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abstract
Recently an international team of archae-

ologists reported the oldest hominin skeletal 
remains ever found in Europe. A mandible 
fragment and an isolated tooth were found in 
the TE9C level of Sima del Elefante, Atapu-
erca, Spain, associated with a typical Old-
owan industry. In the study, the authors claim 
that the TE9-1 hominin can be assigned to 
Homo antecessor, being the result of a local 
speciation event that occurred during the 
Early Pleistocene. Here we present a multi-
variate analysis applied to four dimensions of 
the mandible, comparing the TE9-1 hominin 
with other key hominin fossils. Considering 
the strong association that we found between 
ATE9-1, the Sangiran specimens, and the 
large mandible from Dmanisi, the main con-
clusions of Carbonell and associates can be 
seriously challenged.

Key words_Early Homo; Atapuerca; 
Dmanisi

resumo
Recentemente uma equipe internacional 

reportou a descoberta dos remanescentes 

ósseos humanos mais antigos já encontra-

dos na Europa. Um fragmento de mandíbu-

la e um dente isolado foram encontrados no 

nível TE9C de Sima del Elefante, Atapuerca, 

Espanha, associados à uma típica indústria 

Olduvaiense. No estudo, os autores afirmam 

que o hominíneo TE9-1 pode ser classifica-

do como Homo antecessor, sendo resultado 

de um evento de especiação local ocorrida 

durante o início do Pleistoceno. Aqui nós 

apresentamos uma análise multivariada 

aplicada às quatro dimensões da mandíbu-

la, comparando o hominíneo TE9-1 com 

outros hominíneos fósseis. Considerando a 

forte associação que encontramos entre 

ATE9-1, os espécimes de Sangiran, e a gran-

de mandíbula de Dmanisi, as principais 

afirmações de Carbonell e associados po-

dem ser seriamente questionadas.

palavras-chave_Primeiros-Homo; 

Atapuerca; Dmanisi 
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bonell et al., 2005, 2008) based their diagno-
sis on metric and non-metric mandibular 
traits but with no formal quantitative treat-
ment of the former. 

Here we present a multivariate analysis 
applied to data presented in Table I in Car-
bonell et al. (2008), where four dimensions 
of the mandibular corpus, including the 
symphyseal region, are provided (thickness 
of the corpus at the M1 level and symphisis 
level and height of the corpus at the P3-P4 
level and symphisis level). Our aim is to as-
sess the morphological affinities of the Sima 
del Elefante specimen compared with other 
key Early Homo fossils using multivariate 
techniques as quantitative treatment.

Material & Methods  
To assess the morphological affinities of 

the specimens included in this study, we 
performed a Principal Components Analy-
sis (PCA) based on a covariance matrix ob-
tained from the original metric data provid-

ed by Carbonell 
and collabora-
tors (Carbonell 
et al., 2008). 
First, all homi-
nins listed in 
their Table I, 
with exception 
of Sangiran 6, 
were included in 
the analysis. 
Sangiran 6 was 
removed from 
the data bank 
because of its ex-
treme values. 

The final da-
taset was com-
posed of 17 spec-
i m e n s , 
presenting 11.76 

Introduction
Carbonell et al. (Carbonell et al., 2008) 

have reported the oldest hominin skeletal 
remains ever found in Europe. Accordingly, 
a fragment of mandible and an isolated 
tooth (LP4) of one same individual were 
found in TE9C level of Sima del Elefante, 
Atapuerca, Spain. TE9 is estimated to be 
dated between 1.2-1.1 Myr. The skeletal re-
mains were found in association with a 
typical Mode 1 (or, its equivalent, Oldowan) 
lithic technology. This new material sug-
gests that the first settlement of Western Eu-
rope could be related to an early demo-
graphic expansion out of Africa.

In accordance with the original study, 
the TE9-1 hominin is very similar to the one 
found by the same team in the Grand Dolina 
TD6 level some years ago. Both can be as-
signed to Homo antecessor and are inter-
preted as the result of a local speciation 
event that occurred during the Early Pleis-
tocene. Carbonell and collaborators (Car-

Table 1 – Variables and values used to perform the Principal Components Analysis [Bold values are 
grand means used to replace missing values; all measurements were made in millimeters; references 
used for taxonomic classification: a Carbonell et al. (2008); b Carbonell et al. (2005); c Gabunia et al. 
(2000); d Vekua et al. (2002); e Gabunia et al. (2002); f Mayr (1950); g Schwartz & Tattersall (2003); 
h Ramírez-Rozzi et al. (1997); i Wood (1992); j Curnoe & Tobias (2006); k Rosas & Bermúdez de 
Castro (1998); l Groves & Mazak (1975); m Rightmire (1990)].
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% of missing values. Taking into account that 
PCA requires that all variables are present in 
every individual or series (Gower, 1966), 
missing values were replaced by the grand 
mean of all specimens. Since this strategy can 
potentially artificially decrease the amount of 
inter-specimen variation, we performed a 
second run, including only specimens with 
no missing values (13 specimens). 

In both cases, size effect 
was removed from the data 
using the strategy recom-
mended by Darroch & 
Mosemman (1985). In other 
words, only shape was con-
sidered in the analyses. Ta-
ble 1 presents the data bank 
used to perform the analyses 
and the taxonomic classifica-
tion classically attributed to 
each specimen. Table 2 
shows the size corrected 
data.

PCA was our choice due 
to its operational simplicity. 
PCA is widely used in Physi-
cal Anthropology to assess 
biological affinities between 

the specimens or populations (for an exam-
ple see Spoor et al., 2010). Two different, but 
complementary strategies were adopted to 
infer the biological affinities between the 
specimens investigated in this study: a bidi-
mensional scatter plot based on the scores 
of the first two PCs, and a Cluster Analysis, 
based on the scores of the first three PCs. 
The Cluster Analysis was based on Euclid-

ean Distances. Single Linkage was 
the algorithm adopted.

Results
Table 3 presents the main charac-

teristics of the principal components 
extracted when all specimens were 
used. As can be seen, the first two PCs 
retained approximately 91% of the 

original information expressed by the four 
initial variables. Table 4 presents the cor-
relations between the original variables and 
the PCs extracted. These correlations allow 
interpreting the meaning of the first two PCs 
as follows: high positive values of PC1 are 
associated with high mandibular corpus at 

Table 2 – Size corrected values used to perform the Principal Components Analysis.

Table 3 – Eigenvalues and original variation retained by the four 
Principal Components extracted from a covariance matrix.

Table 4 – Correlations between the first two Principal Compo-
nents and the original variables. The values in bold represent 
the highest correlations for each PC (r > 0.75 or r < -0.75).
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P3-P4 level, and vice-versa. High positive 
values of the same PC are associated with 
thin mandibular corpus at M1 level, and 
vice-versa. On the other hand, high positive 
values for PC2 are associated with low 
mandibular symphysis, and vice-versa. 

Table 5 presents the principal compo-
nents score for each specimen. These scores 
were used to generate the bidimensional 
scatter plot presented in Figure 1. 

As can be seen in Figure 1, ATE9-1 
is located near Sangiran 9 and Sangi-
ran 22, in the lower right quadrant of 
the graph. The same area of the mor-
phospace is also occupied by D2600. 
The right upper quadrant is primarily 
occupied by the three specimens from 
Tighenif, which show very close rela-
tionships between themselves. UR501 
is located in the transition zone be-
tween this quadrant and the left up-
per one, while Sangiran 1B is located 
in the transition area of the right low-
er quadrant. The left upper quadrant 
is occupied by OH22, KNM-ER 1802, 
and KNM-ER 730, which seem to 
form a cluster with UR501, all African 

specimens. The left lower 
quadrant is occupied by two 
specimens from Dmanisi 
(D211 and D2735), two speci-
mens from Africa (KNM-ER 
992 and OH 13) and one speci-
men from Grand Dolina 
(ATD6-96). The latter is dis-
placed towards the right lower 
quadrant, where the other 
specimen from Atapuerca 
(ATE9-1) is located. The den-
drogram presented in Figure 2 
is difficult to interpret. In gen-
eral it confirms the pattern of 
association generated by the 
scatter plot based on the scores 

of the first two PCs. 
Some associations generated by the 

Principal Components Analysis applied to 
all specimens provided by Carbonell et al. 
(Carbonell et al., 2008) deserve special at-
tention: (1) ATE9-1 and to a certain extent 
ATD6-96 present strong biological affinities 
with the Sangiran hominins; (2) The Geor-
gian fossil hominins are clearly divided in 
two very distant groups: one formed by 

Table 5 – Principal Components scores for each specimen.

Figure 1 – Morphological affinities between specimens as defined by the first 
two principal components
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KNM-ER 992 but mainly OH-
13 placed located very far from 
this African cluster; and (4) 
The Tighenif specimens form 
the tightest cluster in the ex-
periment. It is important to 
emphasize, however, that 
these patterns of association 
have to be evaluated very care-
fully, because almost 12% of 
missing values had to be re-
placed by the grand mean pri-
or to the multivariate treat-
ment. 

Table 6 presents the main 
characteristics of the principal 
components generated when 
only complete specimens 

were used. The first two PCs re-
tained approximately 93% of the in-
formation contained in the four ini-
tial variables. 

Table 7 presents the correlations 
between the original variables and 

the PCs extracted. These cor-
relations allow interpreting 
the meaning of the first PC as 
follows: high positive values of 
PC1 are associated with high 
mandibular corpus at P3-P4 
level, and vice-versa, while 
high positive values are strong-
ly associated with thin man-
dibular corpus at M1 level, and 
vice-versa. Table 8 presents 
the principal components 
score for each specimen. These 
scores were used to generate 
the bidimensional graph pre-
sented in Figure 3. The scores 
of the three first PCs were also 
submitted to a Cluster Analysis 

based on Euclidian Distances joined by Sin-
gle Linkage criteria (Figure 4).

D211 and D2735, and another formed ex-
clusively by D2600; (3) Only part of the Af-
rican hominins forms a tight cluster, with 

Figure 3 – Morphological affinities between specimens as defined by the first 
two principal components

Figure 2 – Morphological affinities between specimens derived from Cluster 
Analysis (Single Linkage) based on Euclidian Distances Matrix calculated over 
the three first principal components’ scores.

Table 6 – Eigenvalues and original variation retained by the four 
Principal Components extracted from a covariance matrix.
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As can be seen in Figure 3, four clearly 
separate groups were formed in the bidi-
mensional morphospace. With few 
exceptions, they present a strong 
geographical logic. ATE9-1 is lo-
cated near Sangiran 9, Sangiran 22, 
and D2600 in the upper right quad-
rant of the graph. The right lower 
quadrant is primarily occupied by 
the three specimens from Tighenif, 
which, again, show very close rela-
tionships between themselves. The 
left lower quadrant is occupied 
only by African fossil hominins, 
while the left upper quadrant is oc-
cupied by the two small hominins 
from Georgia. The dendrogram 
presented in Figure 4 fully con-

firms the pattern of associa-
tion generated by the scatter 
plot based on the scores of the 
first two PCs.

Some associations gener-
ated by the Principal Compo-
nents Analysis applied to the 
complete specimens deserve 
special comments vis-à-vis 
the previous analysis: (1) 
ATE9-1 presents again strong 
biological affinities with the 
Sangiran early Homo and now 
also with one of the Dmanisi 
hominins (D2600); (2) The 
Georgian fossil hominins are 
clearly divided in two very dis-
tant groups: one formed by 

D211 and D2735 (the small ones), and an-
other formed exclusively by D2600 (the 
large one); (4) All African hominins form 
now a well defined cluster and; (5) The 
Tighenif specimens continue to form the 
tightest cluster.

Discussion & Conclusions
To the extent that a phenetic approach 

applied to a mandible fragment can reveal 

Figure 4 – Morphological affinities between specimens derived from Cluster 
Analysis (Single Linkage) based on Euclidian Distances Matrix calculated over 
the three first principal components’ scores.

Table 8 – Principal Components scores for each specimen.

Table 7 – Correlations between the first two Principal Compo-
nents and the original variables. The values in bold represent 
the highest correlations for each PC (r > 0.75 or r < -0.75).
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genus. One of the most striking results ob-
tained by us is that the three specimens 
from Dmanisi resolved in two well defined 
and distant positions in the morphospace. 
While the small specimens (D211 and 
D2735) occupy one extreme of the graphic, 
the large specimen (D2600) occupies the 
opposite position. In fact, the three Georgian 
specimens constitute the most variable re-
gional sample of Early Homo included in 
this study. Accordingly, we suggest that the 
small and the large mandibles found in 
Dmanisi represent different species, if not 
different genus. Sexual dimorphism can 
hardly explain such a high degree of varia-
tion.

As to the origins of the first Western Eu-
ropeans, our results point to Asia or to The 
Caucasus region as possible points of de-
parture, and not Africa, as proposed by Car-
bonell et al. (Carbonell et al., 2008).  This 
conclusion rests on the fact that in both, Fig-
ures 3 and 4, ATE9-1 is clearly associated 
with Sangiran, from Java, and to the large 
mandible from Dmanisi.
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something about phylogeny, the results gen-
erated by our comparative multivariate 
analyses applied to the mandible shape of 
the ATE9-1 are not consistent with the main 
conclusions of Carbonell et al. (Carbonell et 
al., 2008). Considering the close (and stable) 
associations between ATE9-1, the Sangiran 
specimens, and the large mandible from 
Dmanisi, the assignation of the early homi-
nins from Atapuerca to a new species (Homo 

antecessor) can be seriously challenged. If 
they were the result of a local speciation 
event as advocated by Carbonell and associ-
ates, we would expect to find ATE9-1 and 
ATD6-96 forming their own cluster clearly 
separated from the other clusters. Notably, 
this is not seen in Figures 3 and 4 where 
only the complete specimens are included. 

Our conclusion is only partially support-
ed by the descriptive anatomy of ATD9-1. In 
accordance with Carbonell et al. (Carbonell 
et al., 2008), the specimen shows the primi-
tive condition for the genus Homo regarding 
the presence and position of the anterior 
marginal tubercle. On the other hand, the 
fossil presents a derived condition regard-
ing the posterior surface of the symphyseal 
region.  

Although the primary aim of this study 
was to assess the mandibular shape of 
ATE9-1 in a comparative perspective, some 
results obtained by us may also be of sig-
nificance for other current discussions 
about the origins and diversification of our 
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