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Craniometrical analysis of Central and East Africans
in relation to history

A case study based on unique collections
of known ethnic affiliation

Isabelle RIBOT

Abstract

The main objective of the present research is to explore in a historical perspective the craniometrical diversity of two
modern Bantu-speaking sub-Saharan African populations of known ethnic origin. These groups originating from Central
Africa (Basuku) and East Africa (Bahutu) are both historically- and linguistically-related: they are most probably the
descendants of earlier West-Central African agriculturalists, who expanded on a large-scale within sub-Saharan Africa since
the Early Iron Age (around 1000 BC).

After replacing the two groups under focus within the variation of the African continent as well as analysing their
similarities, the following question is addressed: do the Basuku and Bahutu morphology reflect the homogenizing effects
of the expansion of Bantu-speakers and/or additional factors such as a differentiation in relation to geography?

In order to test this issue, the largest modern African sample available so far and originating from different regions is
used for comparative purposes. A set of metric traits related to the different parts of the cranium is also analysed through
univariate and multivariate statistics. The results reveal the following facts:

— the Bahutu are always located in the middle of the comparative sample and they are very close to their region of origin,
in contrast to the Basuku;

~ in both Basuku and Bahutu, the size and shape of vault is very similar, but a few facial features differ;

~ as the Bantu-speakers do not cluster together systematically, it is difficult to support homogenization as the single process
resulting from a large dispersal.

In conclusion, the results reveal that it is difficult to interprete the diversity in relation to only one historical event.
They suggest however that the two streams of the Bantu-speakers dispersal could have diversified according to many other
factors (geographical barriers, time scale). In particular, the higher levels of variation observed within the Central Africans
(including the Basuku) could perhaps support linguistic data about a greater antiquity for the west-central stream, which
evolved earlier than the eastern one.

Résumé

Analyse craniométrique de Centre et Est Africains dans une perspective historique : une étude de cas sur des collections
uniques d’origine ethnique connue.

La présente recherche a pour objectif principal l'exploration dans une perspective historique de la diversité craniométrique de deux
populations contemporaines de I'Afrique sub-Saharienne de langue bantoue et d'origine ethnique connue. Ces groupes provenant de
U'Afrique Centrale (Basuku) et de 'Afrique de I'Est (Bahutu) sont étroitement liés du point de vue & la fois historique et linguistique :
ils représentent le plus probablement les descendants des premiers agriculteurs Ouest-Centre Africains, qui se sont répandus & grande
échelle a Uintérieur de toute I'Afrique sub-Saharienne depuis la période de I'Age du Fer Ancien (autour de 1000 av. J.-C.).

Apreés avoir replacé les deux groupes sous étude au sein de la variation du continent Africain et analysé leurs ressemblances, la
question suivante est posée : est-ce que la morphologie des Basuku et des Bahutu reflete une homogéinisation, conséquence de I'expansion
des peuples de langue bantoue, et/ou d'autres facteurs supplémentaires tels qu’une différentiation en relation avec la géographie ?

Afin de tester cette question, le plus large échantillon possible d'Africains contemporains provenant de diverses régions est utilisé
a des fins comparatives. Une série de caracteres métriques liés a différentes parties du crine est aussi analysée grice & des statistiques
univariées et multivariées. Les résultats révélent les faits suivants :

— les Bahutu sont toujours localisés au milieu de la variation de I'échantillon de comparaison, et ils sont trés proches de leur région
d’origine, par opposition aux Basuku;

— chez les Basuku et les Bahutu, la taille et la forme du crine est trés similaire, mais certains caractéres de la face différent;

— comme les peuples de langue bantoue ne se regroupent pas systématiquement, il est difficile de supporter I'hypothése d'une
homogéinisation en tant que seul processus résultant d’une expansion a grande échelle.

En conclusion, les résutalts révelent la difficulté d'interpréter la diversité en relation avec un seul événement historique. lls suggérent
cependant que les deux courants de l'expansion bantoue ont pu se diversifier en fonction de plusieurs autres facteurs (barriéres
géographiques, échelle temporelle). En particulier, les niveaux élévés de variation présents chez les Centre Africains (incluant les Basuku)
pourraient supporter les données linguistiques au sujet d’une plus grande antiquité du courant centre-occidental ayant évolué plus
tot que le courant oriental.
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1. INTRODUCTION
1.1. Objectives

The objective of the present research is the
craniometrical analysis of two modern sub-
Saharan African groups in relation to their his-
torical background. These skeletal collections,
which are housed at the Institut Royal des Sciences
Naturelles de Belgique (IRScCNB) in Brussels are
unique, as they are well-documented. Accord-
ing to museum archives, their ethnic affiliation
is precisely reported to be in both Central Africa
(Basuku) and Eastern Africa (Bahutu). In fact,
this kind of information on modern cranial series
is rarely found in museum archives.

Concerning the morphological variation of
both Basuku and Bahutu crania, a series of three
questions are addressed:

— On a broad inter-regional level, how do these
two Central and Eastern African groups of
known ethnic affiliation fit within the African
diversity, using for the first time the largest
data set available so far?

— On a more detailed level, what is the nature
of the similarities and differences between the
Basuku and the Bahutu?

— And, are these observed similarities of both
Basuku and Bahutu with other groups high
enough to be considered as the result of homo-
genization processes due to the expansion of
Bantu-speakers into sub-Saharan Africa?

The first two questions will help us to replace
more precisely within a broad geographical
framework the variation of these two cranial
series that are here analysed for the first time.
And, the last one will also enable us to link the
results obtained with a major historical event,
which probably involved at least 3000 years ago
the ancestral populations of the two modern
groups under focus.

1.2. Key aspects for interpreting
craniometrical variation: geography,
selective pressures and history

Before starting analysis, it is important
to review the key aspects for interpreting
craniometrical variation. According to previous
literature (Howells, 1989; Lahr, 1996; Froment,
1998), geography, selective pressures and history
are the main aspects responsible for the variation
of skull morphology both on a worldwide scale
and within a continent. These three recent
studies cited above showed the two following

facts: the differentiation of modern populations
reflects first geography, which can promote or
stop gene flow; and, not only vault features but
also various facial ones, are responsible of both
inter- and intra-regional differences.

For example, using various samples (Teita,
Dogon, Zulu, Bushman) (N = 373), Howells
(1989) noted that, on a worldwide scale, sub-
Saharan African crania are characterized by
the following morphological features: narrow
cranial base; very convex frontal; narrow and
short face; large breadth across nose, eyes
and face; and face bowed forward without
nasal prominence. As already suggested by
Howells (1989), Lahr (1996) also showed that
sub-Saharan Africans can have the most gracile
skulls. For example, the latter (originating
mainly from Eastern Africa) present in general
a low development of robusticity features.

In comparison to previous authors, Froment
(1992a, 1992b, 1998) evidenced more precisely
the regional diversity, which is present within
sub-Saharan Africa, especially Western Africa.
In fact, he used a larger data set obtained
from compiled publications (N = 531) that
were more representative of all regions. The
author observed marked differences in vault
breadth between the following groups: Southern
Africans (Zulu) and Western Africans (various
Cameroonians) with broadest crania, and East-
ern Africans (Teita) and other Western Africans
(Ashanti) with narrowest crania.

In fact, multivariate analyses of both Howells
(1989) and Froment (1992a, 1992b) agreed on the
following points: Africans present the highest
levels of diversity on a worldwide scale, as
also suggested by demographic models that
combined both genetic and craniometrical data
(Relethford & Harpending, 1994; Eller, 2001);
and this marked geographical differentiation is
best shown when using cranial variables related
to breadth of face and nose.

In addition to geography, population differ-
entiation can be also affected by other factors
such as both selective pressures and history, as it
has been previously suggested by various other
craniometric analyses (Hiernaux & Froment,
1976; Hiernaux, 1974, 1976; Rightmire, 1972).
However, the effects of these two factors are
difficult to identify and to distinguish between
each other, especially when they follow the same
geographical trend.

Firstly, concerning the influence of ecology
on head shape, previous works (Hiernaux &
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Froment, 1976; Howells, 1989) showed that
several features especially facial traits might be
under the control of strong selective pressures.
For example, on a worldwide scale, Hiernaux
& Froment (1976) identified a relatively high
correlation between nasal breadth and average
rainfall (v = 0.4). Narrow noses appear to work
better as a humidifier for dry air, as it was
already suggested by Davies (1932), Weiner
(1954) and Thomson & Buxton (1923). In fact,
according to various other anthropometrical
data on living populations, Hiernaux (1974) also
noted that, nasal breadth is part of a series
of morphological features (trunk length, limb
proportions) reflecting “climatic” adaptation to
wet and dry areas along the equator.

Nevertheless, adaptation of head shape to
climatic factors as the result of a strict causal re-
lationship is difficult to demonstrate, especially
on small time depth and geographical scale.
In particular, the question of morphological
adaptation to ecology will not be explored here,
as the sample under focus originating from
both Central Africa and Eastern Africa does
not correspond to a very high diversity of
environments. Furthermore, as the hypotheses
of a “climatic” adaptation of the skull shape
remain very speculative so far, the present study
will explore other factors such as geography and
history.

Secondly, concerning the effects of history
on head shape such as large-scale events within
sub-Saharan Africa, the expansion of Bantu-
speakers is one of the key issue to explore. So
far, it is documented by three areas of research:
linguistics, archaeology and genetics.

According to Heine (1980) and Bastin et al.
(1983), it is firstly a linguistic phenomenon:
Bantu (or Benue-Congo) languages have a wide
distribution that probably originated from West-
Central Africa. Because of the linguistic affinities
observed throughout all Bantu-speaking sub-
Saharan area, this phenomenon could result
from a large-scale dispersal. If languages spread
simultaneously to a movement of populations,
this expansion also corresponds therefore to a
biological reality. However, if languages spread
only by cultural diffusion, there is no migratory
event and therefore no gene flow.

In this respect, archaeological evidence indir-
ectly supports the first option, where there is an
exchange of both cultural and biological aspects.
Simultaneously to this linguistic phenomenon,
various (semi-) sedentary populations seemed to

have spread throughout all sub-Saharan Africa
(de Maret, 1977; Clist, 1991; Vansina, 1995). In
fact, an increasing number of settlements provid-
ing evidence of a (semi-) sedentary way of life
have been discovered. Their dates about the be-
ginnings of the dispersal (around 3000-1000 BC)
also seem to agree with linguistic data. This
cultural diffusion appeared however to be a
complex process of sedentism associated with
different kinds of food productions (horticul-
ture, agriculture, pastoralism), which probably
emerged subsequently to various demographic
pressures (Clark, 1980; David, 1980; Van Bakel,
1981).

Finally, data obtained from different genetic
systems also support the dispersal of Bantu-
speakers and the founder effect phenomenon
resulting from the latter (Cavalli-Sforza et al.,
1994; Bandelt et al., 1995; Pereira et al., 2001; Un-
derhill et al., 2001). In fact, they found the pres-
ence (although not systematically) of common
genetic markers throughout sub-Saharan Africa,
especially within Bantu-speaking populations.

Assuming that these key results together
with the linguistic, archaeological and genetic
data support the historical event of the Bantu-
speakers expansion, the following question is
raised: how can we interpret the morphological
patterns observed in the context of that event?

According to Hiernaux (1976), its biolo-
gical effects are visible through a general pro-
cess of morphological homogenization. This
fact was also observed by Froment (1992a,
1992b) and Ribot (2002), who analysed a wider
range of craniometrical features amongst both
Bantu-speakers and other linguistic groups.

Despite the traces of a founder effect phe-
nomenon, a regional diversification reflecting
the various streams for the Bantu dispersal,
could also have occurred. This other hypo-
thesis was shown on an inter-ethnic level by
Rightmire (1972), who identified the advance of
the Bantu-speakers expansion in both Eastern
Africa and Southern Africa. On an inter-regional
level, Ribot (2002) also observed traces of a two
main streams phenomenon into West-Central
Africa and Eastern Africa, which however could
also reflect various other confounding factors
(geography, modern micro-scale dispersals).

Therefore the possibly combined effects of
both geography and a large-scale historical
event on skull morphology diversification will
be explored here, not through time but as a
final result in modern populations. Focusing on
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two populations from both Central Africa and
Eastern Africa, it will allow us to re-evaluate the
differences and/or similarities of sub-Saharan
Africans, both belonging broadly to the same
linguistic branch and sharing similar historical
roots dated to the Mid- and Late Holocene.

2. MATERIALS

A total sample of 1659 individuals origin-
ating mainly from modern sub-Saharan Africa
forms the empirical basis of this study (fig. 1,
Annex 1). Table 1 shows a summary description
of materials: the two groups under focus and the
comparative modern sample defined on a broad
inter-regional level. The sample consists of data,
which have been both compiled from nineteen
papers in the literature (62%) and collected by
the author (38%) during the PhD dissertation
(Ribot, 2002).

2.1. The two groups under focus

The cranial series of the two groups under
focus such as the Basuku and the Bahutu are rel-
atively well-documented in comparison to other
modern African samples. The ethno-historical
information found at the IRScNB (Anthropologie
& Préhistoire) is therefore presented here, adding
a few other data on general aspects of the popu-
lations themselves (language, economy, kinship,
history).

HORN OF
EASTERN
AFRICA

EASTERN

CENTRAL AFRICA

L]
AFRICA Basuku

u PYGMY
+ KHOISAN

Fig. 1 — Geographical distribution of the
populations under study within Africa
and the major inter-regional subdivisions.

According to the notes of Bequaert, who
was Conservator at the Royal Museum of
Central Africa in Tervuren during the fifties
of the 20th century AD, the Congolese sample
of Basuku crania (N = 144) was found by
Van de Ginste. As the latter was carrying an
anthropometrical study on living populations
in the territory of Feshi (south-west of DRC)
[Van de Ginste, 1946], he collected progressively
the crania from various isolated burials of the

N° of individuals Bantu-
Origin of sample compiled personal total speakers
data data sample in %!
Well-documented groups under focus
Basuku (DRC) - 144 144 100
Bahutu (Rwanda) - 89 89 100
Comparative African sample
Main regions:
Western Africa 139 277 416 30
Central Africa (excluding Pygmies) 224 32 256 99
Eastern Africa 350 38 388 55
Horn of Eastern Africa 35 23 58 0
Southern Africa (excluding Khoisan) 112 - 112 100
Northern Africa 65 - 65 0
Historic foraging groups:
Pygmy 16 5 21 100
Khoisan 89 21 110 0

! It is a minimal percentage, as information about linguistic affiliation is not always available.

Table 1 — List of the groups under study (pooled sexes).
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same area. These findings are probably very
recent, dated to approximately the last two
centuries.

According to Van de Ginste, this sample also
belongs to the Basuku (or Suku), who represent
the dominant group in the Kwango district
(long. 17-18°E and lat. 5-6°S). However, the
hypothesis that a few other ethnic groups (Bat-
samba, Bawongani, Bapende, Baluwa-Basonde)
could be present in the sample, cannot be
excluded completely. According to the notes
of Bequaert, all of them are very close to the
Basuku in many aspects (habitat, language,
origin, customs), although the Baluwa-Basonde
might present some differences.

According to historical and ethnographical
data (Van de Ginste, 1946; Yakan, 1999), both
Basuku and Batsamba probably result from
one of the earliest waves of the Bantu-speakers
expansion, which started from West-Central
Africa into Central Africa since at least the
first millenium BC. More recently, they ori-
ginated from the Congo kingdom: since the
16th-18th centuries AD, they migrated south-
ward to the Kwango district, where they found
peoples such as the Bawongani and Bapende. In
the 16th century AD, the Bapende were strongly
influenced by the kingdom of Lunda. By the
end of the 19th century AD, the Basuku also
came into contact with Portuguese traders and
settlers, and nowadays they have undergone
influence of mainly (Ba-)Kongo people from
the Kasai region. The Basuku and all their
neighbouring groups, who speak a west-central
Bantu language are also essentially agricultur-
alists (Holden, 2001). In addition, the Batsamba
are blacksmiths, but they do not own land
apart from their house and fields, in contrast
to the Basuku. Both Batsamba and Basuku are
matrilineal societies, with royal lineages for the
last group.

Two series of Bahutu (or Hutu) crania (N =
89) originating from Rwanda are also available
at the IRScNB.

The first one corresponds to a small sample
(N =15) collected by R. Van Saceghem between
1922 and 1935 in the Bugoye region (Kissenyi
territory). These Bahutu crania were found
on small islands of Lake Kivu that were used
as cemeteries for women, who died during
pregnancy.

The second collection corresponds to a much
larger series of crania (N = 74) collected
by N. Nenquin in 1960 during his scientific

expedition in Rwanda. According to his notes
in the archives of the Royal Museum of Central
Africa in Tervuren that were sent to Brabant
(1963), he found the crania in a volcanic cave
close to the city of Ruhengeri. According to the
notes of Nenquin, these crania most probably
belonged to a Bahutu group, who was hiding in
the surroundings of the cave in order to escape
from the German district during the First World
War of 1914-1918. They are therefore dated to
approximately less than a century ago.

According to historical and ethnographical
data (Murdock, 1959; Yakan, 1999), the Bahutu
are mainly concentrated in Rwanda and speak
an eastern Bantu language. They also derive
from one of the various waves of the Bantu-
speakers expansion, as around the 2nd cen-
tury AD they probably migrated from the Chad-
Niger region to the area of Burundi-Rwanda for-
cing the previous inhabitants (Twa pygmies) to
retreat. Between the 14th and 18th centuries AD,
the Bahutu were subjugated by the Tutsi, who,
arriving from the Nile valley or Ethiopia, setup a
system of feudal classes. Although they adopted
cattle from the Tutsi, the Bahutu are still mainly
agriculturalists. Their society is also based on
patrilineal clans ruled by kings.

2.2. The comparative African sample

Eight other African groups, which are
defined broadly on either regional or ethnic
origin, are used here for comparative purposes
(N =1426).

On a broad inter-regional level, the compar-
ative sample is subdivided into the following six
groups: Western Africa (including West-Central
region such as Cameroon and Nigeria), Cent-
ral Africa (excluding Pygmies), Eastern Africa,
Southern Africa (excluding Khoisan), the Horn
of Eastern Africa, and Northern Africa (only
western areas) [fig. 1, table 1]. These groupings
allow us to perceive the broad geographical
origin of each sub-sample within sub-Saharan
Africa (first four regions) and the rest of Africa
(last two regions). In fact, the Horn of East-
ern Africa is not considered here as part of
sub-Saharan Africa, as most of the populations
have been highly admixed with Afro-Asiatic
speaking groups originating from the Middle
East. Although these groups are approximate,
they are based on the existence of physical geo-
graphical features or natural barriers observed
all over the African continent. In fact, this
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classification has been already used by other
authors for ethnographical purposes (Giles et al.,
1997).

In addition, two historic foraging groups
such as Pygmies and Khoisan are always treated
separately from their region of origin. In
fact, they cannot be classified into a purely
geographical framework, as in historical terms
they correspond to groups that are not related to
the Bantu-speakers expansion. They represent
autochthonous populations, who were already
settled in sub-Saharan Africa previous to the
dispersal of Bantu-speakers. And according to
previous data (Hiernaux, 1976; Morris, 1986;
Froment, 1993), they are still biologically very
different from all other groups despite some
possible admixture.

According to Greenberg’s classification
(1964), most of the populations under study
here belong to the largest linguistic phylum
present within Africa (Niger-Congo-speakers:
71%) as well as to the largest linguistic sub-set
of the latter (Benue-Congo- or mainly Bantu:
58%) [table 1]. Two other linguistic families are
represented by the following regional groups:
Northern Africa and Horn of Eastern Africa
(Afro-Asiatic), and Khoisan (Khoisan).

3. METHODS

3.1. Sex determination

Most of the crania under study (59%) are of
male sex (N = 975), and the remaining ones of
female sex (N = 684).

Concerning the compiled data, no inform-
ation is available about the methods used for
sex determination. However, concerning the
personal data, sex is assessed morphologically
according to the methods used by Ferembach
et al. (1980), although the skull does not provide
the most reliable features related to sexual
dimorphism. As the sex-related morphological
traits dealing essentially with robustness are
recommended especially for European popula-
tions, some of them had to be slightly adapted to
African populations. For example, the frontal
inclination is not considered here, because both
females and males amongst Africans often tend
to present a full rounded frontal contour (Krog-
man & Iscan, 1986).

3.2. Metric traits

Thirteen cranial measurements devised by
Martin & Saller (1959) and Howells (1989) are
used (table 2). Nearly half of the variables
correspond to the vault (6 variables), and
all remaining ones are related to the face
(7 variables). Measurements were taken to the
nearest millimeter on both sides, using two
instruments (sliding and spreading calipers).

Concerning the compiled publications (An-
nex 1), agreements for each measurement defin-
ition have been reviewed in various scientific
reviews of anthropometry (Biometrika, Archiv fiir
Anthropologie), as well as in several reference
manuals (Martin & Saller, 1959; Howells, 1989).

3.3. Statistical methods used

In order to assess differences and similar-
ities between the groups under focus and the
comparative sample, both univariate (one-way
analysis of variance, independent sample t-test)
and multivariate (factor analysis) statistics are
performed here. The SPSS (version 9.0) and
SYSTAT (version 8.0) softwares are used for this
purpose.

In particular, factor analysis (Principal Com-
ponent analysis or PCA) will help us to assess
similarities between populations, as it seeks to
identify common underlying patterns of vari-
ation (Pietrusewsky, 2000). It identifies a relat-
ively small number of factors that can be used
to represent indirectly observable relationships
among sets of inter-related variables. Accord-
ing to PCA, successive linear combinations of
variables are therefore extracted, progressively
accounting for smaller portions of variance in
the sample.

Furthermore, in order to visualize the distri-
bution of the sample in a multivariate space and
localize more precisely the groups under focus
within the variation, scatterplots of regression
factor scores are also drawn with an ellipse of
confidence (p = 0.7) for each group (N > 20).

4. UNIVARIATE STATISTICS

Before statistical analysis, all sample is
checked for normality, using stem-and-leaf
displays and tables for testing and eliminating
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Broad Code N° of Code!
. L . of Martin of
anaton‘ncal Description of variable Shrubsall | & Saller | Howells

location (1898) | (1959) | (1989)
maximum vault length (glabella — opisthocranion) L 1 GOL

maximum vault breadth (between parietals) B XCB

VAULT total vault height (basion — bregma) H 17 BBH
frontal chord (nasion — bregma) 14 29 FRC

parietal chord (bregma ~ lambda) S2’ 30 PAC

occipital chord (lambda — opisthion) S3’ 31 OCC

facial length (basion — nasion) LB 5 BNL

facial length (basion — prosthion) GL 40 BPL

upper facial height (nasion — prosthion) G'H 48 NPH

FACE minimal frontal breadth (between frontotemporalia) B’ 9 WFB
maximal nasal breadth (alare — alare) NB 54 NLB

orbital breadth (ectoconchion — dacryon) or 5la OBB

bizygomatic breadth (between zygomatic arches) ] 45 ZYB

! These variable codes are used in the present study.

Table 2 — List of the cranial metric traits under study.

major skewness (Zar, 1984). Two preliminary
tests are also performed on the individual
variables.

Firstly, cranial morphology is tested in rela-
tion to differences reflecting sexual dimorphism.
Although the latter are probably less marked
than geographical differences, they have to be
taken into account and evaluated more precisely
within each group.

Secondly, morphological similarities and
differences are also tested in relation to the
different groups and regions under study. It
provides to us a preliminary indication of the
most and the least discriminatory power of the
individual variables.

4.1. Independent sample t-tests

Mean differences for the 13 craniometrical
variables are tested between male and female
samples, when a minimal number of individuals
(N > 20) is available within each group. The
results of the t-tests are summarized in Annex 2
that also includes descriptive data. Most of them
are significant (at varying levels of probability).
Only 7 t-tests (over 101 in total) appear to be
not significant, especially for the variable OCC
and sometimes for three other ones (BNL, NLB,
WEFB).

Therefore, within the various groups and
regions, most of the measurements under study
except for a few cases are affected by sexual di-
morphism at various degrees. In order to avoid

biases not related to geographical origin, this
result favours the procedure of treating sexes
separately in subsequent statistical analyses.

4.2. One-way analyses of variance

In order to test the equality of means
amongst the groups under study, the one-way
analyses of variance are performed. As a
minimal number of individuals (N > 20) is
needed, the number of compared groups varies
and the Pygmies have never been included in
the analyses. The results for all variables in
both male and female samples are presented in
table 3, ranking the F-values from the highest to
the lowest ones.

For both males and females, the results
are basically the same. Most of the variables
show significant differences between most of
the groups. The variable BBH presents always
the highest F-value. Five other variables (OBB,
NLB, ZYB, XCB, GOL) are also highly ranked
although in a variable order. Four variables
(FRC, OCC, WFB, PAC) always show the lowest
F-values, but two other ones (BNL, NPH) are
ranked in a very variable manner according to
the sex under study. For example, the variable
NPH has a slightly higher discriminatory power
in females than in males.

The significance of the Levene’s test only
provides here an indication about the skewness
of a variable (Leguebe, pers. comm.). It tests
the homogeneity of variance, but it is based
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Variables N F Sig.! L2 Groups compared®
BBH 820 37.17 e NS BAS, BAH, WA, CA, EA, H, SA, NA, K
OBB 756 21.76 w NS BAS, BAH, WA, CA, EA, H, SA, NA, K
NLB 868 20.36 e NS BAS, BAH, WA, CA, EA, H, SA, NA, K
ZYB 738 19.46 x NS BAS, BAH, WA, CA, EA, H, SA, NA, K
XCB 915 17.34 o * BAS, BAH, WA, CA, EA, H, SA, NA, K
Males GOL 923 16.65 b NS BAS, BAH, WA, CA, EA, H, SA, NA, K
BNL 845 16.50 ok NS BAS, BAH, WA, CA, EA, H, SA, NA, K
BPL 777 14.21 e NS BAS, BAH, WA, CA, EA, H, SA, NA, K
NPH 821 14.16 == NS BAS, BAH, WA, CA, EA, H, SA, NA, K
FRC 621 9.58 el NS BAS, BAH, WA, CA, EA, H, NA
ocCcC 683 8.87 o NS BAS, BAH, WA, CA, EA, H, NA
WEB 821 6.89 el * BAS, BAH, WA, CA, EA, H, SA, NA, K
PAC 629 1.80 NS NS BAS, BAH, WA, CA, EA, H, NA
BBH 561 27.74 ey NS BAS, BAH, WA, CA, EA, NA, K
XCB 520 23.36 o * BAS, BAH, WA, CA, EA, NA, K
NLB 568 21.07 o o BAS, BAH, WA, CA, EA, NA, K
OBB 484 19.47 o NS BAS, BAH, WA, CA, EA, NA, K
ZYB 482 17.33 o NS BAS, BAH, WA, CA, EA, NA, K
Females NPH 536 16.42 o NS BAS, BAH, WA, CA, EA, NA, K
BPL 524 15.12 o NS BAS, BAH, WA, CA, EA, NA, K
GOL 616 14.82 e NS BAS, BAH, WA, CA, EA, NA, K
BNL 561 14.79 j NS BAS, BAH, WA, CA, EA, NA, K
PAC 494 9.10 o NS BAS, BAH, WA, CA, EA, NA
OocCC 527 8.72 i NS BAS, BAH, WA, CA, EA, NA
WEFB 580 6.19 b NS BAS, BAH, WA, CA, EA, NA, K
FRC 496 4.62 P NS BAS, BAH, WA, CA, EA,NA

! Level of significance: P < 0.05%, P < 0.01** or P < 0.001***.

2 Levene's test of homogeneity of variance.

% Groups selected for analysis need a minimal number of individuals (N > 20): BAS = Basuku, BAH = Bahutu,
WA = Western Africa, CA = Central Africa, EA = Eastern Africa, H = Horn of Eastern Africa, SA = Southern

Africa, NA = Northern Africa, and K = Khoisan.

Table 3 — One-way analyses of variance for testing group differences on individual variables.

on the median, which better reflects the shape
of a distribution (Schultz, 1985). Therefore it
confirms that most of the variables are not
skewed, except very slightly for a few ones
(XCB, NLB, WEFB).

5. MULTIVARIATE STATISTICS
5.1. Factor analyses

In order to assess the complex morpholo-
gical relationships amongst the various groups,
several factor analyses (PCA) are performed. A
rotation phase is achieved in order to obtain
a simpler structure, or in other words, to
transform complicated correlation matrices into
easier ones to interpret (Annex 3). In particular,
the varimax rotation is used, as it minimizes the
number of variables having high loadings on a
factor, increasing therefore the interpretability
of the factors.

Three series of metric traits are selected here,
as they represent different parts of the cranium
(vault, face) both separately and in a combined
manner. The variables are:

— for the vault, GOL, XCB, BBH, FRC, PAC,
OCGC;

— for the face, BNL, BPL, NPH, WFB, NLB, OBB;

— and for both the vault and face, GOL, XCB,
ZYB, BBH, BPL, NPH, BNL, NLB.

Each type of analysis is run twice either with
males or females. However, when analysing
different parts of the cranium separately, the
results were often nearly similar. Therefore the
analyses with only the largest sample, which
often corresponded to males, are presented
here: for the vault, analysis I, and for the face,
analysis II. When combining vault and face,
analyses for both males (III) and females (IV) are
retained, as they show different results.

In all analyses, at least two factors are ob-
tained (table 4). As they present eigenvalues (or
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total variance explained by each factor) greater

than one, they are retained for the varimax

rotation. The total cumulative percentage of
variance obtained for the various factor models

is relatively high, as it varies between 54%

and 62%.

For both males and females, the variables
that are present most frequently on the factors
with the highest loadings (> 0.7), are:

- on factor 1, GOL (analyses I, IV) and BNL
(analyses II, III);

- and on factor 2, NLB (analyses III, IV).

In summary, the following morphological
features (or groups of inter-related variables)
have been selected for the four factor analyses:
— for analysis I, vault length (factor 1), and vault

breadth (factor 2);

— for analysis II, protrusion and height of face
(factor 1), and breadths of face and orbits
(factor 2);

— for analysis III, facial height (factor 1), and
nasal breadth (factor 2);

— and for analysis IV, length, breadth and height
of vault (factor 1), and both facial protrusion
and nasal breadth (factor 2).

5.2. Univariate analyses on regression factor
scores

In order to compare the degree of differ-
entiation amongst the various groups under
study, a test of equality of means (one-way
analysis of variance) is also performed on the
regression factor scores obtained through the
different factor analyses. The results show that

they are always significant at various levels of

probability (table 5). F-values are the lowest

when vault and face are analysed separately, but
they tend to increase when both vault and face
are combined.

In order to localize the group differences
and similarities, post hoc multiple comparisons
tests are also performed (Annex 4). When
homogeneity of variance is significant through
the Levene’s test, Tamhane’s test is used instead
of the Scheffe’s test.

In summary, the following two facts are
observed:

- the Basuku are different from both the
Bahutu and comparative sample, but in a
variable manner depending on the variables
considered; for example, similarities are
high when vault and face are analysed
separately, but differences occur much more
often when the different parts of the cranium
are combined together;

- and the Bahutu are often similar to Eastern
Africa.

Independent sample t-tests are also achieved
on the regression factor scores within pairs
of groups. It allows us to test the degree of
similarity and dissimilarity especially between
each population under focus (Basuku or Bahutu)
and each other group.

Concerning the Basuku (table 6), the latter
are often very different from all other groups, as
46 tests (over 54 in total) are significant. Their
similarity with one group in particular is very
variable, as 8 tests are not significant always
with different groups.

Aniloy sis Fa;:or N F Sig.! L2 Groups compared?
I ; 566 2;;; *: " I\is 7 groups: BAS, BAH, WA, CA, EA, H, NA
II ; 559 1:5; ::: 1\18 8 groups: BAS, BAH, WA, CA, EA, SA, NA, K
111 ; €27 ﬁgi ::: Eg 9 groups: BAS, BAH, WA, CA, EA, H, SA, NA, K
v ; 108 ié:gi - EE 7 groups: BAS, BAH, WA, CA, EA, NA, K

! Level of significance: P < 0.05%, P < 0.01** or P < 0.001***.
2 Levene’s test of homogeneity of variance.

% Groups selected for analysis need a minimal number of individuals (N > 20): BAS = Basuku, BAH = Bahutu, WA = Western
Africa, CA = Central Africa, EA = Eastern Africa, H = Horn of Eastern Africa, SA = Southern Africa, NA = Northern Africa,

and K = Khoisan.

Table 5 — One-way analyses of variance: testing group differences on the regression factor scores.
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Analysis I Analysis IT Analysis IIT Analysis IV
Groups' Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
t Sig?| t Sig?| t Sig?| t Sig?2| t Sig?| t Sig?| t Sig?| t Sig?
BAH 075 NS | 097 NS | 265 * | 263 * 527 = 1275 ** |68 ** | 008 NS
WA 241 % | 737 % 1 461 ™ | 312 | 938 o+ | 227 % 834 ™ | 540
CA 236 ¥ 503 ** | 088 NS | 599 ** | 784 ™ |38 ** |819 ** | 010 NS
EA 255 ¢ 240 | 279 * 181 NS | 591 ** | 356 ** | 625 ** | (051 NS
H 267  ** | 291 # - - - - 448 ™ | 689 - - - -
SA - - - - 681 ** | 134 NS |1017 *=* | 218 * - - - -
NA 270 636  *** 1.02 NS | 252 * 8.41 o 7.63 11042 439
K - - - - 098 NS | 083 NS | 119 NS | 515 *= | 509 ** | 654 **

! Groups selected for comparative analysis need a minimal number of individuals (N > 20): BAH = Bahutu, WA = Western
Africa, CA = Central Africa, EA = Eastern Africa, H = Horn of Eastern Africa, SA = Southern Africa, NA = Northern Africa,

and K = Khoisan.
2 Level of significance: P < 0.05%, P < 0.01** or P < 0.001***.

Table 6 — Independent sample t-tests on regression factor scores:
testing differences by pairs (between Basuku and each other group).

Analysis I Analysis II Analysis III Analysis IV
Groups! Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2
t Sig?| t Sig?| t Sig2| t Sig?2| t Sig?| t Sig?| t Sig?| t Sig?
BAS 075 NS | 097 NS | 265 * 263 * 527 275 6.86  *** 0.08 NS
WA 118 NS | 5.03 *** 069 NS | 043 NS | 116 NS | 144 NS | 080 NS | 390 *=
CA 133 NS | 352 ** | 199 * 168 NS | 042 NS | 004 NS | 081 NS | 000 NS
EA 131 NS | 076 NS | 035 NS | 074 NS | 061 NS | 018 NS | 262 * 034 NS
H 172 NS | 1.78 NS - - - - 090 NS | 336 * - - - -
SA - - - - 2.55 140 NS | 3.08 ** 123 NS - - - -
NA 2.10 496 ™ | 146 NS | 013 NS | 230 * 402 *** | 246 3.61
K - - - - 292 0 | 335 ¥ | 411 ** | 185 NS | 148 NS | 543 *+

! Groups selected for comparative analysis need a minimal number of individuals (N > 20): BAS = Basuku, WA = Western
Africa, CA = Central Africa, EA = Eastern Africa, H = Horn of Eastern Africa, SA = Southern Africa, NA = Northern Africa,

and K = Khoisan.
2 Level of significance: P < 0.05%, P < 0.01** or P < 0.001***,

Table 7 — Independent sample t-tests on regression factor scores:
testing differences by pairs (between Bahutu and each other group).

For the Bahutu (table 7), the similarities with
other groups are more frequent than for the
Basuku, as 31 tests (over 54 in total) are not
significant. In particular, the Bahutu are also
close to Eastern Africa, as only one test (over 8 in
total) is significant.

5.3. Visualizing factor analyses

In order to show the group clustering, scat-
terplots for factors 1 and 2 of the four analyses
are drawn (figs. 2-5). The morphological trends
are observed more clearly in terms of variation
and distance between the various groups. They
are therefore discussed in relation to the three

questions initially addressed, also taking into
account the results of the various previous tests.

6. DISCUSSION

Concerning the first question about the
population affiliation of the two groups under
focus, several comments can be done, as the
different parts of the cranium provide different
results.

As it was suggested by several tests
(tables 5-7, Annex 4), when the vault and face
are considered separately, they show more often
the similarities than the differences between
groups. For example, when analysing only the
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Fig. 2 — Scatterplot of first and second factors for analysis I using only vault variables (only males) expressing 62% of total variance.
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vault (fig. 2), all the population means are
clustered together except for the Pygmies and
Northern Africa, the latter being the most
distant from the Bahutu and Basuku. The
Basuku are the closest to both the Bahutu
and Eastern Africa. Length and breadth of
vault taken on its own are therefore not very
discriminatory, as the variation overlaps a lot
despite significant mean differences.

When analysing only the face (fig. 3), the
population means are less clustered, and the
differences between the Basuku and the Bahutu
increase. The Basuku are the closest to two
groups (Khoisan, Horn of Eastern Africa) and
the Bahutu to the remaining sample.

When both vault and face are combined
(figs. 4 & 5), the Basuku are the closest to a small
sample of Pygmies and the most distant from
Northern Africa and Horn of Eastern Africa. In
all factor analyses, the Bahutu are always the
closest to Eastern Africa and Central Africa, as it
is also suggested by previous t-tests.

Concerning the second question about differ-
ences and similarities between the two groups
under focus, the following comment can be
made: Basuku and Bahutu share relatively
similar features such as length and breadth of
vault, but they differ for the remaining features
such as protrusion and height of face, size of
orbits and nasal width. In particular, the Basuku
have a less prognathic and lower face, narrower
orbits and frontal as well as a wider nose than
the Bahutu.

Concerning the last question about the
possible biological effects of the Bantu-speakers
expansion and the relationship of the two
groups under focus with this historical event,
several comments can be done. Because of the
observed high levels of morphological diversity,
the results can both agree and disagree with the
presence of a homogenization process.

The facts that support the latter are the
followings:

— Central Africa and Eastern Africa (both
mainly Bantu-speaking) tend to cluster to-
gether, especially when face and vault are
combined in the factor analyses (figs. 4 & 5);

— the eastern Bantu-speaking Bahutu are often
close to their region of origin (Eastern Africa),
according to all the factor analyses (figs. 2-5);

— and although the comparative African vari-
ation is very high in all factor analyses,
extremes are often represented by Western

Africa, Northern Africa and/or Khoisan, es-
pecially when face and vault are combined
(figs. 4 & 5); most of the remaining groups,
which correspond to Bantu-speakers (Bahutu,
Central Africa, Eastern Africa), are located
in-between these extremes.

However, there are also other observations
that do not support the presence of a homogen-
ization process within the Bantu-speakers, such
as:

— Central Africa and Eastern Africa are not
systematically similar to each other, especially
in the factor analyses using vault and face
separately (figs. 2 & 3);

— the west-central Bantu-speaking Basuku are
relatively different from their region of origin
(Central Africa); but they are not as different
as Northern Africa is from Central Africa,
especially when face and vault are combined
in the factor analyses (figs. 4 & 5);

— and the African variation is very high in
all factor analyses (figs. 2-5), as the various
groups overlap each other quite a lot.

All these results reveal that it is difficult
to interprete the high levels of craniometrical
variation in relation to only one historical
event such as the large-scale dispersal of Bantu-
speakers. The effects of the latter are difficult
to distinguish from other potential factors
(geography, other historical events).

Geographical differentiation of populations
within the entire African continent as well as
sub-Saharan Africa is relatively high. Analyses
of variance on the individual variables and
the regression factor scores obtained from the
various analyses showed that, the differentiation
between the groups under focus and the compar-
ative sample is always significant. Geography
therefore seems to be a main key factor in shap-
ing the morphological variation, as the natural
barriers present between the regions can direct
gene flow predominantly within an area. Within
Africa, increasing or decreasing geographical
proximity broadly seem to reflect inter-regional
differences and/or similarities. For example,
most marked differences are noted between
the most distant groups (Western Africa and
Khoisan), and the least marked ones between
the closest groups (Eastern Africa and Central
Africa).

However, the similarities between distant
groups such as Western (and Central) Africa and
Bantu-speaking Southern Africa suggest the im-
pact of history in relation to the Bantu-speakers
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expansion (figs. 3 & 4). Again, the position
of the Basuku outside the cluster of Bantu-
speaking populations (Central Africa, Eastern
Africa, Bahutu) contradicts previous comments.
In this case, it does not only reflect geographical
distance and/or the effects of a large-scale expan-
sion, but most probably several microevolution-
ary processes that could be superimposed on the
previous ones (admixture, random processes).

In addition, as there is also a lot of over-
lapping variation between the different groups,
the margins of error can therefore be very high
when trying to identify morphological affinities
of the two groups under focus. For example,
although the Basuku and the Bahutu can be
closer to the mean of a population in particular,
they are very often located in a zone of over-
lapping variation. Concerning the vault only,
their variation overlaps most of sub-Saharan
Africa (fig. 2). Concerning the face only, this
phenomenon is even greater (fig. 3). And,
concerning the vault and face combined, around
50% of the Basuku variation still overlaps the
other groups (figs. 4 & 5).

Therefore the results show that, similarit-
ies between the groups under focus (Basuku,
Bahutu) and the Bantu-speaking populations are
not always very clear and high enough to be
considered as the result of only a homogeniz-
ation process due to a large-scale expansion.
This homogeneity, which is not systematically
present within Bantu-speakers, is also suggested
by other morphological and genetic studies
(Hiernaux, 1976; Cavalli-Sforza et al., 1994).
Not only homogenization but also a regional
diversification could have occurred in relation
to both a dichotomous pattern of the Bantu-
speakers expansion and various confounding
factors reflecting geography and/or history.

In fact, this regional diversification increases
even more, when ethnic groups are added to
regional groupings. For example, in comparison
to Eastern Africa (including the Bahutu), very
high levels of variation have been observed
within Central Africa (including the Basuku).
This higher diversity could perhaps support
linguistic data about a greater antiquity for
the west-central stream, which evolved earlier
than the eastern one (Heine, 1980; Ehret,
1997; Holden, 2001). As Heine (1980) and
Holden (2001) observed that west-central Bantu
languages are more diverse than the eastern
group, the latter could therefore reflect a
more recent evolution. The same authors

therefore proposed an early west-central wave
followed by a later eastern one. Nevertheless,
these linguistic interpretations remain very
hypothetical when applied to morphology, as
the latter in evolutionary terms is not entirely
comparable to languages.

Interpretations of the present work have
also to remain very cautious on a different
methodological level in relation to the nature
and size of the sample under study. In fact, the
present work was based on different units of
study: it compared two relatively homogeneous
cemetery populations belonging to different
ethnic groups (Basuku, Bahutu) with a very
heterogeneous sample of Africans, who origin-
ate from various regions. Therefore, the highly
overlapping variation amongst all the groups
might reflect the heterogeneous nature of the
sample, which is based on different definitions
of a “population’ (region, ethnic group, village).
However, as, according to Hiernaux (1976),
ethnic units are relatively more homogeneous
(because of endogamy) than the broad regional
groupings, they probably increased the overall
geographical differences observed through the
various analyses. Indirectly, this fact supports
the work of Relethford (2001), who observed an
underestimation of the diversity when analysing
worldwide populations on a too broad regional
level.

Of course, the subdivision of the comparat-
ive sample into separate regional areas and his-
toric foraging groups is not completely accurate,
as it does not take account of the population
admixture in detail. For example, as the Khoisan
group under study appear to be very variable, it
probably corresponds to individuals, who have
been admixed with non-Khoisan populations.
Furthermore, the origin of a group or individual,
which is reported in the museum archives, is
possibly not always very accurate.

Nevertheless, although the subdivisions se-
lected here for the modern groups are not ideal
to use because of their relative inaccuracy, they
probably reflect predominant gene flow within
each region in relation to geography and/or
history. These facts have been already supported
by previous anthropometric work (Froment,
1998) as well as genetic data (Cavalli-Sforza et al.,
1994), and they therefore confirm the usefulness
of the modern data as a comparative framework.

Unfortunately, only one of the historic for-
aging group such as the Khoisan is used for the
interpretations, as the Pygmies are represented
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by a too small sample. Anyway, the latter do not
differentiate much from other Bantu-speaking
sub-Saharan Africans especially when the vault
and face are combined (figs. 4 & 5), as it was also
suggested by previous craniometrical research
(Hiernaux, 1976; Froment, 1993, 1998).

The reliability of morphology for studies
on population affinities can also be questioned
here, as different parts of the cranium provide
different results. In addition, when there is a
similarity between two groups especially on the
basis of one aspect only (vault or face), this
fact does not mean genetical affinity necessarily.
In order to assess fully the morphological
variation, it is therefore necessary to use a high
amount of craniometrical features preferentially
in a combined manner. In particular, when
facial variables are used with vault ones, the
geographical differentiation is higher, and the
number of modern groups overlapping each
other variation decreases. In that case, the
Basuku and the Bahutu appear more clearly
localized within the African diversity, and
interpretations were made more easily.

7. CONCLUSION

Having focused on the relationship of the
Bahutu and Basuku with neighbouring African
populations, interpretations about morpholo-
gical differentiations in relation to geography
and history have been attempted. Broad geo-
graphical differences have been observed, but
they cannot explain fully the historical back-
ground, as morphology is very variable and
affected by other confounding factors.

Nevertheless, this paper gave us the oppor-
tunity to focus on these unique collections of Bas-
uku and Bahutu, which represent so far both the
largest and the best documented cranial series
of modern Central Africans and East Africans.
It was necessary to assess morphologically the
latter in relation to the present African diversity
with an up-dated data set and a historical
context that was not much explored so far.

Furthermore, the results underline the fact
that, it is very difficult to build up a model
for explaining the observed craniometrical vari-
ation. Geography, history and even climate
might have been both long- and/or short-term
processes, and it is not possible to discard them
all, as they could be potential influences on
morphology. Signatures of the Bantu-speakers

dispersal (founder effect, diversification in two
streams) have probably been obscured by all
these factors. But, they are probably not com-
pletely destroyed, as the migratory event oc-
curred on a very large scale. Asitis suggested by
previous studies (Hiernaux, 1976; Cavalli-Sforza
et al., 1994; Froment, 1998) and the present work,
African diversity on an intra-regional level is
higher than on an inter-regional level, and it still
needs to be assessed morphologically in more
detail.
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ANNEX 1
Detailed list of the cranial series under study
Groups Sour.ces for Country Regi.on Languagel Ethnic origin Place ' Total
under study metric data or city (or references) | of deposit? sample
BASUKU Ribot, 2002 DRC Feshi NKncbe | (0 f;4gI“Ste’ IRSCNB | 144
Ribot, 2002 Rwanda | Kisenyi, Bugoye | NKncbc Var(la;;};:‘é;sém) IRScNB 15
BAHUTU Rib ) (archives:

ot, 2002 Rwanda Ruhengeri NK nc be Nengquin) IRScNB 74

Reinecke, 1896 Cameroon Yaounde NK nc be - AMNH 1

Drontschilow, 1913 | Cameroon Grasslands NK nc be > 15 groups VM 86

Ribot, 2002 Cameroon various NK nc be Bamum, Boki AMNH 40

Drontschilow, 1913 Nigeria south-east NK nc Ekoi VM 1

Ribot, 2002 Nigeria Onatshi? NK nc kw Ibo NHM 33

Ribot, 2002 Nigeria Hausa region AA cha Haoussa IRScNB 1

Ribot, 2002 Nigeria Calabar, Atakpa | NK nc kw various AMNH 24

Ribot, 2002 Nigeria Ibadan? NK nc kw Yoruba AMNH 1

WESTERN Ribot, 2002 Benin Abome, Whydah | NK nc kw various AMNH 13
AFRICA Ribot, 2002 Togo - NK nc kw Yendi, Ewe AMNH 9
Ribot, 2002 Ghana Gold Coast NK nc kw various AMNH 59

Ribot, 2002 Liberia Vai, Monrovia (NK nc kw) - AMNH 3

Knip, 1971 Mali Nokara - Kurumba? Grav 62

Ribot, 2002 Mali Nokara - Kurumba? Grav 22

Ribot, 2002 Senegal various NK nc wa Kere, Moussa FA 23

Ribot, 2002 Senegal Diola NK nc ma Diola IFAN 6

Ribot, 2002 Senegal Serer (centre) NK nc wa griots Serer IFAN 14

Ribot, 2002 Senegal Lebu (Dakar) NK nc wa griots Lebu IFAN 28

Poutrin, 1910 Gabon various NK nc be Kama MHN 12

Benington, 1912 Gabon N’Komi NK nc be N’Komi NHM 129

Shrubsall, 1898 DRC Low Congo NK nc be - AM 3

CENTRAL Benington, 1912 DRC Makunji NK nc be Batetela destroyed 76
AFRICA Ribot, 2002 DRC various NK ncbe | Basundi, Warua IRScNB 31
Shrubsall, 1898 Congo Ubangui NK nc be - AM 2

Ribot, 2002 Congo Alima N'Gunda | NKncbe Tegue IRScNB 2

Ribot, 2002 Angola Loango NK nc be - IRScNB 1

! Linguistic affiliation categories: AA = Afro-Asiatic including Semitic (sem), Cushitic (cu) and Chadic (cha); NK = Niger-
Kordofanian including Niger-Congo (nc) that also includes West Atlantic (wa), Mande (ma), Kwa (kw) and Benue-Congo
or Bantu (bc); and K = Khoisan.

? Place of deposit: AM = Anatomy Museum, Cambridge; AMNH = American Museum of Natural History, New York;
BD = Baranard Davis’ Collection, UK; BM = British Museum, London; Duckw = Duckworth Laboratory, Cambridge;
FA = Faculty of Anatomy, Dakar; Grav = Gravenzande Collection, Leiden; IFAN = IFAN Cheikh Anta Diop Institute, Dakar;
IPH = Institut de Paléontologie Humaine, Paris; IRScNB = Institut Royal des Sciences Naturelles de Belgique, Brussels;
MH = Musée de ’'Homme, Paris; NHM = Natural History Museum, London; MHN = Museum d’Histoire Naturelle, Paris;
MM = Munich Museum; NH = Netley Hospital, Army Medical Museum, UK; RCS = Royal College of Surgeons, London;
ULB = Université Libre de Bruxelles (Laboratoire d’Anthropologie et de Génétique Humaine); V = Vesaliannum, Basle;
VM = Volkenkunde Museum, Berlin; W = Wroctaw University, Poland.
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(FOLLOWING OF ANNEX 1)
Groups Sources for Region 1 Ethnic origin Place Total
. Country . Language .
under study metric data or city (or references) | of deposit? | sample
Hiernaux, 1972 Rwanda Gaseke NK nc be Tutsi (king) ? 1
Ribot, 2002 Rwanda Kivu, Kibuye NK nc be Tutsi IRScNB 1
Ribot, 2002 Rwanda Kivu, Ngweshe | NK nc be - IRScNB 2
Ribot, 2002 Burundi Bujumbura NK nc be Murundi? IRScNB 1
EASTERN Gérny, 1957 Uganda hospitals? (NK nc be) - \ 175
AFRICA Reinecke, 1896 Kenya various NK nc be Pare, Shambaa MM 6
Widenmann, 1896 Kenya Kilimandjaro | NKnc bc Dschagga VM 30
Kitson, 1931 Kenya Dabida NK nc be Teita Duckw 1
Ribot, 2002 Kenya Dabida NK nc¢ be Teita Duckw 137
Ribot, 2002 Tanzania Musira island | NK nc be Haya Duckw 34
Hamy, 1882 Somalia Medjeurtin AA cu Somali MHN 2
HORN Sergi, 1912 Somalia - AAcu Somali VM 5
OF Lester, 1927 Somalia various AAcu Somali(-Abgal) MHN 5
EASTERN Ribot, 2002 Somalia (Diredawa) AA cu Somali, Beja Duckw 23
AFRICA Sergi, 1912 Ethiopia Goba AAcu Galla VM 5
Lester, 1928 Ethiopia various AA cu Galla (Arusi, Itu) MHN 18
Shrubsall, 1898 | Mozambique various NK ncbe | Wahenga, Urega BM 23
SOUTHERN Shrubsall, 1898 South Africa Natal NK nc be Xhosa BD 40
AFRICA Shrubsall, 1898 South Africa Natal NK nc be Zulu NHM 24
Shrubsall, 1898 | South Africa Cape NK nc be Angoni BM 25
Storto (pers. com.) Algeria various AA sem - MH 29
NORTHERN | Storto (pers. com.) Tenerife various AA sem - MH 9
AFRICA Storto (pers. com..) Morocco various AA sem - MH 15
Storto (pers. com..) Tunisia various AA sem - MH 12
Poutrin, 1910 Gabon High Ngounie | NKncbc | Akoa, O'Bongo MHN 3
Marquer, 1972 Gabon (inland) NK nc be Babongo MHN 3
PyCMY Marquer, 1972 Congo (central region) | NK nc be Babinga MHN 9
Marquer, 1972 Cameroon south-east NK nc be - MHN 1
Ribot, 2002 DRC Tturi NK nc be Efe MHN 3
Ribot, 2002 DRC - NK nc be Twa? IRScNB 2
Shrubsall, 1897 South Africa various K San, Khoikhoi? various 62
Shrubsall, 1907 South Africa various K San, Khoikhoi? ? 24
Salmons, 1925 South Africa various K San, Khoikhoi? ? 2
KHOISAN Ribot, 2002 South Africa | Knysna, Cape K San, Khoikhoi? Duckw 4
Ribot, 2002 South Africa various K San, Khoikhoi? AMNH 11
Shrubsall, 1897 Botswana? Kalahari K San, Khoikhoi? BM 2
Ribot, 2002 Botswana? Kalahari K San, Khoikhoi? NHM 5
Total 1659
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ANNEX 4

Localization of mean differences (P < 0.05) between the two groups under focus and
the comparative sample: Scheffe’s and Tamhane’s tests on regression factor scores.

Analysis I

— factor 1: no differences observed. - factor 2:

Analysis II

- factor 1 ~ factor 2:

BAS [BAH| WA [ CA | EA | SA | NA

Analysis I1I
- factor 1: — factor 2:

BAS|BAH| WA | CA | EA| H | SA | NA

Analysis IV

- factor 1: - factor 2:

! BAS = Basuku, BAH = Bahutu, WA = Western Africa, CA = Central Africa, EA = Eastern Africa, H = Horn of Eastern Africa,
SA = Southern Africa, NA = Northern Africa, and K = Khoisan.



