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RESEARCH PAPER

Phenotypic diversity and history of the Congo Basin populations: Equatorial
Guinea, Bantu Speaking Central Africans and African Pygmies

Daniel Turb�ona , Esther Rebatob and Miquel Salicr�uc

aZoology and Anthropology Sub-Department of Evolutionary Biology, Ecology and Environmental Sciences, Faculty of Biology, University of
Barcelona, Barcelona, Spain; bGenetics, Physical Anthropology and Animal Physiology Department of Faculty of Science and Technology,
University of the Basque Country-Euskal Herriko Unibertsitatea, (UPV/EHU), Bilbao, Spain; cStatistics Sub-Department of Genetics,
Microbiology and Statistics, Faculty of Biology, University of Barcelona, Barcelona, Spain

ABSTRACT
Background: African Pygmy Populations (APP) are believed to be one of the first groups of the
Congo Basin rainforest peoples to separate from the rest of modern humanity. The arrival of Bantu
speaking agriculturalists from 5,000 BP led to the formation of a large number of ethnic complexes in
Central Africa and the Atlantic coastal area, mainly due to a one-way flow of pygmy women. There
are now only a few small contingents of African Pygmy population groups who are mixed or who
have almost disappeared as a result of migratory flows from Cameroon.
Aims: We analysed the adult phenotypic diversity of 9 populations (17 groups of both sexes) of the
Congo basin and Bioko Island, which were anthropometrically characterised in 1948. The phenotypic
clusters that we detected, which we interpret as likely mixing of local Pygmy populations and Bantus,
may be useful as references for future studies, particularly genetics.
Subjects and methods: The matrix of inter-distances between populations was generated, using the
21 variables, with the Euclidean distance between the mean vectors relating to the standardised varia-
bles. When the UPGMA (Unweighted Pair Group Method with Arithmetic Mean) was used separately
in men and women, the phylogenetic trees showed a clear separation between populations.
Results: The body measurements that most effectively distinguished the groups are linear dimensions
and the width of the hips and mean thoracic circumference. In this study, the cephalo-facial dimen-
sions were of little value in identifying the groups.
Conclusions: The samples of Equatorial Guinea show a major inter-group overlap, and considerable
intra-group variations. There are also notable differences amongst African Pygmy populations in terms
of height, but not in body proportions.
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Introduction

Africa is the most complex continent in terms of diversity
and antiquity of human settlement. Nuclear DNA micro-satel-
lite studies have shown that the African San, Biaka Pygmy
and Bambuti Pygmy populations have the deepest coales-
cent times of the populations in the Human Genome
Diversity Project (Sun et al. 2009; Bergstr€om et al. 2020).
Schebesta (1940) applied a simple and useful geographical
division to distinguish between three geographical groups
currently living in the rainforest: Eastern Pygmies (mainly
Bambuti, from the Ituri, and Batwa), Central Pygmies (Bacwa
and Babinga) and Western Pygmies (Schebesta 1940) (Figure
1). This subdivision is supported by Cavalli-Sforza et al. (1994,
p. 177) who stated: “Many groups of Pygmies live in Central
Africa, all of which have several characteristics in common.
Small stature is the most important one… In general, popu-
lations living in tropical forest are small the world round, in
agreement with the idea the small stature represents an
adaptation to warm and humid environments.” Schebesta’s

overall picture may act as a guide for geneticists who are
currently collecting samples from the populations of the cen-
tral and western areas of the Congo Basin, because it charac-
terises the ethnic groups of African Pygmies that were
probably isolated before the migrations of Bantu-speaking
agriculturalists. Froment (2014) and Verdu (2014) provided an
excellent summary of current human diversity in the areas
we mention above. It is not unusual to see recent publica-
tions about the Biaka Pygmy ethnic groups or others from
Central Africa that believe that their sample comes from
Pygmy populations, when in fact the degree of mixture with
Bantu speaking people remains untested.

In the area near the Atlantic coast, only a few groups of
mixed Pygmy population groups are distinguishable at pre-
sent, and they have almost disappeared as a result of migra-
tory flows from Cameroon. Grollemund et al. (2015) stated
that the Bantu expansions, that swept out of West Central
Africa, began 5,000 years ago. This has been confirmed by
recent genetic studies (Quintana-Murci et al. 2008; Verdu
et al. 2009; Campbell and Tishkoff 2010; Jarvis et al. 2012;
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Bostoen et al. 2015; Gurdasani et al. 2015; Silva et al. 2015,
Skoglund et al. 2017) (Figure 2).

There is practically no osteological pygmy fossil record to
be found in the acid African soils, which dissolve the calcium
phosphate in bone. A single skeleton, dated to 810 BP (1235
calibrated AD), from the rock shelter site of Matangai Turu
Northwest in the Ituri Forest has been described, but the evi-
dence available that might attribute it to a member of the
Pygmy populations is inconclusive at best (Mercader et al.
2001). On the other hand, cranial differences between
Eastern and Western Pygmy populations have been found in
a sample of thirty-three skulls from African Pygmy popula-
tions preserved in European museums and collections
(Ramirez-Rozzi and Sardi 2010). According to Cavalli-Sforza
et al. (1994, p0.180) the paucity of fossil records from dry
areas supports the belief that Pygmy populations represent a
long-term adaptation to the tropical forest (see also
Froment (2014)).

In this context, the contribution of molecular genetics is
decisive (Lopez et al. 2019, Patin and Quintana-Murci 2018,
Bergstr€om et al. 2020). The variation of mtDNA demonstrates
that Western Pygmy populations show signs of a recent
bottleneck 4,000–650 years ago, coinciding with the diffusion
of the Bantu languages, while the Eastern pygmies appeared
to have undergone an earlier reduction in population size
(Batini et al. 2011). Phylogenetic analysis of the lineage L1c1a
of mtDNA has shown that this clade is indigenous to Central
Africa, with the most recent branches shared between Bantu
agriculturalists and Pygmy populations (Quintana-Murci et al.
2008). There was an initial divergence of the ancestors of

contemporary Pygmy populations no later than 70,000 years
ago (Jarvis et al. 2012; Verdu 2014), followed by a period of
isolation between the two groups, with confirmation that
there was a recent one-way maternal genetic flow of Pygmy
populations towards the Bantu agriculturalists, which was
remarked on by European colonisers.

Verdu et al. (2009) genotyped 604 individuals at 28 auto-
somal tetranucleotide microsatellite loci, in 12 non-pygmy
and 9 neighbouring Pygmy populations from Western
Central Africa. They found a recent common origin (�2,800
thousand years, kaBP) of all the Western Central African
Pygmy populations, along with an older divergence (54,000
or 90,000 ka) between ancestral Pygmy and non-Pygmy pop-
ulations. Some authors have proposed that, according to the
mtDNA molecular clock, the inferred ancestors of modern
Pygmy hunter-gatherers and Bantu-speaking agriculturalists
could have diverged as long ago as 70 ka (Quintana-Murci
et al. 2008), and that ancestral western and eastern Pygmy
populations separated more than 18 ka, circa 62 ka according
to Bergstr€om et al. (2020). There was subsequent genetic dif-
ferentiation among the Western Pygmy populations within
the past 2800 years (Verdu et al. 2009), as we mentioned
above. A recent study of the African L2 mitochondrial lin-
eage shows that three moments of expansion from a Central
African source were associated with L2: one migration at
70–50 ka into Eastern or Southern Africa, postglacial move-
ments (15–10 ka) into Eastern Africa; and the southward
Bantu Expansion in the last 5 ka (Silva et al. 2015) (see also
Scally and Durbin (2012) for a comparative review of muta-
tion rates of molecular clocks).

Figure 1. Distribution of African Pygmy populations in about 1900. According to Schebesta (1940).
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There are few morphological studies available, since the
French expeditions and those of other Central-European
powers in the early 20th century used different measurement
techniques. Froment (2014) provided a somatological sum-
mary, along with data about the palaeoanthropology and
recent settlement in the Congo Basin and surrounding areas.

Shea and Bailey (1996) carried out an anthropometric
study in a series of Efe pygmies that they compared with
African non-pygmies. This article was a major advance, as it
updated the study of the African Pygmy population pheno-
type. The authors calculated the allometry of the samples
that were analysed and rejected the previous untested
observations of the body proportions of the African Pygmy
populations and other features, which had been interpreted
by some as “ancient features” (see Lefrou 1943, p. 365;
Marquer 1972, p. 112 and 115). The analyses by Shea and
Bailey (1996) concluded that these supposed “primitive
retentions” in African Pygmy populations should instead be
considered as mere growth allometrics related to a rapid size
decrease in these groups during the growth stage.

According to a little-known monograph by Gusinde (1948,
p. 62), Pygmy populations with the smallest body size, the
Mbuti people of the Ituri (plural Bambuti), in the north-east-
ern part of the basin of the river Congo, had an average stat-
ure of 144.03 cm in men (range of variation 126.8–159.7);
and 137.04 cm in women (range of variation: 123.4–150.4).
But the head, and to a lesser extent, the torso, are essentially
of the same size as persons of average height (Froment
1993; Cavalli-Sforza et al. 1994).

Serological evidence has linked the low stature in African
Pygmy populations to deficiencies in the growth hormone/
insulin-like growth factor (Merimee et al. 1968, 1987, 1989,
1990). This line of research was brought up-to-date by
Bozzola et al. (2009); Meazza et al. (2011); and Travaglino
et al. (2011). More recently, Zoccolillo et al. (2020) identified
novel genetic variants associated with short stature in a Baka
Pygmy population. Reviews of the African Pygmy phenotype
have been provided by Perry and Dominy (2009) and
Campbell and Tishkoff (2010).

Using genoma-wide single-nucleotide polymorphism
genotype data, Bamberg et al. (2013) found that short-stat-
ure populations (thought to be Asian Pygmy populations) in
the Philippines and Papua New Guinea are more genetically
similar to their neighbours than they are to each other and
have undergone positive selection in different genes. These
results show that the African Pygmy populations and Asian
short-statured groups, which are geographically distant, have
probably evolved towards a short stature independently. The
authors also found that different genes associated with
growth, thyroid function and sexual development, are under
selection in these different short-statured groups.

Our study analysed the sexual and population variations
of the somatometric and cephalo-facial variables taken from
17 samples in the Congo basin (Table 1). For some unknown
reason Alcobe (1950) did not gather data about Combe
women in the settlements on the coast of Equatorial Guinea,
which explains why our study does not have a total of 18
samples (9 populations studied by sexes, with the Combe
female population missing, since Alcobe did not collect their

Figure 2. Routes of the Bantu expansions, as suggested by the genetic data, with direction arrows based on archaeological records (modified from Cavalli-Sforza
et al. 1994).
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data in 1948). Our objective is to establish the phenotypic
variations shown by these populations as a result of their
respective evolutionary history. This study may help to define
clearly demarcated population groups and so facilitate gen-
etic studies within the scope of the African peoples.

Study population

The basin of the Congo river, a huge geographical region
shaped by the climate and the equatorial rainforest, is the
backdrop to the major human migratory flows from the
Atlantic coast that took place in the recent history of the
area. The progressive desertification of the Sahara led to
movements of peoples that extended from east to west all
along the Sahel. One outcome was converging pressure from
the region that is now Nigeria towards the rainforest from all
around its perimeter, towards the south and east. Bantu
speaking populations moved into the rainforest and created
new multi-ethnic complexes. As we commented above,
Grollemund et al. (2015) propose that the Bantu expansion
extended from Central-West Africa about 5,000 years ago,
bringing agriculture along the emerging savannah corridors
(Figure 2).

The Pamue people studied here are part of the large eth-
nic group of the Fang that extends from Cameroon to
Gabon, via Equatorial Guinea, along the area near the coast.
All of Equatorial Guinea is covered by tropical rainforest that
extends to the coast. The coast is inhabited by the Combe,
another of the groups studied here. The Pamue and Combe
did not originate in the area they inhabit but rather came
from the north at an unknown date.

In the same way as the Bantu-speaking agriculturalists,
who came to the southeast Congo basin from the Great Rift,
the Pamue and the Combe received a one-way flow from
Pygmy populations (Alcobe 1950; Alcobe and Panyella 1951).
Prior to the expedition of Alcobe (1950), several French expe-
ditions documented the populations of Cameroon and
Gabon, although they used different anthropometric techni-
ques from those of Alcobe (e.g. Cottes 1911-12; Dugast 1949;
Vallois 1939, 1940, 1941, 1950). All the French colonial

bibliography makes constant reference to the introgression
(marriage) from Pygmy Populations in the Bantu family clans
and that they are patrilineal. Women from Pygmy popula-
tions were highly appreciated for their knowledge of medi-
cinal plants. A sizeable number of the articles on molecular
genetics that we cite also refer to this marriage pattern.

Data collection and technique

Twenty-one somatometric variables were studied (Martin
1928). Use of the UPGMA (Unweighted Pair Group Method
with Arithmetic Mean) showed the group structure.
Combined analysis of the 21 samples was carried out using
PCA (Principal Component Analysis) and Cluster analyses.
The series relating to Spanish Guinea were gathered in 1948
by a scientific expedition of the Spanish National Research
Council (Alcobe 1950; Alcobe and Panyella 1951) (unpub-
lished data). Alcobe’s data were collected in somatological
sheets and photographs of 1,376 individuals who were adult
natives of both sexes in the former Spanish colony of
Spanish Guinea: the Bubi (Bioko Island), Pamue (central
Guinea) and Combe (coastal) ethnic groups. We randomly
selected a representative sample of 120 individuals from
each series, approaching the sample size of the least repre-
sented series: 115 Pamue women (Table 1).

To contextualise our analysis of Alcobe’s Guinean samples
with their contemporaries in the Congo basin, we compared
them to data collected from Pygmy populations and Bantu-
Speaking Central African Groups studied by Gusinde (1948)
(details shown in Table 2). We selected both sexes of the Efe
and Aka ethnic groups respectively, from the Ituri pygmies,
along with the 4 ethnic groups of the BSCA (Bantu-Speaking
Central African) Groups: Lese, Ndaka, Bali and Beiru, sepa-
rated by sex (Gusinde 1948).

For the data collection indicated above, Alcobe (1950)
and Gusinde (1948), predated the Helsinki Declaration, and
the contemporary standards for the protection of human
subjects were not in place. In any case, our work has the
consent of the Spanish Scientific Research Council (CSIC),
which financed the Alcob�e expedition in 1948, as well as the
consent of the UB Bioethics Commission (University of
Barcelona) and the Ethics Committee for Human Research
(CEISH) of the UPV/EHU (University of the Basque Country),
institutions to which the authors belong.

As we commented above, Schebesta (1940) showed the
distribution of African Pygmy populations (Figure 1), which
matches the reports of a number of scientific expeditions
(Poutrin 1911–12; Schebesta and Lebzelter 1933; Pales 1938;
Vallois 1940; Gusinde 1956). Gusinde (1948) also took meas-
urements of men and women of the Bantu-Speaking Central
African Groups of different linguistic groups that live within
the equatorial rainforest, in the northeast region of the
Republic of the Congo, near the capital Kisangani (old
Stanleyville).

Both Gusinde and Alcobe were expert anthropologists
and used the same measurement technique (Martin 1928;
Martin and Saller 1962). In this study we selected 21

Table 1. Number (N) of individuals analysed in this study.

Male Female
N N

I. Bioko/Equatorial Guinea
Pamue 115 110
Combe 115 –
Bubi 116 115
Total 346 225

II. Bantu-Speaking Central Africans
Lese 36 39
Ndaka 54 16
Bali 22 26
Beyru 35 18
Total 147 246

III. Eastern Pygmies
Ef�e 386 263
Aka 115 110
Total 501 373

Total 994 697

Three ethnic series are from Bioko/Equatorial Guinea (I), four belong to the
Bantu-speaking Central Africans (II) and two to the Ituri (Eastern) Pygmies (III).
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variables (Table 3). These variables, taken in mm, are longitu-
dinal and transverse measurements of the human body
and head.

The standing individual’s height was measured first. It was
used as the reference for all other partial longitudinal meas-
urements, such as arm and leg length, along with their
respective segments. Next, the transverse diameters were
taken (always in mm) of the width between the shoulders
and the hips, respectively, as well as the thoracic circumfer-
ence. This technique is reproduced and updated in the third
volume of the famous manual by Martin and Saller (1962).
Intra-observer error was negligible in our study. Admittedly,
unlike osteological studies, the measurements may vary
according to the pressure placed on the soft tissues of the
human body, although Martin’s anthropometric technique
(1928) places the measurement points near the bone of a liv-
ing individual. In our case both authors, Gusinde (1948) and
Alcobe (1950), had considerable experience in anthropom-
etry. We did not detect any major variations in the statistical
normality tests of variables in Alcobe (1950). The values of
the measurements in the work of Gusinde (1948) were as
expected. In any case, since it was impossible to gain access
to the individual data of Gusinde’s series, we based our stat-
istical analysis on the mean trends of the groups, thus mini-
mising any potential observer error.

Numerical processing

The variables analysed here are highly correlated. In such a
context it is advisable to use the Mahalonobis D2 distance to
shed more light on the underlying factors and identify and
classify the differences between the populations
(Mahalanobis 1936; Ghosh and Majumder 1993; Dasgupta
1995). This diversity measurement eliminates the effect of
non-informative variables, redundant information and the
effect of the unit of measurement. Unfortunately, Gusinde
(1948) only provides the range of variation and the averages
of the series of Pygmy populations and the Bantu-Speaking
Central African groups. If the measurement values for each
individual are not available, it is impossible to estimate the
matrix of variances-covariances within populations, and
replacing them with the matrix of variances-covariances
between populations would be questionable when calculat-
ing the Mahalanobis D2 distance. With this limitation in

mind, the Euclidean distance provides a sound approxima-
tion to the Mahalanobis D2 distance when it is applied to
the informative variables (the non-informative variables have
been eliminated). In addition, the variables under consider-
ation have been previously standardised (the effect of the
unit of measurement has been eliminated). In this context,
the multicollinearity is in fact an implicit form of weighting.

The F test of multiple comparisons (one-way ANOVA) was
used to identify and select the variables that provided signifi-
cant differences between the populations (inform-
ative variables).

Bootstrap methods were used to computationally simulate
10,000 replicas for each sample scenario and the ratio was
obtained between the observed range of variation
(R¼max{x1,x2,… ,xn}-min{x1,x2,… ,xn}) and the standard
deviation (s), when this is unknown (details shown in Table
4). This approach provides results that are compatible with
the ones described by Hozo et al. (2005) and Montgomery
(2009). Student’s t test (comparison of two populations) was
used to contract the significance of the morphological vari-
ation between all the pairs of populations.

The values of the Fisher-Snedecor F test (multiple compar-
isons) and Student’s t test (comparison of two populations)
are affected by the size of the sample, which in the popula-
tions of our study is very unequal. To prevent this effect, the
95% confidence interval made it possible to calculate the
overlap between populations in each variable. In particular,
the percentage of overlap between the populations i and j
was calculated as follows:

Sði,jÞ¼
max 0,

min �xiþ1:96si,�xjþ1:96sjf g�max �xi�1:96si,�xj�1:96sjf g
max �xiþ1:96si,�xjþ1:96sjf g�min �xi�1:96si,�xj�1:96sjf g

� �

�100

Table 2. Data sources of the collections studied in the present work.

Data source
(see References) Studied collections

Alcobe (1950) 1,376 individuals, adult natives of both sexes in the
former Spanish colony of Spanish Guinea: the
Bubi (Bioko Island), Pamue (central Guinea) and
Combe (coastal) ethnic groups.

Gusinde (1948)
(pages 206–214)

Ituri pygmy individuals: Ef�e and Bas�ua 386 men/263
women; Aka: 115 men/110 women; Beyru 13
men/9 women.

Gusinde (1948)
(pages 350–357)

Bantu-Speakers Central African Groups (BSCA): Lese
36 men/39 women; Ndaka: 54 men/16 women;
Bali: 22 men/29 women; Beyru 35 men/
18 women.

Table 3. Quantitative variables (body and head) analysed in this study.

Name of variables
according to
Martin-Saller technique
(1962)

Name of variables
in this study Body

1 V1 height
23 V2 sitting height
6 V3 pubic height
45A V4 arm length
47A V5 humerus length
48A V6 forearm length
13 V7 iliospinal height
53.1 V8 total leg length
55 V9 femur length
56 V10 lower leg height
17 V11 armspan
35 V12 biacromial breadth
40 V13 intercrestal breadth
61 V14 middle thoracic perimeter

Head
1 V15 maximun length
3 V16 maximun breadth
6 V17 bizygomatic breadth
8 V18 bigonial breadth
13 V29 nose breadth
21 V20 nose height
18 V21 facial height
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where ð�xi�1:96si,�xiþ1:96siÞ and ð�xj�1:96sj,�xjþ1:96sjÞ are
the confidence intervals that characterise the populations
(confidence 95%).

Using the above-mentioned informative variables, the
Euclidean distance with standardised variables provided the
matrix of inter-distances between populations and the repre-
sentation of a phylogenetic tree showed the group structure.
The UPGMA (Unweighted Pair Group Method with Arithmetic
Mean) was used in the classification and, to reduce subjectiv-
ity in choosing the number of groups, the DTESS statistics
were used for being the most effective maximising cut-off
level (Hartigan 1985), Pseudo-F (Calinski and Harabasz 1974)
and Silhouette (Rousseeuw 1987). The classification obtained,
labelled G1, G2, G3, was contrasted with the outcome from
applying the k-means non-hierarchical clustering method.
Furthermore, the geometrical representation in 2D space
was obtained using the PCA (Principal Component Analysis)
method to see the differences and explain the morphological
variation. The ethnicities and groups obtained in the classifi-
cation were shown together in this smaller space. The classi-
fication and graphic representation in a 2D space took the
form of three scenarios: a) male variation; b) female variation;
and c) joint variation, considering each ethnic group and sex
as a differentiated population.

The values of the statistics (TESS, Pseudo-F and
Silhouette) were obtained with the Ginkgo program (Bouxin
2005) and were confirmed by using the k-means clustering
and R fviz-cluster functions. The geometric representations in
phylogenetic tree and PCA were obtained with the Ginkgo
program. The variation ellipses with a confidence of 95% of

the available information of all the individuals that made up
the population samples (Figures 3 and 4) were obtained with
PAST (Paleontological statistics software package v. 3.25,
Hammer et al 2001). With information that was limited to
descriptive values (mean and variance) and a highly reduced
size of sample per group (Figures 8–11), the variation ellipses
contain all the group populations and were built to follow
the directions of the axes (principal and secondary). Finally,
we used Statgraphics Centurion v18 to run the hypothesis
tests and to generate the 1,000 replicas per experimental
condition in the bootstrap simulation.

Results

Factor analysis of the Equatorial Guinea and Bioko
Island series

We have drawn three main conclusions from the factor ana-
lysis (PCA) of the five samples from Equatorial Guinea and
Bioko. Firstly, there is an evident intra-group overlap along
with a major intra-group variability in the male series (Figure
3). Second, the main source of variation of the first compo-
nent is associated with height, armspan and other longitudinal
dimensions of the human body in both sexes. The diversity in
the second component is mainly associated with the middle
thoracic circumference. The same results are found in the
female series (included in Figure 4). Third, the cephalo-facial
variables appear in the other principal components, and their
statistical weight is low in the overall analysis.

Table 4. Ratio between standard deviation and range of variation in samples of size n.

n 16 18 22 26 35 36 39 54 110 115 263 386

c ¼ �s=�R 0.2785 0.2705 0.2584 0.2495 0.2355 0.2342 0.2306 0.2179 0.1952 0.1939 0.1748 0.1668

Figure 3. Variance ellipses (95%) of the two First Principal Components (PCA) of Bubis, Combes and Pamues (men).
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Given that the variables with most statistical weight in
the Guinean series are height and the longitudinal segments
of the body, we compared them with those of the Western
Pygmy populations. Gusinde (1948) found no differences in
the body proportions of the Efe Pygmy populations of the
Ituri. Table 5 shows that neither are there any differences in
the group of series from Bioko and Equatorial Guinea of the
Efe African pygmies of the Ituri. It is impossible to calculate
the allometric processes undergone by these populations
during their growth and development as Gusinde (1948) did
not study them in age and gender groups, he only studied

adults. From the data in Table 5, made with the data from
Gusinde (1948) and ours from Bioko/Guinea, it is concluded
that the interpretations of Marquer (1972) are incorrect and
that Shea and Bailey (1996) were right.

F test, UPGMA and cluster analysis

The multiple comparison F test showed significant differen-
ces in all the variables. In women, the Fexp statistics varied
between 6.09 (bigonial width/breadth) and 400.45 (V2, bust
height) and in all the cases, the p values were lower than
6.4464�10–7. In men, the Fexp statistics varied between 11.02

Figure 4. Sexual dimorphism amongst Bubi and Pamue. Variance ellipses (95%) of the two First Principal Components (PCA).

Figure 5. UPGMA dendrogram, Euclidean Distance, of the male series of the
Eastern pygmies (Ituri region), Bantu-Speaking Central Africans and Bioko/
Guinean groups. Note that the labels G1, G2, G3 are the groupings detected by
our mathematical analysis, described in the Numerical Processing section, and
that these are highly consistent with the initial assignment of ethnic groups
with geographic and linguistic criteria.

Figure 6. UPGMA dendrogram, Euclidean Distance, of the female series, of the
of the Eastern pygmies (Ituri region), Bantu-Speaking Central Africans and
Bioko/Guinean groups. Note that the labels G1, G2, G3 are the groupings
detected by our mathematical analysis, described in the Numerical Processing
section, and that these are highly consistent with the initial assignment of eth-
nic groups with geographic and linguistic criteria.

ANNALS OF HUMAN BIOLOGY 7



(width of nose/nose breadth) and 631.68 (sitting height) and
in all the cases, the p values were less than 5.5951�10–15.
For this reason, all the variables observed were maintained
in the study.

The matrix of inter-distances between populations was
generated by using the 21 variables, with the Euclidean dis-
tance between the means vectors relating to the standar-
dised variables. Based on this matrix of inter-distances, the
representations in phylogenetic trees, using the UPGMA sep-
arately in men and women (Figures 5 and 6) showed a clear
separation between the Pygmy populations and the subdiv-
ision of the other populations, which are subdivided into
two different groups (the Bantu-Speaking Central African
groups and Bioko/Guinea). The results after separating sexes
match the joint analysis of both sexes (Figure 7), in which
each ethnic group and sex are considered as a different
population (in total 17). In this case, the distribution in three
and five groups is justified by the maximisation of the
DTESS, Pseudo-F and Silhouette statistics in the scenarios

that were studied (men and women separately, men and
women jointly). Furthermore, the hierarchical classifications
obtained with the UPGMA also match the classifications
obtained with the k-means non-hierarchical cluster-
ing method.

The geometric representation of the populations with the
PCA method (Principal Component Analysis), with Varimax
rotation of the components, was limited to two components
(principal axes).

Male PCA analysis and overlapping variables

Analysis of the first two principal PCA components of males
provided a representation that explains 83.6% of the vari-
ation (Figure 8). The first principal component (horizontal
axis) is related to the variables that explain the longitudinal
(V1, V3-V10) and cross-sectional dimensions of the body
(V11-V14), except for the sitting height (V2), all with a nega-
tive sign: the populations of the largest size are located on
the left of the graph and the smallest ones on the right. The
correlation between the variables that identify the axis is
very high (0.90), with the exception of intercrestal breadth.
The Bantu-Speaking Central African groups, partially mixed
with the African Pygmy Populations, are scattered between
African pygmies and Guineans, who are widely separated by
height and build (see Hiernaux 1975; Cavalli-Sforza et al.
1994, p. 183). For all the variables, the averages of each of
the variables of the Pygmy populations are less than those
observed in the Bantu-Speaking Central African groups. In
turn, these averages are slightly lower than those observed
in Guineans, with the exception of the males of the Lese
group, located more to the right of Figure 8, who
are smaller.

Figure 7. UPGMA dendrogram, Euclidean Distance, of the male and female ser-
ies, of the Eastern pygmies (Ituri region), Bantu-Speaking Central Africans and
Bioko/Guinean groups. The 17 series (Combe women were not measured) are
distributed into the following: a) Pygmies (men G1.1 and women G1.2); b) other
women, divided into two sub-groups (Bioko/Guinea G2.1 and Bantu-Speaking
Central Africa G2.2, in red); and c) other men, also divided into two sub-groups
(Bioko/Guinea G3.1 and Bantu-Speaking Central Africa G3.2). Note that the
labels G1, G2, G3 are the groupings detected by our mathematical analysis,
described in the Numerical Processing section, and that these are highly con-
sistent with the initial assignment of ethnic groups with geographic and lin-
guistic criteria.

Figure 8. Male variation of the Eastern pygmies (Ituri region) (G1), Bantu-
Speaking Central Africa (G2) and Bioko/Guinea (G3) groups, in the two First
Components of a PCA.
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In lengthwise measurements (V1, V3-V10), the intra-
group overlap is very high (83.83%, African Pygmy popula-
tions; 78.55%, the Bantu-Speaking Central Africa groups;
85.06%, Guineans), 72.72% between the BSCA groups and
Guineans, in contrast to that of each group and the
African Pygmy populations (17.61%, between the BSCA
groups and Pygmy populations; 10.19%, between
Guineans and APP).

In the cross-sectional measurements (V11-V14), the aver-
age intra-group overlap is very high (75.83%, African Pygmy
populations; 76.65%, the BSCA groups; 86.89%, Guineans), as
it is between populations of the BSCA groups and Guineans
(64.92%). As with the longitudinal measurements, the overlap
of the BSCA and Guinean groups is less with regard to
Pygmy populations (36.25%, between the BSCA groups and
APP; 36.25%, between Guineans and Pygmy populations).
For armspan and biacromial breadth the order described
above is conserved for the longitudinal measurements
(African Pygmy populations/BSCA groups/Guineans). For
intercrestal breadth and middle thoracic circumference, the
mean values of the BSCA groups are higher than the ones
observed in the other two groups. Furthermore, the
Guineans have narrower hips (intercrestal breath).

On the other hand, the biacromial width breadth of the
males of the Lese ethnic group explains the high overlap
(79.54%) with the African Pygmy groups and the closer prox-
imity between them. The overlap of the Lese with the
Pygmy populations in the intercrestal breadth is 76.37%,
which is greater than that of the Lese with Guineans
(89.72%,). The overlap of the average thoracic circumference
is 55.48% with Pygmy populations and 87.80%
with Guineans.

The second principal component (vertical axis) is associ-
ated with bust height, the dimensions of the head (V15-V20)

and the intercrestal breadth, all with a negative sign. The
populations with larger body size are located at the bottom
of the graph while the ones with smallest body size are at
the top. The correlations between the variables that identify
the vertical axis are less than the ones observed in the hori-
zontal axis, with the exception of the variable intercrestal
breadth, whose average Pearson correlation is 0.38. In this

Figure 10. Variation of the 17 series, male and female, of the Eastern pygmies
(Ituri region) (right), Bantu-Speaking Central African (center in red) and Bioko/
Guinea (left) groups, in the two first components of a PCA.

Figure 11. Proposed interpretation of the variation of the 17 series, male and
female, of the Eastern pygmies (Ituri region) (G1), Bantu-Speaking Central Africa
(G2) and Bioko/Guinea (G3) groups, in the two first components of a PCA.
Identification of groups: 1) Bubi M; 2) Bubi F; 3) Combe M; 4) Pamue M; 5)
Pamue F; 7) Efe M; 8) Efe F; 9) Aka M; 10 Aka F; 11 Lese M; 12) Lese F; 13)
Ndaka M; 14) Ndaka F; 15) Bali M; 16) Bali F; 17 Beyru M; 18 Beyru F. Note that
the variance in the first two axes of this PCA is not 100%, as it is in the UPGMA
trees (Figures 5 and 6).

Figure 9. Female variation of the Eastern pygmies (Ituri region) (G1), Bantu-
Speaking Central African (G2) and Bioko/Guinea (G3) groups, in the two first
components of a PCA.
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second component, the results indicate that the males from
the Pygmy populations have the smallest body size, the
BSCA groups are intermediate (very close to the Guineans,
with the exception of the males of the Lese ethnic group),
and the Guineans are large. In the variables V2, V16 and V20,
the averages of the Pygmy populations are very similar to
those of the BSCA groups and less than those of the
Guineans. The average intra-group overlap is very high
(95.47%, Pygmy populations; 80.79%, BSCA; 89.20%,
Guineans); it is high between the Pygmy populations and
the BSCA groups (70.12%), much lower between the BSCA
groups and Guineans (38.45%) and is even less so between
Pygmy populations and Guineans (26.71%).

The second principal component indicates a different
placing of males of the Lese ethnic group, whose overlap is
lower with Pygmy populations (�6.81%) and greater with
Guineans (þ15.13%). In the variables V15 and V17 (length of
cranium and width), both averages in Pygmy populations are
less than those of the BSCA groups and these in turn are
less than the ones observed in Guineans. The respective
average overlaps are very high, both within the groups
(93.69%, Pygmy populations; 77.74%, the BSCA groups;
89.74%, Guineans), and between groups (77.69% between
Pygmy populations and the BSCA groups; 81.52% between
the BSCA groups and Guineans; 63.30% between Pygmy
populations and Guineans). Finally, there are small differen-
ces in the averages of the variables mandibular bigonial
breadth and width of nose, where the average intra-group
overlap is 82.92% and the average inter-group overlap
is 80.04%.

After combining indicators, and in accordance with the
results obtained in the overlap of the variables, differences
have been observed in the nasal index (V19/V20: 1.02,
Pygmy populations; 0.98, the BSCA groups; 0.83, Guineans).
No differences were detected in the cephalic index (V16/V15:
0.78, Pygmy populations; 0.77, the BSCA groups; 0.78,
Guineans), or in the gonio-zygomatic index (V18/V17: 0.75,
Pygmy populations; 0.76, the BSCA groups; 0.73: Guineans).
The Pygmy populations (G1) and Guineans (G3) are located
at opposite ends (G1: top right hand quadrant; G3: bottom
left hand quadrant) and the BSCA groups (G2) share a pos-
ition in the first component with the Guineans and also
share one in the second component with the Pygmy
populations.

Female PCA analysis and overlapping variables

The PCA analysis of the women in the first two principal
components explains 89.4% of the variation (Figure 9). The
variables that explain the axes are the same as the ones for
the men, with some differences relating to correlations. In
the horizontal axis, the average correlation between the
explanatory variables is slightly lower than the one obtained
in men (with the exception of intercrestal breadth, width of
the pelvis, whose mean correlation is 0.85); and higher in the
vertical axis, with the exception of intercrestal breadth, as in
the men, whose mean correlation is 0.51. The overlap in lon-
gitudinal measurements (V1, V3-V10) is similar to that
obtained in men (81.08%, Pygmy populations; 64.03%, the
BSCA groups; 85.54%, Guineans; 19.17% between Pygmy
populations and the BSCA groups; 8.97% between Pygmy
populations and Guineans; 64.00% between the BSCA groups
and Guineans).

The most important difference was seen in the popula-
tions of the BSCA groups and their relationship with the
Pygmy populations. In particular, the BSCA groups are less
compact because the males of the Lese ethnic group have
an overlap much higher than the one in their group (33.09%,
þ88.85%). The overlap in cross-sectional measurements (V11-
V14) in women is also similar to that obtained in men and
the Lese ethnic group follows the layout described in the
longitudinal measurements (68.34%, Pygmy populations;
76.64%, the BSCA groups; 90.38%, Guineans; 42.89%
between Pygmy populations and the BSCA groups; 44.75%
between Pygmy populations and the BSCA groups; 59.65%
between the BSCA groups and Guineans; 63.07% (þ50.88%)
between Pygmy populations and males of the Lese ethnic
group). In the variables V2, V15-V17 and V20 the averages of
the measurements in Pygmy populations are very similar to
those observed in the BSCA groups and less than in the
Guineans. In line with this similarity, the overlap between
Pygmy populations and the BSCA groups (79.88%) is very
high in comparison to the other groups (35.40% between
Pygmy populations and Guineans; 42.44% between the BSCA
groups and Guineans). As regards the nasal variables, the
behaviour is similar to that seen in men (V19/V20: 1.00,
Pygmy populations; 0.95, the BSCA groups; 0.79, Guineans).

The interpretation and relative position of the populations
in the graph are similar to that described in men, although
the rotation of the axis of the ellipse of the BSCA groups
(G2) towards the Pygmy populations (G1) provides closer
proximity between Lese and Pygmy populations of women.

Finally, there is also greater sexual dimorphism in the
Pamue than amongst the Bubi (Figure 4).

PCA analysis of all the combined series

The PCA analysis of the first two components of the 17 ser-
ies, with the male and female series regarded as independ-
ent populations, explains 83.8% of the variation (Figures 10
and 11). The differences in body size place the Pygmy popu-
lations (G1.1 and G1.2) and other men (Guineans G3.1 and
the BSCA groups G3.2) at opposite ends; the other women,

Table 5. Body proportions in the series Bioko Island / Equatorial Guinea (pre-
sent study) and the Ef�e pygmies from the Ituri region (Gusinde 1948).
(Percentages with respect to height).

Bubi Bubi Pamue Pamue Combe Efe Efe
Male Female Male Female Male Male Female

height V1 100% 100% 100% 100% 100% 100% 100%
pubic height V3 52,6 52,3 52,3 51,8 52,8 50,8 50,4
arm lenght V4 46,5 46,0 46,6 46,0 46,8 45,4 44,7
humerus length V5 19,2 19,1 19,4 19,2 19,4 19,4 19,5
forearm lenght V6 16,0 15,8 16,2 16,0 16,4 15,0 14,6
total leg length V8 54,7 54,6 54,5 54,1 54,9 53,3 52,9
femur length V9 27,8 28,6 27,6 27,8 28,2 27,2 26,9
lower leg height V10 23,5 23,0 23,5 23,2 23,4 22,4 22,1
biacromial breadth V12 22,6 22,0 22,3 21,9 22,4 21,6 21,3
intercrestal breadth V13 15,0 16,1 15,2 15,7 15,0 16,5 17,5
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not from Pygmy populations, are in an intermediate position
(Guineans G2.1 and the BSCA groups G2.2). The differences
between men and women of each group are detected in the
two principal components, where the gradients of magni-
tude are similar and go in the same direction. The results
match the ones separately described for men and women
and confirm the Pygmy populations influence on Lese
women (12 F in Figures 8 and 9). Gusinde (1948, p. 361) took
photographs of this body similarity between the Lese and
the Bambuti.

Discussion

There is evident inter-group overlap between the Bioko/
Equatorial Guinea series along with the major intra-group
variability in both sexes, both in size and in body shape.
There is also greater sexual dimorphism in the Pamue than
amongst the Bubi (Figure 4), which is not attributable to an
admixture with Biaka Pygmy women. Pamue women have
significantly higher averages for stature, arms and legs than
Bubi women. The most likely reason for this difference is the
high values of arms and legs of Pamue men.

The body proportions of our series (in percentages) are
the same as the other groups that were studied (see Table
5), including the African pygmies, contrary to the findings of
Lefrou (1943, p. 365; Marquer 1972, p. 112 and 115). We do
not think it is necessary for the purpose of our study to cal-
culate the isometrics and allometry as processes that deter-
mine the size and shape of the biological species. Allometry
should be understood in present day humans as products of
growth and development that are the outcome of gene
expression and regulation, nutrition, disease and cultural fac-
tors. All this taken together is what is reflected in the adult
phenotype. Indeed, the seminal work by Shea and Bailey
(1996) on this topic in the African Pygmy populations was
essential in refuting the points of view held by Lefrou (1943,
p. 365) and Marquer (1972, p. 112 and 115). During the
growth of an organism, with isometry ¼ 1, the ratio between
two body variables can be b> 1 (positive allometry) or b< 1
(negative allometry). In the human species, both cases of
allometry can occur, depending on the observed variables,
but these never change their trend (or are positive or nega-
tive), because they have been fixed on the genetic program
of our species; therefore it can be applied to human fossil
remains (Bolter and Cameron 2020). Although the value of
allometry will always vary due to the influence of the envir-
onment, it will never change its mathematical sign (either
positive or negative). In our study, the body proportions of
the five groups of Bioko and Equatorial Guinea were not
statistically different from the BSCA Groups or the African
Pygmy populations studied by Gusinde (Table 5). Each one
of the 17 groups analysed may have had different allometric
trajectories during their respective growth and development
processes; but the body proportions in the adult do not sig-
nificantly differ, which tends to confirm Shea and Bailey’s
conclusion (1996) that there is no difference in the allometric
growth of African Pygmy populations distinct from other

human groups, except their rapid size decrease during the
growth stage.

We used the Euclidean distance as the best possible
approximation to the Mahalanobis distance in our case
(Figures 5–7). This procedure replaces the magnitude in mm
with the variation in sigma units (standard deviation) for
each group, although it conserves the original correlations.
In our analysis, the body differences between Pygmy popula-
tions and non-Pygmy populations are evident, in size and
shape. In our study, the three groups are well separated by
the first component of the PCA, the second separates the
BSCA groups of the Bioko/Guinea.

As regards the phylogeny of the populations studied
here; in other words, the history of the population and its
biodynamics, most of the molecular markers of current
human biological diversity have an African origin.
Progressive desertification commenced in the Sahara region
10,000 years ago after the last ice age and has continued to
the present (Kindong 1993, p. 160). Despite this, the African
population increased and spread across the continent
(Cavalli-Sforza el al. 1994, p. 161; Bostoen et al. 2015).
Microsatellites are accurate molecular clocks, and Sun et al.
(2009), after analysing data from 783 microsatellite loci in
human populations and 292 loci in chimpanzee populations,
confirmed that there was a significant gap between Africans
and non-Africans. The San, Biaka Pygmy, and Mbuti Pygmy
African populations have the deepest coalescent times of the
populations in the Human Genome Diversity Project.
Therefore, these populations are key factors in the recon-
struction of prehistoric African human lineages, whose dates
of difference have already been extensively stated in the
Introduction. As Cavalli-Sforza et al. (1994, p. 194) pointed
out for different reasons, Khoisan and African Pygmy popula-
tions are phylogenetic outliers with respect to the rest of the
African lineages. The most recent study published
(Bergstr€om et al 2020) proposes the splits between the two
central African rainforest hunter-gatherer groups, the Mbuti
and the Biaka, at �62 ka; between the Mbuti and the West
African Yoruba at �69 ka; between the Yoruba and the
southern African San at �126 ka; and between the San and
both the Biaka and the Mbuti at �110 ka. Non-Africans have
separation midpoints from the Yoruba at �76 ka, from the
Biaka at �96 ka, from the Mbuti at �123 ka, and, represent-
ing the deepest split in the dataset, from the San at �162 ka.
In sum, the genetic markers of the African Pygmy popula-
tions in particular not only reveal positive selection against
infectious diseases but also, according to other markers,
reveal a separation time of no less than 70,000 years com-
pared to other humans. The available genetic data may not
have been based on totally isolated populations, such as the
groups of the Ituri region. That is why we consider
Schebesta’s map to be especially instructive (Figure 1) along
with the geographic division into three groups of African
Pygmy populations: Eastern (mainly Bambuti from the Ituri
and Batwa), Central (Bacwa and Babinga) and Western
Pygmies (Bambuti from Cameroon and Gabon, respectively),
that existed in the early part of the 20th century and was
witnessed by a number of expeditions (Poutrin, 1911–1912;
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Schebesta and Lebzelter 1933; Pales 1938; Vallois 1940;
Gusinde 1956). The mtDNA is especially useful in this evolu-
tionary scenario, but the markers of Chromosome Y, as well
as the micro-satellites of the other nuclear genomes of the
central and western Pygmy populations, may reveal the gen-
etic recombination of their mixing with Bantu who reached
the Congo basin over the centuries.

On the other hand, the comparison of the phenotypes in
this study is relevant because natural and sexual selection
operates on them, and therefore reflect their past, which of
course is greatly influenced by gene recombination and
expression, and by environmental influences, particularly dur-
ing the periods of growth and development, before the adult
phase.

The powerful statistical tools used here show us that
although there are evident differences in body size between
Pygmy populations and Guineans, by groups and sexes; the
BSCA Groups occupy an intermediate position. They also
show that genetic samples should be gathered and
adequately analysed to better understand this past phase in
the evolution of African populations. One important feature
is that neither this study nor the one carried out by Gusinde
(1948) found significant differences in body proportions of
the African pygmies, or between sexes, or in the comparison
with our Guinean series.

The first principal component of the PCA of the male ser-
ies (Figure 8) with standardised variables shows the major
body differences highlighted by the longitudinal dimensions
of the body and, indirectly, in the variables of intercrestal
width/breadth and average thoracic circumference, respect-
ively, inasmuch as the taller bodies are also broader. The ver-
tical axis, or second principal component, is influenced
above all by the variables of bust height and the nose, as
well as by the intercrestal width/breadth and maximum
breadth of the head, respectively. Guinean groups have very
narrow hips (intercrestal width/breadth), while Pygmy popu-
lations are notable for having a nose that is as wide as it is
high, in the shape of an equilateral triangle (see Lefrou 1943;
Gusinde 1948, p. 207, 209 and 351–357). The above results
appear in the same way when using standardised variables
and Euclidean variables in millimetres.

The relative position of the BSCA Groups and the differen-
tial overlaps with the other groups (depending on the varia-
bles) are an indicator of the biological distance amongst
Pygmy populations and Guineans. The geographical proxim-
ity explains the relation of the BSCA Groups and Pygmy pop-
ulations and the possible common similarity with the
Sudanese explains the ancestral relationship of the BSCA
Groups and Guineans.

The coordinates axis (PCA) of the female series (Figure 9)
is the same as the male one. The main difference is that the
largest axis of the ellipse of the BSCA Groups rotates, with
reference to the male ones, towards the ellipse containing
Pygmy populations, which may be a result of (amongst other
factors) the gene flow caused by the exogamy of female
pygmies, so often commented on by researchers and eye
witnesses (Cottes 1911–1912; Dugast 1949; Vallois 1939,
1940, 1941, 1950), which in this case are the women of the

Lese ethnic group (Gusinde 1948; Terashima 1987, Vallois
1950; Alcobe and Panyella 1951; Cavalli-Sforza et al. 1994;
Jarvis et al. 2012). Alternatively, the position of Lese women
in the PCAs cluster (point 12 F in the Figures 10 and 11)
could be influenced by recent Efe migrants, in the sample
studied by Gusinde in 1948.In sum, joining both sexes in
PCA analysis of the 17 samples (Figure 11) of Bioko/Guinea,
the BSCA Groups and Pygmy populations, increases hetero-
geneity, which can be seen in the reduced Pearson’s correl-
ation coefficient with regard to the sex-specific analyses.
Even so, the results are consistent, and the above-mentioned
features are repeated for each sex: predominance of longitu-
dinal body dimensions in the first component; repetition in
the second component of the significant weight of the inter-
crestal width/breadth, of the bust and nose heights, and of
the head values (length and width/breadth) and of the bizy-
gomatic breadth. These results were already described in the
comments on the female series.

The cephalo-facial variables, studied in such great detail
by anthropometry in the early 20th century, were of little
value in identifying and classifying groups. The measure-
ments of the head are less indicative than the longitudinal
and cross-sectional ones of the trunk and limbs. This asser-
tion does not invalidate the conclusions of Ramirez-Rozzi
and Sardi (2010) regarding the crania and those of other
Africans from European museums and collections. For
example, measurements of the nose differ greatly in a living
individual from those taken of his cranium. Both Schebesta
(1940) and Gusinde (1948) include photographs where one
can see noses that are as high as they are broad (see Lefrou
G 1943; Gusinde M 1948 p. 207, 209 and 351–357). However,
the studies by these authors only use the dimensions of the
cranium, while this article brings together the dimensions of
the head and face and integrates them with the rest of
the body.

The cluster analysis and the results of the UPGMA dendro-
grams (100% of variation) showed a picture that perfectly
matched the one obtained with the PCA mentioned previously.

Conclusions

This study provides useful somatometric information about
the human phenotype of the populations of the Sahel and
Equatorial Guinea in relation to the phenotype of the Ituri
Pygmies and other peoples in the central area of the Congo
Basin. No differences were found when comparing the body
proportions of these groups, which may indicate that such
populations came from the same ancestral tree, regardless of
when they separated geographically. This data appears to
confirm the notion that the short stature among Pygmy pop-
ulations is an outcome of adaptive processes in the intricate
African rainforest, as proposed by Merimee et al. 1968,
Zoccolillo et al. (2020) and other authors cited at the start of
this article.

The anthropometry of the populations of Bioko Island and
Equatorial Guinea on adults in 1948 has revealed the tremen-
dous intragroup variation that exists in each sex. The sexual
differences are expressed in stature, and in the width of
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shoulders and hips. We detected no signs whatsoever that
would enable us to relate the phenotypical variation found
with the potential presence of women from Pygmy popula-
tions amongst the Pamue and Combe of Equatorial Guinea.
The cephalo-facial variables are of little relevance in our
study in comparison to the rest of the body.

The new techniques applied in our analysis provide suffi-
cient statistical robustness to the results obtained in the
comparisons of the populations of Bioko/Guinea with the
Bantu-speaking peoples of Central Africa and the Aka and
Efe eastern Pygmy populations.

Our results contribute to a better understanding of the
human phenotype: predominance of longitudinal dimen-
sions, and secondarily of transversal dimensions. There are
obvious sex differences in size in the shoulder and pelvic gir-
dles. The head appears in our results as of minor importance,
so it should be studied separately either in metric or facial
recognition studies.

Acknowledgements

We thank the Spanish National Research Council (CSIC) for permission to
study the unpublished data from the Guinea samples obtained by
Alcobe (1948). We also thank the referees who have greatly improved
this article with their comments.

Disclosure statement

The authors report no conflict of interest

Funding

This research was partially funded by the 2017SGR-102 research group
from the Generalitat of Catalonia (DT); and by UPV/EHU-Basque System
Research Group IT1380-19 (ER).

ORCID

Daniel Turb�on http://orcid.org/0000-0002-4782-6657
Esther Rebato http://orcid.org/0000-0003-1221-8501
Miquel Salicr�u http://orcid.org/0000-0001-9644-5626

References

Alcobe S. 1950. Los pamues en el complejo racial del �Africa negra [The
pamues in the racial complex of black Africa]. Arch Ins Est Afric. 13:
17–35.

Alcobe S, Panyella A. 1951. Estudio cuantitativo de la exogamia en los
pamues (Fang) de la Guinea continental espa~nola [Quantitative study
of exogamy in the pamues (Fang) of Spanish mainland Guinea]. Arch
Ins Est Afric. 18:53–77.

Bamberg A, Gallego I, Metspalu M, Leavesley M, Pagani L. 2013.
Evolution of the pygmy phenotype: evidence of positive selection
from genome-wide scans in African, Asian, and Melanesian Pygmies.
Hum Biol. 85(1):251–284.

Batini C, Lopes J, Behar DM, Calafell F, Jorde LB, van der Veen L,
Quintana-Murci L, et al. 2011. Insights into the demographic history
of African Pygmies from complete mitochondrial genomes. Mol Biol
Evol. 28(2):1099–1110.

Bergstr€om A, McCarthy SA, Hui R, Almarri MA, Ayub Q, Danecek P, Chen
Y, et al. 2020. Insights into human genetic variation and population
history from 929 diverse genomes. Science. 367(6484):eaay5012.

Bolter DR, Cameron N. 2020. Utilizing auxology to understand ontogeny
of extinct hominins: a case study on Homo naledi. Am J Phys
Anthropol. 173 (2):368–380.

Bostoen K, Clist B, Doumenge C, Grollemund R, Hombert JM, Muluwa JK,
Maley J. 2015. Middle to late Holocene paleoclimatic change and the
early Bantu expansion in the rain Rainforest of Western Central Africa.
Curr Anthrop. 56(3):354–384.

Bouxin G. 2005. Ginkgo, a multivariate analysis package. JVeget Scie.
16(3):355–359.

Bozzola M, Travaglino P, Marziliano N, Meazza C, Pagani S, Grasso M,
Tauber M, et al. 2009. The shortness of Pygmies is associated with
severe under-expression of the growth hormone receptor. Mol Genet
Metab. 98(3):310–313.

Calinski T, Harabasz J. 1974. A dendrite method for cluster analysis.
Commun Statist. 3(1):1–27.

Campbell MB, Tishkoff SA. 2010. The evolution of human genetic and
phenotypic variation in Africa. Curr Biol. 20(4):R166–R173.

Cavalli-Sforza L, Menozzi P, Piazza A. 1994. The history and geography of
human genes. Princeton (NJ): Princeton University Press.

Cottes A. 1911–1912. La Mission au Soud-Cameroun (1905–1908) [The
Mission in Soud-Cameroon]. Paris: Leroux.

Dasgupta S. 1995. The evolution of the D2-Statistic of Mahalanobis.
Indian J Pure Appl Math. 26(6):485–501.

Dugast J. 1949. Inventaire ethnique du Sud-Cameroun [Ethnic inventory
of South Cameroon]. In M�emoires de l’Institut franc¸ais d’Afrique
noire, Centre du Cameroun. S�erie: Populations n�1. Coneslant, Cahors.

Froment A. 1993. Adaptation biologique et variation dans l’esp�ece
humaine: le cas des Pygm�ees d’Afrique [Biological adaptation and
variation in the human species: the case of the African Pygmies].
bmsap. 5(3):417–448.

Froment A. 2014. Human Biology and Health of African Rainforest
Inhabitants. In Hewlett BS, editor. Hunter-gatherers of the Congo
Basin: cultures, histories and biology of African Pygmies. Chapter 5.
Routledge (NY): e-Kindle Edition for Mac, 2020.

Ghosh JK, Majumder PP. 1993. PC mahalanobis’ contributions to biom-
etry. J Hum Ecol. 4(3):233–235.

Grollemund R, Branford S, Bostoen K, Meade A, Venditti C, Pagel M.
2015. Bantu expansion shows that habitat alters the route and pace
of human dispersals. Proc Natl Acad Sci USA. 112(43):13296–13301.

Gurdasani D, Carstensen T, Tekola-Ayele F, Pagani L, Tachmazidou I,
Hatzikotoulas K, Karthikeyan S. 2015. The African genome variation
project shapes medical genetics in Africa. Nature. 517(7534):327–332.

Gusinde M. 1948. Urwaldmenschen am Ituri [Rainforest people on the
Ituri]. Wien: Springer.

Gusinde M. 1956. Die Twiden Pygm�aen und Pigmoide in Tropischen
Afrika [The Twiden Pygmy and Pygmoid in tropical Africa]. Stuttgart.
Wien IX/66: Wilhem Braumuller, Universitats-Verlagsbuchhandlung.
Des. M.B.H.175 pp.

Hammer Ø, Harper DA, Ryan PD. 2001. PAST: paleontological statistics
software package for education and data analysis. Palaeont Elect. 4(1):
1–9.

Hartigan JA. 1985. Statistical theory in clustering. J Classif. 2(1):63–76.
Hiernaux J. 1975. The people of Africa. New York: Scribner.
Hozo SP, Djulbegovic B, Hozo I. 2005. Estimating the mean and variance

from the median, range, and the size of a sample. BMC Med Res
Methodol. 5(1):13.

Jarvis JP, Scheinfeldt LB, Soi S, Lambert C, Omberg L, Ferwerda B,
Froment A, et al. 2012. Patterns of ancestry, signatures of natural
selection, and genetic association with stature in Western African
Pygmies. PLoS Genet. 8(4):e1002641.

Kindong J. 1993. Self-made man. New York: Wiley & Sons.
Lefrou G. 1943. Le Noir d’Afrique [The African Black]. Paris: Payot.
Lopez M, Choin J, Sikora M, Siddle K, Harmant C, Costa AH, Silvert M,

et al. 2019. Genomic evidence for local adaptation of hunter-gather-
ers to the African rainforest. Curr Biol. 29(17):2926–2935.

Mahalanobis PC. 1936. On the generalized distance in statistics. Proc
Natl Inst Sci India. 2(1):49–55.

ANNALS OF HUMAN BIOLOGY 13



Marquer P. 1972. Nouvelle contribution �a l’�etude du squelette des
pygm�ees occidentaux du centre Africain compar�e �a celui des
pygm�ees orientaux [New contribution to the study of the skeleton of
western pygmies in Central Africa compared to that of eastern pyg-
mies]. M�em Nat Hist A. 72: l:122.

Martin R. 1928. Lehrbuch der Antropologie [Textbook of anthropology].
2nd ed. Jena, Germany: Verlag Von Gustav Fischer.

Martin R, Saller K. 1962. Lehrbuch der Anthropologie in Systematischer
Darstellung [Systematic presentation of anthropology textbook]. 3rd
ed. Vol III. Stuttgart. Jena, Germany: Verlag Von Gustav Fischer.
p. 1575–2416.

Meazza C, Pagani S, Bozzola M. 2011. The Pygmy short stature enigma.
Pediatr Endocrinol Rev. 8(4):394–399.

Mercader J, Garralda MD, Pearson OM, Bailey RC. 2001. Eight hundred-
year-old human remains from the Ituri tropical forest, Democratic
Republic of Congo: The Rock Shelter Site of Matangai Turu northwest.
Am J Phys Anthropol. 115(1):24–37.

Merimee TJ, Baumann G, Daughaday W. 1990. Growth hormone-binding
protein: II. Studies in pygmies and normal statured subjects. J Clin
Endocrinol Metab. 71(5):1183–1188.

Merimee TJ, Hewlett B, Wood W, Bowcock A, Cavalli-Sforza LL. 1989. The
GH receptor gene in the African pygmy. Trans Assoc Am Physicians.
720:163–169.

Merimee TJ, Rimoin DL, Rabinowitz D, Cavalli- Sforza LL. 1968. Metabolic
studies in the African pygmy. Trans Assoc Am Physicians. 87:221–231.

Merimee TJ, Zapf J, Hewlett B, Cavalli-Sforza LL. 1987. Insulin-like growth
factors in pygmies. N Engl J Med. 316(15):906–911.

Montgomery DC. 2009. Introduction to statistical quality control.
Hoboken, (NJ): John Wiley & Sons.

Pales L. 1938. Contribution �a l’�etude anthropologique des Babinga de
l’Afrique Equatoriale Française [Contribution to the anthropological
study of the Babinga of French Equatorial Africa]. L’Anthropologie. 48:
503–520.

Patin E, Quintana-Murci L. 2018. The demographic and adaptive history
of central African hunter-gatherers and farmers. Curr Opin Genet Dev.
53:90–97.

Perry GH, Dominy NJ. 2009. Evolution of the human pygmy phenotype.
Trends Ecol Evol. 24(4):218–225.

Poutrin D. 1911–1912. �Etude des documents anthropologiques recueillis
a la Mission Cottes, par le docteur Gravot [Study of anthropological
documents collected at the Cottes Mission, by Doctor Gravot]. In: La
Mission Cottes au Sud-Cameroun (1905–1908). Paris: Leroux. p.
123–191.

Quintana-Murci L, Quach H, Harmant C, Luca F, Massonnet B, Patin E,
Sica L. 2008. Maternal traces of deep common ancestry and asymmet-
ric gene flow between Pygmy hunter-gatherers and bantu-speaking
farmers. Proc Natl Acad Sci USA. 105(5):1596–1601.

Ramirez-Rozzi FV, Sardi ML. 2010. Diversity among African Pygmies. PLoS
One. 5(10):e13620.

Rousseeuw PJ. 1987. Silhouettes: a graphical aid to the interpretation
and validation of cluster analysis. J Comput App Math. 20:53–65.

Scally A, Durbin R. 2012. Revising the human mutation rate: implications
for understanding human evolution. Nat Rev Genet. 13(10):745–753.

Schebesta P. 1940. Les Pygm�ees [The Pygmies]. Translated from German
by F. Berge. Ed. Paris: Gallimard.

Schebesta P, Lebzelter V. 1933. Anthropology of the Central African
Pygmies in the Belgian Congo. Prague: Czech Acad. Sciences and
Arts.

Shea BT, Bailey RC. 1996. Allometry and adaptation of body proportions
and stature in African pygmies. Am J Phys Anthropol. 100(3):311–340.

Silva M, Alshamali F, Silva P, Carrilho C, Mandlate F, Jesus Trovoada M,
�Cern�y V, et al. 2015. 60,000 years of interactions between Central and
Eastern Africa documented by major African mitochondrial hap-
logroup L2. Sci Rep. 5:12526.

Skoglund P, Thompson JC, Prendergast ME, Mittnik A, Sirak K, Hajdinjak
M, Salie T. 2017. Reconstructing prehistoric African Population struc-
ture. Cell. 171(1):59–71.

Sun JX, Mullikin JC, Patterson N, Reich DE. 2009. Microsatellites are
molecular clocks that support accurate inferences about History. Mol
Biol Evol. 26(5):1017–1027.

Terashima H. 1987. Why efe girls marry farmers?: Socio-ecological back-
grouds of inter-ethnic marriage in the Ituri Forest of Central Africa.
Afr Study Monogr. 6:65–83.

Travaglino P, Meazza C, Pagani S, Biddeci G, Bozzola M. 2011. Secular
trends in growth of African Pygmies and Bantu. Hormones (Athens).
10(2):144–148.

Vallois HV. 1939. Recherches anthropom�etriques sur quelques groupes
noirs du Cameroun [Anthropometric research on some black groups
in Cameroon]. Bull M�em Soc Anthropol Paris. 8(10):161–174.

Vallois HV. 1940. New Research on the Western Negrillos. Am J Phys
Anthropol. 26(1):449–471.

Vallois HV. 1941. Recherches anthropologiques sur les Peuls et divers
groupes noirs du Cameroun [Anthropological research on the Fulani
and various black groups in Cameroon]. Bull M�em Soc Anthropol
Paris. 2(1):20–74.

Vallois HV. 1950. Les Badjou�e du Sud-Cameroun. Bull M�em Soc
Anthropol Paris. 1 (1):18–59.

Verdu P. 2014. Population genetics of central African pygmies and non-
pygmies. In: Hewlett BS, editor. Hunter-gatherers of the Congo Basin:
cultures, histories and biology of African Pygmies. Chapter 2. e-Kindle
Edition for Mac, 2020. New York: Routledge.

Verdu P, Austerlitz F, Estoup A, Vitalis R, Georges M, Th�ery S, Froment A,
et al. 2009. Origins and genetic diversity of pygmy hunter-gatherers
from Western Central Africa. Curr Biol. 19(4):312–318.

Zoccolillo M, Moia C, Comincini S, Cittaro D, Lazarevic D, Pisani KA, Wit
JM, Bozzola M. 2020. Identification of novel genetic variants associ-
ated with short stature in a Baka Pygmies population. Hum Genet.
139(11), 1471–1483.

14 D. TURBÓN ET AL.


	Abstract
	Introduction
	Study population
	Data collection and technique
	Numerical processing

	Results
	Factor analysis of the Equatorial Guinea and Bioko Island series
	F test, UPGMA and cluster analysis
	Male PCA analysis and overlapping variables
	Female PCA analysis and overlapping variables
	PCA analysis of all the combined series

	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	Orcid
	References


