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ABSTRACT

Objectives: Maba 1, a partial cranium from Guandong Province (China) tentatively dated between 300 and 130
ka, has been suggested to display a mosaic of archaic and derived features, including facial affinities with Neander-
tals. This study aims to evaluate whether Maba 1 shows a derived endocranial phenotype, or if it displays a plesio-
morphic braincase morphology.

Materials and methods: We analyzed a set of metric variables on fossil and modern human endocasts using
bivariate correlation, principal component analysis, and cluster analyses, to evaluate the morphological affinities of
the Maba 1 endocast.

Results: The cranial capacity, estimated at around 1300 cc, and the endocranial proportions of Maba 1 are within
the ranges of modern humans, Neandertals and Homo heidelbergensis. However, the frontal lobes are narrow and
the parietal areas are short and flattened, as in H. heidelbergensis and H. erectus. Nonetheless, the position of the
frontal lobes relative to the orbits, the morphology of the frontal sinus and the curve of the frontal squama are more
derived, being similar to Neandertals and modern humans.

Conclusions: The endocast displays a general archaic morphology, although with some derived features associ-
ated with the spatial relationships with the face. A similar admixture was described for other Middle Pleistocene
samples, like Sima de los Huesos. Future phylogenetic studies must re-evaluate the facial skeleton to consider
whether its features can be considered as related to the Neandertal lineage. Alternatively, they should be inter-
preted as the result of homoplasy and parallelism within the genus Homo, and may reflect a predominantly Asian
variation. Am J Phys Anthropol 000:000–000, 2016. VC 2016 Wiley Periodicals, Inc.

Since its discovery in 1958 in the Maba village (Guangdong
Province, China), the taxonomic and phylogenetic position of
the Maba 1 human fossil has been a source of debate (Wu,
1988; Schwartz and Tattersall, 2003; Bae, 2010). This partial
cranium (Figs. 1 and 2) was found in the cave sediments of a
deep, narrow, and dark crevice, and its original stratigraphic
section cannot be established with certainty. According to the
associated faunal remains, Maba was tentatively assigned to
the Middle Pleistocene (Liang and Li, 1959), the Middle-Late
Pleistocene transition (Guangdong Museum, 1959; Woo and
Peng, 1959), and Late Pleistocene (Xu and Huang, 1988).
Maba 1 chronology possibly ranges between 135 and 129 ka
(MIS 5e) according to a vertebrate teeth dating based on ura-
nium methods (Yuan et al., 1986). A 30Th/234U dating of cap-
ping flowstone samples from a South Branch Cave suggests
that the Maba 1 cranium possibly dates to the late Middle
Pleistocene (MIS 7–6) (Gao et al., 2007). Recently, Shen et al.
(2014) presented a new mass-spectrometric U-series dates
based on speleothem samples intercalated with deposits in
Southern Branch Cave, and suggested that Maba hominid
should thus be at least 230 6 5 ka old, most probably older
than 278 6 4 ka. Given that the South Branch Cave is over
30 meters away from the crevice where Maba cranium was
found, the date remains problematic. Because of the dating
range from Middle Pleistocene to Late Pleistocene, and tak-
ing into account the limits in associating specific geochrono-
logical references with the human remains, any evolutionary
interpretations must necessary deal with a large chronologi-
cal uncertainty (Xiao et al., 2014)

After the reconstruction of the skull performed by Wu
Rukang in 1959, most authors recognized traits resem-
bling both archaic Asian specimens (i.e., Zhoukoudian
Homo erectus) and Neandertals, in this latter case
mostly because of its facial morphology (see Woo and
Peng, 1959; Wu, 1988; Pope, 1992). As in Neandertals,
the upper face of Maba is characterized by a thick and
circular profile of the orbit, and a narrow, pinched, and
projecting nasal bone. Figure 3 show a visual compari-
son between Maba 1 and Saccopastore 1, a European
specimen dated at the transition between Middle and
Upper Plesitocene (Bruner and Manzi, 2006). However,
only a minor portion of the face is available for Maba 1,
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and a proper evaluation of its supposed Neandertal fea-
tures is still missing. Other characters which deserve
attention in the Maba skull include the vertical frontal
squama, the frontal keel and the thin vault (Woo and
Peng, 1959; Br€auer and Mbua, 1992). Because of this com-
bination of traits, Maba 1 was generally considered to rep-
resent an archaic taxon which is somehow intermediate
between small-brained and large-brained human species.

In this study, we present a quantitative analysis of the
endocast of Maba 1, providing a description of its endo-
cranial features, and metric comparisons to evaluate its
endocranial proportions within the variation of the
human genus. Beyond any difference in cranial capacity,
large-brained human taxa—namely modern humans and
Neandertals—display specific changes in their endocra-
nial traits and geometry (Bruner et al., 2003; Bruner,
2004; Gunz et al., 2010), while archaic humans—namely
H. ergaster, H. erectus, and H. heildelbergensis—share a
similar endocranial appearance (Bruner et al., 2015).
This study is therefore aimed at evaluating whether
Maba 1 displays a derived phenotype of the braincase,
or if it retains a plesiomorphic endocranial organization.

MATERIALS AND METHODS

The fragments from Maba 1 were assembled back in
1959 by using plaster, most of all to reconstruct parts of
the left frontal areas (Fig. 2). Segments of the right coro-
nal, sagittal, and lambdoid sutures are visible on the

cranium, and the position of bregma and lambda can be
then extrapolated and are accurately marked. Therefore,
the relative position of the frontal and parietal bones
can be inferred with a little uncertainty. The neurocra-
nium of Maba 1 is only represented by its frontal and
parietal areas, and a little portion of the temporal pole.
Although the braincase is incomplete, the frontal and
parietal districts are informative in terms of paleoneur-
ology, because of their morphological correspondence
with the underlying brain form, which include cortical
areas relevant for human evolution.

The skull was CT scanned at the Institute of Vertebrate
Paleontology and Paleoanthropology, Chinese Academy of
Sciences (IVPP), in coronal orientation through a high-
resolution industrial CT scanner (450 kV-ICT), at 430 kV 9
mA, pixel matrix 1024 3 1024, and 0.3 mm voxel size.
Imaging was performed with MIMICS 16.0 (Materialise,
Belgium), reconstructing the digital replicas of the skull
and endocast (Figs. 4 and 5). Zhoukoudian V (Wu et al.,
2010a) was used as reference to perform a 3D reconstruc-
tion of the endocast. The current morphometric study,
however, only concerns the original endocranial areas,
and the digital reconstruction must be considered as an
aid to help visualization only.

A total of 96 endocasts which represent H. erectus
(n 5 21), Afro-European Middle Pleistocene (n 5 6), Nean-
dertals (n 5 13), early modern humans (n 5 6), and recent
modern humans (n 5 50) were used as morphometric com-
parative sample (Tables 1 and 2). Specimens were sampled

Fig. 1. Maba 1, in right lateral (a), frontal (b), and inferior (c) views. The areas reconstructed with plaster in 1959 are visible
in white.
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at the IVPP (Beijing) and from the Ralph Holloway endo-
cast collection (Columbia University, New York). Data on
Minatogawa 1 and Saccopastore 1 are available from pub-
lished literature (Kubo et al., 2008; Bruner and Manzi,
2008).

Endocranial arcs and chords were measured to compare
and quantify the endocranial form of Maba 1 (Fig. 6). Tak-
ing into account the available anatomical information,
only nine variables can be measured on the Maba endo-
cast: parietal chord length (PCOR), parietal arc length
(PARC), maximum width chord (MWC), maximum Broca
width (MBW), maximum frontal width (MFW), frontal
height (FH), superior cerebral height (SCH), frontal chord
length (FCOR) and frontal arc length (FARC). SCH was
measured estimating the antero-posterior (fronto-occipi-
tal) orientation, according to the reconstruction of the
endocast. All measures were sampled by the same
observer (XW). Each endocast was measured three times,
and the average value for each variable was used as final
measurement. The ratio between the Broca’s width and
the maximum width was used to quantify the degree of
frontal narrowing. The ratio between arc and chord for the
frontal and parietal bone were used to quantify the degree
of frontal and parietal bulging, respectively.

UPGMA clustering was used to compare fossil speci-
mens by using their raw values. This clustering proce-
dure is aimed at quantifying the overall resemblance
and phenotypic affinity between the specimens, and not
to evaluate the statistical coherency of the groups. The
multivariate structure of the sample was analyzed by
means of Principal Component Analysis (PCA). PCA was
computed with frontal and parietal arcs but excluding
frontal and parietal chords, to avoid data redundancy
and to reduce the effect of multicollinearity (Jolliffe,
2002). The results do not show any relevant change
when adding the chords to the analysis, and the study of
the relationships between chords and arcs will be hence
limited to their ratios. PCA was computed on the corre-
lation matrix, as to standardize the intra-group varia-
tion. However, using the covariance matrix (and
therefore considering the absolute values) the analysis
gave similar results. Because of the small sample size
for each group and the incompleteness of the specimens,
inferential statistics (like discriminant analysis or
canonical variates analysis) is not sufficiently reliable,
and the current numerical analyses must be intended as
a quantification of the observed differences between
specimens and within the sample.

Fig. 2. The superior (a) and endocranial view (b) of Maba 1, showing the position of bregma, coronal suture, sagittal suture,
the sulcus of the superior sagittal sinus, lambdoidal suture, and lambda.
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The cranial capacity of Maba 1 was estimated by using
multiple regression between cranial capacity and the
metric variables for the rest of the sample (whole sample

and fossils only). We also used the first principal compo-
nent as a size-related vector, establishing a regression
between this vector and the cranial capacity of the rest

Fig. 3. Maba 1 was hypothesized to show a facial morphology resembling Neandertals. In this image, Maba 1 (red) is superim-
posed on Saccopastore 1 (white), a European early Neandertal dated to the transition between Middle and Upper Plesitocene.

Fig. 4. (a) the Maba 1 endocast, showing its frontoparietal morphology and the course of the middle meningeal vessels (the
endocast of Zhoukoudian V was used to complete partially the missing areas for visualization purposes—dark gray surface), (b)
The endocranial surface is rendered and oriented in order to show the traces of the middle meningeal vessels, (c) the endocast
reconstruction viewed together with the transparent digital replica of the skull.
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of the sample. A size-related principal component, as a
linear combination based on the within sample correla-
tions, can be less sensitive to noise introduced by indi-
vidual values or variables, when compared with multiple
regression. Regression parameters were then used to
estimate the Maba cranial capacity. Statistics was per-
formed with PAST 2.12 (Hammer et al., 2001) and Sta-
tistica 12 (Statsoft).

RESULTS

The CT scan and reconstructed endocast provide evi-
dence of both primitive and derived features of Maba 1.
The Maba 1 endocast preserves a large part of the frontal
and parietal areas, as well as a minor part of the right
temporal pole (Figs. 4 and 5). The left temporal, occipital,

and cerebellar areas are missing. The frontal lobes are
narrow when compared with the endocranial width, with
the left pole protruding relative to the right one. The sul-
cal pattern is visible on the right side. The parietal areas
show a clear parasagittal depression, although the mid-
line does not present a continuous central keeling. The
traces of the middle meningeal vessels of the upper vault
are visible, suggesting the dominance of the anterior
branches and, although the network is composed of many
channels, absence of anastomoses. The frontal lobes lie on
the orbital roof, and the frontal sinuses show a moderate
development reaching almost half of the upper orbit out-
line, and the base of the frontal squama.

According to the ratios available for this specimen
(Fig. 7), the frontal lobes of Maba 1 are very narrow but
display a marked anterior bulging of the sagittal profile.

Fig. 5. In lateral view (left), it can be seen that the anterior part of the endocranial cavity (in blue) stands above the orbits (in
yellow). As can be seen in the frontal view (right), the frontal sinuses (in green) are modest but well developed, reaching almost
half of the browridge.

TABLE 1. Comparative sample (n 5 96)

H. erectus (HE, n 5 21) Zhoukoudian (ZKD) 2, 3, 5, 10, 11, 12, Hexian 1 (HEX), Nanjing 1 (NAJ), Trinil 2 (TN2),
Sangiran 2,17 (SNG), Sambungmacan 3 (SBM3), KNM-WT15000 (WT15000), Sal�e (SAL),
KNM 3733, KNM 3883, Ngandong 1, 6, 7, 12, 14 (NG)

African/European Middle
Pleistocene Homo (MPL, n 5 6)

Arago XLVII (ARG), Kabwe (KBW), Bodo, Swanscombe (SWC), Jebel Irhoud I (JE1),
Laetoli 18 (LL18),

Neandertals
(NDR, n 5 13)

La Chapelle-aux-Saints (CHP), La Ferrassie 1 (FRS), La Quina 5 (LQN), Spy 1 and 2,
Feldhofer Neandertal l (NDR), Monte Circeo Guattari 1 (GTT), Amud 1 (AMD),
Krapina 3 and 6 (KRP), Reilingen (REL), Gibraltar 1 (GBR), Saccopastore 1 (SCP1)

Early modern humans (EMH, n 5 6) Predmost 3, 4, 9, 10 (PRD), Liujiang 1(LJ), Minatogawa I (MW)
Recent humans
(MOD, n 5 50)

Worldwide

TABLE 2. Metric variables and definitions

Measurement Description

PCOR Parietal chord length: the Euclidean distance between the endobregma and the endolambda
PARC Parietal arc length: the arc distance between the endobregma and the endolambda
MWC Maximum width: the maximum width of the endocasts
MBW Broca width: the endocranial width at the Broca’s caps
MFW Frontal width, the endocranial width at the coronal eminence
FH Frontal height: the distance from the endobregma to the bottom of the

frontal cap, as projected on the midsagittal plane
SCH Superior cerebral height: the vertical length from the fronto-occipital plane to the top of the endocast
FCOR Frontal chord length: the Euclidean distance from the frontal pole to the endobregma,

as projected on the midsagittal plane
FARC Frontal arc length, the arc distance from the frontal pole to the internal bregma,

projected on the midsagittal plane
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The parietal profile is not bulging, and its curvature is
comparable with any nonmodern human taxon.

Taking into account, all the measures together and
computing a UPGMA analysis, Maba 1 clusters with
Kabwe and Reilingen (Fig. 8). The cophenetic correlation
coefficient of this phenogram is modest (R 5 0.72) sug-
gesting that, although the clusters may show general
phenotypic affinities, groups are not stable and possibly
sensitive to individual components. The first branching
separating a cluster of H. erectus from the rest of the
sample is supported 100% when variables are boot-
strapped, but the rest of the branches do not reach 50%.
When the whole modern human sample is included in
the analysis, the cluster formed by Kabwe, Reilingen,
and Maba, is confirmed. When the analysis is computed
on sample normalized data (z scores), Maba clusters
with Bodo, Zhoukoudian 10, and Ngandong 1.

PCA shows a morphological space characterized by only
one dominant component, which explains 72% of the var-
iance (Fig. 9). The second component explains 12% of the
variance. This second vector is above the Jolliffe threshold
value, but not above the broken stick model of random var-
iation. Hence, its stability must be considered with cau-

tion. The following components explain less than 6% of the
variance and are below any conventional threshold of reli-
ability, and they will not be considered here. PC1 is a size-
related vector, associated with a relative increase of all the
variables. PC2 is associated with an increase of parietal
length and height, and decrease of width. The same mor-
phological components have been obtained by using other
endocranial data (Bruner et al., 2003). Therefore, despite
the limited stability of the second axis, this multivariate
space is consistent with the current information on the
endocranial variability of the human genus. According to
this multivariate space, H. erectus and Neandertals are
mainly separated by increased size and widths in the lat-
ter group, and modern humans are separated by nonmo-
dern humans by means of their larger parietal diameters.
Within this space, Maba 1 is positioned in an overlapping
morphological area among Neandertals, Afro-European
Middle Pleistocene, and modern humans. This result sug-
gests that the overall neurocranial proportions of Maba 1
are not able to reveal any species-specific morphological
affinity. Interestingly, the Afro-European Middle Plesito-
cene group is widely scattered throughout this PC space:
Arago within the Homo erectus range, Swanscombe,

Fig. 6. In this morphometric analysis, only the available diameters were used to compare Maba 1 with the rest of the sample.
The only extrapolated reference was the fronto-occipital axis, used to estimate the maximum vault height. The frontal parietal
chords were used only to calculate the frontal and parietal bulging, and were not used in the multivariate analyses.

Fig. 7. The boxplots show the distribution (median, interquartile and range, three outliers excluded) for Homo erectus (HE),
Afro-European Middle Pleistocene (MPL), Neandertals (NDR) and modern humans (MOD), for frontal widening at the Broca’s cap
(a: MBW/MWC), frontal bulging (b: FARC/FCOR), and parietal bulging (c: PARC/PCOR). The value of Maba 1 is evidenced with
the arrow.
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Kabwe and Jebel Irhoud within the Neandertal range,
Laetoli 18, and Bodo within the modern human range.
Within this multivariate space, Zhoukoudian 10 is the H.
erectus which is closest to Maba, and Saccopastore 1 the
closest Neandertal.

A multiple regression between cranial capacity and
the metric variables provide an estimation of the Maba
cranial capacity of 1296 cc (all sample; R2

adj 5 0.93; 95%
CI 1243–1349 cc), and 1291 cc (fossil sample; R2

adj 5 0.94;
95% CI 1182–1400 cc). PC1 is also an efficient and syn-
thetic size-related vector, which is strongly correlated
with cranial capacity, for the whole sample (R 5 0.95;
P<0.0001) or for the fossil sample only (R 5 0.96;
P<0.0001). Using a least-square regression between
PC1 (independent variable) and cranial capacity
(dependent variable), and using the residuals between
observed and expected values for each specimen to calcu-
late the standard deviation of the uncertainty, the cra-
nial capacity estimation for Maba 1 is 1331 6 75 cc and
1342 6 79 cc, when using the whole sample or only the
fossil specimens, respectively.

A further PCA was computed on values adjusted for
each specimen according to their individual geometric
mean, as to evaluate their individual proportions. In

this case, there are two significant principal components,
separating H. sapiens (relatively taller braincase) from
the rest of the sample (relatively wider braincase).
Namely, this adjustment eliminates the differences
between H. erectus and Neandertals. The two resulting
groups, modern and nonmodern humans, display how-
ever a moderate overlap, and Maba is positioned right in
the center of this shared morphological zone, as in the
previous analysis (data not shown).

DISCUSSION

The endocranial morphology of Maba 1

The estimated cranial capacity of Maba, around 1300
cc, is within the normal range of modern humans and
Neandertals, and slightly above the H. heidelbergensis
average figure, which is around 1200 cc (Rightmire,
2004). It must be cautiously considered that, at least for
modern humans for which we have statistical data,
brain size can commonly show a degree of variation
spanning 400–700 cc (Holloway, 1980; Allen et al., 2002),
and ranging from 900 to 2000 cc (Holloway et al., 2004).
Therefore, stringent conclusions based on any minor dif-
ference of cranial capacity, like those among these
human species or even among specimens, should be
avoided. Accordingly, we can only conclude that the cra-
nial capacity of Maba 1 is compatible with most Middle-
Upper Pleistocene hominid species. Also when consider-
ing the general endocranial proportions through a multi-
variate analysis, Maba is positioned at a crossing point
among H. heidelbergensis, Neandertals, and modern
humans.

The anterior fossa of Maba 1 shows archaic propor-
tions but derived spatial relationships with the facial
block. The frontal lobes are narrow when compared with
the general endocranial width. Such narrow frontal
lobes are the endocranial counterpart of the marked
postorbital constriction, which has been already evi-
denced in this specimen (Pope, 1992). Although there is
a great intra-specific variation associated with this trait,
the proportions of Maba 1 are generally displayed by
archaic taxa like H. erectus and H. heidelbergensis,
while Neandertals and modern humans display rela-
tively wider frontal areas (Bruner and Holloway, 2010).

Despite the narrow prefrontal cortex, the frontal
squama of Maba 1 is nonetheless curved and bulging
sagittally, as in H. sapiens. A shape analysis of its outer
profile confirmed its modern appearance, evidencing a
similarity with Jebel Irhoud or with the Qafzeh/Skhul
specimens (Bruner et al., 2013). Nonetheless, the same
study also showed overlapping between the variation of
modern and nonmodern humans, suggesting caution
when considering this trait alone. The bulging of the
frontal squama is often scored in modern humans as a
female trait, but it should be evaluated whether or not
this difference can be also found in extinct hominids. As
a matter of fact, this character shows chronological and
geographical differences even within the variation of
Homo erectus (Ant�on, 2003). However, apart from their
archaic general proportions, the frontal lobes are posi-
tioned right on the orbital roof, as in Neandertals and
modern humans (Bruner and Manzi, 2008). In all
archaic human forms, the frontal lobes are in a more
posterior position relative to the facial block (Bookstein
et al., 1999; Bruner and Manzi, 2005). Moreover, in
Maba 1 the size of the frontal sinuses is larger when
compared with other Asian specimens (Pope, 1992).

Fig. 8. UPGMA clustering showing the morphological simi-
larities among the fossil specimens of the sample (red: Homo erec-
tus; blue: Neandertals; green: Afro-European Middle Pleistocene;
purple: Homo sapiens; see Table 1 for labels). Below, the cluster
including Maba when using normalized values (z scores).
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Their morphology is comparable with the patterns
described for modern humans and Neandertals (Bruner
and Manzi, 2008; Zollikofer et al., 2008), but different
from H. heidelbergensis, in which the frontal sinuses
expand much more into the frontal squama (Seidler
et al., 1997; Prossinger, 2008).

In sum, Maba 1 shows a plesiomorph condition for its fron-
tal lobe proportions (relative width), but a derived condition
when considering the structural organization between brain
and face, namely the spatial relationship between frontal
lobes and orbits, the morphology of the frontal sinuses, and
possibly the curvature of the frontal squama.

Parietal endocranial morphology of Maba 1 does not
present any derived trait. The parietal areas do not
show the midsagittal bulging displayed by modern
humans (Bruner et al., 2011). Maba 1 does not even dis-
play the upper lateral bulging characterizing the Nean-
dertals parietal areas, and its upper parietal surface is
depressed parasagittally, as in H. erectus (Grimaud-
Herv�e, 1997; Bruner et al., 2015) and H. heidelbergensis
(Bruner et al., 2003). The vascular pattern associated
with the endocranial surface of Maba 1, although show-
ing several branches, does not display a complex net-
work as in modern humans.

The vascular system is not particularly developed in
the posterior endocranial districts as in many Asian H.
erectus specimens, and the pattern is comparable with
H. heidelbergensis and Neandertals (Grimaud-Herv�e,
1997; Bruner et al., 2005; Wu et al., 2010b). Therefore,
we can conclude that the morphology of the parietal
area in Maba 1 is essentially plesiomorphic, without evi-
dence of derived traits.

Taking into account cranial capacity and the archaic
endocranial characters, it is hence not surprising that
the Maba 1 braincase shows proportions compatible with
the overlapping ranges among Middle Pleistocene and
Upper Pleistocene taxa, being morphologically similar to
specimens which are generally included in the hypodigm
of H. heidelbergensis like Kabwe and Bodo, or intermedi-
ate between H. heidelbergensis and H. neanderthalensis
like Reilingen (Dean et al., 1998). It must be taken in
mind that, at present, observed endocranial differences
between H. erectus and H. heidelbergensis are only a
matter of size, and no morphological traits are able to
separate these two taxa. Therefore, the endocranial mor-
phology of Maba 1 must be interpreted as generally
archaic, with a brain size that approaches this specimen
to H. heildelbergensis.

Fig. 9. Principal component analysis. Above: scree plot and broken stick level (left), vector distribution of the variables along
the two principal components (middle), and correlation between PC1 and cranial capacity (CC) for the fossil sample (right). Below:
distribution of the groups according to the first two principal components. PC1 is a size vector. PC2 separates Homo sapiens accord-
ing to the large parietal arc and vault height.
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Maba 1 and the evolution of the human genus

Morphology, mostly when based on small samples or
individual specimens, is often not a sufficient source of
phylogenetic information (e.g., Tattersall, 1986; Albrecht
and Miller, 1993; Plavcan and Cope, 2001; Bruner,
2013). Taking into consideration the wide geographical
and chronological range of Middle Pleistocene hominid
species, the large phenotypic variation, and the lack of
strict correspondence between morphology and taxon-
omy, firm phylogenetic conclusions on single specimens
are largely speculative. Within the human genus, many
traits show overlapping ranges of variation in different
species, and they can be often the expression of individ-
ual features. Taking into account that intraspecific vari-
ation can be large and inter-specific differences can be
subtle, large samples are necessary to provide robust
statistical inferences able to detect significant dissimilar-
ity. In many paleoanthropological cases, the scarce fossil
record hampers a consistent quantitative approach, and
this limit is apparent for the Asian fossil record because
of its dispersed chronological and geographical range
(Bruner et al., 2015).

All these limits are further patent when dealing with
the human diversity associated with Middle Pleistocene.
In the last decades several specimens have been grouped
into H. heidelbergensis, a taxon with derived features
when compared with H. ergaster/erectus (Rightmire,
1998). The limited anatomical information and large geo-
graphical and chronological range hampered a general
agreement on the taxonomic and phylogenetic interpre-
tation of this species. A main issue concerned whether
or not the European and African populations belong to
the same phylogenetic process (Rightmire, 2008). Lately,
also the homogeneity within the European samples was
questioned (Stringer, 2012). In all cases, the Asian
record was largely missing, and this represents a major
limit to every demographic and phylogenetic hypothesis
on human evolution in Middle Pleistocene. Despite the
difficulties in defining clear boundaries for this species,
it can be still characterized according to a set of anatom-
ical features (Mounier et al., 2009), and a crucial role of
East Asia for the evolution and dispersal of H. heidelber-
gensis cannot be, at present, excluded (Buck and
Stringer, 2014).

The endocast of Maba shows a plesiomorphic appear-
ance, comparable with a general archaic phenotype with
narrow frontal lobes, flattened parietal surface, and sim-
ple vascular patterns. The only character which can be
possibly interpreted as derived is the spatial relation-
ships between brain and face, because of the position of
the prefrontal cortex, curvature of the frontal squama,
and size of the frontal sinuses. Interestingly, the upper
facial morphology of Maba was supposed to show a gen-
eral resemblance with the Neandertal phenotype. The
mosaic morphology of Maba 1 cranium, with
Neandertal-like facial traits and plesiomorph (H. heidel-
bergensis) neurocranial phenotype, is hence reminiscent
of European specimens like Sima de los Huesos (Arsuaga
et al., 2014). In Europe, during the Middle Pleistocene,
it has been hypothesized that Neandertal traits were
first recognized in the facial block, and later on the neu-
rocranial areas, with a general evolutionary trend pro-
ceeding from the anterior to the posterior districts of the
skull. As in Maba, in the sample from Sima de los Hue-
sos Neandertal characters of the face are associated with
more archaic endocranial morphology (Bruner et al.,

2003). Saccopastore 1, which is dated approximately to
the transition between Middle and Upper Pleistocene,
displays an upper facial morphology similar to Maba 1
but a more typical Neandertal endocranial form (Bruner
and Manzi, 2008). In Europe, an accretion model was
proposed to interpret the progressive appearance of
Neandertal features (Dean et al., 1998), but bottlenecks
and other more discontinuous changes cannot be ruled
out (Bruner and Manzi, 2006). Overall, the fossil record
does not allow a complete evaluation of the chronological
and geographical patterns behind the human transition
in Europe from Middle to Late Pleistocene, and there is
no agreement on the mechanisms underlying the
observed morphological changes (see e.g., Hawkes and
Wolpoff, 2004; Hublin, 2009 for contrasting perspec-
tives). If Maba 1 is associated with the Neandertal line-
age, its phylogenetic position may be similar to the
sample from Sima de los Huesos: Neandertal facial traits
with a plesiomorphic braincase. Independently of
whether or not this process was anagenetic or character-
ized by successive isolations and more discrete changes,
in this case we would deal with a widespread Euro-
Asian paleospecies. Demographic relationships between
Europe and Asia has been hypothesized on the large
(Xing et al., 2015) and short (Wu, 2004) chronological
scale. Other Chinese specimens have been described as
showing morphological features affine to the Neandertal
phenotype (Wu et al., 2014; Wu and Trinkaus, 2014;
Xing et al., 2015). Neandertal presence has been con-
firmed in central Asia and Siberia by genetic analyses,
and this may suggest that their territories could have
reached also the eastern areas of the continent (Krause
et al., 2007; Pr€ufer et al., 2014). However, only the upper
facial morphology is available for Maba 1, and a detailed
phylogenetic analysis of its traits is still missing. There-
fore, this general facial resemblance must be properly
evaluated yet.

As alternative hypothesis, the morphology of Maba
can be the result of convergence and multiple migration
patterns, and part of an evolutionary history which is
independent of the European lineages. Many Asian fos-
sils dated to the transition between Middle and Late
Pleistocene are not easily accommodated within the
Afro-European fossil taxa, suggesting complex evolution-
ary patterns involving processes of immigration or even
admixture (Pope, 1992; Bae, 2010). Furthermore,
because of the shared structural and functional organi-
zation among closely related taxa, hominid evolution is
sensitive to parallelism and convergences (Collard and
Wood, 2000). The fronto-parietal morphology of the
human genus suggests in fact that the migration pat-
terns were not simply based on linear pulses or simple
dynamics (Gunz et al., 2009). In this case, Maba 1
should be interpreted as an archaic Chinese hominid,
and any resemblance with Neandertals would be the
result of a wide variation, homoplasy, and idiosyncratic
characters, without any clear phylogenetic signal.
Actually, the recent genetic studies on Siberian Late
Pleistocene samples suggest the possibility that Asia had
a population history partially distinct and independent
from Neandertals in Europe, with groups which mor-
phology and appearance is, to date, not known (Reich
et al., 2010; Sawyer et al., 2015). In this case it remains
to be established whether Maba 1 could have belonged
to populations before or after such hypothetical branch-
ing event between the two geographic areas.
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Interestingly, at the transition between Middle and
Late Pleistocene, we can find in Asia individuals like
Maba with “Neandertal face” and “archaic braincase”,
and in Africa individuals like Jebel Irhoud, with
“modern face” and “Neandertal braincase” (Bruner and
Pearson, 2013). Currently, no evolutionary hypothesis is
still able to accommodate comfortably such scattered
and heterogeneous variability, beyond a level of general
perspectives. Increasing the sample is hence the manda-
tory step to enhance and test comprehensive evolution-
ary theories. Certainly, we must be aware that different
chronological periods and distant geographical areas
may have undergone distinct evolutionary mechanisms,
and search for one single shared process may be
misleading.

CONCLUSIONS

The chronology of Maba 1 is tentative, and the fossil
can be approximately dated to the end of the Middle
Pleistocene, although with a large range of uncertainty.
Its cranial morphology combines upper facial features
affine to Neandertals with a more archaic braincase. If
this is the result of demographic and genetic variation
shared with the European Middle Pleistocene human
groups, it provides a further piece of an intercontinental
evolutionary process, and it suggests a revision of the
biogeographic ranges associated with the Neandertal lin-
eage. The endocranial anatomy appears to lack any evi-
dence of derived features able to support more complete
phylogenetic perspectives. A detailed analysis of its
facial traits is therefore necessary to evaluate any fur-
ther taxonomic inference.
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