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ABSTRACT

The Iwo Eleru skeleton is the only Pleistocene human fossil currently known from western Africa. Previously,
we showed morphological affinities of the Iwo Eleru cranial remains with Pleistocene archaic African specimens,
consistent with former interpretations of this specimen. Those results suggested deep population substructure in
Africa and a complex evolutionary process for the origin of modern humans, potentially involving hybridization
between Later Stone Age modern human populations and late surviving archaic lineages. Here we conduct a geo-
metric morphometric comparative analysis of the Iwo Eleru mandible to shed further light on the specimen’s mor-
phology and evolutionary relationships. We used twenty-five three-dimensional landmark coordinates, collected
from a comparative sample comprising Pleistocene and Holocene Homo sapiens, as well as Homo neanderthalensis
and Eurasian Middle Pleistocene Homo samples. Results show that the Iwo Eleru mandible is most consistent with
the shape variation found in North African Homo sapiens from Epipaleolithic contexts, both in overall shape and in
its large size. These findings are discussed in the temporal and geographic framework of the Iwo Eleru skeleton.

INTRODUCTION

he Iwo Eleru' rockshelter, south-western Nigeria (Fig-

ure 1), is one of the few known Later Stone Age (LSA)
sites in western Africa, and the only one yielding Pleisto-
cene human remains. A burial, comprising a calvaria, man-
dible, and postcranial elements, was excavated in 1965 by
Thurstan Shaw and his team in an undisturbed LSA con-
text. An original radiocarbon date on charcoal from the
burial's immediate vicinity produced a date of 11,200+200
ka (~13 ka calibrated; Shaw and Daniels 1984; see also Alls-
worth-Jones et al. 2010). This age estimate is in close agree-
ment with a later direct U-series date on the skeletal re-
mains (~11.7-16.3 ka; Harvati et al. 2011) and a more recent
radiocarbon date obtained on archival charred plant mate-
rial from the same layer (11,305+35 /13,207 ka cal; Cerasoni
et al. 2023), placing both the skeleton and its context to the
Terminal Pleistocene.

Previous studies of the cranial remains have found
them to retain some archaic?like features. Brothwell, who
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reconstructed the cranium, linked it to recent West African
populations but pointed out its unusual low vault and ro-
bust mandible (Brothwell and Shaw 1971). Stringer (1974)
noted both modern human-like and archaic elements in his
morphometric analysis of linear measurements, highlight-
ing similarities to specimens such as Omo Kibish 2 and Sac-
copastore 1. More recently, Harvati et al. (2011) conducted
a three-dimensional geometric morphometric analysis of
the calvaria, comparing it to a large sample of recent hu-
man populations and Pleistocene fossil specimens. In that
study, we found that the Iwo Eleru cranium is intermediate
in shape between archaic Pleistocene humans and recent
modern humans, and most similar in shape to fossils like
Ngaloba and Elandsfontein. These results raised the possi-
bility that the skeleton represents a late survival of an early
H. sapiens population, or an admixed population with both
modern human and archaic ancestry. With the advent of
genomic studies showing interbreeding between modern
humans and archaic ‘ghost’ lineages not only in Eurasia but
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Figure 1. Map of Nigeria showing the position of the Iwo Eleru rockshelter (adapted from Harvati et al. 2011).

also in Africa (see, e.g., Harvati and Ackermann 2022; Har-
vati and Reyes-Centeno 2022), and specifically in western
Africa (Durvasula and Sankararaman 2020; Lipson et al.
2020), the Iwo Eleru individual takes on new importance
as potential fossil evidence of such past admixture events.

Here we extend our morphological investigation of the
Iwo Eleru human remains by conducting a comparative
three-dimensional shape analysis of its mandible, to help
shed additional light on its anatomy and affinities.

MATERIALS AND METHODS
For the purposes of this study a high-quality cast of the
Iwo Eleru mandible, housed in the Natural History Mu-
seum London, was digitized using a Microscribe (Im-
mersion Corp. 1998) portable digitizer. The specimen is a
nearly complete mandible (Figure 2), missing the condyle

Figure 2. The Iwo Eleru mandible. Occlusal (left) and left lateral (right) views (scale = 5cm).

and tip of the coronoid on the right side, as well as most
of the teeth. Only the fourth premolars on both sides are
still present, both heavily worn. The alveolar bone shows
resorption. As described by Brothwell and Shaw (1971), the
mandible is strongly built in both the body and rami, with
a broad coronoid process and a large relatively flat condyle
(left side preserved). Both anterior and posterior borders of
the ascending rami slope backwards as they rise, and the
gonial angles are robust and strongly everted. The man-
dible is broad in frontal aspect, with no clear development
of a chin, while the mandibular body is relatively short but
thick.

Our modern human comparative material comprised
a recent southern African sample from the Dart collection
(Zulu), University of the Witwatersrand, Johannesburg
(n=20) and a Holocene hunter-gatherer sample from south-
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ern Africa, housed in the IZIKO South African Museum,
Cape Town (n=27); as well as Epipaleolithic hunter-gath-
erers from Afalou and Taforalt, northern Africa, housed in
the Institut de Paléontologie Humaine, Paris (1=6)(Supple-
mentary Table 1). Our fossil comparative sample compris-
es three Late Pleistocene specimens from northern Africa
(NAPL); fourteen Eurasian Homo sapiens associated with
the Upper Paleolithic or correlated with this time period
(EUP); the early H. sapiens specimens Qafzeh 9 and Skhul V
(EAM); eight Homo neanderthalensis specimens (NEA); four
Eurasian Middle Pleistocene mandibles (MPE); and, in ad-
dition to Iwo Eleru, the enigmatic Tabtin 2 and Banyoles
mandibles (Table 1). The latter three individuals were treat-
ed as having unknown group affiliation for the purposes of
the discriminant analysis. The fossil sample included both
original fossils and high-quality casts from the collections
of the American Museum of Natural History, the New York
University Department of Anthropology, the Smithson-
ian Institution, the Max Planck Institute for Evolutionary
Anthropology, and the Natural History Museum. Where
possible, sex samples were balanced. However, such a bal-
ance was impeded by the insecure sexing of fossil, as well
as archaeological specimens included here. Given that sex
is unknown for most of our fossil samples, we included
samples of both sexes, as well as of indeterminate sex, in
our analyses.

Three-dimensional coordinates of twenty-five man-
dibular landmarks were collected following the protocol
published in Nicholson and Harvati (2006; see also Harvati
and Lopez 2017; Harvati and Roksandic 2016; Table 2; Fig-
ure 3) representing the overall shape of the mandible. All
measurements were collected by one of the authors (KH).

The raw coordinates were processed using geomet-
ric morphometric methods (for recent overviews of these
methods see Mitteroecker and Schaefer 2022; Rein and
Harvati 2014; Slice 2007). To maximize samples, landmarks
on specimens with minimal damage were estimated dur-
ing data collection, using anatomical clues from the pre-
served surrounding areas. For Iwo Eleru, landmarks on the
alveolar bone were estimated during data collection using
anatomical clues from the observed intact bone. Further-
more, bilateral landmarks missing on one side were recon-
structed by superimposing the landmark configurations of
specimens with missing data with their reflections and sub-
stituting the missing coordinates with their superimposed
homologous counterparts on the other side (‘reflected re-
labeling;” Mardia et al. 2000). For Iwo Eleru this included
four landmarks on the right side (right gonion, right con-
dyle, right condyle medial, and right coronoid process).
The coordinates were superimposed using Generalized
Procrustes Analysis (GPA) in the PAST 4.11 software pack-
age (Hammer et al. 2001) and analyzed with principal com-
ponents analysis (PCA). Iwo Eleru, Banyoles, and Tabtin 2
were plotted in the PCA plots. Similarities in overall shape
between Iwo Eleru and other specimens were assessed us-
ing inter-individual Procrustes distances (PD; the square
root of the sum of squared distances between two super-
imposed landmark configurations) and shape differences

along PC axes were visualized, using the Morphologika2
2.5 software (O’Higgins and Jones 2004). Morphologika2
was also used to evaluate the relationship between centroid
size and PCs 1 and 2 through a regression analysis. Simi-
larities between Iwo Eleru and the groups analyzed were
evaluated using mean PD. Because six alveolar landmarks
were estimated for Iwo Eleru, all analyses were repeated
using a reduced set of nineteen landmarks (M3 right and
left, canine right and left, infradentale, mandibulare orale;
see Table 1, see Figure 3), which were superimposed sepa-
rately. Since this reduced dataset analysis will likely have
reduced power, and because it is only relevant for Iwo Ele-
ru, we only report results for this specimen. The samples
were labelled as follows: H. neanderthalensis (NEA); Middle
Pleistocene European fossils (MPE); early H. sapiens from
Qafzeh and Skhul (EAM); Upper Paleolithic Eurasian H.
sapiens or equivalents (EUP); North African Epipaleolithic
from Afalou / Taforalt (NAEPI); North African Late Pleis-
tocene (NAPAL); South African Holocene hunter-gatherers
(SAHL); and South African recent (SARC).

RESULTS

Centroid size: Similar trends were found in both the full
and reduced landmark set analyses. The NEA, MPE, NA-
PAL, and NAEPI samples were the largest in centroid size,
while SAHL were the smallest, in both analyses (Figure 4).
SARC, EAM, and UPE were intermediate in size, with UPE
exhibiting the greatest range of variation. Iwo Eleru and
Banyoles fell in the larger end of the centroid size range,
overlapping with the lower end of the MPE, NAPAL, and
NAEPI range, and with the higher end of the UPE, EAM,
and SARC range. Tabun 2 is even larger, overlapping with
the NEA, MPE, NAPAL, and NAEPI ranges, as well as with
the upper part of the UPE range.

Principal Components Analyses: The results of the
principal components analysis (PCA) of the full dataset
analysis are shown in Figure 5. PC1 (25.8% of the total vari-
ance) reflected within-taxon variation (antero-posteriorly
elongate vs. short mandibles). Groups were best separated
along PC 2 and 3 (13.34% and 11.45% of the variance, re-
spectively). NEA and MPE were separated from all modern
human samples along PC2, overlapping minimally with the
SARC group. The archaic taxa plotted on the negative end
of PC2, their convex hulls overlapping substantially. The
modern human samples showed more positive PC2 scores
and also overlapped extensively with each other, with the
NAEPI sample being most distinctive along PC2. UPE plot-
ted in an intermediate position, mainly showing positive
PC2 values. It overlapped with NAEP]I, as well as with both
sub-Saharan African samples, which showed more positive
PC2 scores. Both EAM specimens, as well as the three NA-
PAL specimens all plotted within the convex hulls of the
SARC or SAHL and away from the UPE or NAEPI convex
hulls. Iwo Eleru, Banyoles, and Tabiin 2 were plotted into
the PCA plot. Iwo Eleru fell outside the convex hulls of the
two sub-Saharan samples SARC and SAHL, and closest
to the NAEPI and UPE samples (see Figure 5). Banyoles
also fell close to UPE and NAEPI on PC1 and 2, but also
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Assigned Geological Age

Specimen Group  Institution Provenance (in ka) Reference
Qafzeh 9* EAM MPI-EVA Israel 100-130 Griin et al., 2005
Skhul V* EAM NYU Israel 100-130 Griin et al. 2005
Abri Pataud EUP MHP France 28-26 (22 uncalibrated) Mellars et al. 1987
Dolni Véstonice 13 EUP IDV Czech Rep. ca. 31 Trinkaus and Svoboda 2006
Dolni Véstonice 14 EUP IDV Czech Rep. ca. 31 Trinkaus and Svoboda 2006
Dolni Véstonice 15 EUP IDV Czech Rep. ca. 31 Trinkaus and Svoboda 2006
Dolni Véstonice 16 EUP IDV Czech Rep. ca. 30 Trinkaus and Svoboda 2006
Dolni Véstonice 3 EUP IDV Czech Rep. undated Trinkaus and Svoboda 2006
Grimaldi* EUP IPH Italy ?f;;;";f;ag; Formicola 2004
Isturitz III EUP IPH France Upper Paleolithic igg;vartz and Tattersall
Qase 1 EUP ISC Romania ca. 40.5 Trinkaus 2003
12 uncalibrated
1% EUP HM 1.2
Oberkasse U N Germany (ca. 14.2 cal BP) Street et al. 2006
12 uncalibrated
1 2% EUP HM 1.2

Oberkasse U N Germany (ca. 14.2 cal BP) Street et al. 2006
Ohalo II* EUP IPH Israel 19 Hershkovitz et al. 1995
Upper Cave 101* EUP MPI-EVA China ca. 35 Li et al. 2018
Upper Cave 103* EUP MPI-EVA China ca. 35 Li et al. 2018

Schwenninger et al. 2010;
Dar e-Soltan 5 NAPL MMR Morocco 75-100 Raynal and Occhietti 2012
Nazlet Kater 2* NAPL NHM Egypt ca. 38 Crevecoeur et al. 2009
Wadi Kubbaniya* NAPL SIW Egypt ca. 20 Schild and Wendorf 2004
Amud 1* NEA NYU Israel 55-60 Valladas 1999
La Ferrassie 1 NEA MHP France 43-45 Guérin et al. 2015
Krapina J* NEA AMNH Croatia 140-120 Rink et al. 1995**

Vandermeersch and
Regourdou NEA MHP France MIS 4-5 Trinkaus 1995
Shanidar 1* NEA AMNH Iraq 46-50 uncalibrated Solecki 1971
Tabiin C1 NEA NHM Israel 130-100 Griin and Stringer 2000;

Griin et al. 2005
Zafarraya* NEA | MPLEVA Spain ca 30—46, >46 Zh;}(;il?,a al. 2013; Wood et
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Assigned Geological Age

Specimen Group Institution Provenance (in ka) Reference
Arago 2* MPE AMNH France ca. 438 Falgueres et al. 2015
Mauer MPE UH Germany ca. 600 Wagner et al. 2010
Montmaurin MPE MHP France MIS 7 Vialet et al. 2018
Sima 5 (AT-888)* MPE AMNH Spain ca. 448 Demuro et al. 2015
Iwo Eleru* unknown NHM Nigeria ca. 11-16 Harvati et al. 2011
Banyoles* unknown NHM Spain ca. 45-66 Griin et al. 2006

Griin and Stringer 2000;
Tabtin 2* unknown AMNH Israel ca. 135-170 Mercier and Valladas 2003

*Specimens for which high quality casts were used.

**Unpublished U-series analyses on mammal bones from several layers at Krapina suggest the material is at least 250,000 years old (Chris
Stringer and Rainer Griin).

Group abbreviations: EAM: early H. sapiens from Qafzeh and Skhial; EUP: Upper Paleolithic Eurasian H. sapiens or equivalents; NAPAL:
North African Late Pleistocene; NEA: H. neanderthalensis; MPE: Middle Pleistocene European fossils. Institution abbreviations: AMNH:
American Museum of Natural History, New York; IDV: Institute Dolni Véstonice; IPH: Institut de Paléontologie Humaine, Paris; ISC:
Institute of Speleology, Cluj; MHP: Musée de I'Homme, Paris; MMR: Musée Maroc, Rabat; MPI-EVA: Max Plank Institute for Evolutionary
Anthropology, Leipzig; NHM: Natural History Museum, London; NYU: New York University; SIW: Smithsonian Institute, Washington,
D.C.; UH: University of Heidelberg.

—_

. Gonion (bilateral): Point along rounded posteroinferior corner of mandible where line bisecting angle between
body and ramus would hit

. Posterior ramus (bilateral): Point at posterior margin of ramus at level of M3
. Condyle tip (bilateral): Most superior point on mandibular condyle
. Condylion mediale (bilateral): Most medial point on mandibular condyle

. Root of sigmoid process (bilateral): Point where mandibular notch intersects condyle

N U =~ W DN

. Mandibular notch (bilateral): Most inferior point on mandibular notch

7. Coronion (bilateral): Most superior point on coronoid process

8. Anterior ramus (bilateral): Point at anterior margin of ramus at level of M3

9. M3 (bilateral): Point on alveolar bone just posterior to midline of third molar

10. Mental foramen (bilateral): Point in middle of mental foramen

11. Canine (bilateral): Point on alveolar margin between canine and third premolar
12. Gnathion: Most inferior midline point on symphysis

13. Infradentale: Midline point at superior tip of septum between mandibular central incisors

14. Mandibular orale: Most superior midline point on lingual side of mandible between two central incisors
*Landmarks 9 (bilateral), 11 (bilateral), 13, and 14 were excluded in the reduced 19 landmark dataset analysis.
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Figure 3. The 25 landmarks used in the analyses, shown as red-gold dots on a human mandible. Red dots represent landmarks that
were estimated in Iwo Eleru and excluded in the reduced dataset analysis of 19 landmarks. Black lines between the dots represent the
wireframe used to visualize shape changes in the Principal Components Analysis. Lateral view (left); Occlusal view (right).
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Figure 5. PC1 plotted by PC2 (top) and PC2 plotted by PC3 (bottom), 25 landmark analysis. Red stars: NEA; orange squares: MPE;
green dots: SAHL,; teal dots: SARC; tan dots: NAEPI; blue triangles: UPE; grey triangles: NAPAL; purple diamonds: EAM; black
dots: Iwo Eleru, Banyoles, Tabiin 2. Filled in areas show the convex hulls of each of the samples.

shows a high positive PC3 value, which places it far from
all convex hulls on PC2 and 3. By contrast, Tabtin 2 plotted
centrally, falling within the SARC convex hull on PC1 and
2, and within both the SAHL and UPE on PC2 and 3. Nei-
ther PC1 nor PC2 were related to the size of the specimens,
as measured by centroid size (R*=0.003, p=0.601; R*=0.011,
p=0.35, respectively).

Shape differences along the Principal Components 1-3
are shown in Figure 6. While PC1 and PC3 describe within-
group variation (PC 1: elongated and narrow vs. wide and
antero-posteriorly short; PC 3: tall and narrow vs. short
and broad ramus, unequal vs. equal height of condyle and
coronoid process), PC2 reflects shape differences that sepa-
rate modern humans from Neanderthals and other archaic
specimens. Key shape differences along this axis include a
receding symphysis, more anterior placement of the third
molar relative to the ramus and an asymmetric notch, with
a coronoid process that is taller than the condyle charac-
terizing modern human samples (see Figure 6), consistent
with the described typical mandibular morphological dif-
ferences between Neanderthals and modern humans (see,
e.g., Harvati 2015).

In order to assess the influence of the inclusion of the
six estimated alveolar landmarks, we repeated the analysis
excluding these landmarks. Results of the PCA for the re-
duced dataset analysis are shown in Figure 7. Here there
was more overlap between archaic and modern groups,
as could be expected from a reduced landmarks analysis.
NEA and MPE were only partially distinct from modern
human samples on PC1, their convex hulls overlapping
not only with each other, but also with UPE, SARC, and
SAHL on PC1-2 (together representing 43.55% of the to-
tal variance). As with the full dataset analysis, Iwo Eleru,
Banyoles, and Tabiin 2 were plotted into the PCA plot. Iwo
Eleru fell within the UPE convex hull, at the border of both
the NEA and NAEPI ranges.

Procrustes Distances: Finally, the Procrustes distanc-
es among individuals showed that Iwo Eleru was closest
in overall shape to an individual from Taforalt (Taforalt
H, a presumed male individual). The average Procrustes
distances between Iwo Eleru (Table 3) and each of the in-
cluded samples also showed closest shape similarity to
the NAEPI (Afalou / Taforalt). The Banyoles mandible was
closest in inter-individual Procrustes distance to a recent
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Figure 6. Shape differences along principal components 1-3, superior and lateral views. Wireframes as in Figqure 3. Dashed lines

indicate where on the PC axes shape was visualized.

sub-Saharan African male individual. However, it showed
the smallest average distance to the UPE sample. Tabtun 2
was closest in Procrustes distance to Sima 5 and showed
the lowest average distance to the MPE. The Procrustes
distances were also calculated for the reduced landmarks
dataset, to account for any bias introduced by the estimated
alveolar landmarks on Iwo Eleru. Again, Iwo Eleru is clos-
est in overall shape to Taforalt H, and in average Procrustes
distance to the NAEPI sample (see Table 3).

DISCUSSION AND CONCLUSIONS
Previous work on Pleistocene hominins has found that
mandibular shape is largely consistent with a phylogenetic
signal (Nicholson and Harvati 2006). More recently, hemi-
mandible shape was found to broadly follow expectations
for hybridization between Neanderthals and modern hu-
mans in Late Pleistocene Eurasians (Harvati and Acker-
mann 2022). However, other studies have indicated that,
unlike other components of the skull (e.g., Harvati and
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TABLE 3. MEANS OF THE PROCRUSTES DISTANCES BETWEEN IWO ELERU, BANYOLES, AND
TABUN 2 TO THE SAMPLES ANALYZED BASED ON THE ANALYSIS OF 25 LANDMARKS.*

Iwo Eleru Banyoles Tabiin 2 1 91;:(1)1:111::ks
SAHL 0.1029 0.1253 0.1171 0.0940
SARC 0.0981 0.1238 0.1153 0.0898
EAM 0.1418 0.1507 0.1207 0.1269
UPE 0.1029 0.1205 0.1361 0.0946
NAEPI 0.0898 0.1278 0.1334 0.0759
NAPAL 0.1488 0.1527 0.1292 0.1420
NEA 0.1274 0.1561 0.1412 0.1147
MPE 0.1242 0.1422 0.1114 0.1046
Banyoles 0.1227 0 0.1375 0.1227
Tabiin 2 0.1354 0.1375 0 0.1168

*For Iwo Eleru, the distances were also calculated with a reduced 19 landmark dataset. The
smallest average distances are shown in bold.
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Weaver 2006; Reyes-Centeno et al. 2017; Smith 2009), recent
human mandibular shape variation does not correlate with
neutral genetic variation (Smith 2009), suggesting that it is
not a good indicator of population history. In contrast, the
mandible has instead been proposed to reflect masticatory
pressures and differences in subsistence strategies between
hunter-gatherer populations and agriculturalists (von Cra-
mon-Taubadel 2011; but see Katz et al. 2017, who found the
influence of these factors to be relatively small compared to
population history). Additionally, the mandible is known
to be sexually dimorphic among modern humans. (White
et al. 2011). Therefore, since multiple factors, including
phylogeny and population history but also sex, behavior,
and environment, are expected to influence mandibular
shape and size, the analysis of the Iwo Eleru mandibular
morphology must be interpreted with caution.

Our analyses suggest affinities between the Iwo Eleru
mandible and the Epipaleolithic North African sample
from Afalou / Taforalt (NAEPI) in both its overall shape
and size. This finding also persists in the reduced landmark
analysis and is supported by the position of Iwo Eleru in
the PCA plots as well as by the interindividual and average
Procrustes distances. Its large overall size falls within the
range of the North African Paleolithic and Epipaleolithic
samples, as well as that of the Middle Pleistocene sample
included here. These results are similar to previous find-
ings for the early Holocene mandibular samples from Na-
taruk, Kenya (Mounier et al. 2018), which were also found
to exhibit large size and overall shape affinities to North
African Pleistocene and Epipaleolithic samples. Unlike the
Nataruk specimens, however, Iwo Eleru was not found to
be similar to the earlier specimens from Nazlet Khater 2,
Dar e-Soltan 5, and Wadi Kubbaniya (our NAPAL sample)
in our analyses. Iwo Eleru’s affinities to the North African
Epipaleolithic may indicate population movement across
the Sahara close to the time of its life, perhaps linked to
favorable climatic intervals (see also Bergman et al. 2022;
Mounier et al. 2018). However, we note that our NAEPI
sample is very small and likely sex biased, comprising only
six individuals, five of which are presumed to be male. This
hypothesis must therefore be tested further in the future.

Unlike the cranial remains of the same individual, we
did not find any overall shape similarities of the Iwo Eleru
mandible to earlier Pleistocene samples. This is not nec-
essarily surprising, given the disparate influence of phy-
logeny and environmental factors in the mandible versus
the neurocranium, the former generally considered to be
affected by subsistence behavior, as well as sexual dimor-
phism, more than the latter (see discussion in, e.g., No-
back and Harvati 2015; Smith 2009; von Cramon-Taubadel
2011). Furthermore, if the ancestral-like shape of the Iwo
Eleru neurocranium resulted from interbreeding with an
archaic lineage —or with a more basal sapiens lineage (see,
e.g., Ragsdale et al. 2023) —we would not necessarily expect
to see a similar effect on the shape of the mandible: recent
work has shown that different anatomical elements may
preserve hybridization signals differently, even in the same
individuals (Harvati and Ackermann 2022), and that any

effects on morphology likely depend on the particular ar-
chaic alleles inherited, which may be relevant for one aspect
of anatomy but not another (see Gunz et al. 2019; Harvati
and Ackermann 2022). The large size of Iwo Eleru could
be consistent with an interbreeding scenario, since size ef-
fects, and particularly unusually large size, are among the
most common consequences of hybridization (see, e.g.,
Harvati and Ackermann 2022). Indeed, the mandible Oase
1, the Upper Paleolithic H. sapiens specimen with the high-
est Neanderthal genetic component currently known (Fu et
al. 2015), is exceptional for its large size but does not show
marked shape similarities with Neanderthals (Harvati and
Ackermann 2022; Harvati and Roksandic 2016). Neverthe-
less, size is also related to sex (White et al. 2011) in modern
human mandibles, and large size may also represent the
retention of an ancestral condition (see also Bergmann et al.
2021), since it also characterizes the Paleolithic and Epipa-
leolithic samples included here.

The Banyoles mandible was recently analyzed using
3-D geometric morphometrics using very similar land-
marks and samples to ours (Keeling et al. 2022). That study
found that this specimen was clearly not Neanderthal de-
spite its geological age between 45+4 ka and 66.0£7.0 ka
(Griin et al. 2006). In contrast to Keeling et al. (2022), our
analysis included a more extended sample of Upper Paleo-
lithic mandibles, as well as both Holocene and Pleistocene
samples from Africa. Our results were nearly identical to
those reported for the geometric morphometric analysis
by Keeling et al. (2022): Banyoles clearly falls away from
Neanderthals or Middle Pleistocene Europeans and aligns
with modern humans. Moreover, like Keeling et al. (2022),
we also found Banyoles to mainly align with the Upper
Paleolithic sample in overall shape, showing the nearest
average Procrustes distance to this sample, although it fell
outside any sample’s convex hull in our Principal Compo-
nents Analysis. Interestingly, the second nearest Procrustes
distance from Banyoles was to the Dolni Véstonice 13 man-
dible, a specimen not included in the analysis of Keeling
et al. (2022). Keeling et al. (2022) concluded that the Ban-
yoles mandible does not clearly align with H. sapiens due
mainly to its chin morphology, which was not examined
in detail here. Further study of this individual is therefore
warranted to further clarify its status. Nevertheless, it adds
to the increasingly recognized complexity of the European
Middle and Late Pleistocene record, which suggests previ-
ously unknown early incursions of early H. sapiens into the
continent (Harvati and Reyes-Centeno 2022; Harvati et al.
2019; Slimak et al. 2022).

Finally, the Tabtin 2 mandible plotted with modern hu-
mans in the PCA. It was found to be closest in shape to
Sima 5 and to the MPE sample. These contradictory results
are similar to those reported by Harvati and Lopez (2017),
who found that Tabtin 2 did not show clear affinities with
either Neanderthals or early modern humans, but instead
tended to group with geologically older, Middle Pleisto-
cene specimens, in their 3D shape analysis. These findings
suggest that Tabiin 2 does not fit well with the samples in-
cluded in the analysis, perhaps indicating that the popula-
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tion that it belonged to is not represented sufficiently, or at
all, in our samples.

The present analysis also differs from previous work
with respect to the patterns of variation shown by Eurasian
late Pleistocene modern humans compared with sub-Saha-
ran Africans and Neanderthals. In contrast to the findings
of Harvati and Ackermann (2022), here we did not find
the UPE sample to be intermediate between Neanderthals
and sub-Saharan Africans. Rather it mainly overlapped
with Africans or was transgressive in the opposite direc-
tion. These differences in the results may be partially due
to differences in the variables analyzed (complete man-
dibles versus hemimandibles) and in sample composition
(the present analysis having much larger samples of sub-
Saharan Africans). Future work should therefore seek to
further investigate the potential effects of hybridization on
mandibular shape using extended samples, ideally also in-
cluding a greater representation of early modern and pre-
modern African fossil specimens.

ENDNOTES

'The spelling of the name of the site was changed to ‘Tho Eleru’ in recent
publications. ‘Tho” in Yoruba signifies ‘a hole’, while ‘Iwo” in Yoruba
etymology is a prefix used in names for some human habitations.
Since ‘Iwo Eleru’ remains the name of the site as known in Nigeria,
we retained the original spelling by Thurstan Shaw.

*CS prefers to use ‘basal’ and ‘derived” in place of terms like ‘archaic’ and
‘modern.’
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