cusp
that exceeds the size of the grade 5 (n=17). We propose to
add a sixth development grade described as: “Cusp 4 is
much larger than metacone and shows a distolingual projec-
tion” (Fig. 1). Because this character is not illustrated in the
current ASUDAS although it is observed on several speci-
mens, it should be incorporated into the standard system.
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Table 2 List of constant ASUDAS dental characters used in this study [3-5,11] / Liste des caractéres morphologiques dentaires
ASUDAS constants utilisés dans cette étude [3-5,11]

Upper premolars
Disto-sagittal ridge [3-5]
Presence of a ridge from the apex of the buccal cusp to the distal occlusal border at the sagittal sulcus

Grades: 0 (absence), 1 (presence)

Secondary marginal tubercles [3,4]

Presence of a secondary mesial or distal tubercle on the marginal ridge
21. Grades: 0 (absence), 1(presence)

Tricuspid premolars [3]

Presence of an additional distolingual cusp

Grades: 0 (absence), 1 (presence)

Lower premolars

Lingual cusp number [3-5]

Number and relative size of lingual cusps

Grades: A (absence), 0 (one lingual cusp), 1 (one or two lingual cusps), 2 (two lingual cusps; mesial cusp much larger than distal
cusp), 3 (two lingual cusps; mesial cusp larger than distal cusp), 4 (two lingual cusps; mesial and distal cusps equal in size), 5
(two lingual cusps; distal cusp larger than mesial cusp), 6 (two lingual cusps; distal cusp much larger than mesial cusp), 7

(two lingual cusps; distal cusp very much larger than mesial cusp), 8 (three lingual cusps; cusps equal in size), 9 (three lingual cusps;
mesial cusp larger than medial and/or distal cusp)

Secondary mesial ridge [4,11]

Development of a secondary ridge on the mesiolingual border of the tooth

Grades: 0 (absence), 1 (presence)

Secondary distal ridge [4,11]

Development of a secondary ridge on the distolingual border of the tooth

Grades: 0 (absence), 1 (presence)

Upper molars
Metacone [3,5]
Presence and size of the disto-buccal cusp

Grades: 0 (absence), 1 (an attached ridge is present but there is no free apex), 2 (a slight cusplet with a free apex is present), 3 (slight
cusp is present), 3.5 (medium-sized cusp), 4 (large cusp), 5 (very large cusp)

Parastyle [3-5]

Development of a cingular remnant on the buccal surface of the paracone

Grades: 0 (absence), 1 (a pit is present in the buccal groove between cusps 2 and 3), 2 (small cusp with an attached apex), 3
(medium-sized cusp with a free apex), 4 (large cusp with a free apex), 5 (very large cusp)

Carabelli’s cusp [3-5]

Development of a cingular remnant on the lingual surface of the protocone

Grades: 0 (absence), 1 (a groove is present), 2 (a pit is present), 3 (small Y-shaped depression), 4 (large Y-shaped depression), 5
(small cusp without a free apex), 6 (medium-sized cusp with an attached apex making contact with the medial lingual groove), 7
(large free cusp)

Cusp 5 [3-5]

Presence and size of a fifth cusp between cusps 3 and 4

Grades: 0 (absence), 1 (slight cusplet), 2 (trace cusplet), 3 (small cusplet), 4 (small cusp), 5 (medium-sized cusp)

Secondary mesial marginal tubercles [4]

Presence of secondary tubercles on the mesial marginal ridge

Grades: 0 (absence), 1 (mesial paracone tubercle), 2 (protoconule), 3 (secondary mesial tubercle), 4 (lingual paracone tubercle)

Lower molars

Groove pattern [3-5]
Grades: Y (cusps 2 and 3 are in contact), + (cusps 1 to 4 are in contact), X (cusps 1 and 4 are in contact)
(Suite page suivante)
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Table 2 (suite)

Cusp 6 [3-5]

Presence and size of the entoconulid, between the hypoconulid and the entoconid

Grades: 0 (absence), 1 (cusp 6 much smaller than cusp 5), 2 (cusp 6 smaller than cusp 5), 3 (cusps 6 and 5 equal in size), 4 (cusp
6 larger than cusp 5), 5 (cusp 6 much larger than cusp 5)

Cusp 7 [3-5]

Presence and size of cusp 7, or metaconulid, between cusps 2 and 4

Grades: 0 (absence), 1 (slight cusp), 2 (small cusp), 3 (medium-sized cusp) to 4 (large cusp)

Cusp number [3-5]

Cusp number does not include cusp 7.

Grades: 4 (protoconid, metaconid, entoconid, hypoconid), 5 (with hypoconulid), 6 (with entoconulid)

Deflecting wrinkle [3-5]

Presence and shape of the medial ridge on cusp 2

Grades: 0 (absence), 1 (medial ridge is straight but with a midpoint constriction), 2 (medial ridge is deflected distally but does not
make contact with cusp 4), 3 (medial ridge is distally deflected forming an L-shaped ridge and comes in contact with cusp 4)
Anterior fovea [3-5]

Development of a triangular depression distal to the mesial marginal ridge

Grades: 0 (absence), 1 (faint groove), 2 (groove deeper than in grade 1), 3 (groove longer than in grade 2), 4 (groove is very long
and mesial ridge is robust)

Distal trigonid crest [3-5]

Presence of a ridge connecting the distal borders of cusps 1 and 2

Grades: 0 (absence), 1 (presence)

Mid-trigonid crest [5,10,11,13]

Presence and shape of a ridge connecting the mesial aspects of cusps 1 and 2

Grades: 0 (absence), 1 (interrupted crest), 2 (crest forms a complete bridge)

Table 3 List of ASUDAS characters for which scoring procedures need readjustment [3—7] / Liste des caractéres ASUDAS nécessi-
tant un réajustement de leurs procédures de codage [3-7]

Upper molars

Hypocone [3-5]
Presence and size of the distolingual cusp
Grades: 0 (absence), 1 (slight ridging present at the site), 2 (slight cusplet), 3 (small cusp), 3.5 (medium-sized cusp), 4 (large cusp), 5

(very large cusp)
Grade 6 (this study): cusp 4 is much larger than metacone and shows a disto-buccal projection

Lower molars

Hypoconulid [3-5]

Presence and size of the most distal cusp between cusps 3 and 4

Grades: 0 (absence), 1 (very small cusp), 2 (small cusp), 3 (medium-sized cusp), 4 (large cusp), 5 (very large cusp)

Grade 6 (this study): cusp 5 is larger than the hypoconid and the entoconid

Protostylid [3-7]

Development of a cingulum derivative on the buccal surface [7], or a paramolar cusp according to the ASUDAS description [3-5].

Grades: 0 (absence), 1 (buccal pit), 2 (very slight swelling), 3 (slight positive expression), 4 (moderate positive expression), 5
(strong positive expression), 6 (pronounced positive expression), 7 (most distinctive form of protostylid, expressed as tubercle)
Additional grades ([7], this study): 4A (V-cleft centrally located on the buccal groove. The bottom of the groove is covered with
enamel), 4B (robust cingulum parallel to the occlusal surface and centrally located on the buccal groove, with a cusplet frequently
observed), 6A (deep linear cleft parallel to the occlusal surface and extending mainly onto the protoconid. The bottom of the buccal

groove is covered with enamel), 7A (linear cleft extends onto the mesial border of the protoconid and expands on the buccal side)
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Fig. 1 ASUDAS reference plaque, hypocone, upper molars [3—5] and grade 6 (this study). Scoring: grade O (absence) to 5 (very large
cusp); grade 6 (mirror image of Sts 8, Au. africanus, LM2): cusp 4 is much larger than metacone and shows a distolingual projection.
Occlusal views. Scale bar = 1 cm / Plaque de référence ASUDAS pour le caractére hypocone sur les molaires supérieures [3-5] et stade
6 (cette étude). Codage : 0 (absence) a 5 (tres large) ; Stade 6 (image en miroir de Sts 8, Au. africanus, LM?2) : [’hypocone est plus large

que le metacone et présente une projection distolinguale. Vues occlusales. Echelle = 1 cm

Frequencies of grade 6 for this character are 1/4 for Austra-
lopithecus africanus M' and 2/2 for M? (Table 7). Frequen-
cies for P. robustus M" are 3/6 and 4/6 for M?. It seems less
frequent on Australopithecus afarensis (1/5 for M" and 1/2
for M?) and early Homo (2/6 for M' and 0/4 for M?) upper
molars. With regard to grade 6, we did not find any signifi-
cant differences between taxa (p>0.07), even for all upper
molars and species grouped together (p>0.05).

Hypoconulid, lower molars (Table 3)

Cusp 5, or the hypoconulid, is the most distal cusp and
occurs on lower molars between the hypoconid and the ento-
conid. It is scored according to the absolute size of the cusp
and only if cusp 6 is absent. It is variable in size in modern
humans and may be absent [3]. However, cusp 5 occurs in all
of our samples, the majority at grade 3 (medium-sized) or
more. Grade 5 was described by Scott and Turner as “cusp
5 is very large”, but if we try to score our sample against the
reference plaque, some molars show a cusp 5 that is larger

than the maximum grade. We therefore suggest adding a
sixth grade for this character. To facilitate the scoring proce-
dure and to limit bias arising from the size parameter, grade
6 is described as “cusp 5 is larger than the hypoconid and the
entoconid” (Fig. 2). Our results show that grade 6 is mostly
observed on Paranthropus specimens (Table 7). Among the
seven molars with a hypoconulid scored as grade 6, three
(2/11 My and 1/9 M,) are attributed to P. robustus, two
(2/3 M) to Paranthropus boisei, one (1/3 M,) to Paranthro-
pus aethiopicus and one (1/3 M,) to Au. afarensis. None of
the early Homo specimens in our sample have a grade
6 hypoconulid. We did not find any significant differences
with regard to grade 6 between taxa (p>0.1) or when lower
molars and species were grouped together (p>0.2).

Protostylid, lower molars (Table 3)
According to the description made by Scott and Turner [3],

the protostylid is a paramolar cusp that occurs on the buccal
surface of lower molars. It is frequently associated with the

Fig. 2 ASUDAS reference plaque, hypoconulid, lower molars [3—5] and grade 6 (this study). Scoring: grade 0 (absence) to 5 (very large
cusp); Grade 6 (mirror image of KB 5223, uncertain attribution, LM1): cusp 5 is larger than the hypoconid and/or the entoconid. Occlu-
sal views. Scale bar = 1 cm / Plaque de référence ASUDAS pour le caractére hypoconulide sur les molaires inférieures [3—5] et stade 6
(cette étude). Codage : 0 (absence) a 5 (tres large cuspide) ; Stade 6 (image en miroir de KB 5223, attribution incertaine, LM1) : ’hypo-
conulide est plus large que [’hypoconide et/ou l'entoconide. Vues occlusales. Echelle = 1 cm
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buccal groove separating cusps 1 (protoconid) and 3 (hypo-
conid) and the buccal surface of cusp 1. However, a more
recent study [7] showed that in Plio-Pleistocene hominins,
the types of expression of this character were more similar to
the development of a cingular remnant than to that of a cusp.
Hlusko shows that in early hominins, the protostylid is more
closely linked to the buccal groove than in modern humans
and develops parallel to the occlusal surface. In our sample,
almost half (48 %) of lower molars have a developed enamel
crest or a large bulge centrally located on the buccal surface,
extending onto both the mesial and distal cusps and almost
parallel to the occlusal surface, but no apex development.
When these descriptions and scoring procedures are applied
[3-7], it appears that the types of expression described by
Hlusko are more accurate for our sample. Our study thus
confirms the readjustment of the scoring procedure that

Hlusko proposed for the protostylid [7] for Plio-Pleistocene
hominins. Indeed, one specimen, at least, can be associated
with each grade she proposed, unlike Scott and Turner’s
grades. Our proposal is to incorporate some of her newly
described developmental stages in the ASUDAS protostylid
reference and to assign a “model specimen” to each grade
described (Fig. 3).

The following four stages are described in addition to the
reference plaque:

® 4A (similar to Hlusko’s grade 2): V-cleft centrally located
on the buccal groove. The bottom of the groove is covered
with enamel;

® 4B (similar to Hlusko’s grade 3): Robust cingulum cen-
trally located on the buccal groove with no detached apex
but a cusplet frequently observed;

Fig. 3 New reference plaque of protostylid expression in Plio-Pleistocene hominins. ASUDAS reference plaque ([3-5]; occlusal view)
and additional grades (this study and [7]; buccal views). Scoring: 4A. V-cleft centrally located on the buccal groove. The bottom
of the groove is covered with enamel (mirror image of AL 333w-1b, Au. afarensis, RM1); 4B. Robust cingulum centrally located
on the buccal groove with no apex detached but a cusplet is frequently observed (mirror image of SK 3974, P. robustus, RM1); 6A.
Deep linear cleft is almost parallel to the occlusal surface and extends mainly onto the protoconid. The bottom of the buccal groove is
covered with enamel (SK 1587a, P. robustus, LM2); 7A. Deep linear cleft extends onto the mesial border of the protoconid and is buc-
cally expanded. It is almost parallel to the occlusal surface and does not show a free apex as described for the maximum grade in modern
humans (MLD 2, Au. africanus, LM2). Scale bar = 5 mm / Développement du caractére protostylide sur les molaires inférieures
chez les hominines plio-pléistocénes. Plaque de référence ASUDAS ([3-5] ; vue occlusale) et stades supplémentaires (cette étude
et [7] ; vues vestibulaires). Codage : 44. Fissure “en V' centrée sur le sillon vestibulaire. Le bas du sillon est recouvert d’émail (image
en miroir de AL 333w—1b, Au. afarensis, RM1) ; 4B. Cingulum robuste centré sur le sillon vestibulaire sans apex mais fréquemment
associé a des cuspules accessoires (image en miroir de SK 3974, P. robustus, RM1) ; 6A. Fissure linéaire profonde plutot paral-
lele a la surface occlusale et principalement étendue sur le protoconide. Le bas du sillon vestibulaire est recouvert (SK 1587a, P. robus-
tus, LM2) ; 7A. Fissure linéaire profonde étendue sur le bord mésial du protoconide et projetée vestibulairement. La fissure est plutot
paralléle a la surface occlusale et ne présente pas d’apex libre tel qu’observé sur les hommes modernes (MLD 2, Au. africanus, LM?2).
Echelle = 5 mm
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e 6A (similar to Hlusko’s grade 4): Deep linear cleft is
almost parallel to the occlusal surface and extends mainly
onto the protoconid. The bottom of the buccal groove is
covered with enamel;

e 7A (similar to Hlusko’s grade 5): Deep linear cleft extend-
ing to the mesial border of the protoconid and buccally
expanded. It is almost parallel to the occlusal surface
and does not have a free apex as described for the maxi-
mum grade in modern humans.

See Table 7 for details of frequencies for each grade and
species. Note that grade 4A is mainly observed on P. robus-
tus (5/9 M, and 1/10 M,) and is also scored on 1/5 Au. afri-
canus My, 1/3 P. boisei M, 1/4 early Homo M, and 2/3 Au.
afarensis M,. Grade 4B is also mainly observed on P. robus-
tus (2/9 M and 2/10 M,) and is scored on 1/2 P. aethiopicus
M,, but it is not observed on other species. Grade 6A is also
mainly scored on P. robustus specimens (6/10 M; and 1/9
M,) and on 1/3 P. boisei My and 1/5 Au. africanus M;. It is
not observed on Au. afarensis and early Homo molars. Grade
7A seems more randomly distributed: it is observed on 1/5
Au. afarensis My, 1/5 Au. africanus M; and 1/1 M,, 1/9 P.
robustus M and 1/2 P. aethiopicus M. It is not observed on
early Homo molars.

Fisher exact tests did not reveal any significant differ-
ences between taxa on all lower molars graded 4A (p>0.7),
4B (p>0.1), 6A (p>0.07) or 7A (p>0.2).

Incorporation of supplementary morphological dental
characters

Six morphological characters that are not included in ASU-
DAS and their types of expression are described (Table 2).
An accessory distal cusp on molars had already been
described and used for scoring in Bailey and Wood’s study
[6] as “double cusp 6 on lower molars and “cusp 6” on
upper molars.

Disto-buccal cusplet, upper premolars (Table 4); Disto-
buccal cusplet, lower premolars (Table 5)

As ASUDAS scores the number of lingual cusps on lower
premolars [3—5], we propose to take the possible expression
of a secondary buccal cusp into account, on both upper and
lower premolars. In his thesis, Suwa described and scored
the “development of a disto-buccal cusplet” on second
upper premolars [14], but this character can be observed on

décrits dans la littérature [2,10-12]

Table 4 List of constant additional characters described in the literature [2,10-12] / Liste des caracteres supplémentaires constants

Upper premolars

Essential crest [11]

Grades: 0 (absence), 1 (single crest), 2 (bifurcating crest)
Secondary ridges [12]

continuous ridge), 5 (thick continuous ridge)

Presence and shape of the essential crest scored on both buccal and lingual cusps

Presence of secondary mesial and/or distal ridges on the buccal cusp
Grades: 0 (absence), 1 (truncated ridge), 2 (continuous but barely discernable ridge), 3 (thin continuous ridge), 4 (medium-sized

Lower premolars

Transverse crest [10,11]

Mesiolingual groove [11]

Presence of a groove on the mesiolingual aspect of the tooth
Grades: 0 (absence), 1 (presence)

Metaconid placement [10,11]

Position of the metaconid relative to the protoconid

Grades: 1 (mesial), 2 (medial), 3 (distal)

Crown asymmetry [10,11]

Shape of the lingual contour of the tooth in occlusal view

Presence and shape of a ridge connecting the buccal and lingual cusps
Grades: 0 (absence), 1 (interrupted crest), 2 (moderate expression), 3 (marked expression)

Grades: 0 (symmetrical), 1 (asymmetrical), 2 (very asymmetrical)

Upper molars

Crista obliqua [2]

Grades: 0 (absence), 1 (continuous crest)

Presence and shape of a crest connecting the protocone and metacone
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Table 5 List of additional dental characters described in the literature and observed in particular on Plio-Pleistocene hominins [6,14] /
Liste des caracteres dentaires additionnels décrits dans la littérature et particulierement observés chez les hominines plio-pléistocénes

[6,14]

Upper premolars

Disto-buccal cusplet [14]

apex)

Presence of a secondary buccal cusp detached from the main buccal cusp
Grades: 0 (absence), 1 (marked groove on the disto-buccal surface but no or minimal projection), 2 (disto-buccal cusplet with a free

Upper molars

Double cusp 5 [6]

Grades: 0 (absence), 1 (presence)

Presence of a secondary distal cusp, in addition to cusp 5 [6]. Scored only if cusp 5 is also present

Lower molars

Double cusp 6 [6]
Presence of a secondary distal cusp between cusps 5 and 6 [6]
Grades: 0 (absence), 1 (presence)

both first and second upper and lower premolars. A large
proportion of upper and lower premolars (40 % and 13 %,
respectively) in our sample have a single buccal cusp. How-
ever, we observed that a buccal occlusal projection is present
on several premolars on the distal side, which in some
respects can be considered as an apex because it is detached
from the main buccal cusp. Some premolars have a groove
on the buccal surface between the main and secondary cusps.
This groove is marked but the secondary cusp does not seem
to be detached from the main one. Thus, as proposed by
Suwa, the expression of a disto-buccal cusplet on second
upper premolars [14] can be described by three grades for
all the premolars. These two characters on both upper pre-
molars (Fig. 4) and lower premolars (Fig. 5) are scored as
follows:

e (: No disto-buccal cusplet;

e |: Marked groove on the disto-buccal surface but no or
minimal projection;

e 2: Disto-buccal cusplet with a free apex.

Our results show that this character is mainly scored as
present on P. robustus upper and lower premolars (Table 7).
Grade 2 is observed on 3/6 P. robustus P> and 6/7 P*, and on
2/4 P3 and 7/8 P,.

It is also frequently observed on P. aethiopicus (1/1 P,
3/4 P53, and 3/3 P,). It is much less common in other taxa and
more frequent on lower premolars. No Homo specimens
express a grade 2 on upper premolars (0/2 P* and 0/1 P*),
and only 2/7 on lower premolars (1/4 P; and 1/3 P,4). Con-
cerning Au. afarensis, the frequencies for a disto-buccal cus-
plet scored as grade 2 are 0/10 on P* and P*, 1/2 P5 and 2/4
Pg. It is observed on 1/4 Au. africanus P* and 1/2 P;.
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Grades 0 and 1 seem more randomly distributed, but note
that 2/3 P* Au. afiicanus and 5/7 P* are scored as grade
0 whereas it seems less common on other taxa (Table 4).

With regard to grade 0 and grade 2 on upper premolars,
we found a significant difference between Australopithecus
and Paranthropus (p=0.02 and p=0.0005, respectively). No
significant differences appeared for grade 1 on upper premo-
lars (p>0.4). On lower premolars, Fisher exact tests revealed
significant differences between Paranthropus and early
Homo for grades 0 and 2 (p=0.006 and p=0.01, respec-
tively), but not for grade 1 (p>0.6).

Fig. 4 Disto-buccal cusplet, upper premolars [14]. Scoring: 1.

Marked groove on the disto-buccal surface but no or minimal pro-
jection (B7-39A, Au. aff’ afarensis, LP3); 2. Disto-buccal cusplet
with a free apex (SK 824, P. robustus, LP4). Buccal views. Scale
bar = 5 mm / Cuspide disto-vestibulaire sur les prémolaires supér-
ieures [14]. Codage : 1. Sillon marqué sur la surface vestibulaire
mais pas d’apex libre (B7-39A4, Au. aff afarensis, LP3) ; 2. Cuspide
disto-vestibulaire avec apex libre (SK 824, P. robustus, LP4). Vues
vestibulaires. Echelle = 5 mm
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Fig. 5 Disto-buccal cusplet, lower premolars. Scoring: 1. Marked
groove on the disto-buccal surface but no or minimal projection
(TM 1523, Au. africanus, LP4); 2. Disto-buccal cusplet with
a free apex (SK 7, P. robustus, RP4). Buccal views. Scale bar =

5 mm / Cuspide disto-vestibulaire sur les prémolaires inférieures.
Codage : 1. Sillon marqué sur la surface vestibulaire mais pas
d’apex libre (TM 1523, Au. africanus, LP4); 2. Cuspide disto-
vestibulaire avec apex libre (SK 7, P. robustus, RP4). Vues vestibu-
laires. Echelle = 5 mm

Double cusp 5, upper molars (Table 4)

“Cusp 6” on upper molars had already been described and
used for scoring in Bailey and Wood’s study [6]. To avoid
confusion, we prefer to use the term “double cusp 5 on
upper molars rather than “cusp 6, which is described on
lower molars. Our study provides statistical comparisons of
trait frequencies between taxa, and also shows that some
hominin upper molars have a small distal cusp, in addition
to cusp 5. As proposed by Bailey and Wood, we scored the
expression of this character on upper molars as absent (grade
0) or present (grade 1) (Fig. 6). Double cusp 5 is scored as
present on 2/6 P. robustus M' and 1/6 M?. Grade 1 is also

observed on 1/5 Au. afarensis M' and 1/6 early Homo M.
Except for P. robustus specimens, it is not observed on any
other taxa M?s (Table 7).

We did not find any significant differences between taxa
for this character (p>0.3).

Distal fovea, upper molars (Table 5)

On a large proportion of upper molars, a triangular fossa is
present on the occlusal surface and distally to the metacone

Fig. 6 Occurrence of a secondary distal cusp on upper molars [6].
Scoring: 1. Presence (SK 832, P. robustus, LM1). Occlusal view.
Scale bar = 5 mm / Présence d’une cuspide accessoire distale

sur les molaires supérieures [6]. Scoring: 1. Présence (SK 832, P.
robustus, LM1). Vue occlusale. Echelle = 5 mm

étude

Table 6 List of new non-metric dental characters described in this study / Liste des nouveaux caracteéres dentaires proposés dans cette

Lower premolars

Disto-buccal cusplet

apex)

Presence of a secondary buccal cusp detached from the main buccal cusp
Grades: 0 (absence), 1 (marked groove on the disto-buccal surface but no or minimal projection), 2 (disto-buccal cusplet with a free

Upper molars

Distal fovea

fovea which extends almost to the summits of distal cusps)

Development of a triangular depression mesial to the distal marginal ridge
Grades: 0 (absence), 1 (small distal fovea), 2 (large distal fovea. Distal crests on hypocone and metacone converge to form a large

Lower molars

Mesial marginal ridge
Development of the mesial marginal ridge

Grades: 0 (absence), 1 (ridge is continuous and thin), 2 (ridge is uninterrupted, thick and sometimes closes the anterior fovea)
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Table 7 Trait frequencies for each character for all groups / Distributions des fréquences de chaque caractére pour chacun
des groupes
Au. Au. Au. P. P. boisei  P. robustus Early H.
afarensis  africanus  bahrelghazali aethiopicus Homo georgicus
Maxilla
P Disto- 0 2/3 1/4 - 0/1 - 1/6 172 -
buccal cusplet
1 1/3 2/4 - 0/1 - 2/6 1/2 -
2 0/3 1/4 - 1/1 - 3/6 0/2 -
P* Disto- 0 57 /1 - - - /7 1/1 -
buccal cusplet
1 2/7 0/1 - - - 0/7 0/1 -
2 0/7 0/1 - - - 6/7 0/1 -
M' Hypocone 3 0/5 0/4 - 0/1 0/1 0/6 0/6 -
4 1/5 0/4 - 0/1 0/1 0/6 0/6 -
5 3/5 3/4 - 0/1 0/1 3/6 4/6 -
6 1/5 1/4 - 1/1 1/1 3/6 2/6 -
M' Double 0 4/5 4/4 - 1/1 0/1 4/6 5/6 -
Cusp 5
1 1/5 0/4 - 0/1 1/1 2/6 1/6 -
M' Distal 0 1/5 0/4 - 0/1 1/1 0/6 0/6 -
Fovea
1 4/5 2/4 - 1/1 0/1 6/6 1/6 -
2 0/5 2/4 - 0/1 0/1 0/6 5/6 -
M? Hypocone 3 0/2 0/2 - - - 0/6 1/4 -
4 0/2 0/2 - - - 0/6 0/4 -
5 12 0/2 - - - 2/6 3/4 -
6 172 2/2 - - - 4/6 0/4 -
M? Double 0 272 2/2 - - - 5/6 4/4 -
Cusp 5
1 0/2 0/2 - - - 1/6 0/4 -
M’ Distal 0 12 0/2 - - - 1/6 0/4 -
Fovea
1 12 2/2 - - - 4/6 2/4 -
2 0/2 0/2 - - - 1/6 2/4 -
Mandible
P; Disto- 0 0/2 0/2 0/1 0/4 - 0/4 1/4 1/1
buccal cusplet
1 172 1/2 0/1 1/4 - 2/4 2/4 0/1
2 172 1/2 11 3/4 - 2/4 1/4 0/1
P, Disto- 0 1/4 - 0/1 0/3 - 0/8 1/3 1/1
buccal cusplet
1 1/4 - 0/1 0/3 - 1/8 1/3 0/1
2 2/4 - 1/1 3/3 - 7/8 1/3 0/1
M, 3 0/5 0/5 - 0/1 1/3 0/11 0/4 0/1
Hypoconulid
4 0/5 0/5 - 0/1 0/3 3/11 1/4 0/1
5 5/5 5/5 - 1/1 0/3 6/11 3/4 1/1
6 0/5 0/5 - 0/1 2/3 2/11 0/4 0/1
(Suite page suivante)
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Table 7 (suite)
Au. Au. Au. P. P. boisei  P. robustus Early H.
afarensis  africanus  bahrelghazali aethiopicus Homo georgicus
M, 0 0/5 2/5 - 0/1 1/3 0/9 2/4 0/1
Protostylid
1 0/5 0/5 - 0/1 0/3 0/9 0/4 0/1
2 0/5 0/5 - 0/1 0/3 0/9 0/4 0/1
3 0/5 0/5 - 0/1 0/3 0/9 0/4 0/1
4 4/5 0/5 - 0/1 0/3 0/9 0/4 0/1
4A  0/5 1/5 - 0/1 173 5/9 1/4 0/1
4B 0/5 0/5 - 0/1 0/3 2/9 0/4 0/1
0/5 0/5 - 0/1 0/3 0/9 0/4 0/1
0/5 0/5 - 1/1 0/3 0/9 1/4 1/1
6A 0/5 1/5 - 0/1 173 1/9 0/4 0/1
7 0/5 0/5 - 0/1 0/3 0/9 0/4 0/1
TA 1/5 1/5 - 0/1 0/3 1/9 0/4 0/1
M, Double 0 4/4 4/5 - 1/1 173 10/11 5/5 1/1
Cusp 6
1 0/4 1/5 - 0/1 2/3 1/11 0/5 0/1
M, Mesial 0 0/5 1/5 - 0/1 0/3 0/7 1/4 1/1
Marginal
Ridge
1 3/5 1/5 - 171 0/3 2/7 1/4 0/1
2 2/5 3/5 - 0/1 373 5/7 2/4 0/1
M, 3 0/3 0/1 - 0/3 - 0/9 0/4 0/1
Hypoconulid
4 2/3 0/1 - 173 - 4/9 2/4 0/1
5 0/3 1/1 - 1/3 - 4/9 2/4 1/1
6 1/3 0/1 - 1/3 - 1/9 0/4 0/1
M, 0 0/3 0/1 - 0/2 - 0/10 4/4 0/1
Protostylid
1 0/3 0/1 - 0/2 - 0/10 0/4 0/1
2 0/3 0/1 - 0/2 - 0/10 0/4 0/1
3 0/3 0/1 - 0/2 - 0/10 0/4 0/1
4 0/3 0/1 - 0/2 - 0/10 0/4 0/1
4A  2/3 0/1 - 0/2 - 1/10 0/4 1/1
4B 0/3 0/1 - 12 - 2/10 0/4 0/1
1/3 0/1 - 0/2 - 0/10 0/4 0/1
0/3 0/1 - 0/2 - 1/10 0/4 0/1
6A  0/3 0/1 - 0/2 - 6/10 0/4 0/1
7 0/3 0/1 - 02 - 0/10 0/4 0/1
7A  0/3 1/1 - 12 - 0/10 0/4 0/1
M, Double 0 3/3 1/1 - 2/3 - 5/9 4/4 171
Cusp 6
1 0/3 0/1 - 1/3 - 4/9 0/4 0/1
M, Mesial 0 0/3 0/1 - 0/2 - 0/9 0/4 1/1
Marginal
Ridge
1 1/3 0/1 - 0/2 - 1/9 2/4 0/1
2 2/3 1/1 - 2/2 - 8/9 2/4 0/1
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and the hypocone. We propose scoring the expression of the
distal fovea on upper molars as follows (Fig. 7):

e (: Absence, or very slight development;

e 1: Small distal fovea;

e 2: Large distal fovea, distal crests of distal cusps converg-
ing to form a large fossa that extends almost to the summit
of the distal cusps.

The distal fovea seems to be well developed on the major-
ity of early Homo (5/6 M" and 2/4 M? scored as grade 2). P
robustus specimens mainly express a grade 1: 6/6 M' and 4/6
M?Z. We scored the distal fovea as grade 1 on 2/4 Au. afiicanus
M' and 2/2 M. Au. afarensis specimens are only scored as
grades 0 (1/5M" and 1/2 M?) and 1 (4/5 M" and 1/2 M?). The
single P. boisei specimen (M") is scored as grade 0 and the
single P. aethiopicus specimen (M') as grade 1 (Table 7).

Fisher exact tests revealed significant differences in grade
2 between Australopithecus and early Homo (p=0.01) and
between Paranthropus and early Homo (p=0.002). For
grade 1, we found a significant difference only between
Paranthropus and early Homo (p=0.02). No significant dif-
ferences appeared for grade 0 (»>0.5).

Double cusp 6, lower molars (Table 4)

A small secondary distal cusp located between cusps 5 and
6 is often observed on several lower molars. This character
had already been described as “double cusp 6” in several
studies [6,15,16]. Bailey and Wood’s study on occlusal mor-
phology points out that it is useful for distinguishing
between taxa or assessing phenetic relationships [6]. Our
study provides statistical comparisons of trait frequencies
between taxa. This character was scored only if cusps
5 and 6 were present, so that a distinction could be made

between these cusps instead of scoring the same cusp
twice. As proposed by Bailey and Wood, we scored this
character as absent (grade 0) or present (grade 1) (Fig. 8).

This character is observed mostly on P. robustus speci-
mens (Table 7). It is observed on 4/9 M, but only 1/11 M.
Concerning P. boisei specimens, 2/3 M; have a double cusp
6. It is only observed on 1/5 Au. africanus M, and not on M.
It is not observed on any Au. afarensis (0/4 M; and 0/3 M,)
or early Homo (0/5 M; and 0/4 M,). There is no significant
difference between groups with regard to the presence or
absence of double cusp 6 (p>0.08).

Mesial marginal ridge, lower molars (Table 5)

In our sample, Plio-Pleistocene hominin lower molars have
different types of expression of the mesial marginal ridge,
which is absent on some molars but can also be more or
less developed. In a few cases, we observed a thick marginal
ridge that obliterates the anterior fovea.

We propose the following scoring procedure for the
expression of this character (Fig. 9):

® (: Mesial marginal ridge absent or very slight;

® |: Mesial marginal ridge is continuous and thin;

® 2: Mesial marginal ridge is continuous, thick and can
sometimes close the anterior fovea.

A mesial marginal ridge (grades 1 and 2) is frequently
observed on Plio-Pleistocene molars (#=42). In our sample,
it was absent only on two M;, and never absent on M,
(Table 7). We scored this character as grade 2 on 5/7 P.
robustus M; and 8/9 M,. 2/4 early Homo M; and 2/4 M,
express a grade 2. The three P. boisei molars (M) express
a grade 2. The frequencies for grades 1 are 3/5 M, and 1/3
M, for Au. afarensis, and 1/5 M, for early Homo. The

Fig. 7 Distal fovea, upper molars. Scoring: 0. Absence or very slight development (SK 835, P. robustus, LM2); 1. Small distal fovea

(B8-23B, Au. aff- afarensis, LM1); 2. Large distal fovea, distal crests of distal cusps converging to form a large fossa which extends almost
to the summits of distal cusps (KB 5223, uncertain attribution, RM2). Occlusal views. Scale bar = 5 mm / Fosse distale sur les molaires
supérieures. Codage : 0. Absence ou tres faible développement (SK 835, P. robustus, LM2) ; 1. Petite fosse distale (B8-23B, Au. aff afaren-
sis, LM1) ; 2. Large fosse distale. Les crétes distales des cuspides distales se rejoignent a distance formant une large fosse qui s étend pre-

sque jusqu’aux sommets des cuspides distales (KB 5223, attribution incertaine, RM2). Vues occlusales. Echelle = 5 mm

Eavoisz'er



BMSAP (2018) 30:32-48

47

frequencies for grade 2 are 2/5 M, and 2/3 M, for Au. afar-
ensis and 3/5 M; and 1/1 M, for early Homo. We found
significant differences between Paranthropus and early
Homo for grades 0 (p=0.02) and 2 (p=0.04), but not for
grade 1 (p>0.2).

Fig. 8 Occurrence of a secondary distal cusp on lower molars [6].
Scoring: 1. Presence (SK 1587a, P. robustus, LM2). Occlusal view.
Scale bar = 5 mm / Présence d'une cuspide accessoire distale
sur les molaires inférieures [6]. Scoring: 1. Présence (SK 1587a,
P. robustus, LM?2). Vue occlusale. Echelle = 5 mm

Conclusion

Our study based on observations and scoring of 178 premo-
lars and molars demonstrates that the standard scoring sys-
tem for dental morphological characters (ASUDAS) does
not cover all morphological variations in Plio-Pleistocene
hominins. The purpose of this note is to emphasize the
need to develop standard scoring for these characters,
which are useful to assess variations in premolars and molars
in fossil hominins. We propose to readjust this standard scor-
ing system by, firstly, adding grades for the types of expres-
sion of dental characters already described, and secondly, by
including the new types of expression described by Hlusko
[7] on the protostylid reference plaque, and finally by
describing six characters that are not included in the standard
system.

Firstly, our observations suggest that there is a size
parameter that creates a bias in the scoring procedure for
some characters. This is because ASUDAS was established
for the study of modern human teeth, which are smaller than
those of extinct hominins. Therefore, in order to score every
molar in our sample accurately, we suggest adding a sixth
grade for two characters: the hypocone on upper molars and
the hypoconulid on lower molars. We propose a description
based on the size of the cusp relatively to the adjacent cusp,
in order to limit the bias arising from the size parameter.

Furthermore, our study confirms the new scoring proce-
dure developed by Hlusko for the protostylid on lower
molars [7]. According to Hlusko, the expression of this char-
acter in Australopithecus is more similar to that of a cingular
remnant than to that of a cusp as initially described in ASU-
DAS for modern humans. Our observations re-confirm that

Fig. 9 Types of expression of the mesial marginal ridge, lower molars. Scoring: 0. Mesial marginal ridge absent or very slight (Stw 151,
Au. africanus, RM1); 1. Ridge is continuous and thin (W7-508, Au. aff. afarensis, RM1); 2. Ridge is continuous, thick, and can obliter-
ate the anterior fovea (SKW 4767, P. robustus, RM1). Occlusal views. Scale bar = 5 mm / Développement de la créte marginale mésiale

sur les molaires inférieures. Codage : 0. Absence ou faible développement (Stw 151, Au. africanus, RM1) ; 1. Créte continue et fine
(W7-508, Au. aff afarensis, RM1) ; 2. Créte continue et robuste, pouvant combler la fosse antérieure (SKW 4767, P. robustus, RM1).

Vues occlusales. Echelle = 5 mm
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the types of expression described by Hlusko should be illus-
trated in the standard system to allow accurate and standard-
ized scoring for Plio-Pleistocene hominins.

Our study describes six characters that are not included in
the standard ASUDAS [3-5]. A secondary distal cusp on
upper and lower molars has already been described [6] and
our observations also suggest that it may have the potential
to establish distinctions between taxa. We believe that the
disto-lingual cusplet on second upper premolars described
by Suwa [14] can be recorded on both first and second
upper and lower premolars. However, our results suggest
that it is useful for distinguishing P. robustus upper premo-
lars, but that it is more randomly distributed on lower pre-
molars. We have kept a basic present/absent description for
double cusp 5 on upper molars and double cusp 6. However,
we stress the need to propose more accurate scoring proce-
dures that are not based solely on the occurrence (or not) of
the character.
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Abstract Linear marks were observed on the maxillary
zygomatic process of the early Pleistocene hominin fossil
Stw53 from the Sterkfontein cave site. The taxonomic allo-
cation of this specimen is still under debate, as it has been
attributed either to the genus Homo or Australopithecus.
Two alternative hypotheses have been proposed regarding
the taphonomic agent responsible for the linear marks
observed on this specimen. These modifications were ini-
tially assigned to anthropic cutmarks inflicted by stone
tools, thus representing the earliest cutmarks discovered on
hominin remains. Conversely, these linear marks were inter-
preted by others as non-anthropic modifications. In order to
better understand the origin of the linear marks, a new taph-
onomic appraisal of these modifications was conducted
using a multivariate statistical approach complemented by
butchery and trampling experiments on extant mammal
bones. This new study of Stw53 linear marks does not pro-
vide evidence for anthropic activities but, rather, supports
the unintentional origin hypothesis.

Keywords Taphonomy - Cutmarks - Trampling - Stw53 -
Sterkfontein

Résumé Des traces linéaires ont été observées sur le proces-
sus zygomatique de 1’os maxillaire de ’hominine fossile
sud-africain Stw53 découvert dans le site de Sterkfontein.
Lattribution taxinomique de ce spécimen fait 1’objet de
nombreux débats. Il est attribué, selon les auteurs, soit au
genre Homo, soit au genre Australopithecus. Deux hypothe-
ses alternatives ont été proposées concernant I’identification
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de I’agent taphonomique responsable des marques linéaires
de Stw53. La premiére les attribue a des traces de découpe
produites par un artefact lithique. Elles pourraient alors rep-
résenter les plus anciennes marques de découpe retrouvées
sur des restes d’hominine. A I’inverse, ces marques linéaires
ont été interprétées comme des modifications non anthropi-
ques. Afin de mieux comprendre 1’origine des marques
observées sur le fossile Stw53, une étude préliminaire a été
menée en appliquant des expérimentations taphonomiques
afin de produire des marques de découpe et des marques
de piétinement sur des os de mammiféres actuels complétées
par une approche statistique multivariée. Cette nouvelle
étude des marques linéaires de Stw53 remet en cause leur
origine anthropique et soutient plutdt I’hypothése d’une ori-
gine non intentionnelle.

Mots clés Taphonomie - Marques de découpe - Piétinement -
Stw53 - Sterkfontein

Introduction

Since the description of anthropic modifications on the mid-
dle Pleistocene Bodo cranium from Ethiopia [1], several
taphonomic studies have focused on possible perimortem
damage observed on hominin fossil remains [e.g. 2—11].
The early Pleistocene Stw53 hominin cranium specimen is
one of them. Moreover, in late Pliocene and early Pleisto-
cene African contexts, the anthropic origin of linear marks
observed on vertebrate remains has been debated by many
authors [12-19].

Stw 53 hominin cranium was discovered by Alan Hughes
in 1976 in the dolomitic cave of Sterkfontein (South Africa).
It comes from either calcified and decalcified breccia, strati-
graphically derived from either Member 5 [20] or the hanging
remnant of non-tool-bearing Member 4 (Stw53 Infill) [10,21].
According to different authors, an age between 2.6 and
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1.49 million years old is proposed for this specimen [21-23].
No stone tools have been found in association with
Stw53 [21].

The taxonomic allocation of this specimen is under
debate. At the time of its discovery, Stw53 was attributed
to Homo aff. H. habilis [20]. More recently, an allocation
to the genus Australopithecus has been suggested [21],
based on cranial capacity, a braincase frontally narrow and
restricted, a flattened nasal skeleton and large teeth. How-
ever, new analyses based on cladistic [24] and comparative
approaches [25] confirm the previous allocation to the Homo
genus and the species habilis. Following these studies, a new
species, Homo gautengensis, was defined [26], with the
Stw53 specimen as the holotype.

Linear marks were described on the maxillary zygomatic
process of Stw53 and interpreted by Pickering and collea-
gues as “cutmarks inflicted by a stone tool such as a sharp
flake edge” [6]. The interpretation of Stw53 linear marks
was based on macro- and microscopic (i.e. stereo micro-
scope and scanning electron microscope, SEM) observations
of the morphology and orientation of the grooves, their ana-
tomical location, as well as the lack of any other linear mark
on the macromammalian assemblage associated with the
hominin specimen [6]. The striae are located in the masseter
muscle insertion area and have been attributed to a mandib-

ular disarticulation [6]. Several hypotheses were raised to
explain their presence, including “cannibalism, curation,
mutilation, and/or funerary procedures” [6, p. 583].

This assumption has far-reaching implications in terms of
early hominin behaviours, as it would represent the earliest
bone modifications of anthropic origin observed on hominin
fossil [6,27]. Except Sterkfontein with Stw53, only TD6
level (between 800 and 900 ka) of the Gran Dolina site, at
Atapuerca (Spain), has yielded hominin remains bearing cut-
marks for the early Pleistocene period [3-5,8].

Conversely, it was mentioned that the zygomatic bone of
Stw53 was discovered together with sharp-edged blocks
lying against it, which could produce linear marks under
sedimentary pressure and therefore without the action of
any anthropic agent [10]. This raises the question of the dis-
tinction between cutmarks on this bone inflicted inten-
tionally (i.e. by another hominin) and ‘produced naturally
by a small chert block’ [10].

Many authors already showed that marks resulting from
non-anthropic processes (e.g. sedimentary pressure, sedi-
mentary abrasion, trampling) can mimic cutmarks (equifin-
ality) [12-14,16,17,19,28-30]. Some criteria are recurrent
and efficient to distinguish anthropic and trampling modifi-
cations. Among these criteria (Table 1), we can cite the num-
ber of marks in the assemblage and/or in a specimen [15,29],

Table 1 Morphological criteria used in this study to describe taphonomical linear marks on bones / Critéres morphologiques utilisés
dans cette étude pour décrire les marques linéaires taphonomiques sur os

Criteria Variables

1. Number of specimens

2. Bone type 1 = long; 2 = short; 3 = flat

3. Position of marks 1 = shaft; 2 = epiphyses; 3 = variable

4. Association with others marks 0 = absence; 1 = fracture; 2 = polished surface; 3 = scraped surface; 4 = abraded surface;

5 = gnawed surface; 6 = digested surface; 7 = perforated surface; 8 = variable

1 = the whole bone surface; 2 = grouped; 3 = individual; 4 = variable
1 = parallel to the bone axis; 2 = perpendicular to the bone axis; 3 = oblique to the bone axis;

1 =long (> 7 mm); 2 = medium (3—7 mm); 3 = short (< 3 mm); 4 = variable

1 = large (> 1 mm); 2 = small (< 1 mm); 3 = variable
1 = sinuous; 2 = straight; 3 = curved; 4 = variable

1 = V-shaped; 2 = dissymmetric V-shaped; 3 = wide V-shape (with a flat bottom \ /);

1 = on the mark walls; 2 = on the mark bottom; 3 = on both places

5. Number of marks 1 = numerous (> 5); 2 = few (< 5)
6. Distribution of marks
7. Orientation of marks
4 = variable
8. Length
9. Width
10. Depth 1 = large; 2 = medium; 3 = small; 4 = variable
11. Mark trajectory
12. Division of groove ends 0 = absence; 1 = presence
13. Mark cross-section
4 = U-shaped; 5 = variable
14. Shoulder effect 0 = absence; 1 = presence
15. Flaking effect 0 = absence; 1 = presence
16. Internal microstriations 0 = absence; 1 = presence
17. Location of microstriations
18. Shape of microstriations 1 = continuous; 2 = discontinuous; 3 = variable
19. Trajectory of microstriations 1 = sinuous; 2 = straight; 3 = variable
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the random position and orientation of the mark [15,28], the
variation in the dimensions [29,31,32], the shoulder effect
[15], the cross-section shape of the marks and microstria-
tions [30].

In this paper, we propose to further test these two hypoth-
eses by (1) conducting a taphonomic study on the original
fossil Stw53 cranium from South Africa and (2) developing
butchery and trampling experiments on extant mammal
bones in order to better clarify the origin of the marks
observed on the Stw53 specimen. This paper is focused on
the descriptions and interpretations of the modifications
observed on the early Pleistocene Stw53 hominin. Thus,
this article does not aim at describing hominin specimens
bearing cutmarks such as the middle Pleistocene Bodo [1].

Materials and methods

We studied 21 specimens from a reference taphonomic col-
lection, which is hosted at the Institut de paléontologie
humaine (Institute of Human Palacontology) and the
Muséum national d’Histoire naturelle (National Museum of
Natural History), nine experimental specimens and the orig-
inal Stw53 hominin cranium (Table 2). Material from the
taphonomic collection is composed of long (radius, ulna,
metapodial), flat (mandible, scapula) and short (carpal, pha-
lanx) bones from large mammals (reindeer (Rangifer taran-
dus), ox (Bos Taurus) and medium sized species) and one
reindeer antler. This sample bears anthropic (N = 15), carni-
vore (N = 4) and rodent (N = 2) linear marks. Experimenta-
tion was conducted on long, flat and short bones: pig
(Sus domesticus) femur, rib and vertebra of ox and pig.

Two experiments were conducted. Firstly, the trampling
experimental protocol consisted of placing dry bones (pig
vertebra, rib and tibia) in three kilograms of (1) flour and
(2) sand, containing 108 sharp-edged blocks (83g), in order
to observe the impact of the flakes present inside a soft and
abrasive matrix. Flakes using Oldowan techniques were
obtained by Adrian Arroyo with raw material (chert) from
the Sterkfontein Valley. Bones were exposed to trampling by
one of the authors (R. Hanon) for two minutes following the
protocol established by Dominguez-Rodrigo et al. [30],
which was to place dry bones in different sediments and
expose them to trampling for two minutes. Pickering et al.
[6] assumed that the cheek bone is “an area that we argue
was naturally protected, unlikely to acquire the types of ran-
dom scratches imparted by animals trampling around the
cave floor and pushing the bone across abrasive
sediments.” Based on this assumption, we decided to apply
experiments on vertebra, which present the best example of
naturally protected bone area. Furthermore, ribs were also
used due to their flat morphology similar to cranial bones.

Secondly, the butchery experiment was also conducted by
one of the authors (R. Hanon) by defleshing fresh bones with
meat still on them, in order to produce cutmarks on the same
types of anatomical elements as the trampled ones (pig ver-
tebra, rib and tibia), with experimental Oldowan stone flakes
made of the same chert from the Sterkfontein Valley.

Specimens were described using a list of 19 criteria follow-
ing several existing ones available in the literature [15,28—
30,33] and personal observations (R. Hanon) (Table 2) in
order to identify the taphonomic agent(s) responsible for the
marks. All comparative specimens were observed under
Motic SMZ-143 binoculars (10x to 40x) and photographed
using a AD7013MTL Dino-Lite microscope. In addition to
Dino-Lite microscope acquisitions on the original Stw53
specimen (S. Prat), silicone (©President light body) high res-
olution moulds were made by one of us (S. Prat). Four speci-
mens from the reference taphonomic collection (IPH/
MNHN), four experimental pieces (two butchered and two
trampled bones) and Stw53 moulds, were observed with an
environmental scanning electron microscope (ESEM), Tescan
Vega 2 LSU. These analyses were undertaken at the Electron
Microscopy Technical Platform of the Collections Direction
of the Muséum of Natural History in Paris. ESEM acquisition
was conducted according to methods applied by White [1] on
Bodo and Pickering et al. [6] on Stw53.

Furthermore, unlike the previous study on Stw53 [6],
we compared Stw53 marks with our reference taphonomic
collection and experimental material, and we applied statis-
tical methods. Hierarchical cluster analyses [UPGMA
(unweighted pair group method with arithmetic mean), sin-
gle linkage and neighbour joining method] were performed
using PAST (version 2.17) software. The UPGMA is an
agglomerative clustering approach, based on grouping the
most similar specimens together, but with three different
algorithms, which permit the testing of the strength of the
clusters between the three methods. Moreover, multiple cor-
respondence analysis (MCA) was performed to cluster the
marks according to their similarities using XLSTAT (version
2013) software. All analyses were applied to the same taph-
onomic database (Table 2 ).

Results

Using both Dino-Lite and SEM acquisitions on Sterkfontein
specimen Stw53, we observed three groups of linear marks,
as described by Pickering et al. [6] (Fig. 1A-B). All of them
are located on the zygomatic process of the right maxilla,
referred to as Stw53c.

The first set of linear marks observed on Stw53c is a
group of striations composed of a main mark with a wide
V-shaped cross-section (Fig. 1C), which is usually observed
in trampling marks [15]. The main groove is less than 3 mm
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Table 2 Database of the studied bone specimens bearing taphonomical linear marks. Groups are indicated as follows: A = anthropic;
C = carnivore; R = rodent; T = trampling / Base de données des piéces osseuses étudiées portant des marques linéaires taphonomi-
ques. Les groupes sont enregistrés comme suit : A = anthropique ; C = carnivore ; R = rongeur ; T : piétinement
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long, less than 1 mm wide and shallow. A few ancillary
shorter striae are present along the main mark. Those are
sinuous and their cross-sections are relatively wide V-
shaped. Sinuous and discontinuous microstriations are visi-
ble on mark walls.

The second set is composed of two overlapping narrower
and longer striae than the first set (Fig. 1D). They are slightly
more than 3 mm long, less than 1 mm wide and shallower
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than Set 1. We clearly observed relatively wide V-shaped
striae, which can have been produced by trampling [34],
without internal microstriations. One stria has a sinuous tra-
jectory while the other one has a curvy ending (named barb)
which is rarely observed (6/251 marks) in trampling experi-
mental marks [30].

The third set described by Pickering et al. [6] was difficult
to finely observe (Fig. 1E), even with a Dino-Lite
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Fig. 1 A: Reconstitution of early Pleistocene hominin cranium Stw53 [15]. B: Stw53c¢ maxillary zygomatic process and location
of the 3 sets of linear marks (pictures taken by S. Prat). C: Set I under Dino-Lite and SEM; D: Set II; E: Set IIl / Une reconstitution
du cranium Stw53, hominine du Pléistocene inférieur [15). B : Processus zygomatique de [’os maxillaire Stw53c et la localisation
des trois groupes de marques linéaires (photo S. Prat. C : Groupe [ sous Dino-Lite et MEB ; D : Groupe I ; E : Groupe III)

microscope. Using the SEM, we observed three very short No stria was observed on the surface of the right temporal
striae with a variable cross-section along their length, very =~ bone belonging to Stw53 specimen, despite microscopic
irregular and without microstriation or shoulder effect. The  investigation under Dino-Lite.

marks are less than 3 mm long, less than 1 mm wide and Experimental trampling in flour did not produce linear
shallow. marks on bones, despite the presence of sharp-edged
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Fig. 2 UPGMA diagram of taphonomic linear marks observed on the Stw53c fossil and comparative bone sample / Diagramme

UPGMA des marques linéaires taphonomiques observées sur le fossile Stw53c et dans I'échantillon de comparaison

blocks. Flour is probably too fine to bring a strong contact
between sharp-edged blocks and bone surface. Concerning
the experimental trampling in sand, we observed several
of the typical morphological characteristics associated
with trampling [mentioned by: 15,28,30] such as a varia-
tion of the cross-section, the trajectory and the dimensions
of linear marks, although they were produced during one
experimental event.

During the butchery experiment, we produced several lin-
ear marks with many typical cutmark criteria such as dis-
symmetric V-shaped cross-section, shoulder effect, flaking
and continuous microstriations on groove walls [30]. Trajec-
tories of most striae are straight or oblique relatively to the
bone axis.

Hierarchical clusters (Figs 2—4) permit the highlighting of
the existence of groups of marks according to their tapho-
nomic agents. We observed that carnivore and rodent marks
are grouped together, except for the single linkage method
which splits carnivores into two different groups (Fig. 3).
There is an overlapping between all cutmarks and one tram-
pling mark (ExpC-2), which could be explained by the pres-
ence of microstriations inside the groove, absent in the other
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trampling mark. Linear marks presented on the Stw53 spec-
imen are linked to one trampling mark.

Four groups were distinguished by multiple correspon-
dence analysis (MCA; Fig. 5). They correspond to the four
taphonomic modifications: carnivore, rodent, butchery and
trampling processes (Fig. 5). Stw53 marks are closer to tram-
pling marks than to the majority of butchery ones. It seems
that a combination of several criteria contributed to the axis
F1 and F2. The main factors which contributed to the F1 axis
are the straight trajectory of the groove (.06), the absence of
internal microstriations (.06) and the position of the marks
on the epiphyses (.04). On the contrary, the main contribut-
ing factors to the F2 axis are the variable position of the mark
(.006), the presence of sinuous microstriation (.04) in the bot-
tom of the groove (.05), the presence of flaking effect (.05)
and the high width of the groove (.05).

The morphological variations (in terms of dimensions,
trajectory and cross-section) of linear marks, cluster and
MCA analyses are all in accordance, showing that Stw53
cranium marks are more similar to experimental trampling
(using abrasive sediment and sharp-edged blocks) than to
butchery marks.
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Discussion and conclusion

Linear marks are present on the right hominin maxillary
zygomatic process (Stw53c) from Sterkfontein as three dis-
tinct sets of short striations. Two alternative hypotheses have
been proposed to identify the taphonomic agent responsible
for them: (1) anthropic [6] or (2) ‘produced naturally by a
small chert block’ [10].

The unintentional abrasion of the bone against sharp-
edged blocks by trampling or under sedimentary pressure
was rejected by Pickering et al. [6]. They based their argu-
ment on: (1) the lack of random striae caused by sedimentary
abrasion on all 763 macromammalian fossils associated with
Stw53, and on the more exposed surface of the Stw53 speci-
men; (2) ‘the depths, nonrandom orientation, and discrete
placements of these sets of striae (i.e. three sets, with differ-
ent orientations)’ [6, p.583]. Nevertheless, it was mentioned
that, in the Stw53 breccia faunal assemblage, ‘most fragmen-
tation was incurred by geological forces such as sediment
compaction and rock fall while the bones were lying on the
cave talus slope’ [35, p. 111]. This is consistent with Picker-
ing’s observations of linear marks on the masseteric fossa of
Stw498 mandible [35], an Australopithecus prometheus

from Member 4, morphologically similar to those on
Stw53 [10], and considered to have been ‘caused by
dynamic contact with the jagged surface of a rock antiquity’
and the author adds that ‘there is no reason to believe that the
marks were inflicted intentionally by stone tool’ [35, p. 45].
As Stw 53¢ was discovered with sharp-edged blocks against
t [10], these arguments are not strong enough to reject a
non-anthropic origin for the linear marks on Stw53.

The longest mark on Stw53 specimen, which comprises a
part of the Set 2, is 3 mm long, and the other marks are less
than 3 mm. Cutmarks are generally longer (more than
10 mm) than trampling marks (less than 5 mm) [36,37],
except for sinew removal, which can produce shorter cut-
marks [33]. Thus, the lengths of linear marks on Stw53c
correspond rather to the trampling marks range than to the
cutmarks one. However, recent experiments tend to show
that the length is not a discriminant criterion for distinguish-
ing cutmarks and trampling marks [38]. Stw53 marks depths
are very variable and can correspond, in fact, to a trampling
process as well [15,28,29,31]. The location of the marks on
the zygomatic process of the maxilla was presented as evi-
dence against the trampling hypothesis [6]. It would not be
valid if the bone fragmentation had happened before the
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mark occurrence. Furthermore, the calcified breccia context
and decalcification process in South African sites, which
could alter bone surface, require more careful taphonomic
interpretations [39].

We support the hypothesis that a morphological variation
of the linear marks (i.e. dimensions, trajectory, cross-section)
in one assemblage and/or on one specimen is an accurate
indicator of trampling processes [29,31,32]. Our study
shows that the morphological variations of linear marks on
Stw53c are consistent with a non-anthropic origin.

Moreover, because of the position of the marks on the
masseter muscle insertion of the zygomatic maxillary pro-
cess, we also attempted to observe marks on the temporal
bone [40,41]. Thus, the lack of linear marks on the masseter
muscle insertion of the temporal bone on the Stw53 speci-
men does not support the cutmarks hypothesis resulting from
disarticulation or defleshing, which can produce similar
marks [42,43].

To conclude, based on statistically supported morpholog-
ical comparisons of macro- and microscopic observations,
our results allow us to interpret the linear marks present on
the early Pleistocene hominin cranium Stw53 as trampling
marks rather than cutmarks modifications. Based on these
results, Stw53 would not exhibit the earliest unambiguous
evidence of anthropic modifications on hominin remains.
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Abstract Like most African countries, Senegal is experienc-
ing a nutritional transition. Global drivers of sedentary behav-
ior and high-calorie dietary intake, together with local anthro-
pological drivers of large body size as a socially valued
characteristic could be exposing the population to obesity.
This study therefore set out to assess the impact of this socio-
cultural factor on the nutritional status of Senegalese adults.
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We set up 14 focus groups (n=84 participants) and a cross-
sectional quantitative survey (n=313 women; n=284 men) of
adults in three different socio-ecological areas in Senegal
(rural: n=204; suburban: n=206; urban: n=187). We also
assessed perceptions of body weight (Body Size Scale) and
weight status (anthropometric measures). Middle-aged and
older Senegalese people value excess weight more than
younger Senegalese in all the areas studied. Being female,
older, living in urban/suburban areas and valuing excess
weight/obesity were independently associated with being
overweight/obese. A higher socio-economic status was also
associated with being overweight/obese. A nutritional transi-
tion is under way in Senegal in urban/suburban areas, partic-
ularly affecting older urban women, with specific cultural
factors contributing to this phenomenon. This suggests a
need for local measures targeting women and is accounted
for by specific anthropological characteristics in the Senega-
lese population.

Keywords Senegal - Excess weight - Obesity - Body image -
Determining factors

Résumé Le Sénégal fait face a la transition nutritionnelle car
des facteurs globaux tels que la sédentarité et I’alimentation
calorique, et des facteurs locaux d’ordre anthropologique
comme la valorisation sociale de I’embonpoint, peuvent
exposer la population a ’obésité. L’objectif de cette étude
est d’évaluer I’'impact de ce facteur socioculturel sur le statut
nutritionnel des adultes sénégalais. Nous avons mené
14 focus-groups (n=_84 participants) et une étude quantitative
transversale (n=313 femmes ; #=284 hommes) auprés
d’adultes vivant dans trois milieux socio-écologiques au
Sénégal (rural : n=204 ; périurbain : #n=206 ; urbain :
n=187). Nous avons aussi mesur¢ les perceptions du volume
corporel (Body Size Scale) et évalué la catégorie staturo-
pondérale des individus. Les femmes d’age mir et agées
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sénégalaises valorisaient davantage le surpoids que les
jeunes sénégalais dans les trois zones investiguées. De
plus, étre femme, plus agé, urbain/ périurbain et valoriser le
surpoids étaient des facteurs indépendamment associés a la
surcharge pondérale. Enfin, le haut niveau socioéconomique
était aussi associé a cette surcharge. La transition nutrition-
nelle en cours au Sénégal dans les zones urbanisées affecte
surtout les femmes matures par des facteurs culturels spécifi-
ques contribuant au développement de ce phénomeéne. Des
interventions locales envers celles-ci sont donc nécessaires,
en tenant compte des spécificités anthropologiques du pays.

Mots clés Sénégal - Surpoids - Obésité - Image du corps -
Déterminants

Introduction

Obesity has become a global public health challenge, which
is now reaching pandemic proportions [1]. High income
countries (HICs) were the first to experience the phenome-
non of rising obesity. Low and middle income countries
(LMICs) are now facing a similar but faster process of nutri-
tional transition [2] involving rapid short-term adaptive strat-
egies potentially causing obesity [3,4]. African populations
are experiencing increasing levels of obesity [5,6] that may
exceed even those found in some HICs [7].

Growing urbanization, rural exodus and increasing
internal migration in most African countries have exposed
new migrants to non-communicable diseases [8]. In addi-
tion, rural migrants bring with them a sociocultural prefer-
ence for stoutness (excess weight/obesity), which is not
always suited to the urban ecosystem [9]. Accordingly,
body fat is increasingly valued socially [10,11] and becom-
ing a risk factor of excess weight/obesity in Africa [12,13].
The fact that a large body size involving a high-calorie diet
[14,15] and low physical activity is socially valued [16,17]
could therefore be considered as a biocultural determinant
of excess weight/obesity [18], especially in African popu-
lations [19,20].

The social value of large body size had been identified
several decades ago in African traditional societies [21],
and still persists today despite the influence of modern life-
styles. Several studies conducted recently in Cameroon,
Nigeria and Ghana [12,22,23] have brought evidence of
the social value attached to excess weight, especially among
middle-aged and elderly subjects, which could raise serious
public health issues in the context of urbanization and the
nutritional transition across the continent. Historically, a
large body size became socially valued in preindustrial soci-
eties in which weight gain could have been an advantage in a
context of recurrent periodic shortages [9,24]. However, in
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the context of mass industrialization and easy access to pro-
cessed high-calorie food, as in Western societies, thinness,
and even emaciation in extreme cases, has become the social
norm while stoutness is negatively perceived [25].

This study focuses on Senegal in West Africa, where little
research has been attempted to assess the determinants of
excess weight/obesity in perceptions of body size [26]. How-
ever, a nutritional transition is under way in this region
[27,28] with intensifying urbanization together with internal
migration [29]. As a result, overweight/obesity has become
prevalent in urban areas, where the lifestyle has become obe-
sogenic with the development of transport and cheap pro-
cessed high-calorie foods [30] that affordable to working
class people living in poor urban neighborhoods [31-33].
Twenty-five years ago, the prevalence of excess weight and
obesity was 16.3% and 6.1%, respectively, among women
living in Pikine [28], a peripheral working-class neighbor-
hood of Dakar. Fifteen years later, in a similar sample, the
figures had risen to 26.6% and 18.6% [34]. The overall prev-
alence of excess weight and obesity among women in Dakar
as a whole was recently found to be 24.5% and 16.5% [35], a
trend similar to that found in France [36].

While the industrialization of the greater Dakar area could
expose its populations to obesity, this could be compounded
by obesogenic body weight norms, since a large body size is
valued by women living in the peripheral neighborhoods of
Dakar [34,37], who therefore deliberately seek to gain weight.
In the traditional view of body size in Senegal, particularly in
the Wolof region, stoutness in women symbolizes a peaceful
and wealthy household [38]; this has persisted with the cur-
rent rural exodus [39], with the result that processed, high-
calorie foods are highly valued among low socio-economic
status (SES) populations in Dakar [14,15]. An anthropologi-
cal investigation of the development of obesity in Senegal
could identify how a sociocultural factor — body image —
might be exposing the population to obesity and related dis-
eases. This study therefore investigated the impact of valuing
large body size on the nutritional status of Senegalese adults
in the context of the nutritional transition from a rural to an
urban/suburban context in Dakar.

To do so, we compared two specific and contrasting geo-
graphical areas: the Dakar urban area (city center and sub-
urbs) and a rural area in the Wolof region (three villages in
the Kaolack region: Diamaguene, Keur Ndary Ndiaye and
Gandiaye), where the socio-economic conditions of the
inhabitants are among the poorest in the country [40].
Using this framework, we conducted (i) a qualitative study
to identify body weight norms and (ii) a quantitative study to
assess the value attached to stoutness, in relation with (iii)
anthropometric measurements. Overall, the results from
these integrated analyses facilitated comparisons between
the cultural reality of Senegalese adults and their nutritional
health status.
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Materials and Methods
Qualitative study
Study design

This analysis aimed to define the sociocultural determinants
of excess weight/obesity by (i) describing the different ver-
nacular conceptions associated with body weight: fertility,
power, well-being, good health and beauty [11] and (ii)
detecting a potential acculturation process driven by the
influence of modern lifestyles on these body weight norms.
This phase was also instrumental to the completion of the
quantitative study, since the variables tested by our measure-
ment tools (Body Size Scale [BSS] and questionnaire) can-
not be isolated from their sociocultural context.

Sampling and process

To determine these local norms and identify how they are
influenced by the modern lifestyle, a qualitative study
using focus groups explored local representations of excess
weight/obesity determinants in depth [41]. Fourteen focus
group discussions were held, with six participants per
group recruited from different neighborhoods in the two
study areas according to three criteria: age (< 25 years, >
45 years); sex and educational level (< high school level:
low education, > high school level: high education) or, if
necessary, occupational category (low occupational level,
e.g. manual trades, small traders; high occupational level,
e.g. senior executive level, healthcare professional). The
sample presented a balanced sex ratio and all the participants
were Wolof speakers. The focus group discussions were held
within the neighborhoods so that participants could express
themselves in a familiar context without outside pressure,
and recorded with a handheld recorder. The focus group dis-
cussions (and all other methods) were conducted in Wolof,
the participants’ vernacular language, then transcribed and
translated into French.

Quantitative survey
Perceptions of corpulence

To accurately assess body perceptions and identify the social
value potentially attributed to excess weight/obesity, we
used a BSS. This validated tool presents photographs of
real human body sizes for both sexes, covering the entire
gradient of the body mass index (BMI) [42]. We then built
up a body image assessment guide (BIAG) to compare local
Senegalese norms with scientific body weight norms mea-
sured by the BSS, as in one of our previous studies [43]. The
BIAG consists of three questions about current body size

(CBS), desired body size (DBS) and ideal body size (IBS)
for oneself and for one’s partner (for polygamous house-
holds, we included the first wife only). We compared the
responses of participants living in urban, suburban and
rural areas to assess possible changes in corpulence norms
with the urbanization process. In addition, an index of social
value attached to excess weight/obesity was constructed
from the BSS to accurately assess the desire to gain weight.

Perceptions of nutritional health status

Using the BSS, a body self-satisfaction index was calculated
to identify subjects as satisfied with their body weight, want-
ing to gain weight or wanting to lose weight. This BSS index
was compared with BMI categories to assess the accuracy of
perceived body weight.

Anthropometry

A series of anthropometric measurements was taken by
trained fieldworkers, using standardized procedures [44].
Height was measured to the nearest millimeter using a por-
table stadiometer (Siber Hegner, Zurich, Switzerland).
Weight was measured, in very light clothing, to the nearest
100 g, using a digital beam scale (Tanita, Tokyo, Japan).
This anthropometric protocol allowed us to assess the nutri-
tional status of each respondent.

Samples. We assembled one sample in the Dakar urban
area (city center and suburbs) of 393 adults (200 men/
193 women; 187 urban and 206 suburban subjects) and
one sample of 204 adults in the Kaolack region (84 men/
120 women). For both areas, we used a quota sampling strat-
egy, according to three criteria (age, sex and neighborhood)
from the 2002 National Senegalese Census. In the Dakar
urban area, participants were selected from all parts of the
city and its peripheral region (e.g. Sacré Coeur, Cambérene).
Rural subjects were strictly inhabitants of the three villages
indicated above. Pregnant women were not included in the
sample in order to collect reliable biological and cultural
data.

Data analysis
Main analyses

For the qualitative study, analyses were performed from the-
matic groupings to identify relevant themes that emerged for
each potential determinant of obesity [45]. After identifying
the main themes, we summarized the main information from
each theme and compared the social representations and
practices related to these in our three subsamples.

For the quantitative study, we used the ANOVA,
ANCOVA, rtest, chi’ and Fisher exact tests to assess

I!avoisier



62

BMSAP (2018) 30:59-69

anthropometric characteristics, body size standards and
prevalence of excess weight/obesity. The average compari-
sons between CBS and DBS/IBS were done with paired
t-tests.

Socio-economic status

A proxy index of household wealth was constructed using
principal component analysis (PCA) of a set of variables:
e.g. owner/tenant, type of house, car/truck, mobile phone,
electricity. In the total sample, the first principal component
explained 40.1% of the variance with an eigenvalue of 19.7
(5.3% for the second principal component). Households
were classified into three distinct groups: “low,” “middle”
and “high” SES according to terciles of the variable calcu-
lated from the first principal component.

Body image. The BSS was treated as a metric value,
with each photograph of humans scoring 1-9 according
to increasing BMI categories. The index of social value
attached to excess weight/obesity was constructed as fol-
lows: 4 — DBS; since the fifth silhouette on the scale corre-
sponds to excess weight/obesity. The body self-satisfaction
index was then calculated by subtracting the CBS and DBS
(CBS-DBS) [46].

Relationships between beliefs, practices and body weight

The relationships (adjusted odds ratios, 95% confidence
intervals) between excess weight/obesity and their possible
determinants (sex, age, area of residence, proxy index of
household wealth, educational level, index of social value
attributed to excess weight/obesity) were assessed with a
binary logistic regression model.

For the qualitative analyses, we used NVivo 7 software
(QSR International, Melbourne, Australia) to synthesize the
main focus group outcomes. For the quantitative analyses
we used Statistica 7 software (Statsoft Inc, Tulsa, OK,
USA) to produce descriptive statistics and PCA(s), and
MyStat 12 software (Systat Software Inc, San Jose, CA,
USA) for the logistic regression. Finally, equal weight was
assigned to the qualitative and quantitative approaches in the
interpretation of our findings.

Results

Qualitative study

Traditional value of large body size

Stoutness is traditionally perceived as a sign of wealth and

prosperity in the household. Excess weight is associated
with strength, good physical and mental health and vitality.

Eavoisier

Stoutness represents fertility in women and their ability to
maintain a peaceful atmosphere in their household, and in
men their ability to support their family.

“In principle, ngande [being fat], this is not a disease
in our culture. The opposite, tuuti [being small], is a
disease here because am yaram [being fat] is really
important, especially for women. A big body shows
that you have a good life. People consider that if you
are not am yaram, it is because you are not well in
your life. You have problems, you do not have peace
of mind [xel mu dal]. For you and your family, nothing
works. For us, body weight reflects economic status.”
[Older urban woman, high SES]

“The man, he has to be a boss. But being a boss at
work, in the neighbourhood or at home is not the
same. At work, he must command, he must exert his
power, at home, he demonstrates his power. This is
the birru patron [chicken belly]. This is the belly that
shows you eat a lot of chicken.” [Younger rural man,
low level of education]

Urbanization and the value of large body size

The development of urban areas in Senegal implies an ideal
conception of the modern lifestyle, where success is seen as
possible for rural and migrant populations who idealize
Western culture. Integrating into an urban lifestyle is associ-
ated with weight gain, which is rare in the village context, as
a symbol of integration into the city, of doing well from its
abundance. But in rural areas, only moderate corpulence is
valued, since being very fat is not suited to rural labor.
Therefore, the social value of stoutness has increased with
the emergence of the modern lifestyle, seen as a symbol of
wealth and prosperity, especially in middle-aged and older
married women with a lower SES.

“Nowadays, women want to gain weight. Before, it
was not like this. Now, a woman who is not fat tries
to put on weight, for instance by using medication
(corticosteroids). This is very dangerous. You put on
weight very quickly, but later your face and the rest
of your body become deformed. And these women
want to be beautiful... [dieekk: a stout married
woman who is content in her household].” [Older
rural woman, high SES]

“Women today, especially married women; most of
them do not want to be tuuti [thin]. Sometimes, you
see a tuuti [slim] woman, and people say that she is
HIV positive or has many problems in her life. People
say a lot of nonsense about her. This is why tuuti
women take medications to put on weight.” [Younger
rural woman, high educational level]
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Competition in the household

With migration to the city and excess weight becoming over-
valued, middle-aged and older married women compete to
demonstrate their well-being and the success of their hus-
band and household to others. This competitive atmosphere
can be found outside the home, but particularly between co-
wives in the household.

“If you are a co-wife and you are wow [thin], your co-
wife will tend to give you the evil eye. If you have an
argument with her, she will always have something bad
to say to you, by criticising your thinness. To her, you
are skinny. This will hurt you. That's why to find a way
out, you will be looking for medication to become
ngande [fat] yourself.” [Younger rural woman, high
educational level]

“Even though we know the serious consequences of
taking medication to put on weight, a jealous co-wife
will want to put on weight to rival another co-wife and
stop her from criticising her as not a real woman.”
[Younger rural man, low educational level]

How female stoutness is valued

Gaining weight during marriage is important and particu-
larly expected in women, since an overweight woman is a
symbol of her husband’s wealth through economic success.
Therefore, there is more social pressure on women to
become fat, as their weight is the symbol of household
prosperity.

“We don t like wow [thin] people, especially women. It
is better to be wow [thin] for a man than a woman. If
you say to a women that she is wow [thin], she will be
angry with you all the rest of her life. She wants to be
am yaram [fat].” [Older urban man, low SES]

“The woman should gain weight. When a woman is
wow [thin], people say that her husband will soon be
looking for a co-wife.” [Younger urban woman, low
educational level]

Acculturation of young people

Nevertheless, with the influence of western media and med-
ical discourse, young people are beginning question the
social value of a large body size. Some educated urban
women devalue stoutness to the point of becoming
“obesophobic”:

“Most series, like Telenovelas, are set on beaches
where young women have beautiful bodies. Now with
the summer arriving, young Senegalese women also

want to have a beautiful body. They all start dieting
so they can wear their two-piece bathing suits on the
beach.” [Younger urban woman, high educational
level]

“Now there’s the sports ground phenomenon. The
young men go to the beach to train. They go just to
build up their muscles. They dont have money so
they work on their appearance.” [Younger urban
man, low educational level]

Quantitative survey
Sociodemographic characteristics

The sex ratio for the urban and suburban samples was
approximately even, while women were moderately over-
represented in the three rural samples, with about one quarter
of the subjects over 45 years of age. Most urban and subur-
ban subjects had at least attended primary school and had
electricity at home, whereas almost half of the rural subjects
had never been to school and the majority did not have elec-
tricity. Finally, we observed an over-representation of both
second- and third-generation migrants in the urban and sub-
urban samples (Table 1).

Perceptions of corpulence

Concerning men’s perceptions (Fig. 1), all groups consid-
ered themselves to be in the normal weight category. The
desire to become overweight was significant only in the
urban and rural groups (CBS vs DBS: p < 0.01 and p <
0.001), and slight in the suburban group. Overall, the parti-
cipants in the three groups selected DBS and IBS in the nor-
mal weight category. The suburban group had the lowest
DBS and IBS averages and the highest CBS average.
There was no significant difference between CBS and IBS
in this group, unlike the two others, which had a higher IBS
than CBS (urban: p < 0.001, rural: p <0.001) (Fig. 1).

Concerning women'’s perceptions (Fig. 2), the urban and
suburban groups saw themselves on the lower threshold of
excess weight whereas rural women considered themselves
to be in the normal weight category (» < 0.001) and wanted
to gain weight (p < 0.001). The IBS averages were on the
lower threshold of excess weight, except for rural women
who clearly preferred the overweight category (p < 0.001)
with an IBS significantly higher than DBS (p < 0.05) and
CBS (p <0.001) (Fig. 2).

Anthropometry

Excess weight and obesity in the total sample were more
prevalent in the urban and suburban areas (Table 2).
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Table 1 Sociodemographic characteristics of the three samples / Caractéristiques démographiques des trois échantillons

Urban area Suburban area Rural area
Sex

N % N % N %
Men 96 51.3 104 50.5 84 41.2
Women 91 48.7 102 49.5 120 58.8
Age

N % N % N %
[18-25] 49 26.2 60 29.1 65 31.9
[26-45] 92 49.2 95 46.1 84 41.2
>46 46 24.6 51 24.8 55 27.0
Education

N % N % N %
University 24 12.8 18 8.7 4 2.0
High school 18 9.6 20 9.7 13 6.4
Secondary school 44 23.5 43 20.9 40 19.6
Primary school 61 32.6 68 33.0 46 22.5
Koranic school 1 0.5 1 0.49 0 0.0
None 39 20.9 56 27.2 101 49.5
Socio-economic status

N % N % N %
Family house 185 98.9 200 97.1 3 1.5
No data 2 1.1 4 1.9 9 4.4
Tap water 172 92.0 199 96.6 3 1.5
No data 6 3.2 6 2.9 11 5.4
Electricity 179 95.7 200 97.1 3 1.5
No data 1 0.5 0 0.0 13 6.4
Migration status

N % N %
Ist generation 35 18.7 49 23.8 N/A N/A
2nd generation 82 43.9 99 48.1 N/A N/A
3rd generation 68 36.4 57 27.7 N/A N/A
No data 2 1.07 1 0.5
N/A: Not Applicable

Perceptions of nutritional health status

The majority of overweight subjects were not able to identify
their nutritional status. Almost half of the overweight sub-
jects (48.7%) and more than half of the obese subjects
(57.5%) were satisfied with their body weight (Table 3).
Using the index of social value attached to excess weight/
obesity, we observed that the majority of subjects who val-
ued excess weight/obesity were women (urban men/women:
41.8 vs 58.0%, p < 0.05; suburban men/women: 35.7 vs
55.7%, p < 0.01; rural men/women: 52.6 vs 62.7%, NS).
In women only, we observed that the DBS was significantly
higher in the > 25-year-old age group (women: 5.2 = 1.8 vs
45+ 1.7, p<0.01; men: 4.3 £ 1.6 vs 4.3 £ 1.7) (Table 3).
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Analysis of excess weight/obesity determinants

The comparison of overweight/obese (> 25 kg/m?) with non-
overweight subjects, using binary logistic regression analysis
(Table 4), showed independent effects of gender, age, living
area and the value given to excess weight/obesity. Finally, uni-
variate analyses showed that a high SES was more likely to be
associated with being overweight/obese (p < 0.05) (Table 4).

Discussion

This study investigated a specific biocultural determinant of
obesity — the value attached to large body size — in the context
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of the nutritional transition in Senegal. Overall, we observed
that our study population experienced health consequences
from this change in lifestyle where there was a higher degree
of urbanization. More precisely, this was associated with a
dynamic socio-ecological obesogenic context, through inter-
nal migration from a rural area (Kaolack region) to an urban
area (Dakar). Senegalese people who have settled in suburban
and urban areas have higher rates of excess weight and obe-
sity, with several determinants acting in different ways influ-
encing the spread of excess weight/obesity, as has been
observed in other migrant populations in urban areas of
LMICs and HICs [47]. The nutritional transition seems to
be under way among urban/suburban Senegalese women
with a mean BMI of ~25 kg/m?, a tendency already recently
observed in Dakar [35]. This suggests that women are more
sensitive to the obesogenic effects of the nutritional transition
that accompanies an urban lifestyle [48], as in most LMICs
[49], and that this is exacerbated by the value they attach to
excess weight/obesity.

Nevertheless, despite the social value attached to excess
weight/obesity in traditional Senegalese culture, accentuated
by the current portrayal of Dakar as an Eldorado (based on
our qualitative study), the value attached to excess weight/
obesity seems to be decreasing overall in Dakar (urban/sub-
urban areas), particularly among young women, even
though women initially desired a higher average body size
than men. Senegalese people seem to be adapting their body
size norms to the obesogenic urban environment and to
modern perceptions of body size, like other African popula-
tions [50,51], since the younger generations, unlike older
people, are no longer valuing excess weight/obesity [52].
This is happening to such an extent among young Senega-
lese people exposed to Western media and medical dis-
course that some are beginning to develop the first symp-
toms of anorexia nervosa and body dysmorphic disorder,
according to the literature on African urban youth
[38,53,54]. Thus, the desire to lose weight observed in
many subjects of normal weight might be linked to the
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Table 2 Prevalence of overweight and obesity / Prévalence

du surpoids et de I’obésité

% No excess weight Excess weight D

Urban 70.4 (131) 29.6 (55)

Suburban 70.4 (143) 29.6 (60)

Rural 91.5 (184) 8.5 (17) s
No obesity Obese P

Urban 88.2 (164) 11.8 (22)

Suburban 88.2 (179) 11.8 (24)

Rural 98.0 (197) 2.0 (4) s

*H%: p <0.001

emerging modern cult of thinness. Nevertheless, in the
Dakar urban area, both desired and ideal body sizes were
still close to excess weight, as observed in other African
urban areas [12], while the prevalence of excess weight
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was higher than in the rural areas, as also in several other
African countries [6]. The social value attached to excess
weight/obesity is an independent risk factor of excess
weight/obesity [23] and, not surprisingly, the majority of
overweight/obese subjects do not want to lose weight [34].
Middle-aged and older women seem to represent the main
group displaying this high-risk behavior, as also observed in
Nigeria [22].

Various practices are used in Senegal to put on weight. As
observed by Rguibi and Belahsen [16] among Sahraoui
women in Morocco, corticosteroids are commonly taken
by married women to prove by their corpulence that their
household is peaceful. Another strategy to gain weight is to
decrease physical activity by promoting and adopting idle-
ness, especially among women of low SES living in the
peripheral area of Dakar. Indeed, to these urban working-
class women, staying peacefully at home, being fat and sur-
rounded by cleaning women is the way to success, as also
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Table 3 Self-assessment of health status / Auto-appréciation de [’état de santé

BMI Want to lose weight Satisfied Want to gain weight )/
Underweight 27.8 (30) 83 (9) 63.9 (69)

Normal weight 52.6 (170) 15.2 (49) 32.2 (104)

Overweight 43.4 (33) 48.7 (37) 7.9 (6)

Obese 36.2 (17) 57.5 (27) 6.4 (3) ek
k¥ p <0.001

Table 4 Odds ratio and 95% confidence limits for overweight/obese subjects, adjusted by binomial logistic regression analysis,
and compared to subjects who are not overweight / Odds ratio et intervalles de confiance a 95 % pour les sujets en surpoids et obéses,

ajustés par une régression logistique et comparés avec les sujets qui ne le sont pas

N=561

Determinants Categories Excess weight/obesity
Odds ratio Confidence intervals

Gender** Ment

Women 3.8 2.2 6.3 c
Age*¥* 1.1 1.1 1.1 c
Living area®** Rural areat

Urban/suburban areas 8.2 4.1 16.5 c
Educational level None/primaryf

Secondary/University 1.2 0.7 2.0
Socio-economic level* Low/Middlet

High 0.8 0.5 1.4
Stoutness value** Excess weight not valuedf

Excess weight valued 1.7 1.1 2.8 a

Crude analysis significant effect (p<0.05, p<0.01 and p<0.001, respectively) In bold: binomial logit analysis significant effects
(a, b, ¢): p<0.05, p<0.01, p<0.001, respectively. T Category taken as reference / Effets significatifs des analyses directes univar-
iées (p<0,05, p<0,01 et p<0,001, respectivement). En gras : effets significatifs des analyses logistiques binomiales (a, b, c) : p<0,05,
p<0,01, p<0,001, respectivement. 1 Catégorie prise comme référence

observed by Rguibi and Belahsen [16] in Morocco and by
Cohen et al. in Cameroon [23].

Some specific traditional dietary practices also exist to
gain weight, especially among Senegalese women, such as
consuming high-calorie meals like ruy [millet porridge with-
out grains] and foodé [millet porridge with grains]. How-
ever, this is more common among Senegalese women living
in suburban areas, as a way of showing off the economic
success of their household, than among rural women who
still have to take on manual activities that demand physical
fitness [55,56]. It seems obvious that dietary practices are
changing with urbanization, since the population is more
exposed to processed high-calorie food. Consuming modern
high-calorie food and adding processed oil to all recipes in
the Dakar urban area could be another strategy to gain
weight. However, another study focusing on this determi-
nant would be needed to identify this factor, especially in

the light of the value attached to stoutness, which is identi-
fied as a determinant of excess weight/obesity in middle-
aged married women.

The Senegalese living in Dakar are thus exposed to both
physical and social obesogenic environments. As observed in
other populations [3], the duration of urban residence is a risk
factor for obesity to which subjects who tend to value excess
weight/obesity, especially women, are more exposed. This
study therefore suggests that public health policies for obesity
prevention need to be adapted to the specific characteristics
of migrant populations [57,58] to ensure that evolving bio-
cultural determinants in different socio-ecological areas in
Senegal [59,60] are taken into account. To achieve this goal
in the future, we propose a set of general recommendations
[61] in two areas: public health practice and research targeted
to public health personnel in academia, community-based
contexts and government agencies. The findings from this
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study could clarify the exposure levels of urban Senegalese to
excess weight and obesity according to their anthropological
specificities, and thus help to promote health initiatives
among Senegalese migrants or immigrants to the Dakar
urban area, in order to connect individuals with healthcare
services in urban Senegal [62].

Conclusion

This study demonstrates that the social value attached to
large body size is a driver of excess weight and obesity in
rural to urban migrants in Senegal. Comparative studies of
migrants in other African countries would be needed to pro-
vide more evidence on whether this is a general trend. To
identify the exposure levels of migrants to obesity, local
and global health policies need to take the anthropological
specificities of migration pathways into account, such as per-
ceptions of food and body weight in particular.
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Résumé Nous présentons ’é¢tude anthropologique de dix
individus provenant d’un cimetiére situé¢ sur la colline de
Kindoki au Kongo central (RDC). Ils ont été exhumés
en 2012 et 2013 dans le cadre du projet KongoKing qui
consistait en une approche interdisciplinaire de I’histoire
ancienne du royaume Kongo. Ce cimetiére contient des
inhumations datées du xvii® au xix° siécle, trés probablement
celles de nobles de haut rang. Les défunts étaient accompa-
gnés d’un mobilier funéraire (perles de verre, sabres, bijoux
en or, mousquet). Les restes humains sont malheureusement
trés mal conservés. Certains ne sont représentés que par
quelques fragments osseux ou dentaires. Parmi les dix
défunts, on note la présence de deux femmes et de huit hom-
mes. Deux individus masculins présentent des usures dentai-
res qui résulteraient de I’utilisation d’une pipe. Les deux
femmes seraient agées de plus de 40 ans et se caractérisent
par des signes vertébraux évocateurs de DISH (diffuse idio-
pathic skeletal hyperostosis). Cette pathologie est actuelle-
ment associée a une alimentation riche, a I’obésité et au dia-
bete de type II. I n’est donc pas surprenant qu’elle touche
ces individus de statut élevé. Le DISH n’avait encore jamais
été décrit dans une population ancienne d’Afrique centrale.

Mots clés République démocratique du Congo -
Archéologie historique - Epoque contemporaine - Royaume
Kongo - Statut social

Abstract This paper presents an anthropological study of ten
individuals from a cemetery situated on Kindoki Hill in the
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central Kongo region (DRC). They were excavated in 2012
and 2013 as part of the KongoKing project (2012-2016),
which applied an interdisciplinary approach to the ancient
history of the Kingdom of Kongo. The cemetery contains
graves dated to the 17th—19th century, very probably those
of high-ranking nobles. The dead were buried with various
grave goods (glass beads, swords, gold jewels and muskets).
The human remains were unfortunately very badly preser-
ved. Some were represented only by a few bone fragments
and/or teeth. Of the ten bodies, two were female and eight
were male. Two of the men showed dental wear as a result of
pipe-smoking. The two women were probably more than
40 years of age at the time of death. The vertebrae showed
signs that evoke diffuse idiopathic skeletal hyperostosis
(DISH), a pathological condition associated today with a
rich diet, obesity and type II diabetes. It is therefore not sur-
prising that these conditions might have affected high-status
individuals. Until now, DISH had never been described in an
ancient Central African population.

Keywords Democratic Republic of Congo - Modern
period - Historical archaeology - Kingdom of Kongo -
Social status

Introduction

Cette étude fait partie du projet interdisciplinaire KongoKing
(2012-2016) qui visait & mieux connaitre 1’origine et I’his-
toire du royaume Kongo, principalement d’un point de vue
politique, linguistique et économique [1]. Ce projet réunis-
sait six institutions : I’Université de Gand, 1’Université libre
de Bruxelles et le Musée royal d’Afrique centrale, du coté
belge ; I’Université de Kinshasa, I’Université Kongo et I’Ins-
titut des Musées Nationaux du Congo, du coté congolais.
L’Institut royal des Sciences naturelles de Belgique (IRSNB)
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a été contacté en cours de projet pour réaliser 1’étude anthro-
pologique des restes humains exhumés.

Partant du constat que les recherches sur I’urbanisation en
Afrique centrale ont jusqu’a présent suscité peu d’intérét, les
chercheurs du projet KongoKing ont mis en commun leurs
potentiels pour tenter de combler une partie de ces lacunes
[2]. Leur choix s’est porté sur le royaume Kongo qui figure
parmi les rares structures politiques précoloniales de
I’ Afrique centrale a étre historiquement documentées dés le
début du xvi© siécle. Ce royaume, fondé au x1v° siécle, occu-
pait un territoire qui est actuellement celui de 1I’Angola et de
la République démocratique du Congo (RDC) [3]. Si I’on
excepte les cités historiques de Mbanza Kongo, de Mbanza
Soyo et de Ngongo Mbata qui ont fait anciennement 1’objet
de fouilles archéologiques [4—7], I’histoire des anciennes
agglomérations kongo demeure assez méconnue.

Les recherches archéologiques de ce projet se sont
concentrées depuis 2012 sur le bassin de I’Inkisi, 'un des
principaux affluents du fleuve Congo dans la province du
Kongo central (appelée Bas-Congo jusqu’en 2015). Les
capitales des provinces de Mbata, de Nsundi et de Mpangu
du royaume Kongo se sont en effet établies dans cette vallée
[2,3].

Cet article présente les premiers résultats de 1’é¢tude des
restes humains exhumés lors de ces campagnes de fouilles.
Elle porte sur les squelettes découverts sur la colline de
Kindoki.

Matériel

La colline de Kindoki (05 04°069” S ; 15°01°403” E) est
actuellement située en RDC, plus particulierement dans la
province du Kongo central (Fig. 1AB). Elle s’étend sur une
superficie d’environ 30 ha. Son substrat géologique est com-
posé de schiste calcaire de I'unité Bangu. Son sous-sol
contient des sables qui sont plus ou moins argileux, avec
souvent des galets a la base [8]. La province du Kongo cen-
tral est caractérisée par un climat tropical humide (selon le
systéme de classification de Koppen, elle appartient au type
climatique Aw,) [9]. La saison pluvieuse alterne avec la sai-
son seéche. La température moyenne annuelle oscille autour
de 25 °C. La moyenne annuelle des précipitations s’éléve a
environ 1 600 mm. L’humidité relative sur I’ensemble de la
province se situe autour de 80 % pour tous les mois de I’an-
née [10].

Au temps du royaume Kongo, la colline était située dans
la province de Nsundi (Fig. 1C), une zone probablement
densément peuplée avec des sols relativement fertiles et
une végétation mixte constituée de savanes et de foréts
[11]. Depuis le xvi° siécle, elle faisait vraisemblablement
partic de I’ancienne capitale de cette province (Mbanza
Nsundi) [2,3].

L’équipe du projet KongoKing a réalis¢ des fouilles
en 2012, en 2013 et en 2015 sur le site de Kindoki [2]. Les
fouilles ont été installées sur un axe est—ouest de 700 m et sur
un axe nord—sud de 450 m. Elles ont combiné le creusement
de tranchées tests systématiques et des carroyages a grande
échelle. Un cimetiere fut ainsi découvert et fit I’objet d’une
fouille exhaustive sur une superficie d’environ 279 m”. Des
zones d’habitat datées du xui® au xix° siécle ont également
été mises au jour a proximité du cimetiére.

Ce cimetiére contenait 11 sépultures qui ont ét¢ numéro-
tées 1,2,4,5,6,7,8,9, 11, 12 et 13 (Fig. 2). Elles présen-
taient toutes la méme orientation (SW—NE), étaient trés pro-
ches les unes des autres et avaient été¢ édifiées de maniere
identique [2]. Une fois le corps déposé, avec son matériel
funéraire a plus ou moins 2 m de profondeur, la fosse était
entiérement rebouchée ; puis on installait une série de petites
dalles matérialisant le rectangle de la fosse. A ’intérieur de
cet espace, on placait ensuite un pavement de dalles plus
grandes. Pour finir, on empilait sur le pavement des pierres
irrégulieres pour former un cairn. Ces données suggerent que
ce cimetiere a été constitué dans un faible laps de temps et
que les individus inhumés étaient liés les uns aux autres
d’une maniére qui reste a identifier.

Quelques indices archéologiques et pédologiques témoi-
gnent du traitement des défunts. Dans les sédiments des tom-
bes 1, 8 et 11, la présence d’une zone ovalaire de couleur
foncée entourant les restes humains suggere la décomposi-
tion de couches de tissus emballant le corps (des restes tex-
tiles ont d’ailleurs été découverts dans la sépulture 8)
(Tableau 1). Cette pratique est attestée par des textes datant
du début du xx° siécle, qui mentionnent que les personnages
de statut social élevé étaient emballés dans des dizaines,
voire des centaines de couches de tissus (tapis importés, nat-
tes, etc.) [2,3]. La tombe 4 a livré des clous en fer entourant
le défunt, témoins d’un cercueil en bois. Les sept autres tom-
bes n’ont livré aucune structuration particuliere, laissant
penser a un dépdt simple des corps en pleine terre ou a un
appareil funéraire dont les traces n’étaient plus perceptibles
au moment de la fouille.

Les défunts étaient accompagnés d’un mobilier funéraire
dont la composition varie d’une sépulture a I’autre (les tom-
bes 1 et 13 en étaient toutefois dépourvues) (Tableau 1).
Cinq tombes recelaient une épée de fer (n® 4-7 et 12), sym-
bole important de la noblesse kongo illustré sur les gravures
d’époque (xvi*—xvi® siécles), et une sixiéme renfermait un
mousquet (n° 9). Si I’on se fonde sur ces mémes gravures,
ces attributs seraient caractéristiques de tombes masculines.
Des bijoux en or ont été retrouvés dans deux tombes (n®° 1 et
8) et des médailles religieuses dans trois autres (n°® 2, 6 et
12). Une croix et un crucifix se trouvaient aussi dans la
tombe 12. Quatre tombes ont livré des perles en verre (n® 8,
9, 11 et 12) qui étaient des symboles de richesse et/ou de
féminité [12]. Les tombes 8 et 11 contenaient également
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Fig. 1 A. Localisation de la République démocratique du Congo (RDC). B. Carte actuelle de la RDC avec localisation du site de Kin-
doki dans la province du Kongo central. C. Royaume du Kongo et délimitation de ses provinces aux xvi°—xvi® siécles (dessin : A.-M.
Wittek [ADIA], d’aprés Clist et al. [2]) / A. Location of the Democratic Republic of the Congo (DRC). B. Current map of the DRC with
the location of the Kindoki site in the province of Central Kongo. C. Kingdom of Kongo and its boundaries in the 16—17th centuries
(drawing : A.-M. Wittek (ADIA) from Clist et al [2])
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Fig. 2 Plan du cimetiere de Kindoki [2] / Map of the cemetery at
Kindoki [2]

des perles en coquilles de gastéropodes marins ainsi que des
chevilléres en fer d’un modé¢le identique. Les armes, les
médailles, la croix, le crucifix et les perles de verre sont
d’origine européenne. Cela n’est pas surprenant, car le
royaume Kongo était en contact avec les Portugais dés
1483, et depuis lors, les échanges de biens avec les Euro-
péens étaient largement répandus [13]. La présence de
médailles religieuses, de croix et de crucifix n’est, elle aussi,
pas inattendue étant donné que les Bakongo se sont graduel-
lement volontairement christianisés a la suite de la conver-
sion du roi Joao I*" en 1491 [14].

L’étude du mobilier funéraire a permis de proposer des
dates dites terminus post quem, a savoir les dates a partir
desquelles les inhumations ont pu avoir lieu [2] (Tableau 1).
Deux tombes (n°® 5 et 9) renfermaient du charbon de bois qui
a ¢été daté par le radiocarbone (Tableau 1). Les dates calibrées
a deux sigma, en tenant compte des tables de calibration de
I’hémisphére sud avec le programme Calib 7.0.4., ont
donné :

Poz-60769 (tombe 5) : 200 + 30 BP. 1658 AD-1712AD
(25 %), 1718AD-1814AD (56 %), 1835AD-1891AD

Tableau 1 Résultat de 1’étude archéologique des 11 tombes de Kindoki : composition du mobilier funéraire, attributions chronolo-
gique et sexuelle (genre) / Result of the archaeological study of the 11 graves from Kindoki: composition of the grave goods, chrono-
logical and gender attributions
Tombe Mobilier funéraire Chronologie Genre
1 _ _ _
2 1 médaille religieuse, 1 chaine en or (perdues ? ?
sur le chantier)
4 1 épée Fin xvi®~début xvin® siécle (épée) I}
5 1 épée 1658-1814 (*C ; 81 % de probabilité), xvi°— 3
xvii® siécles (épée)
6 1 médaille religieuse, 1 épée fin xvin®~début xix° siécle (médaille), xvi°~ 3
xvii® siécles (épée)
7 1 épée, 2 fragments de métal en fer xvii® siécle (épée) 23
8 1 159 perles de verre, 1 perle en cuivre, 32 cloches 1825-1845 (perles) Q
crotales, 660 perles de coquillage
(Pusula depauperata), 1 coquillage des mangroves
(Tympanotonus fuscatus radula), 1 chevillére en fer,
1 collier en fer, 1 chaine en cuivre, 1 chaine en or,
plusieurs fragments d’un linceul
9 1 mousquet, 2 bracelets en fer, 18 perles de verre  1690-1725 (mousquet), 3
1725-1850 (perles), 1665-1816 (**C ; 71 %
de probabilité)
11 268 perles de verre, 272 perles de coquillage 1825-1845 (perles) Q
(Pusula depauperata), 6 bracelets de cheville en fer
12 16 perles de verre, 2 perles d’ivoire, 1 crucifix 1650-1750 (perles), xvi®— xvi® siécles (crucifix), J&
en cuivre, 1 croix en cuivre, 1 médaille religieuse, xvir© siécle (médaille), xvn® siécle (épée)
1 chaine en cuivre, 2 fragments de fer, 1 épée
13 - - -
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(13 %) et 1924AD-1949 AD (6 %). Béta—333285 (tombe 9) :
190 + 30 BP. 1665AD-1816AD (71 %), 1830AD-1892AD
(20 %) et 1922AD-1949AD (9 %).

La présence dans plusieurs sépultures de vestiges ou
d’objets connotant un statut social trés élevé dans la tradition
kongo actuelle et subactuelle, de nobles dans ’esprit du
royaume Kongo (épées, couches multiples de tissus, brace-
lets de fer au bras droit, centaines de perles en verre et en
coquilles marines), améne a conclure que nous avons affaire
a des nobles kongo, sinon a des tombes ducales datées entre
la fin du xvi® et le début du xix° sicle [2].

Méthodes

Pour quantifier I’état de préservation des squelettes, nous
avons utilisé I’indice de conservation anatomique (ICA) de
Dutour [15] (pp. 26-29). Afin de décrire 1’état de préserva-
tion des surfaces osseuses, nous avons appliqué la méthode
de McKinley [16].

Le sexe n’a malheureusement pas pu étre déterminé a
partir des os coxaux, car ils sont généralement trés fragmen-
tés, voire absents. Nous avons donc utilisé le bloc craniofa-
cial, la mandibule, les os longs et les dents. Les détermina-
tions du sexe a partir de la téte osseuse se sont fondées sur
des critéres morphologiques et métriques. Pour le bloc cra-
niofacial, nous avons appliqué la méthode de Ferembach
et al. [17]. Pour la mandibule, nous avons appliqué la
méthode de Gilles citée par Krogman et Iscan [18] (p.
200), mise au point sur des Afro-Américains, et celle de
Franklin et al. calculée pour des Zoulous d’Afrique du Sud
[19]. Les diagnostics réalisés a partir des os longs ont fait
appel a des fonctions discriminantes, comme celles de
Dibennardo et Taylor calculées sur la base de fémurs
d’Afro-Américains [20] et celles d’Iscan et Miller-Shaivitz
établies sur des tibias d’Afro-Américains [21]. Les détermi-
nations du sexe fondées sur les dents ont été effectuées
grace :

e aux fonctions discriminantes de Macaluso fondées sur
deux mesures réalisées sur les M1 et M2 supérieures de
Noirs sud-africains [22] ;

® 3 la méthode graphique d’Orban et al., mise au point sur
une population européenne et faisant appel a deux mesu-
res relevées sur la PM2 supérieure et la C inférieure [23].

En fonction de 1’état de préservation des individus, les esti-
mations de I’age au décés ont été fondées sur ’usure dentaire
[24], I’oblitération des sutures craniennes [18] (pp. 120-121),
l’ossification du cartilage thyroidien [18] (pp. 127-129) et
état de fusion des épiphyses [25] (pp. 293-295).

Les statures ont été estimées a partir de la longueur des os
longs, grace aux formules de Trotter et Gleser destinées aux
femmes et aux hommes afro-américains [26]. Lorsque les os
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étaient incomplets, nous avons appliqué la méthode de
Steele et McKern pour estimer leur longueur [27].

Pour élaborer le profil biologique, nous avons privilégié
des méthodes anthropologiques mises au point a partir de
populations de référence africaines. En 1’absence de celles-
ci, nous avons employ¢ des méthodes largement utilisées en
anthropologie biologique. Se pose dans ce cas la question de
la transposition a des échantillons africains. Ce point est par-
ticuliérement crucial dans le cas de I’usure dentaire, puis-
qu’elle dépend principalement du régime alimentaire.
Comme les chasseurs-cueilleurs amérindiens étudiés par
Lovejoy [24] n’avaient pas le méme régime que les
agriculteurs-¢leveurs de Kindoki, les stades d’usure dentaire
ne seront pas utilisés pour leur attribuer un age précis, mais
pour les répartir en trois classes d’age (1625 ans, 2640 ans
et > 40 ans), en tenant également compte des résultats obte-
nus par les autres méthodes d’estimation de 1’age et de la
présence de pathologies dégénératives.

Les pathologies osseuses traumatiques, infecticuses,
métaboliques et dégénératives ainsi que les pathologies den-
taires ont été étudiées a I’échelle macroscopique [28-31].
Les variations anatomiques dentaires et osseuses ont égale-
ment été¢ examinées [32] tout comme les marqueurs d’acti-
vité [33].

Des analyses par microscopie électronique a balayage
couplée a la microanalyse par spectroscopie a rayons X a
dispersion d’énergie (MEB-EDS = FEI Quanta 200 équipé
de systéme EDAX, modéle Apollo 10 SDD® Silicon Drift
Detectors, 23 kV) ont été effectuées a 'IRSNB, afin de
déterminer 1’origine des colorations que présentent certains
restes osseux et dentaires [34].

Résultats

Neuf des 11 sépultures du cimetiére de Kindoki ont livré des
restes humains (les tombes 4 et 13 en étaient dépourvues).
Sept d’entre elles ne renfermaient qu’un seul défunt (1, 2, 5,
6,9, 11 et 12). La tombe 7 contenait des vestiges appartenant
a deux individus (7A et 7B).

Une monographie présentant les résultats du projet Kongo-
King est en préparation [35]. Le chapitre consacré a 1’étude
des squelettes de Kindoki reprendra I’étude descriptive détail-
lée de chaque individu, les mesures osseuses et dentaires indi-
viduelles ainsi que de nombreuses photographies.

Etat de préservation

Les défunts des tombes 1, 2, 5, 6, 7 et 12 sont trés incomplets
et trés fragmentaires. IIs ne sont généralement constitués que
de restes dentaires, de fragments de diaphyse et de la téte
osseuse (Tableau 2). Leur ICA varie entre 1,1 et 10,2 %
(Tableau 2), ce qui correspond a un état de conservation
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Tableau 2 Résultats de 1’étude anthropologique des dix individus de Kindoki : inventaire des restes dentaires et osseux (F = os
incomplet, FF = quelques fragments osseux), indice de conservation anatomique (ICA), état de préservation des surfaces osseuses
(PSO), détermination du sexe, stade d’usure dentaire de Lovejoy [24], classe d’age, pathologie et particularité anatomique / Results
of the anthropological study of the 10 individuals from Kindoki: dental and bone inventory (F = incomplete bone, FF = several bone
fragments), Anatomical Preservation Index (ICA), bone surface preservation (PSO), sex determination, Lovejoy dental wear phase

[24], age class, age estimation, pathology and anatomically distinctive traits

Individu N Os Téte Autres ICA PSO Sexe Usure Classe Pathologie  Particularité

n° dents long osseuse os (%) dentaire d’age

(années)

1 30 FF FF - 10,2 5 3 F 2640 Carie, tartre  Torus
mandibulaire,
usure pipe

15 FF FF - 4,5 5+ a8 G-H 26-40 - -

5 22 FF — - 4,0 5+ a8 E 26-40 Tartre Usure pipe

6 11 - - - 2,3 - ? C 16-25 - -

7A 12 FF FF - 2,8 5+ 3 G 26-40 - LSAMAT

7B 12 - - - 1,1 — a >] > 40 - -

8 31 F F F 34,1 3-5 Q H > 40 Parodontite, 13 vertébres

DISH ? thoraciques,
Arthrose, LSAMAT
tartre

9 24 F F F 432 2-3 3 G > 40 Carie, Suture

arthrose métopique

11 25 F F F 38,1 1-3 Q H > 40 Parodontite, Courbure

DISH, du fémur
arthrose

12 6 FF FF FF 4 1-3 ? B2-C 16-25 - -

allant de mauvais a médiocre [15]. De plus, leurs surfaces
osseuses sont trés érodées (Fig. 3, Tableau 2). On note la
présence de fissures dans presque toutes les couronnes den-
taires. Les racines sont friables, souvent trés érodées et par-
fois méme absentes (individus 5, 6 et 7B).

Fig. 3 Tibias droit (D) et gauche (G) de I’individu de la tombe 2 de
Kindoki. Ils se caractérisent par une trés forte érosion des surfaces /
Right (D) and left (G) tibias of individual 2 from Kindoki. Both
have severely eroded surfaces

Les squelettes des tombes 8, 9 et 11 situées a 1’est du
cimetiére sont bien mieux conservés que les précédents
(Tableau 2). Leurs ICA varient entre 34,1 et 43,21 %, ce
qui correspond a un assez bon a bon état de conservation
[15]. Tls sont néanmoins incomplets, de nombreux osse-
ments sont fragmentaires (Annexes A—C), et leurs surfaces
sont érodées (Tableau 2). Les os des mains et des pieds (sauf
pour I’individu 9), les patellas et le sacrum font défaut. Les
¢épiphyses des os longs sont aussi généralement absentes.
Les couronnes dentaires sont fissurées et ont perdu de nom-
breux éclats d’émail. Les racines sont 1égérement érodées.

Chez I’individu 9, une concrétion métallique (oxyde de
fer) en forme d’anneau entoure la diaphyse humérale droite
au niveau de son tiers supérieur (Annexe B, Fig. 4).

Coloration des restes humains

Les squelettes 8, 9 et 11 présentent des colorations vertes
(Annexes A—C). Chez I’individu 9, elles concernent méme
les dents. Les analyses au MEB-EDS montrent que ces colo-
rations sont dues a la présence d’un ou de plusieurs oxydes
de cuivre.
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Fig. 4 Humérus droit de I’individu de la tombe 9 de Kindoki. A.
Vue antérieure. B. Vue postérieure / Right humerus from the indivi-
dual in grave n° 9 at Kindoki. A. Anterior view. B. Posterior view

L’individu 8 se caractérise également par des colorations
roses (Annexe A). Les analyses au MEB-EDS ont révélé des
teneurs élevées en plomb et en fer. Le plomb n’est pas res-
ponsable de cette coloration. Des oxydes de fer a faible
concentration pourraient étre a I’origine des teintes roses.

Les squelettes 9 et 11 présentent aussi des teintes brun
foncé au niveau des membres inférieurs (Annexes B,C).
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Les analyses au MEB-EDS montrent que ces colorations
sont liées a la présence d’oxydes de fer.

Détermination du sexe

Les déterminations du sexe des individus 1, 2, 5, 6, 7 et
12 ont été réalisées uniquement a partir des mensurations
dentaires. Celles des individus 8, 9 et 11 ont aussi fait appel
a des méthodes fondées sur la téte osseuse et les os longs
(Tableau 3).

Six individus ont été diagnostiqués comme masculins : 1,
2,5, 7A, 7B et 9. Les défunts des tombes 8 et 11 ont été
déterminés comme étant de sexe féminin. Les individus 6 et
12 sont de sexe indéterminé (Tableau 2).

Estimation de I’age au décés

La présence exclusive de dents permanentes usées (y com-
pris des M3) indique que les individus sont adultes. Seul
I’individu 12, qui présente des M1 et M2 peu usées, pourrait
étre un adolescent.

Pour estimer leur age au déces, nous nous sommes prin-
cipalement fondés sur I’usure dentaire (Tableau 4), avec les
réserves énoncées dans le chapitre « Méthodes ». Pour les
individus des tombes 8, 11 et 12, nous avons aussi employé
respectivement I’ossification du cartilage du larynx, 1’oblité-
ration des sutures craniennes et 1’état de fusion de 1’épiphyse
distale du radius (Tableau 4). Les résultats sont rassemblés
dans le tableau 2.

Les individus 5, 6 et 12 seraient les plus jeunes, alors que
les individus 7B, 8 et 11 seraient les plus agés.

Le fait que les individus 8 et 9 présentent des atteintes
arthrosiques de la colonne vertébrale (voir ci-dessous)
indique, par analogie aux connaissances cliniques actuelles,
qu’il s’agirait d’adultes ayant au moins atteint 40 ans [36—
38] (p. 459 de [37]).

Estimation de la stature

Les statures n’ont pu étre estimées que pour les trois indivi-
dus les mieux préservés.

La stature de I’individu 11 calculée a partir de la longueur
du fémur vaut 155,3 £ 3,41 cm.

L’estimation de la stature des individus 8 et 9 a nécessité
deux étapes : I’estimation de la longueur du fémur et I’esti-
mation de la stature. L’erreur associée a I’estimation de la
longueur du fémur est de 1,31 cm pour les sujets masculins
et de 1,02 cm pour les sujets féminins [27]. La stature de la
femme de la tombe 8 vaut 157,2 + 3,41 cm (cette valeur est
probablement sous-estimée étant donné que ’individu pré-
sentait une vertébre surnuméraire). L’homme de Ila
tombe 9 aurait mesuré 161,5 + 3,94 cm.
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of the 10 individuals from Kindoki

Tableau 3 M¢éthodes appliquées pour déterminer le sexe des dix individus de Kindoki / Methods used to determine the sex

Dents (biométrie) Bloc Mandibule Os longs (biométrie)
craniofacial
Individu n° Molaires [22] Prémolaire Morphologie Biométrie [18] Biométrie [19] Fémur [20] Tibia [21]
et canine [23] [17] (p. 200)
1 X X
2 X
5 X X
6 X
TA X
7B X
8 X X X X X X X
9 X X X X
11 X X X X X
12 X

death of the 10 individuals from Kindoki

Tableau 4 Méthodes appliquées pour estimer 1’age au décés des dix individus de Kindoki / Methods used to estimate the age at

Individu n° Usure dentaire [24]

Sutures craniennes [18] Cartilage thyroidien
(pp- 120-121)

Fusion épiphyse [25]

(18] (pp. 127-129) (pp. 293-295)

1 X
2 X
5 X
6 X
7A X
7B X
8 X
9 X
11 X X
12 X

Pathologie buccodentaire

Seuls deux individus étaient atteints de caries dentaires.
Chez le sujet 1, elle concerne la PM1 inférieure gauche. La
lésion a détruit toute la couronne (stade 4 de Metress et
Conway [39]) (Fig. 5A). Chez le sujet 9, deux caries sont a
signaler : la couronne de la M3 supérieure gauche est & moi-
tié détruite (stade 2), alors que celle de la M2 supérieure
gauche a totalement disparu (stade 4). Le taux de dents
cariées s’éléve a 1,6 % (3/188).

Trois individus présentent des dépots de tartre dentaire.
Chez I’individu 1, le dépot est 1éger [31] (pp. 153—-154) et
concerne la face vestibulaire des PM1 supérieures et la face
linguale des dents inférieures (Fig. 5A). Chez I’individu 5, le
dépdt est moyen et se situe sur les faces linguales et vestibu-
laires de la majorité des 22 dents. Chez I’individu 8, on note

un léger dépot de tartre sur la face linguale des incisives
supérieures.

On observe chez les individus 8 et 9 une parodontopathie
généralisée. Elle s’exprime par une résorption de 1’os alvéo-
laire [29,30,40] (pp. 260269 de [30]), qui atteint au moins le
stade 1 de Brabant et Sahly (régression sur moins d’un tiers de
la racine [41]). Chez I’individu 8, I’0os montre une porosité,
signe que le processus de remodelage était encore en cours.

On reléve également chez I’individu 8 une hypercémen-
tose, ¢’est-a-dire un épaississement anormal du cément den-
taire [30,42] (pp. 205-206 de [30] ; pp. 255-256 de [42]).
Elle est particuliérement visible au niveau des canines
(Fig. 6B).

Les femmes 8 et 11 présentent des atteintes périapicales.
Chez I’individu 8, on observe six cavités a paroi rugueuse
(abces ? [43]) : au niveau de la M2 et de la C inférieures
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dents
supérieures

dents
inférieures

dents
supérieures

dents
inférieures

Fig. 5 A. Denture de I’individu de la tombe 1 de Kindoki (1 = usures semi-circulaires ; 2 = carie ; 3 = tartre). B. Denture de I’individu
de la tombe 5 de Kindoki. Les fléches indiquent la localisation des usures semi-circulaires / A. Teeth of the individual from grave n°® 1 at
Kindoki (1 = semicircular wear, 2 = caries, 3 = dental calculus). B. Teeth of the individual from grave n° 5 at Kindoki. The arrows show

the location of semicircular wear

droites (Fig. 6A), de la M1 (avec perforation du plancher du
sinus) et de la C supérieures droites, des M1 et M3 supérieu-
res gauches (Fig. 6B). L’individu 11 présente deux cavités
périapicales a paroi lisse (kyste ? [43]) (Fig. 7) : au niveau de
la PM1 et de la M2 inférieures gauches. Dans ce dernier cas,
la destruction de 1’os alvéolaire est telle qu’elle a permis le
déplacement de cette molaire. Elle a pu pencher 1égérement
mésialement (Fig. 7Ba) ou totalement basculer jusqu’a repo-
ser sa face mésiale sur 1’os alvéolaire (Fig. 7Bb). Elle n’était,
de toute facon, plus en contact avec la dent antagoniste supé-
rieure, étant donné qu’elle est nettement moins usée que sa
correspondante droite. Les bascules antérieures sont habi-
tuellement observées lors de la perte d’une molaire : la
molaire suivante bascule vers le site de la dent manquante
[44]. Ce n’est pas le cas de notre sujet, puisque sa M1 est
présente et en place : c¢’est ’espace dégagé postérieurement
par la destruction de I’alvéole (Fig. 7Bc) qui a rendu possible
le déplacement de la dent.

Chez I’individu 11, on note la présence d’une ligne d’hy-
poplasie de I’émail dentaire [30] (pp. 165—177) sur les PM1
et PM2 inférieures gauches (la droite est trop mal préservée),
les M1 et M2 inférieures droites, la M2 supérieure gauche et
les M3 (Fig. 7A).
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Usures dentaires particuliéres

Deux individus de sexe masculin présentent des usures den-
taires de forme semi-circulaire. Chez 1’individu 1, elles
concernent les C, la PM1 inférieure droite (la gauche a été
détruite par une carie, et les PM1 supérieures sont manquan-
tes) et la PM2 supérieure droite (Fig. 5A). Chez I’individu 5,
les usures touchent les canines, les prémolaires et les premie-
res molaires (Fig. 5B).

Les incisives supérieures des individus 7A et 8 présentent
une usure qui s’étend sur leur face linguale. Ce type d usure
des dents antérosupérieures a été dénommé LSAMAT (lin-
gual surface attrition of the maxillary anterior teeth) [45].

Pathologie osseuse

Les deuxiéme et troisiéme vertébres thoraciques de I’indi-
vidu 8 présentent une zone de fusion (Fig. 8A). Cette fusion
est localisée antérieurement et restreinte au coté droit des
corps vertébraux. L’espace entre les deux vertébres est
conservé. Deux cotes droites sont fusionnées avec les corps
vertébraux sur lesquels elles s’articulent (Fig. 8B).



BMSAP (2018) 30:70-89

79

Fig. 6 Mandibule et maxillaires de I’individu de la tombe 8 de Kindoki. Les fleches indiquent la localisation des atteintes périapicales

(1) et ’hypercémentose (2). A. Mandibule ; a : vue latérale droite ; b : vue antérieure ; ¢ : vue latérale gauche. B. Maxillaires (de la plasti-

cine a été appliquée pour fixer les dents antérieures) ; a : vue latérale gauche ; b : vue antérieure ; ¢ : vue latérale droite ; d : vue infé-

rieure ; e : vue supérieure / Mandible and maxillae of the individual from grave n® 8 at Kindoki. The arrows show the location of the peria-

pical lesions (1) and hypercementosis (2). A. Mandible; a: right side view; b: anterior view; c: left side view. B. Maxillae (plasticine was

applied to fix the anterior teeth); a: left side view; b: anterior view; c: right side view; d: inferior view; e: superior view

Au moins sept vertebres thoraciques de la femme de la
tombe 11 montrent des zones de fusion (Fig. 9). Comme
dans le cas de I’individu 8, les fusions sont localisées anté-
rieurement et restreintes au coté droit des corps vertébraux.
Elles s’expriment sous forme de ponts osseux qui ont I’as-
pect d’une coulée de cire. Les espaces entre les vertebres
sont conservés.

Les vertébres de I’individu 8 présentent des signes d’os-
téoarthrose modérée qui affecte les différents étages du
rachis. Le sujet 9 est aussi atteint de maladie articulaire dégé-
nérative au niveau du seul corps préservé de verteébre cervi-
cale et au niveau de la cavité glénoide droite.

Particularités anatomiques

L’individu 1 présente un torus mandibulaire compos¢ de
trois nodules : un situé a droite au niveau de la PM2, deux
a gauche, respectivement au niveau de la PM1 et de la PM2.

L’individu 8 se caractérise par 13 vertébres thoraciques au
lieu de 12 (Annexe A). L’os frontal de I’individu 9 comporte
une suture métopique. Les fémurs de ’individu 11 accusent
une courbure antérieure prononcée.

Discussion

Neuf des 11 tombes de la colline de Kindoki ont livré des
restes humains, mais la majorité présente un trés mauvais
état de conservation. Ces détériorations sont a imputer aux
conditions d’enfouissement des sites de plein air localisés
dans cette région au climat tropical humide (province du
Kongo central et province du Zaire en Angola) [46]. Le
degré de préservation serait, de plus, li¢ a leur durée de
s¢jour dans ce type de sol. Jusqu’a présent, aucun reste
humain antérieur au xvn° siécle n’y a été retrouvé. Pour ceux
datant plus ou moins de 150 ans (comme la tombe 9), 'ICA
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Fig. 7 Mandibule de I’individu de la tombe 11 de Kindoki. A. Vue latérale gauche (1 = lésions périapicales, 2 = ligne d’hypoplasie

de I’émail). B. Vues latérales gauches rapprochées. Deux scénarii (a et b) sont proposés en ce qui concerne la position de la seconde

molaire ; a : la dent était encore plus ou moins dans sa position initiale ; b : la dent avait totalement basculé sur sa face mésiale ; ¢ : vue

de la cavité sans la deuxiéme molaire / Mandible of the individual from grave n® 11 at Kindoki. A. Left side view (1 = periapical lesions,

2 = enamel hypoplasia line). B. Close-up lateral views. Two hypotheses (a and b) are proposed concerning the position of the second

molar; a: the tooth was still more or less in its original position ; b: the tooth had twisted entirely onto its mesial face; c: view of the cavity

without the second molar

atteint a peine les 40 %, et les surfaces osseuses sont géné-
ralement dégradées.

L’étude anthropologique est de ce fait trés limitée, et les
résultats obtenus sont a considérer avec prudence.

Le nombre minimum d’individus s’éléve a dix, car la
tombe 7 contenait les restes de deux individus. L’étude
anthropologique montre que, parmi ces dix individus, six
seraient de sexe masculin, deux de sexe féminin et deux de
sexe indéterminé. Une comparaison de ces déterminations
du sexe avec celles réalisées a partir du mobilier funéraire
aboutit a une bonne concordance (Tableaux 1,2). Trois tom-
bes, déterminées comme masculines sur la base de la pré-
sence d’armes (5, 7 et 9), ont livré des restes humains attri-
bués au sexe masculin par 1’é¢tude anthropologique. II en est
de méme pour les deux tombes diagnostiquées féminines sur
la base de I’absence d’arme et la présence de nombreuses
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perles de verre (8 et 11). Les individus 6 et 12, dont I’analyse
métrique des restes dentaires n’a pas permis de déterminer le
sexe, sont diagnostiqués de sexe masculin sur la base de
I’¢tude du mobilier funéraire. En combinant I’¢tude des
squelettes et du mobilier funéraire, il y aurait donc deux fem-
mes et huit hommes. Les individus les plus jeunes ont été
inhumés au centre du cimeticre : il s’agit d’adolescents ou de
jeunes adultes.

La couleur verte des os des individus 8, 9 et 11 et des
dents de I’individu 9 peut s’expliquer parfois par la présence
d’objets en cuivre dans la tombe (Tableau 1, tombe 8). De
méme, la couleur brune des os des membres inférieurs des
sujets 9 et 11 résulterait de la migration d’oxydes provenant
d’objets en fer au contact des défunts (Tableau 1). La teinte
rose présente chez I’individu 8 pourrait étre aussi liée a la
présence d’oxydes de fer ou provenir de colorants présents
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Fig. 8 Vertebres de I’individu de la tombe n°8 de Kindoki. A. Deuxiéme et troisieme vertebres thoraciques ; a : vue latérale droite ; b :

vue antérieure ; ¢ : vue latérale gauche. B. Vue supérieure des cotes soudées aux dernieres vertebres thoraciques / Vertebrae of the indivi-
dual from grave 8 at Kindoki. A. Second and third thoracic vertebrae; a: right side view ; b: anterior view ; c: left side view. B. Superior

view of the ribs fused to the last thoracic vertebrae

dans les tissus qui entouraient le cadavre (chapitre « Maté-
riel » et Tableau 1).

Quatre particularités osseuses ont été relevées a Kindoki :
un torus mandibulaire, une suture métopique, une vertébre
surnuméraire et une courbure accentuée du fémur. Elles
seraient d’origine génétique, environnementale [47,48] (pp.
41-44 de [48]) ou, pour la derniére, biomécanique [49].
Reginato et al. [50] mentionnent que le torus affecte 3,2 %
des Africains, alors que Corruccini [51] cite une fréquence
deux fois plus élevée. La suture métopique est présente chez
1 a 3,4 % des individus africains [52]. La vertébre surnumé-
raire serait plus fréquente chez les Africains [32] (pp. 218—
219). En général, cette variabilité s’accompagne d un phéno-
mene de compensation : quand il y a une vertebre thoracique
en plus, il y a une vertébre lombaire en moins [53] (pp. 234—
235), mais ce n’est pas le cas chez notre individu. Walensky
[54] a relevé des valeurs de courbure du fémur les moins
¢élevées chez les individus d’origine africaine. Des caractéres

discrets ont permis d’identifier des groupements familiaux
dans un cimetiére soudanais datant du m® au vi° siécle [55].
Ce type d’étude n’est malheureusement pas envisageable a
Kindoki, étant donné le faible effectif et la mauvaise préser-
vation des restes osseux.

Les individus masculins des tombes 1 et 5 présentent des
usures dentaires semi-circulaires révélatrices de I’utilisation
d’une pipe [56]. Cette derniére, surtout lorsqu’elle est en
matériau dur, peut en effet entrainer des usures dentaires au
niveau des positions préférentiellement adoptées. Fumer le
tabac au royaume Kongo est attesté dés 1612 [57], et des
exemplaires de pipes en terre cuite et en pierre ont été décou-
verts par I’équipe du projet KongoKing lors des fouilles de la
colline de Kindoki [2].

L’étude de la stature ainsi que des pathologies osseuses et
dentaires constitue le point de départ d’une recherche plus
vaste qui portera sur le régime alimentaire, 1’état sanitaire, le
statut social et leurs interconnexions. En effet, pour I’instant,
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Fig. 9 Sept vertébres thoraciques de 1’individu de la tombe 11 de Kindoki. A. Vue latérale droite. B. Vue antérieure. C. Vue latérale gau-
che / Seven thoracic vertebrae of the individual from grave n® 11 at Kindoki. A. Right side view. B. Anterior view. C. Left side view

on ne dispose de pratiquement aucune information sur ’ali-
mentation et la santé de ces aristocrates du royaume Kongo.
Les comparaisons réalisées avec d’autres populations
d’Afrique centrale (voir ci-dessous) sont, a ce stade, explo-
ratoires. Elles ont pour but de mettre en évidence si I’échan-
tillon privilégié de Kindoki se démarque des autres popula-
tions de la région.

Les deux statures féminines de Kindoki qui avoisinent
I m 55-1 m 60 sont comparables a celles des populations
actuelles d’Afrique centrale (2 I’exception des Pygmées)
comme les Bakiga vivant au sud-ouest de I’Ouganda et au
nord du Rwanda (moyenne féminine = 155,1 cm) [58], les
Lese de RDC (153 c¢m), les Bagandu et Issongo de la Répu-
blique centrafricaine (154 cm) [59]. La stature masculine qui
est de ’ordre de 1 m 60 est par contre inférieure a celle des
populations actuelles d’Afrique centrale comme les Bakiga
(moyenne masculine = 165,4 cm) et les Luba (165,7 cm)
[60] ainsi qu’a celle des populations de la RDC datées du
vin® au xv° siécle comme les Sanga (165,7 cm) et les Katoto
(165,8 cm) [61]. Elle est néanmoins similaire a celle des
Lese (161 cm) et des Bagandu et Issongo (159 cm) [62].

Les fusions vertébrales principalement localisées du coté
droit chez les individus féminins des tombes 8 et 11 sont
évocatrices de DISH ou de maladie hyperostosique [29]
(pp. 47-54 et 62-64). Ses manifestations rachidiennes
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consistent en une ossification du ligament vertébral commun
antérieur. Au niveau thoracique, celle-ci est limitée au coté
droit suite aux pulsations de ’aorte [65]. Le diagnostic de
DISH repose sur la présence dune coulée osseuse impli-
quant au moins quatre vertébres thoraciques consécutives
[63]. Il est donc confirmé pour I’individu 11, mais reste pro-
bable pour I’individu 8. Les fusions costovertébrale et ster-
nocostale du sujet 8 ne font pas partie des signes attribués
habituellement au DISH. Elles sont par contre associ¢es a
des spondylarthropathies comme la spondylarthrite ankylo-
sante [66]. Le DISH est également caractérisé par des mani-
festations extrarachidiennes comme des ossifications de
diverses enthéses (au niveau des talons, des coudes, des che-
villes, des genoux et des épaules) [64,67], mais le mauvais
état de conservation des individus ne nous permet pas de les
observer. Actuellement, cette affection touche généralement
les individus masculins (sex-ratio : 2/1) de plus de 50 ans et
est associée a une alimentation riche, a I’obésité et au diabéte
de type 11 [68]. Il est donc envisageable que les deux femmes
inhumées dans ce cimetiére aient eu, de par leur statut social,
acces a une alimentation trés riche et qu’elles étaient en sur-
poids. Des cas archéologiques de DISH ont déja été associés
a un statut social élevé [69—73]. Les données actuelles mon-
trent qu’environ 4 % des Noirs africains présentent cette
pathologie [65]. Des cas archéologiques de DISH ont été
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décrits en Afrique du Nord [74,75] et au Botswana [76],
mais encore jamais en Afrique centrale.

Le LSAMAT serait dii a la mastication d’aliments tres
abrasifs comme les tubercules [44,45]. Irish et Turner [77]
I’ont observé chez des Sénégalais d’époque contemporaine
(x1x° siécle) et I’ont mis en relation avec la consommation de
manioc. Cela pourrait avoir aussi été le cas a Kindoki, car
cette plante originaire d’Amérique du Sud fut introduite dans
le bassin du Congo par les Portugais au xvi° siécle [78] (pp.
60-87).

Deux des dix individus de Kindoki présentaient des caries
dentaires, et le taux de dents cariées s’éléve a 1,6 %. Il
n’existe malheureusement pas de données comparatives
pour I’ Afrique centrale a I’époque concernée (fin xvi®~début
x1x° siécle). On dispose toutefois de données pour des échan-
tillons plus anciens et plus récents. Les fréquences sont tou-
tes plus élevées qu’a Kindoki. Ainsi, Gutierrez et Valentin
ont relevé 6,3 % de dents cariées chez des Angolais de statut
social élevé décédés entre le xvi° et le xvi® siécle [79].
L’étude menée par Dlamini et al. sur les Sanga et les Katoto,
des agriculteurs du Katanga (province la plus méridionale de
la RDC) datés du vii® au xv° siécle, a montré des taux de
carie respectifs de 17,1 et 3,9 % [80]. Brabant, qui a étudié
des crines hutus du Rwanda datés du début du xx° siécle,
mentionne une fréquence de dents cariées de 4,6 % qui affec-
taient 20 % des individus (comme a Kindoki) [81]. Walker et
Hewlett ont relevé a la fin du xx° siécle des fréquences de
dents cariées de 5,2 a 6 % chez les Pygmées chasseurs-
cueilleurs et de 8,1 % chez les Bantous agriculteurs [82].
Ils ont aussi observé que les Pygmées de statut social plus
¢élevé présentaient moins de dents cariées que les autres indi-
vidus (5,7 contre 7,7 %).

Trois individus de Kindoki présentent des dépdts de tartre
mais, étant donné le mauvais état de préservation, certains
autres individus pourraient 1’avoir perdu post mortem. Des
squelettes inhumés dans des conditions plus favorables (en
grotte) présentent des prévalences plus élevées comme les
Hutus du Rwanda, dont la moitié montrait des dépots de
tartre [81].

Chez les trois individus les mieux conservés de Kindoki,
il a été possible de mettre en évidence un mauvais état de
santé buccodentaire via la présence de maladie parodontale
et de lésions périapicales. Les parodontites sont liées a des
facteurs génétiques, hormonaux, systémiques (diabétes de
types I et II et ostéoporose), locaux (problémes occlusaux
et présence de tartre), sociaux et comportementaux (taba-
gisme, stress et mauvaise hygiéne buccodentaire) [83]. 1l
est donc probable qu’a Kindoki le tabagisme, la présence
de tartre et peut-étre du diabéte (souvent associé au DISH)
aient accru le risque de développer une maladie parodontale.
Prés de la moitié des Hutus du Rwanda présentait des signes
de cette affection [81]. Les atteintes périapicales infectieuses
peuvent faire suite a une carie, a un traumatisme dentaire, a

une usure importante ou a la propagation depuis un foyer
infectieux voisin (gingivite, parodontite, sinusite) [42] (pp.
143-146). A Kindoki, aucune carie ne semble a ’origine de
Iésions périapicales. Il est donc possible que ces derniéres
soient plutot liées a la parodontopathie. Ces 1ésions périapi-
cales étaient aussi présentes dans d’autres populations
archéologiques d’Afrique centrale, comme les Hutus du
Rwanda (16,8 %) [81].

Les hypercémentoses sont généralement causées par des
surcharges mécaniques ou une inflammation périapicale [42]
(pp. 255-256). Les deux types de facteurs (consommation
d’aliments durs et inflammation de 1’os alvéolaire) pour-
raient avoir joué un réle a Kindoki.

Seul un individu présente de I’hypoplasie de I’émail den-
taire, un marqueur de maladie et/ou une malnutrition pen-
dant la croissance. Cette faible prévalence pourrait étre liée
a leur statut social privilégié, comme cela a été mis en évi-
dence dans d’autres échantillons anciens [84,85] ou récents
[86,87].

Conclusion

Les fouilles réalisées sur la colline de Kindoki ont permis la
découverte d’un petit cimetiére qui renfermait au moins
11 tombes d’aristocrates datées du xvi® au xix° siécle.
Comme dans de nombreux autres sites de plein air localisés
en climat tropical humide, les restes humains sont trés mal
conservés. Deux tombes étaient méme dépourvues de restes
humains. Les études anthropologique et archéologique ont
néanmoins révélé la présence de huit hommes et de deux
femmes.

Au moins deux de ces hommes étaient des fumeurs de
pipe. Une femme était atteinte de DISH, et il est probable
que la seconde souffrait aussi de cette maladie. Cette patho-
logie, qui n’avait pas encore été décrite chez des populations
archéologiques d’Afrique centrale, est probablement en rela-
tion avec leur statut élevé. Les faibles taux de carie dentaire
et d’hypoplasie de I’émail dentaire pourraient, eux aussi, étre
liés a cette position sociale favorisée. Leur stature, par
contre, n’est pas élevée et est comparable (voire inféricure)
a celle d’individus vivant actuellement ou il y a quelques
centaines d’années en Afrique centrale.

Le tabagisme et le déséquilibre glycémique pourraient
étre a ’origine de leur mauvais état de santé buccodentaire.

L’étude des particularités anatomiques osseuses n’a pas
permis d’identifier d’éventuels liens de parenté au sein des
individus inhumés dans ce cimetiere. Une étude des caractéres
discrets dentaires et des analyses d’ADN pourraient apporter
des ¢éléments supplémentaires a cette problématique.

L’usure particuliere des incisives supérieures (LSAMAT)
indique la consommation d’aliments abrasifs comme le
manioc. L’étude des microfossiles végétaux emprisonnés
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dans le tartre dentaire et des analyses isotopiques du colla-
géne osseux sont en cours. Elles pourraient permettre de
confirmer cette hypothése et d’apporter de nouvelles infor-
mations sur le régime alimentaire de ces dignitaires du
royaume Kongo.
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Annexe A

Représentation schématique du squelette de la tombe 8 de Kindoki. Les couleurs des restes osseux y sont figurées : les os
de teinte « normale » sont en gris (dessin : M. Coutureau [INRAP] et A.-M. Wittek [ADIA]) / Diagram of the skeleton from
grave n°°8 at Kindoki, indicating the colours of the bone remains: the bones of “normal” colour are in grey (drawing : M.
Coutureau [INRAP] and A.-M. Wittek [ADIA])
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Annexe B

Représentation schématique du squelette de la tombe 9 de Kindoki. Les couleurs des restes osseux y sont figurées : les os de
teinte « normale » sont en gris (dessin : M. Coutureau [INRAP] et A.-M. Wittek [ADIA]) / Diagram of the skeleton from grave
n°°9 at Kindoki, indicating the colours of the bone remains: the bones of “normal” colour are in grey (drawing : M. Coutureau
[INRAP] and A.-M. Wittek [ADIA])
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Annexe C

Représentation schématique du squelette de la tombe 11 de Kindoki. Les couleurs des restes osseux y sont figurées : les os
de teinte « normale » sont en gris (dessin : M. Coutureau [INRAP] et A.-M. Wittek [ADIA]) / Diagram of the skeleton from
grave n°°11 at Kindoki, indicating the colours of the bone remains: the bones of “normal” colour are in grey (drawing : M.
Coutureau [INRAP] and A.-M. Wittek [ADIA])
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Résumé En plus de leur taille réduite, les groupes pygmées
ont été décrits comme présentant des proportions corporel-
les particuliéres qui pourraient résulter dune réduction
d’échelle (allométrie) au cours de la croissance. Cependant,
les groupes pygmées pourraient ne pas partager la méme
morphologie. A partir de 1’analyse des mensurations corpo-
relles et des allométries de trois groupes pygmées de diffé-
rentes régions d’Afrique et d’un groupe non pygmée, nous
avons testé a) s’il existe plus d’'une morphologie chez les
Pygmées et b) si la différence avec les Non-Pygmées peut
étre expliquée par des processus allométriques. Nos résultats
suggerent que les groupes pygmées partagent la méme mor-
phologie : la diversit¢é morphologique chez les Pygmées
s’opere au long d’un méme axe qui est isométrique. Par
contre, chez les Non-Pygmées, la conformation se modifie
en fonction de la variation de la taille, car la taille et le tronc
présentent un rapport allométrique. Donc, la différence de
conformation entre Pygmées et Non-Pygmées ne peut pas
étre expliquée par une réduction d’échelle, elle indique plu-
tot deux modalités distinctes de constitution corporelle.

Mots clés Pygmées - Proportion corporelle - Conformation -
Taille - Allométrie

Abstract Besides their small body size, the various Pygmy
groups found across different African regions have generally
been described as presenting particular body proportions.
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This could result from a reduction of scale (allometry)
during growth, relatively to non-Pygmy groups. However,
morphological differences may also exist between the
Pygmy groups. In this study, we have analyzed body mea-
surements and allometries in Pygmy groups from different
regions and also in a non-Pygmy group, to test whether: a)
Pygmies have more than one morphology (intra-Pygmy
variability), and b) differences with non-Pygmies can be
explained by allometric processes. Our results suggest that
all Pygmies share the same morphology, with morphological
variations occurring along the same axis, which is isometric.
In non-Pygmies, on the other hand, changes in shape occur
with changes in size: the trunk shows an allometric relations-
hip with size. Thus, the differences in body shape between
Pygmies and non-Pygmies cannot be explained only by a
reduction of scale, but rather it suggests two different pat-
terns of morphological development.

Keywords Pygmies - Body proportion - Shape - Size -
Allometry

Le terme « pygmée » a longtemps été utilisé pour désigner
les populations d’Afrique équatoriale ayant une taille
moyenne adulte inférieure a 1,55 m [1]. Il comprend des
groupes répartis en deux ensembles géographiques, 1'un a
I’ouest (Baka, Aka, Kola, Bongo, Bedzan et Koya) et I’autre
a I’est (Aka, Efé, Sua et Twa). Le groupe Twa habitant dans
la zone du lac Tumba en République démocratique du
Congo (RDC) est aussi considéré comme groupe pygmée
[2]; Vallois [3] les nommait les Pygmées du « centre ». Tous
ces groupes parlent des langues différentes et sont reconnus
comme des Pygmées non seulement en raison de leur petite
taille, mais encore et surtout par leurs caractéristiques socia-
les et économiques. Ce sont a l’origine des groupes de
chasseurs-cueilleurs semi-nomades qui se caractérisent aussi
par des rapports trés particuliers, complexes et trés divers,
avec les groupes voisins non pygmées [4].
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Les études en génétique des populations ont révélé que,
bien que ’utilisation d’une taille adulte moyenne comme cri-
tére de distinction entre groupes pygmeées et non pygmées soit
arbitraire, elle refléte assez correctement 1’existence d’entités
biologiques distinctes. En effet, Patin et al. [5,6], en compa-
rant I’ ADN nucléaire de cinq groupes pygmées, trois originai-
res de I’Ouest et deux de I’Est, et de cinq groupes non pyg-
mées, ont suggéré que la lignée pygmée s’est séparée de celle
non pygmée il y a environ 60 000 ans et que les sous-
ensembles est et ouest de groupes pygmées ont divergé depuis
environ 20 000 ans. Verdu et al. [7,8], analysant les microsa-
tellites des groupes pygmées et non pygmées de I’Ouest, arri-
vent a des conclusions semblables et ont suggéré que les grou-
pes pygmées de 1’Ouest sont issus d’une population
ancestrale qui s’est diversifiée il y a prés de 2 800 ans.

La taille réduite des Pygmées résulte de fondements géné-
tiques [9,10]. Les études sur les facteurs de croissance res-
ponsables du phénotype pygmée ont été réalisées en consi-
dérant que les processus endocriniens étaient les mémes
dans les deux ensembles [11-18]. Or, les études sur la crois-
sance somatique ont révélé que la taille réduite des Pygmées
est un phénomeéne de convergence évolutive, les modalités
de croissance étant différentes entre les groupes de I’Est et de
I’Ouest [19]. En effet, tandis que dans les groupes de I’Est
[20] la croissance intra-utérine a été restreinte, les groupes de
I’Ouest se caractérisent par une croissance ralentie pendant
la petite enfance.

Depuis les premiéres descriptions des Pygmées, les
auteurs ont été étonnés non seulement par la taille réduite,
mais aussi par des proportions corporelles particuliéres
[21,22]. Bien que ces premicres impressions ne fussent pas
supportées par des analyses, Poutrin [23] pour les Pygmées
de I’Ouest et Pagezy [2] pour les Twa du lac Tumba ont
confirmé que les Pygmées présentent, par rapport au tronc,
des membres inférieurs plus courts que chez les Non-
Pygmées, tandis qu’il n’y a pas de différences pour les mem-
bres supérieurs.

La conformation particuliére des Pygmées ne résulterait
pas pour autant de modifications importantes dans la dimen-
sion des différentes parties corporelles. Shea et Bailey [24]
ont comparé la conformation chez les Pygmées Efé et les
groupes non pygmées. Disposant d’individus adultes, mais
aussi de subadultes, ils ont pu établir ’allométrie ontogé-
nique des Efé et ont observé que les adultes non pygmées
se situent dans le prolongement de cette allométrie. La
conformation particuliere des Pygmées Efé résulte donc
principalement d’une réduction d’échelle au long de la crois-
sance allométrique (ontogenetic scaling). En d’autres mots,
tout Non-Pygmée qui aurait arrété sa croissance avec une
taille semblable a celle des Pygmées présenterait la méme
conformation qu’un Pygmée adulte.

Vallois [3], en comparant les Pygmées de 1’Ouest et de
I’Est, a observé que les premiers présentent une plus grande

stature et un tronc plus long. Mais il ne peut pas affirmer que
ceux de I’Ouest sont des Pygmées avec des traits moins mar-
qués que ceux de I’Est, car le tronc des Pygmées occiden-
taux, bien que plus long, est plus étroit que celui des Pyg-
mées de I’Est (argument pour refuser I’hypothése de
I’existence des Pygmées et des Pygmoides de Schebesta
[25]). Vallois suggere donc la présence de plus d’un type
dans la conformation pygmée.

L’objectif de ce travail est de comparer les proportions
des Pygmées de I’Est, de I’Ouest et du centre pour confirmer
ou infirmer I’existence de plusieurs conformations. La
conformation des Pygmées est aussi comparée a celle des
Non-Pygmées vivant dans le méme environnement.

Matériel

La comparaison des rapports métriques entre populations ne
peut pas s’effectuer a partir des mesures de la tendance cen-
trale ; les allométries ontogéniques et statiques (qui se réfe-
rent a une seule étape de la croissance) ne peuvent se calculer
qu’avec les données individuelles. Aprés avoir compilé les
archives de différentes institutions, nous avons pu obtenir les
données individuelles de plusieurs enquétes biométriques.
Ayant pour objectif la comparaison de la conformation des
groupes pygmées de différents ensembles, nous présentons
ici les données des Pygmées Baka du Cameroun, des Efé de
I’Tturi et des Twa du lac Tumba (RDC).

Les mensurations des Baka (80 femmes, 61 hommes) ont
été obtenues en 2010 et 2015 (AF et FRR) lors d’une étude
longitudinale de la croissance dans la localité du Bosquet
(Cameroun) [19,26]. Les mesures des Efé (31 femmes,
35 hommes) ont été fournies par Bailey et correspondent a
celles qui ont été utilisées par Shea et Bailey [24]. Bailey n’a
pas mesuré la taille en position assise. L’un de nous (JG) a
mesuré des Twa de sexe masculin lors de ses s¢jours dans les
années 1960 au lac Tumba [27,28] ; les mesures des femmes
ont été fournies par les travaux de Pagezy [2]. Un total de
59 Twa (29 femmes, 30 hommes) sont inclus dans cette
étude, mais certaines mesures manquent pour quelques indi-
vidus. Pour le groupe non pygmée, nous avons utilisé,
comme Shea et Bailey [24], les données publiées par Czeka-
nowski [29]. Cet anthropologue polonais n’avait examiné
que des hommes adultes, donc la comparaison avec les Pyg-
mées sera limitée a 50 hommes du groupe Hiru mesurés dans
la région de Toro, a 1’ouest de Fort Portal, zone fronti¢re
entre I’Ouganda et la RDC.

Méthodes

Les mesures corporelles classiques ont été considérées pour
effectuer 1’analyse de la conformation : poids, taille, taille
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assise, hauteur a I’épine iliaque antérieure (Heias) qui permet
d’estimer la hauteur des membres inférieurs, longueur maxi-
male du membre supérieur, largeur entre les épaules (diame-
tre biacromial) et largeur au niveau du bassin (diamétre
bicréte, entre les crétes iliaques) (Tableau 1).

Les Baka ont des ages connus [19] et les Efé, des ages
estimés [24]. Nous avons retenu les individus a partir de
14 ans. Une étude reposant exclusivement sur des individus
adultes ne permettrait d’obtenir que [’allométrie statique
pour cette étape de la croissance, tandis que 1’inclusion des
individus subadultes permet de caractériser au moins la der-
niére phase de I’allométrie ontogénique. Les autres groupes
ne sont représentés que par des individus adultes, et donc
leurs analyses se référent a 1’allométrie statique.

Dans une premicre étape, seuls les individus adultes
(> 18 ans) ont ét¢ inclus dans I’analyse, afin d’évaluer le dimor-
phisme sexuel des variables et des proportions dans chaque
groupe (#-test). La comparaison entre les groupes a aussi été
effectuée en considérant seulement les adultes (¢-test).

Il faut préciser que nous considérons comme analyse des
allométries la comparaison entre la taille (totale ou d’une
variable) et la conformation (proportion d’un trait sur la
taille) selon 1’école Gould-Mosimann [30]. La comparaison
de deux mensurations ne conduit pas a déterminer des allo-
meétries (école Huxley-Joliceeur) [31,32]. Les courbes de
régression des moindres carrés entre taille et conformation
représentent la croissance allométrique qui peut étre :

® isométrique si le ratio entre deux variables (conformation)
ne se modifie pas (régression non significative) au cours
de la modification de la variable indépendante (taille) ;

e allométrique si la conformation se modifie (régression
significative) au cours de la modification de la variable
indépendante (taille).

Tableau 1 Mesures et abréviations / Measurements and
abbreviations

Et = écart-type = SD = standard deviation

Es = erreur standard = SE = standard error

BMI = indice de masse corporelle = body mass index

T = taille = size Tassis = taille assise = seated height

Heais = hauteur a 1’épine iliaque antérieure = height anterior
iliac spine

LMS = longueur du membre supérieur = upper member length
Biacro = diamétre biacromial = biacromial breadth

Bicréte = diametre des bicrétes iliaques = biiliac diameter
ND = non disponible = not available

NS = non significative = not significant

TassT = ratio Tassis / Taille = Seated height/Size ratio
HeiasT = ratio Heais / Taille = HeiasT/size ratio

LMSTass = ratio LMS / Tassis = LMS/seated height ratio
BiacroTass = ratio Biacro / Tassis = Biacro/seated height ratio

Eavoisier

Donc, tout d’abord des régressions entre les variables et la
taille (conformation) ont été calculées pour les adultes de
chaque sexe de chaque groupe ; les régressions ont été com-
parées entre les sexes au sein de chaque groupe et entre les
groupes. Si I’observation de Vallois [3] est correcte, on s’at-
tendra a ce que les Baka différent des Efé¢ au moins dans les
régressions qui prennent en compte le diamétre biacromial.
Ensuite, pour établir la croissance allométrique statique
(adultes), des régressions ont été obtenues entre la conforma-
tion et la taille pour chaque sexe de chaque groupe. Enfin,
ces régressions allométriques ont été comparées entre les
groupes pygmées et le groupe non pygmée. Si les régres-
sions ne montrent pas de différence significative (p <
0,05), il n’est pas possible de distinguer plus d’un type de
morphologie.

La comparaison entre les régressions a été effectuée avec
le logiciel SPSS. Le degré de signification dans la différence
de pente et d’interception de ’axe Y entre deux lignes de
régression peut étre obtenu avec 1’analyse de covariance
(ANCOVA), appelée « modele linéaire général univarié »
dans la version francaise de SPSS. Mais ce logiciel permet
aussi de comparer des régressions a partir d’une analyse de
variance (ANOVA) dans laquelle une variable factice codée
de facon binaire (0, 1) et une autre variable résultant du pro-
duit entre la variable factice et la variable indépendante
accompagnent celle-ci comme covariables. La variable fac-
tice sert a séparer les deux groupes a comparer [33]. Pour
effectuer cette analyse, il faut partir d’une régression
linéaire. Dans le tableau résultant, le coefficient de la
variable factice indique le degré de signification de la diffé-
rence des interceptions avec I’axe Y, tandis que celui du pro-
duit de cette variable avec I’indépendante donne la compa-
raison des coefficients de régression (pente).

Une derniere analyse concerne 1’allométrie ontogénique.
Elle a été obtenue chez les Baka et les Efé en incluant les
individus subadultes pour caractériser 1’allométrie ontogé-
nique, au moins pendant la derniére étape de la croissance.
Nous avons testé si les Hiru se situent dans le méme axe de
croissance que les groupes pygmées [24]. Pour cette compa-
raison, bien évidemment, seulement les hommes Baka et Efé
ont été considérés.

Résultats

Le méme type de dimorphisme sexuel existe dans les trois
groupes pygmées (Tableau 2), les différences sont significa-
tives, excepté pour I’indice de masse corporelle et le diame-
tre bicréte. Par contre, le dimorphisme sexuel des propor-
tions corporelles ne semble pas suivre la méme modalité
selon les groupes. Chez les Baka et les Ef¢, la longueur du
membre supérieur est proportionnellement plus importante
que la taille, et la longueur du membre inférieur est plus
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Tableau 2 Dimorphisme sexuel des variables chez les Pygmées / Sexual dimorphism in Pygmy traits
Groupe Variable Sexe n Moyenne Et Es P
Baka Poids H 42 48,7 4,86 0,75 o
F 64 443 5,16 0,64
Taille H 42 1544 4,03 0,62 *x
F 64 147,0 5,23 0,65
BMI H 42 20,38 1,43 0,22 NS
F 64 20,44 1,61 0,20
Tassis H 42 81,1 2,71 0,42 *x
F 64 77,0 2,89 0,36
Heais H 42 87,6 2,62 0,40 o
F 64 83,6 3,86 0,48
LMS H 42 71,7 2,39 0,37 *x
F 64 66,9 3,56 0,45
Biacro H 42 35,9 1,59 0,25 **
F 64 33,0 1,80 0,23
Bicréte H 42 24,5 1,45 0,22 NS
F 64 24,2 1,20 0,15
Twa Poids H 27 48,0 5,11 0,98 **
F 29 42,9 6,20 1,15
Taille H 27 159.,0 5,38 1,04 *x
F 29 148,7 5,26 0,98
BMI H 27 18,98 1,79 0,35 NS
F 29 19,36 2,16 0,40
Tassis H 23 83,0 2,79 0,58 ok
F 28 71,7 2,59 0,49
Heais H 23 88,8 4,61 0,96 **
F 29 83,5 4,64 0,86
LMS H 23 70,3 3,09 0,64 *x
F 29 65,1 2,85 0,53
Biacro H 23 34,1 1,54 0,32 **
F 29 30,7 2,64 0,49
Bicréte H 23 23,3 1,16 0,24 *
F 29 22,5 1,46 0,27
Efé Poids H 25 42,9 4,82 0,96 **
F 29 38,1 4,26 0,79
Taille H 25 146,0 5,61 1,12 *x
F 29 138,9 3,90 0,73
BMI H 25 20,07 1,42 0,28 NS
F 29 19,74 1,86 0,35
Tassis H
F
Heais H 25 79,7 3,70 0,74 **
F 29 76,0 2,82 0,52
LMS H 24 65,5 3,22 0,66 *x
F 29 61,4 2,49 0,46
Biacro H 25 34,5 6,60 1,32 *%
F 29 29,7 5,37 1,00
Bicréte H 24 22,8 1,05 0,21 NS
F 23 22,7 1,09 0,23
* p<0,05;** p<0,01
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Tableau 3 Dimorphisme sexuel des proportions / Sexual dimorphism in body proportions

Tassise Heias LMS LMS Biacro Bicréte LMS Biacro Bicréte
Taille Taille Taille Tassise Tassise Tassise Heias Taille Taille
Efe nd NS * nd nd nd ** NS **
Twa NS NS NS NS * * NS * *
*: P <0,05, **: P <0,01
Tableau 4 Différences entre les groupes Pygmées / Differences among Pygmy groups
Homme
Poids T BMI Tassis Heias LMS Biacro Bicréte TassT
Baka-Twa NS ok ok * NS * ok ok NS
Baka-Efé  ** *k NS ND *k *k NS *k ND
Twa—Efé *k *k * ND *k *k NS NS ND
HeiasT LMST LMSTass BiacroTass BicrétTass LMSHeias BiacroT  BicréteT
BakafTwa k ksk kk ksk ksk ksk ksk sk
Baka-Efé  ** ok ND ND ND NS NS NS
Twa—Efé *k * ND ND ND *k * *k
Femmes
Poids T BMI Tassis Heias LMS Biacro Bicréte TassT
Baka—Twa NS NS *k NS NS *k *k ok NS
Baka-Efé  ** ok NS ND ok *k ok ok ND
Twa—Efé ok ok NS ND ok ok NS NS ND
HeiasT LMST LMSTass BiacroTass BicrétTass LMSHeias BiacroT  BicréteT
Baka—Twa % sk sk sk sk sk sk sk
Baka-Efé  ** *k ND ND ND NS NS NS
Twa—Efé ok NS ND ND ND ok ok ok

% p<0,05;** p<0,01

grande chez les hommes que chez les femmes (Tableau 3).
Chez les Twa et les Baka, les hommes ont par rapport au
tronc des épaules plus larges et une ceinture pelvienne plus
étroite que les femmes. Ces aspects n’ont pas pu étre étudiés
chez les Efé. Pour combler cette lacune, nous avons examiné
les proportions des diameétres biacromial et bicréte avec la
taille. Les résultats pour les Baka et les Twa sont semblables
en ce qui concerne la taille assise, c’est-a-dire un dimor-
phisme sexuel élevé pour les Baka et moins marqué pour
les Twa. Les Efé présentent comme les Baka un dimor-
phisme marqué pour le rapport bicréte et taille, mais il n’y
a pas de dimorphisme sexuel pour le rapport entre biacromial
et taille.

Les différences entre les groupes sont présentées dans le
tableau 4. La plupart des variables montrent des différences
significatives. On peut remarquer que les Efé se distinguent
des deux autres groupes par leur taille et leur poids et que le
groupe Twa présente des proportions qui le distinguent des
deux autres. Contrairement a ce qui a été observé par Vallois
[3], les Baka (Pygmées de 1’Ouest) ont un diamétre
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Tableau S Comparaison des régressions entre les sexes / Com-
parisons of linear regressions between sexes

Conformation Coefficient Intersection
p p
Baka Heias/Taille 0,179 0,192
LMS/Taille 0,989 0,902
Biacro/Taille 0,532 0,449
Bicrét/Taille 0,666 0,606
Tassis/Taille 0,093 0,108
Twa  Heias/Taille 0,432 0,471
LMS/Taille 0,602 0,648
Biacro/Taille 0,822 0,742
Bicrét/Taille 0,235 0,275
Tassis/Taille 0,971 0,944
Efe Heias/Taille 0,822 0,784
LMS/Taille 0,643 0,681
Biacro/Taille 0,627 0,593
Bicrét/Taille 0,58 0,514
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biacromial plus large que les Efé (Pygmées de I’Est), mais la
différence n’est significative que pour les femmes. Le rap-
port entre la hauteur du membre inférieur et la taille distin-
gue les trois groupes, de méme que le rapport entre la taille et
la longueur du membre supérieur pour les hommes.

Les résultats pour les régressions entre les variables et la
taille sont présentés dans le tableau 5 (entre les sexes) et le
tableau 6 (entre les groupes). Les régressions ne sont dissem-
blables ni entre les sexes ni entre les groupes pygmées
(Fig. 1). Donc, la conformation ne change pas significative-
ment ni entre les sexes d’un méme groupe ni entre les grou-
pes de Pygmées ; leurs différences sont fortement influen-
cées par les modifications de taille. Quand les groupes
pygmées sont comparés avec les Hiru (Non-Pygmées), la
seule différence observée concerne le rapport entre la taille
assise et la taille chez les Baka, mais pas chez les Twa (la
taille assise n’a pas été obtenue chez les Ef¢). Pour ce qui est
de la comparaison entre la conformation et la taille (rapport

allométrique), toutes les régressions entre les groupes pyg-
mées montrent que la conformation (ratio entre les variables)
ne change pas significativement quand la taille (variable
indépendante) se modifie (p < 0,05) (Tableau 7) (Fig. 2).
L’unique exception est le rapport du ratio taille assise/taille
avec la taille chez les femmes Baka et Twa, dont les coef-
ficients de détermination (R2) sont de toute facon bas. En
d’autres termes, les modifications sont isométriques, les
corps changent de taille, mais gardent toujours une confor-
mation semblable. Par contre, chez les Non-Pygmées, les
ratios des diamétres et de la taille assise avec la stature mon-
trent une allométrie statique négative par rapport a la stature
(Tableau 7). Ainsi, le coefficient de détermination signale
que les équations de régression ne montrent pas une forte
prédiction de la distribution des points, I’augmentation en
taille s’accompagne clairement d’une diminution propor-
tionnelle des diamétres et de la taille assise, ce qui produit
un changement de conformation.

Tableau 6 Comparaison des régressions entre les groupes pygmées et les Hiru / Comparisons of linear regressions among Pygmy
groups and the Hiru
Comparaison Conformation Hommes Femmes
Coefficient Intersection Coefficient Intersection
p p p p
Baka/Twa Heias/Taille 0,381 0,349 0,245 0,211
LMS/Taille 0,998 0,816 0,438 0,78
Biacro/Taille 0,573 0,722 0,462 0,611
Bicrét/Taille 0,789 0,921 0,124 0,069
Baka/Efé Heias/Taille 0,263 0,171 0,671 0,801
LMS/Taille 0,452 0,361 0,853 0,709
Biacro/Taille 0,938 0,945 0,113 0,108
Bicrét/Taille 0,91 0,949 0,791 0,84
Twa/Efé Heias/Taille 0,9 0,954 0,24 0,255
LMS/Taille 0,486 0,556 0,539 0,559
Biacro/Taille 0,818 0,87 0,16 0,202
Bicrét/Taille 0,809 0,948 0,21 0,15
Hiru/Baka Heias/Taille 0,463 0,568
LMS/Taille 0,64 0,657
Biacro/Taille 0,222 0,301
Bicrét/Taille 0,261 0,279
Tassis/Taille 0,015 0,033
Hiru/Efé Heias/Taille 0,765 0,497
LMS/Taille 0,294 0,24
Biacro/Taille 0,524 0,573
Bicrét/Taille 0,214 0,188
Hiru/Twa Heias/Taille 0,71 0,579
LMS/Taille 0,67 0,557
Biacro/Taille 0,526 0,52
Bicrét/Taille 0,364 0,284
Tassis/Taille 0,511 0,718
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Fig. 1 Rapport entre la longueur du membre supérieur (LMS)
et la taille dans les trois groupes de Pygmées par sexe. Les lignes
de régression correspondent aux hommes. Elles ne sont pas diffé-
rentes (p < 0,05) ni entre les sexes ni entre les groupes. Les trois
groupes présentent le méme rapport (conformation) / Ratio between
upper member length (LMS) and size in the three Pygmy groups by
sex. Only regressions for males are shown. Regressions do not dif-
fer by sex or by group. The same ratio is observed for all three

groups (shape)

L’isométrie chez les groupes pygmées contraste avec 1’al-
lométrie des dimensions du tronc chez le groupe non pyg-
mée. La comparaison entre ces régressions allométriques
permet de déterminer si ces différences sont significatives.
Les résultats de cette comparaison sont présentés dans le
tableau 8. Bien que les allométries des diamétres chez les
Hiru ne montrent pas une différence significative avec les
isométries chez les groupes pygmées, les régressions allomé-
triques concernant le ratio taille assise/taille avec la taille
sont significativement différentes entre les Hiru et les Baka.
La différence de conformation révélée par les régressions
significativement différentes entre la taille assise et la taille
(tableau 6) se traduit par un rapport allométrique distinct
entre ces groupes (Tableau 8). Donc, les Baka différent du
groupe non pygmeée par un tronc plus long par rapport a la
taille (Fig. 3).

La présence d’une allométrie négative chez les Hiru
signale que 1’augmentation en taille n’est pas suivie d’une
augmentation des dimensions du tronc, mais qu’elle résulte
principalement d’une variation importante dans la taille des
membres inférieurs. Chez les Baka, 1’isométrie suggére que
la quantité de variation de la taille et celle du tronc sont
proportionnelles. Le tableau 9 donne les écarts de variations
de différentes mesures chez les Baka et les Hiru. L’écart de la
taille assise est semblable dans les deux groupes, tandis que
celui de la taille chez les Hiru correspond au double, en
valeurs absolues, de celui chez les Baka, fortement influencé
par la variation de la longueur des membres inférieurs.

Quand les individus subadultes des Baka et des Efé sont
inclus dans I’analyse, on observe, comme il a été décrit pour
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I’allométrie statique adulte, que les régressions ne sont pas
significatives (Tableau 10), ce qui indique que les allomé-
tries ontogéniques suivent une croissance isométrique. Il
n’existe pas de différence significative ni entre les sexes ni
entre les groupes. Donc, les Baka et les Ef¢ (hommes et
femmes) partagent la méme allométrie ontogénique pendant
la derniére étape de la croissance. Quand ces allométries
ontogéniques sont comparées a 1’allométrie statique des
Hiru, les différences entre les Baka et ce groupe non pygmée
s’accentuent (Tableau 11). En effet, en plus du ratio taille
assise/taille, les rapports des diametres avec la taille devien-
nent trés dissemblables (Fig. 3). Le diamétre entre les crétes
iliaques par rapport a la taille distingue aussi les Efé des
Hiru. Ces résultats mettent en évidence que les proportions
du tronc par rapport a la taille chez les Baka suivent une
croissance allométrique (isométrique) qui se distingue des
rapports observés chez les Hiru. Ceux-ci ne se placent
pas dans la continuité de la croissance ontogénique des Baka

(Fig. 3).

Discussion

Les premiéres observations biométriques signalaient que, en
plus de leur petite taille, les Pygmées se distinguent des Non-
Pygmées par leurs proportions corporelles [22]. Poutrin [34]
a été le premier a proposer des valeurs qui suggéraient que le
tronc des Pygmées de I’Ouest était, par rapport aux membres
inférieurs, plus long que celui des Non-Pygmées. Vallois [3]
a méme suggéré que la conformation du tronc différait entre
les Pygmées de I’Est et de 1’Ouest. Toutes ces analyses se
sont limitées a comparer les valeurs moyennes, aucun traite-
ment statistique n’a été réalisé pour comprendre si les résul-
tats indiquaient une différence significative. Plus récem-
ment, Shea et Bailey [24], fondés sur une ANCOVA, ont
suggéré que des différences significatives dans la conforma-
tion existent entre les Efé et les Non-Pygmées, mais ces dif-
férences correspondent a des variations sur la méme droite
ontogénique. D’aprés Shea et Bailey, la conformation des
Non-Pygmées et celle des Efé, bien que dissemblables, se
situent dans le méme axe de croissance.

Nous avons comparé trois groupes de Pygmées provenant
de trois régions différentes et un groupe de Non-Pygmées
(Hiru) qui habite comme les Pygmées la forét équatoriale.
Nos résultats suggérent que les trois groupes de Pygmées
se différencient par de nombreux aspects, qu’il s’agisse des
mensurations ou des rapports entre les mensurations.
Contrairement aux observations de Vallois [3], les Baka
montrent des diamétres plus grands que les Efé. Cependant,
les régressions de la conformation avec la taille (allométrie
statique chez les adultes) montrent toutes que les change-
ments au sein de chaque groupe sont isométriques. La
conformation ne change pas entre hommes et femmes ni
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Tableau 7 Régressions entre la conformation et la taille (allométrie statique, adultes) / Regressions between shape and size (static
allometry, adults)
Groupe Sexe Allométrie Régression D R?
Baka Hommes HeiasTaille/Taille y=61,578 — 0,032x 0,427 0,016
LMSTaille/Taille y =47,747 — 0,008x 0,832 0,001
BiacroTaille/Taille v =27,239 — 0,026x 0,468 0,013
BicréteTaille/Taille y=17,023 — 0,008x 0,821 0,001
TassisTaille/Taille v = 51,340 + 0,008x 0,86 0,001
Femmes HeiasTaille/Taille v =50,426 + 0,044x 0,182 0,029
LMSTaille/Taille v =46,357 — 0,004x 0,859 0,001
BiacroTaille/Taille y=21,742 + 0,005x 0,831 0,001
BicréteTaille/Taille y =20,932 — 0,030x 0,077 0,05
TassisTaille/Taille ¥ =66,306 — 0,095x 0,008 0,108
Twa Hommes HeiasTaille/Taille v =49,586 + 0,040x 0,595 0,014
LMSTaille/Taille y = 43,788 + 0,003x 0,942 0,000
BiacroTaille/Taille y = 27,881 — 0,040x 0,229 0,068
BicréteTaille/Taille y=16,560 — 0,012x 0,606 0,013
TassisTaille/Taille ¥ = 66,934 — 0,092x 0,06 0,158
Femmes HeiasTaille/Taille y=137,733 + 0,123x 0,052 0,132
LMSTaille/Taille y = 47,636 — 0,026x 0,588 0,011
BiacroTailleTaille y=24,113 - 0,023x 0,697 0,006
BicréteTaille/Taille y=11,229 + 0,026x 0,322 0,036
TassisTaille/Taille y=67,977 — 0,106x 0,022 0,187
Efé Hommes HeiasTaille/Taille y=47,764 + 0,047x 0,189 0,074
LMSTaille/Taille y = 38,502 + 0,044x 0,239 0,062
BiacroTaille/Taille v = 24,940 — 0,009x 0,956 0,000
BicréteTaille/Taille y=17,768 — 0,015x 0,425 0,029
Femmes HeiasTaille/Taille y = 50,583 + 0,030x 0,605 0,01
LMSTaille/Taille y=42,024 + 0,016x 0,797 0,002
BiacroTaille/Taille y=29,591 + 0,090x 0,052 0,133
BicréteTaille/Taille y =22,025 - 0,041x 0,306 0,05
Hiru Hommes HeiasTaille/Taille v =56,98 + 0,007x 0,803 0,001
LMSTaille/Taille ¥ =150,909 — 0,03x 0,354 0,018
BiacroTaille/Taille v =32,748 — 0,07x 0,003 0,17
BicréteTaille/Taille y =22367 — 0,043x 0,002 0,181
TassisTaille/Taille y = 66,554 — 0,108x 0,0003 0,24

entre les groupes ; les différences dans les mensurations ne
seraient qu’une conséquence d’échelle. Par contre, le groupe
non pygmée se caractérise par une conformation qui différe
notamment de celle des Baka. Les Hiru présentent un tronc
moins long par rapport a la taille. Les allométries statiques
négatives des Non-Pygmées indiquent que la variation en
taille ne s’accompagne pas d’une variation proportionnelle
du tronc, mais implique un allongement de membres plus
important que celui du tronc. Chez les Pygmées, 1’allométrie
statique du corps suit des processus isométriques, le tronc
garde une proportion identique avec la taille. Ce phénoméne
explique dans une certaine mesure 1’observation souvent
mentionnée des membres plus courts chez les Pygmées que
chez les Non-Pygmées [2,23].

Shea et Bailey [24] ont suggéré que la croissance des Efé
et des Non-Pygmées ne suit pas la ligne isométrique ; pour
cette raison Efé¢ et Non-Pygmées présentent des conforma-
tions différentes. Par contre, ces auteurs ont suggéré qu’ils se
placent sur la méme trajectoire de croissance. Nous avons
utilisé les données de Shea et Bailey pour les Efé, et contrai-
rement aux observations de ces auteurs, nos analyses sugge-
rent que I’allométrie statique (adulte) et I’allométrie ontogé-
nique chez les Efé suivent I’axe isométrique ou en tout cas
ne s’en écartent pas significativement. Les différentes inter-
prétations des résultats sont liées a des divergences sur ce
qu’est une allométrie.

Toute analyse allométrique se réfere a I’étude de la varia-
tion de la conformation par rapport a la taille (change in
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Fig. 2 Allométrie statique chez les Pygmées (hommes). Les chan-
gements de taille ne s’accompagnent pas de modifications
dans la conformation, il y a un rapport isométrique. La comparai-
son entre groupes indique que les régressions ne sont pas différen-
tes (o = 0,05). L’allométrie statique est la méme pour les groupes
pygmeées / Static allometry in Pygmies (males). Changes in size are
not paralleled by changes in shape: the relationship is isometric.
Comparison among groups shows that the regressions are not dis-
similar (o= 0.05). Static allometry is the same in the three Pygmy
groups

Tableau 8 Comparaison des allométries statiques entre Pyg-
mées et Non-Pygmées / Comparisons of static allometry bet-
ween Pygmies and non-Pygmies

Baka/Hiru Efe/Hiru Twa/Hiru
Allométrie P P )/
HeiasTaille/Taille 0,483 0,459 0,629
LMSTaille/Taille 0,723 0,24 0,616
BiacroTaille/Taille 0,34 0,592 0,521
BicréteTaille/Taille 0,293 0,283 0,277
TassisTaille/Taille 0,044 0,787

shape and size) [30,32, 35-38]. Shea et Bailey [24] parlent
de croissance allométrique, cependant ils n’analysent pas ce
type de rapport. En observant les figures, il est clair qu’ils
n’ont pas effectué une véritable analyse allométrique, mais
ont comparé la variation entre deux mensurations ; cette
comparaison peut en effet donner un apercu de la conforma-
tion. La lecture attentive des figures montre que I’augmenta-
tion d’une variable s’accompagne d’une augmentation pro-
portionnelle de I’autre variable. Ces résultats n’indiquent
cependant pas une allométrie, ils indiquent que les variables
gardent le méme rapport, la conformation est toujours la
méme, ce qui veut dire qu’il s’agit d’isométries.

Ces auteurs ont suggéré que les Non-Pygmées se placent
dans la continuation de la croissance ontogénique des Efé
[24]. 1l est vrai que, en ce qui concerne le rapport des mem-
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Fig. 3 Allométrie ontogénique chez les Baka et allométrie statique
chez les Hiru. Les variables du tronc présentent un rapport isomé-
trique avec la taille chez les Baka. Par contre, la variation
chez les adultes Hiru s’effectue en suivant un rapport allométrique.
Les Hiru ne se placent pas sur I’axe de la croissance ontogénique
des Baka / Ontogenic allometry in the Baka and static allometry
in the Hiru. Trunk dimensions in the Baka vary isometrically with
size, while the pattern of variation in adult Hiru is allometric. The
Hiru do not follow the same axis of ontogenic growth as the Baka

bres avec la taille, I’allométrie statique des Hiru ne se distin-
gue pas de I’axe de croissance ontogénique des Pygmées
(Baka et Ef¢é) (Tableau 10). Par contre, la croissance ontogé-
nique des Baka différe clairement de celle des Hiru dans le
rapport que le tronc présente avec la taille. Il est trés intéres-
sant de remarquer que dans la figure 9 du travail de Shea et
Bailey [24] (p. 321), dans laquelle le diametre biacromial est
comparé a la hauteur sternale, la droite qui représente les
adultes non pygmées s’¢loigne de la ligne isométrique suivie
par le groupe pygmée, ce qui indique le rapport allométrique
de ce diamétre par rapport a d’autres mesures.

Conclusion

Les groupes pygmées montrent un dimorphisme sexuel sem-
blable. Les différences observées entre les groupes dans les
mensurations et les proportions corporelles semblent corres-
pondre plutdt a des différences de taille, d’échelle et, dans
une moindre mesure, a la variation de la conformation qui est
semblable dans les trois groupes pygmées. Il n’y a pas de
différence significative entre les rapports des variables, ce
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Tableau 9 Ecart de la variation des variables chez les Baka et les Hiru / Range of variation of variables in the Baka and the Hiru
Taille Tassis Heias LMS Biacro Bicréte TassisTaille
Hiru Minimum 146,5 72 81,4 66,4 30,1 22,7 42,9
Maximum 181,1 86,8 105,8 84,6 39,9 28.4 52,7
Ecart 34,6 14,8 24,4 18,2 9,8 5,7 9,75
Baka Minimum 143,2 71 82,3 66,2 31,9 22 49,6
Maximum 160,7 85,2 95,3 76,8 39 28,3 54,6
Ecart 17,5 14,2 13 10,6 7,1 6,3 5
Tableau 10 Allométries ontogéniques chez les Baka et les Efé / Ontogenic allometry in the Baka and the Efe
Groupe Sexe Allométrie Régression D
Baka Hommes HeiasTaille/Taille y=60,134 — 0,021x 0,285
LMSTaille/Taille y =42,8 + 0,024x 0,145
BiacroTaille/Taille y = 18,535 + 0,029x 0,072
BicréteTaille/Taille y=14,285 + 0,01x 0,495
TassisTaille/Taille y =46,238 + 0,039x 0,079
Femmes HeiasTaille/Taille y = 50,024 + 0,047x 0,112
LMSTaille/Taille y = 45,068 + 0,005x 0,802
BiacroTaille/Taille y =22,541 - 0,001x 0,97
BicréteTaille/Taille y=19,451 - 0,021x 0,152
Efé Hommes HeiasTaille/Taille y=60,36 — 0,038x 0,149
LMSTaille/Taille y =41,746 + 0,023x 0,274
BiacroTaille/Taille y =15,506 + 0,054x 0,513
BicréteTaille/Taille y=16,11 - 0,003x 0,761
Femmes HeiasTaille/Taille y=51,834 + 0,021x 0,648
LMSTaille/Taille y =45295 - 0,008x 0,873
BiacroTaille/Taille y =15,892 + 0,045x 0,218
BicréteTaille/Taille y =20,894 — 0,033x 0,273

Tableau 11 Allométrie ontogénique des Pygmées comparée a 1’allométrie statique des Hiru / Ontogenic allometry in Pygmies com-
pared to static allometry in the Hiru

Allométrie Baka/Hiru Efé/Hiru
Coefficient Intersection Coefficient Intersection

p P R P P R
HeiasTaille/Taille 0,395 0,549 0,194 0,247 0,567 0,573
LMSTaille/Taille 0,117 0,141 0,06 0,199 0,153 0,096
BiacroTaille/Taille 0,000 0,001 0,457 0,098 0,132 0,148
BicréteTaille/Taille 0,008 0,01 0,168 0,026 0,024 0,209
TassisTaille/Taille 0,000 0,000 0,65

qui infirme 1’idée de plusieurs conformations chez les Pyg-
mées. Les analyses des allométries statiques chez les trois
groupes pygmées et des allométries ontogéniques chez les
Efé et les Baka indiquent que les changements corporels
chez les Pygmées se font en suivant des rapports isométri-

ques. Tout indique donc que les différents groupes pygmées
partagent une méme morphologie.

Par contre, le groupe non pygmée présente une allométrie
statique négative du tronc par rapport a la taille. La comparai-
son des allométries statiques signale que les Baka se
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distinguent des Hiru dans le rapport que la longueur du tronc
présente avec la taille. Les différences du rapport du tronc
avec la taille s’accentuent si I’allométrie ontogénique est
considérée. L’observation répandue des Pygmées ayant des
membres inférieurs courts résulterait donc d’une croissance
isométrique du tronc par rapport a la taille chez les Pygmées,
tandis que la variation chez les Non-Pygmées adultes suit une
allométrie statique négative. En d’autres termes, le tronc et les
jambes grandissent et varient proportionnellement chez les
Pygmeées, tandis que les jambes s’allongent de fagon plus
importante que le tronc chez les adultes non pygmées. Un
changement d’échelle chez les Pygmées, comme il a été sug-
géré [24], ne suffit pas a expliquer cette différence qui indique
plutdt deux modalités distinctes de constitution corporelle.
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Le squelette de ’homme fossile d’Asselar (Mali, Holoceéne ancien) :

observations archéothanatologiques

Archeothanatological Observations on the Human Skeleton from Asselar (Early Holocene, Mali)

J. Dumesnil - F. Valentin - A. Vialet
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Résumé L’homme fossile d’ Asselar, découvert en 1927 dans
I’actuel Mali, n’a été¢ que peu exploité depuis 1I’étude de
Boule et Vallois (1932). Daté de I’Holoceéne ancien, il est,
avec la série d’Hassi-el-Abiod, un témoin des populations
vivant dans un Sahara alors « vert », bien différent de celui
que nous connaissons aujourd’hui. L’hypothése d’un dépot
funéraire, écartée des la premicére étude au profit de celle
d’une noyade et d’un enfouissement accidentel, est considé-
rée pour la premicre fois selon les principes de I’anthropolo-
gie de terrain et grace a I’imagerie médicale qui permet un
acceés complet et non invasif aux parties du squelette toujours
incluses dans le sédiment.

Mots clés Mali - Sahara - Holocéne ancien -
Archéothanatologie - Imagerie 3D

Abstract The fossilized human skeleton of Asselar was dis-
covered in 1927 in present-day Mali. This specimen has
been very little studied since it was first described by Boule
and Vallois (1932). Dated to the early Holocene, it provides,
together with the Hassi-el-Abiod series, evidence of the
human groups who lived in then the fertile Sahara, which
was very different from the desert we know today. The hypo-
thesis of a deliberate burial, which was ruled out by the first
study that considered it to be a case of drowning, is assessed
for the first time in light of field anthropology principles and
thanks to the medical imaging techniques which allowed full
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and non-invasive access to parts of the skeleton that are still
naturally embedded in the sediment.

Keyword Mali - Sahara - Ancient Holocene -
Archaeothanatology - 3D Imaging techniques

Introduction

Le squelette de ’homme d’Asselar a été¢ découvert en 1927
lors de 1a mission Augiéras—Draper, dont le but était « d aller
vers [’inconnu » en traversant le Sahara entre Alger et Dakar
[1]. En suivant les indications fournies par les militaires au
nord du Mali, non loin de la frontiére algérienne, deux mem-
bres de I’équipe (T. Monod et V. Besnard) ont en effet repére,
a proximité du poste d’Asselar, des ossements humains
affleurants, qu’ils ont prélevés. Le contexte géologique et
la faune associée permettent aujourd’hui d’attribuer le sque-
lette d’Asselar a I’Holoceéne ancien (entre 9500 et 7000 BP)
[2,3]. 11 s’agit d’'une époque a laquelle le Sahara était
humide, présentant une faune et une flore différentes de 1’ac-
tuel, comme en témoignent les cuvettes environnantes dont
le fond contient une couche de marne grise a mollusques
d’eau douce [4], indiquant la présence probable d’un lac.
Le squelette a été ramené a Paris et donné a I’Institut de
paléontologie humaine ou il a été confié pour étude a Mar-
cellin Boule (1861-1942) et Henri-Victor Vallois (1889—
1981). 1l est constitué de « plusieurs blocs et de quelques
os et fragments recueillis isolément a la surface du sol »
[4]. Conformément au paradigme du moment, son étude a
suivi une approche raciologique. Il a alors été mis en relation
avec les Hottentots, les Bochimans d’Afrique du Sud et les
hommes de Grimaldi, considérés comme des ancétres de la
« race noire » [5]. C’est sans doute par son inscription au
service de tels paradigmes tombés en désuétude dans les
années 1960 [6] que ce squelette a été oublié jusqu’a une
période récente. En 2013, Vialet et al. [3] ont mené une étude
historiographique et un réexamen général de ce spécimen,
mettant en évidence ’absence de questionnement sur son
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éventuel contexte funéraire. En effet, la question d’un dépot
funéraire a été écartée par les découvreurs qui affirment dans
leur « livre de bord » qu’« il n’y a aucun indice de sépulture »
[1]. Par la suite, faisant référence au contexte géologique
(paléolac), c’est une noyade qui est évoquée par Boule et Val-
lois pour expliquer la bonne conservation du squelette [4].

L’« anthropologie de terrain » permet de reconsidérer ces
propositions et de préciser les conditions d’enfouissement de
I’homme d’Asselar grice a 1’étude des relations spatiales
entre les os formant une articulation [7-9]. Déja, les obser-
vations réalisées par Vialet et al. en 2013 [3] avaient permis
d’argumenter un dépot primaire et un enfouissement rapide
sur la base de la bonne conservation du squelette, de la posi-
tion du corps et de la préservation des volumes principaux
(thorax et bassin). Nous proposons ici de nous concentrer sur
I’analyse des relations articulaires entre les os des pieds et de
la main droite encore engagés dans un bloc de sédiment
induré et donc maintenus dans la position de leur découverte.
Pour cette analyse, nous avons eu recours au scanner médi-
cal et a I’imagerie 3D.

Matériel

Rappelons que I’ensemble du squelette est bien conservé
méme si les premiers auteurs précisent que « les eaux avaient
emporté quelques débris et les avaient dispersés sur plu-
sieurs metres de la pente » [4]. 1l est aujourd’hui constitué

d’os isolés et d’os encore inclus dans la gangue gréseuse. Un
bloc vertébral contient cing cervicales (C2 a C6), un autre
comprend C7 et six vertébres thoraciques et les portions pos-
térieures des cOtes droites, un troisiéme renferme les verte-
bres thoraciques basses et les premiéres lombaires (T7 a L2),
un quatrieme contient les autres lombaires, le sacrum et
I’ilium gauche, et un cinquiéme inclut les cotes gauches.
Au niveau des extrémités, deux blocs comprennent, 1’un, le
cinquiéme métacarpien droit ainsi qu’une partie du cunéi-
forme latéral droit et deux fragments des métatarsiens, et I’au-
tre, la partie distale des tibias, I’extrémité distale de la fibula
gauche, des os des deux pieds et de la main droite (Fig. 1). Un
fragment de la fibula gauche (quart distal de la diaphyse) est
détaché de ce dernier bloc qui est également cassé au niveau
de la partie distale des pieds manquante. Ce bloc présente un
intérét considérable, car les os se trouvent encore dans la posi-
tion qui était la leur lors de la découverte. Son examen donne
la possibilit¢ d’obtenir des indications sur 1’état des conne-
xions articulaires des extrémités du squelette d’Asselar.

Méthode

Afin de discuter des modalités de dépot du squelette d’Asse-
lar, nous nous sommes concentrés sur le bloc comprenant
I’extrémité distale de la fibula gauche, des tibias et les os
des pieds et de la main droite, pour lequel Boule et Vallois
avaient effectué un inventaire [4] que nous avons complété

Fig. 1 Le squelette de ’homme d’Asselar tel qu’il est conservé a I’IPH, c’est-a-dire respectant la disposition donnée par Boule et Vallois

pour les besoins photographiques de leur publication [4], en haut & gauche : le bloc comprenant les extrémités distales de la fibula gau-

che, des tibias, les os des pieds et de la main droite, qui a été¢ tomographié (photographie A. Vialet) / The Asselar skeleton as preserved

at the IPH in the position recommended by Boule and Vallois for photographic purposes [4]. Upper left: the block containing the distal
ends of the left fibula, tibias and bones from the feet and the right hand. This block was CT-scanned (picture A. Vialet)
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grace aux données tomographiques. Les paramétres tech-
niques de ces derniéres sont les suivants : épaisseur des cou-
pes : 0,8 mm ; espace entre les coupes : 0,4 mm ; kVp: 120 ;
X-Ray Tube Current : 108 mA ; taille des pixels : 0,37 x
0,37 mm ; largeur et hauteur : 285,00 mm (768 pixels). Une
segmentation manuelle a été effectuée pour I’ensemble des
768 coupes en utilisant le logiciel Aviso 9.0.1, car les valeurs
de densité entre 1’os et la matrice se sont avérées trop pro-
ches pour appliquer une segmentation semi-automatique.

Résultats
Etat de conservation

Notons préalablement que nos déterminations anatomiques
concordent avec celles des premiers auteurs [3]. De plus, les
observations effectuées grace a la tomographie sur le bloc
contenant la fibula gauche, les tibias, les os des deux pieds
et de la main droite permettent d’ajouter une phalange distale
de la main droite au premier inventaire.

D’une facon générale, toutes les régions du squelette
ainsi que les différents éléments osseux sont bien représen-
tés. Les extrémités en particulier sont relativement comple-
tes. Ainsi, pour la main gauche, seuls manquent deux os du
carpe, deux phalanges moyennes et les cinq phalanges dis-
tales tandis que pour la main droite, quatre os du carpe ainsi
que le deuxiéme métacarpien, et la majorité des phalanges
n’ont pas été identifiés. Tous les tarses sont présents ainsi
que, de facon fragmentaire, deux métatarses a droite et cinq
a gauche. Les phalanges moyennes et distales ne sont pas
conservées.

Ces absences relévent sans doute principalement de
dégradations taphonomiques remarquées dés la découverte
et dues a I’affleurement du squelette a la surface du sol et au
ruissellement des eaux de pluie [3].

Bilan articulaire

L’analyse du bloc grace aux données tomographiques per-
met d’observer la bonne cohérence anatomique des éléments
osseux composant les deux pieds et la main droite. Ainsi,
I’articulation persistante de la cheville droite est maintenue
(Fig. 2) ; la cheville gauche est en connexion lache (Fig. 3).
Les articulations talo-calcanéennes sont disjointes, alors que
celles joignant les autres tarsiens sont maintenues. Les os du
carpe sont en connexion stricte, et les fragments de métacar-
piens, paralléles les uns aux autres (Fig. 4). Deux phalanges
(moyenne et distale) de la main se succédent selon la logique
anatomique (Fig. 4).

Cette analyse permet également de définir les positions
relatives des pieds et de la main droite. Ainsi, les chevilles
sont étendues, et les deux pieds sont paralléles et rapprochés

Eavoisier

Fig. 2 Vue latérale gauche du bloc comprenant les extrémités dis-
tales de la fibula gauche, du tibia, les os des pieds et de la main
droite aprés séparation par imagerie 3D entre les os (en vert)
et la matrice gréseuse (en jaune). On distingue nettement dans la par-
tie supérieure les tarses et la moitié proximale des métatarses
du pied gauche, I’extrémité distale du tibia et la malléole de la fibula
gauche. Capture d’écran sur Aviso 9.0.1 / Left lateral view
of the block containing the distal ends of the left fibula and tibia
and bones from the feet and the right hand, after virtual separation,
by 3D imaging techniques, of the bones (green) from the matrix
(yellow). The left foot can be clearly distinguished in the upper
part: the tarsus and the proximal half of the metatarsus and the distal
ends of the tibia and the fibula. Generated by Aviso 9.0.1

I’'un de ’autre, le pied droit en position basse par rapport au
gauche. La main droite, phalanges fléchies, est au contact du
pied droit, sa face dorso-latérale se situant contre la face laté-
roplantaire du pied (Figs 3, 4). Cet arrangement est compa-
tible avec la flexion des hanches visible sur la figure 1 et
encore plus nette dans la monographie de Boule et Vallois
[4]. L’association main droite—pieds implique de plus une
hyperflexion latérale des genoux ramenant les pieds vers le
bassin.
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Fig. 3 Vue latérale droite du bloc comprenant les extrémités dis-
tales, des tibias, les os des pieds et de la main droite apreés déga-
gement virtuel des ossements par imagerie 3D. Tibias (en vert),
pieds (en jaune), main droite (en violet). Capture d’écran
sur Aviso 9.0.1 / Right lateral view of the block containing
the distal ends of the tibias and bones from the feet and the right
hand, virtually removed from the matrix by 3D imaging tech-
niques. Tibias (green), foot (yellow), right hand (purple). Gene-
rated by Aviso 9.0.1

Discussion

Depuis la reprise de 1’étude du squelette d’Asselar par Vialet
et al. en 2013 [3], la question posée est celle des conditions
de dépot et d’enfouissement de cet individu. Boule et Vallois
[4], dont la publication ne traite que trés peu de cette inter-
rogation, avaient émis ’hypothése d’une noyade pour expli-
quer la bonne conservation du squelette. Or, cette proposi-
tion recouvre deux notions qui ne sont pas discutées a
I’époque : celle des conditions d’enfouissement et celle de
la cause de la mort. Les caractéristiques observées pour cet
individu (bonne représentation du squelette, maintien en
connexion d’articulations labiles et conservation des volu-

Fig. 4 Vue latérale gauche du bloc comprenant les extrémités dis-
tales de la fibula et du tibia gauches, les os des pieds et de la main
droite apres dégagement virtuel des ossements par imagerie 3D.
Tibia et fibula (en vert), pieds (en jaune), main droite (en violet).
La phalange distale de la main (rouge) est celle qui était totalement
incluse dans le sédiment et qui a pu étre identifiée grace aux don-
nées CT. Capture d’écran sur Aviso 9.0.1 / Left lateral view
of the block containing the distal ends of the left fibula, and tibia,
bones from the feet and the right hand, virtually removed
from the matrix by 3D imaging techniques. Tibia and fibula
(green), foot (yellow), right hand (purple). The intermediate hand
phalanx (red), embedded in the sediment, was discovered thanks
to the CT-data. Generated by Aviso 9.0.1

mes thoracique et pelvien) témoignent d’un enfouissement
précoce (antérieur a la décomposition des articulations) du
cadavre dans le sédiment, alors qu’un séjour long dans I’eau
conduit a une dislocation du squelette et a une dispersion des
os en commencant par ceux des pieds et des mains [10].
Cependant, Duday [8,11] décrit le corps d’une femme morte
par noyade, dont le squelette est bien représenté (mains
conservées jusqu’aux sésamoides) et les articulations, méme
labiles, sont maintenues en connexion stricte. Mais, dans le
cas d’Asselar, la position du bas du corps (hanches fléchies
et hyperflexion des genoux ramenant les pieds vers le bassin)
est peu compatible avec I’hypothése de la noyade, car les
noyés (par accident) se présentent généralement en procubi-
tus, membres étendus [10]. L’extréme flexion des genoux
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d’Asselar et la proximité pieds—bassin évoqueraient plutot
une position « donnée » au corps a ’occasion de sa mise
en terre soit immédiatement aprés le décés, soit de 24 a
48 heures apres, lorsque la rigidité cadavérique a disparu.
Notons qu’une flexion prononcée des genoux semble com-
mune aux sépultures de la région saharienne telles, en Tuni-
sie, celles du site de SHM-1 a Hergla [12] et, au Mali, celles
d’Hassi-el-Abiod [13] datées de 7000 BP.

Enfin, la proximité main droite—pieds observée a Asselar
invite a s’interroger sur 1’éventuelle présence d’une conten-
tion. En effet, ce cas a été¢ récemment évoqué pour le site de
Nataruk au Kenya (9500-10500 BP) ou deux individus sont
décrits, en raison du rapprochement étroit de leurs poignets
et de la position de leurs mains, comme ayant eu les mains
ligotées [14].

Conclusion

Cette étude, réalisée sur un individu issu de collections
anciennes pour lequel nous disposions de nouvelles données
grace a la tomographie du bloc de sédiment comprenant les
os des membres inférieurs (fibula gauche, tibias), des pieds
et de la main droite, a permis de mieux définir les conditions
de son enfouissement. Ainsi, la bonne représentation du
squelette d’Asselar, la conservation de connexions articulai-
res, la position des membres inférieurs et des pieds et le
maintien de la main droite au contact des pieds évoquent
une attitude du corps qui semble incompatible avec I’hypo-
thése d’une noyade suivie d’un enfouissement accidentel,
émise par Boule et Vallois [4]. Au contraire, nos observa-
tions, précisées par I’analyse des données tomographiques
des os des extrémités des membres inférieurs encore pris
dans le sédiment, permettent d’envisager un ensevelissement
précoce du corps et la possibilité¢ de son inhumation inten-
tionnelle. En effet, la position rapprochée des deux pieds et
la main droite aux doigts fléchis, placée sous le pied droit,
impliquent une flexion prononcée des membres inférieurs
donnée a I’individu peu de temps apres son déces. La récur-
rence de cette position observée dans les sépultures d’un
autre site malien de I’Holocéne ancien, celui d’Hassi-
el-Abiod, sort le squelette d’Asselar de son isolement et
incite a conclure a la pratique d’une sépulture.
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