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Recently Toro-Moyano et al. (2013) reported a deciduous
tooth from Barranco León (Spain; BL02-J54-100) and claimed
it to be the oldest human fossil in Europe. In that paper, the
authors suggest that a previously reported human molar frag-
ment from the same site (BL5-0) was not human but a de-
ciduous molar of Hippopotamus found out of stratigraphic
context. Here, we show the stratigraphic and spatial position
of BL5-0, and we separate it from deciduous teeth of Hip-
popotamus. We conclude that two human deciduous molars
have been discovered at the Barranco León site. Both teeth
were found 9 meters apart, have a similar size, are heavily
worn on the occlusal surface, have a nearly identical interstitial
contact facet, and in both cases the roots are practically miss-
ing due to resorption. These similarities and the proximity
of the finds suggest that both molars probably belonged to
the same individual.

Introduction

With a continuous sedimentary record and archaeological
sites at different stratigraphic heights, the Orce region of
southern Spain is one of the candidate localities to uncover
early humans in the European Pleistocene (Scott and Gibert
2009). The Orce sites have yielded Early Pleistocene Oldowan
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tools at the sites of Barranco León and Fuentenueva 3 (Gibert
et al. 1998b), and fragmentary human remains at Barranco
León and at the stratigraphically lower site of Venta Micena—
the latter have been a matter of dispute, being supported by
some authors (e.g., Aguirre 2008; Borja et al. 1997; Campillo
et al. 2003, 2006; Coppens 1992; Gibert and Palmqvist 1995;
Gibert et al. 1989a, 1989b, 1998a, 2006a, 2006b; Lowenstein,
Borja, and Garcı́a-Olivares 1999; Martı́nez-Navarro 1996;
Sánchez et al. 1999; Tobias 1998; Torres, Borja, and Garcı́a-
Olivares 2002) and rejected by others (e.g., Martı́nez-Navarro
2002; Moyà and Agustı́ 1989; Moyà and Köhler 1997; Palmqv-
ist et al. 2005).

Recently Toro-Moyano et al. (2013) reported a second de-
ciduous tooth from Barranco León and claimed it to be “the
oldest human fossil in Europe” (1, title), stating that a pre-
vious human molar from the same site (BL5-0) had “no clear
anatomical resolution” (2) and more likely belonged to a
Hippopotamus antiquus deciduous tooth, based solely on the
observation that H. antiquus is an abundant species in this
layer. In addition, they suggest that the fossil was found out
of stratigraphic context. In this contribution we propose a
new interpretation of both finds after supplying information
on their stratigraphic location and anatomical data from de-
ciduous hippo teeth.

Stratigraphic Context

BL5-0 comes from a fossiliferous bed named BL5 (Arribas
and Palmqvist 2002). This bed is 15–30 cm thick and com-
posed mainly of fine to medium sandstone, including Jurassic
marine and Pleistocene lacustrine carbonate pebbles, mammal
remains, and a large assemblage of lithic tools (Gibert et al.
1998b). This bed occurs within a lacustrine sequence and can
be followed for more than 300 m on both sides of Barranco
León. It is the product of a lake-level fall that allowed erosion
and resedimentation from the marginal area of a shallow lake
(fig. 1A). A minimum age of 11.25 Ma was calculated for
this layer considering the stratigraphic distance to a paleo-
magnetic reversal interpreted as the top of the Olduvai sub-
chron (1.78 Ma; Scott, Gibert, and Gibert 2007). In 1994, A.
Arribas discovered a molar fragment after sieving a sediment
sample from the BL5 bed (Arribas and Palmqvist 2002). Later,
in 1995, J. Gibert opened a quarry on the area of the discovery
and initiated the excavation of this fossiliferous layer. New
paleontological excavations at BL5 were not permitted by the
administration until 1998 when a new team took the control
of the site and renamed the fossiliferous bed. As stated by
Toro-Moyano et al. (2010, 2013), the level BL D, where they
found the tooth BL02-J54-100 in 2002, is also referred to as
BL5, so that the two teeth come from the same bed, which
is the only one bearing tools and vertebrate fossils at Barranco
León.

The spatial and stratigraphic location of BL5-0 was pub-
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Figure 1. Stratigraphic and archaeological location of BL5-0. (A) Plan of the excavation in the BL-5 bed made in 1995 indicating
the distribution of lithic artifacts, adult Hippopotamus remains, and the location of the tooth fragment BL5-0, recovered in 1994
at the edge of square A4. The curved line corresponds to the slope of the ravine. (B) Detail of the Black Detrital Unit (Gibert et
al. 1998b) in the Barranco León sedimentary sequence showing the stratigraphic position of BL5 bed where BL5-0 and other finds
were collected. In this stratigraphic series, large mammal fossils and lithic tools occur only at bed BL5. (C) Superposition of the
excavation plans from 2002 and 1995 (modified from Gibert et al. 1998b and Toro et al. 2010). BL5-0 was found at square A4 of
the 1995 plan and falls within the square P60 of later excavations by Toro-Moyano et al. (2010). The lateral distance between BL5-
0 and BL02-J54-100 was less than 9 m. Squares: 1 m.

lished in 1998 (figs. 3b and 4 in Gibert et al. 1998b), and its
discovery and initial study were described in detail in Arribas
and Palmqvist (2002). A superposition of the excavation plans
from 1995 (Gibert et al. 1998b) and 2002 (Toro-Moyano et
al. 2010) shows that the two teeth were found less than 9 m
apart from each other (fig. 1A, C).

Archaeological Context

The site of Barranco León has archaeological relevance; five
lithic artifacts were initially reported from the outcropping
bed BL-5 (Gibert et al. 1992). The first systematic excavation
in 1995 revealed a mandible of Hippopotamus surrounded by
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Figure 2. Examples of Oldowan technology from the BL5 site. These flint flakes were unburied during 1995 field season a short
distance from the BL5-0 tooth fragment location. The figure shows views of opposite faces of three flakes made with grey Jurassic
flint. Scale: centimeters.

more than a hundred lithic artifacts: 114 of flint, 1 of quartz-
ite, and 1 of Jurassic limestone. The tools were associated with
early Pleistocene fauna: Castillomys cf. crusafonti, Mimomys
sp., Allophaiomys pliocaenicus, Equus granatensis, and Hip-
popotamus antiquus. The flint cores and flakes are small
(range: 20–61 mm; mean: 40.7 mm); the butts have a very
variable morphology, and the flakes are not usually cortical.
Chopper-cores of flint and limestone are also present in BL-
5 (Gibert et al. 1998b). Subsequent excavations increased the
number of artifacts to 11,200 (Toro-Moyano et al. 2013). The
source of the flint and limestone was the Jurassic from Umbrı́a
and Periate ranges, where marine limestones are locally re-

placed by chert. Blocks of quality flint (up to 10 cm) are
found in alluvial fan deposits down in the valley, only 2 km
southeast of the site. The origin of the quartzite should be
found in Miocene fluvial deposits outcropping 8 km from the
site, where quartzite pebbles occur. The tools represent a lithic
technology with a very simple chaı̂ne opératoire, lacking any
sign of bifacial flaking technique; accordingly it can be com-
pared to the Oldowan (Gibert et al. 1998b; see fig. 2). The
presence in the same bed of cores and flakes associated with
remains of large fauna suggests that the tools were occasionally
produced on the site and used to recover the available re-
sources.



Figure 3. Morphological and enamel features of BL5-0. (A) Fractured face of enamel; note the reduced pulpar cavity. (B) Mesiolingual
view of the crown and root in polarized light to show striae of Retzius and Hunter-Schreger bands. (C) Polarized-light photograph
showing the parallel Hunter-Schreger bands. (D–F) SEM photographs showing the enamel prisms pattern of type 3b of Boyde
(1964). (G–H) Optical and SEM photographs of the insterstitial contact facet. (I–L) Comparison of BL02-J54-100 (I, J) and BL5-
0 (K, L), at the same scale, showing the similar interstitial contact facets (arrows). (I, J) Occlusal and mesial view of BL02-J54-100;
(K, L) Mesiolingual and nearly occlusal views of BL5-0. Images from BL02-J54-100 reproduced from Toro-Moyano et al. (2013)
with permission from Elsevier.

Figure 4. Comparison of BL5-0 enamel with human and hippo enamel. (A) Comparison of enamel thickness of BL5-0 (left) with
a modern human molar (right). Note the similar increase in thickness from the cervix to the crown. (B–D) Enamel thickness in a
deciduous mm2 of recent Hippopotamus amphibius (MZB-91-0214, 4–5 months old, Age Group I of Laws 1968). (B) Lingual view
with BL5-0 at the same scale. (C–D) Mesial view and detail showing the constant thickness of enamel from the cervix to the crown
and the reduced thickness at the cusp. (E) BL5-0 compared at the same scale with a broken adult tooth of H. antiquus from Venta
Micena (MNCN19273). Note the large and constant thickness of the enamel in H. antiquus.
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Figure 5. Differences in enamel distribution and maximum thickness for different medium-sized mammals, Homo sp., and Hip-
popotamus antiquus from Venta Micena (modified from Gibert et al. 1999, not to scale). Both the distribution of the enamel and
the enamel thickness differentiate BL5-0 from hippos and other studied mammals. CV: Cueva Victoria; VM: Venta Micena.

The Molar Fragment BL5-0

BL5-0 is a deciduous human molar fragment found in the
BL-5 bed. Only mesial parts of the crown and root remained
after an ancient buccolingual fracture. It is heavily worn, ex-
posing the dentine on the occlusal surface, and has an inter-
stitial contact facet. The crown height on the mesial face is
4.6 mm, the length of the broken root is 2.9 mm, and the
maximum enamel thickness is 1.2 mm (figs. 3A–C, G, H–L).
It was assigned to an early Homo based on common anatom-
ical features with Homo, including patterns on the micros-
tructure of the enamel (Gibert et al. 1999; see figs. 3C, E, F
and 4). Additionally, an anatomical study was performed,
based on enamel microstructure, distribution, and thickness,
that differentiates BL5-0 from medium-size large mammals
present at the Early Pleistocene sites of Orce (Gibert et al.
1999). The study analyzed enamel from Homo sp., Canis sp.,
Ursus sp., Sus sp., Macaca sylvanus, Cervus elaphus, Felis leo,
and Soergelia minor, but did not consider hippos because of
the large difference in size. Here we incorporate into this
previous study the enamel of Hippopotamus antiquus from

Venta Micena, which shows an opposite pattern in the enamel
distribution (decreasing thickness toward the crown) than in
humans (increasing thickness toward the crown; fig. 5).

Previous Work

After the discovery, Arribas performed a comparative study
and rejected the possibility that the tooth belonged to a non-
human herbivorous or carnivorous mammal. He also un-
dertook a comparative study of the tooth fragment with ho-
mologous sections of the upper and lower molariform teeth
of omnivorous species (suids, ursids, and hominids), and ob-
served that BL5-0 was analogous to the lower molars of Homo
sapiens (Arribas and Palmqvist 2002:68). In consultation, Ber-
múdez de Castro agreed with a tentative human deciduous
molar assignment (Arribas and Palmqvist 2002:68).

The final assignment of BL5-0 to an early Homo was based
on the study of the microstructure of the enamel along the
fracture surface, a character that plays a central role in in-
terpreting fossil hominin taxonomy (e.g., Lacruz et al. 2008).

This study shows the following human characteristics in



Ribot et al. Pleistocene Human Molars from Barranco León 139

Figure 6. Morphology of deciduous teeth of recent juvenile Hippopotamus amphibius from the Museu de Zoologia of Barcelona
(MZB). (A–D) Individual MZB-91-0214, 4–5 months old. (A) Mandible with deciduous premolars dp2 and dp3, dp4 protruding
above bone level, and alveolus of dml open (Age Group I of Laws 1968). (B) Detail of right dp4 showing the well-developed cingulum
and the rugose enamel surface. (C–D) Details of the enamel in the cusp of the right dp3 (C) and left dp3 (D), showing the rugose
surface of the enamel. (E–H) Individual MZB-82-7007, about 1 year old. (E) Left hemimandible with wear evident on all three
cusps of dp4, Ml exposed above bone and alveolus of dm2 open (Age Group III of Laws 1968). (F–H) Worn left dp4 showing its
large size, and the rugose enamel surface.

BL5-0 (figs. 3A–L and 4A): the angle of the stria of Retzius
(30º) and the Hunter-Schreger bands (80º), the lateral enamel
thickness (1.2 mm), the position of the last imbricate stria,
the enamel prism pattern of type 3b or “keyhole” defined by
Boyde (1964), the increased enamel thickness from the cervix
to the crown, and the presence of perikymata (figs. 3D–F and
4A).

Comparison with Hippo Deciduous Teeth and with Human
Tooth BL02-J54-100

Ignoring the enamel characters of BL5-0 provided by Gibert
et al. (1999), Toro-Moyano et al. (2013:2) claimed that BL5-
0 “has no clear anatomical resolution” and it is more likely
to belong to a H. antiquus deciduous tooth, based solely on
the observation that H. antiquus is an abundant species in
this site. Toro-Moyano et al. (2013:2) claimed erroneously
that the enamel thickness of BL5-0 “is clearly thinner than
in human teeth.” The lateral enamel thickness in the molars

of adult early Homo varies from 1.2 to 2.1 mm (Beynon and
Wood 1986), the lateral enamel thickness in the lower M1 of
extant Homo from 0.96 to 2.19 (Mahoney 2010), and lateral
thickness of dm1 and dm2 in extant Homo from 0.32 to 1.27
mm (Mahoney 2010). Therefore, the thickness of the enamel
of BL5-0, 1.2 mm, falls within human variability (figs. 3 and
4).

Toro-Moyano et al. (2013:2) then assert: “More specifically,
the bunodont teeth of hippos show a relatively thick enamel
layer that matches the anatomy of BL5-0 tooth fragment”
without showing any picture or measurements. To clarify this
point, we compared BL5-0 with deciduous molars of the re-
cent H. amphibius, considering that the molar teeth in hip-
popotamids are very conservative (Coryndon 1977).

Differences between BL5-0 and Hippopotamus teeth. The dif-
ferences between BL5-0 and Hippopotamus teeth can be sum-
marized as follows:
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Figure 7. Teeth from Barranco León site compared with Homo
sapiens lower left deciduous teeth. BL02-J54-100 would corre-
spond to a left dm1 and BL5-0 to a proximal fragment of a left
dm2, possibly from the same individual. Image from BL02-J54-
100 reproduced from Toro-Moyano et al. (2013) with permission
from Elsevier.

1. In Hippopotamus the enamel is thick and very rugose
throughout the tooth surface (e.g., Boisserie 2005; Pavlakis
1990; see figs. 4C–E and 6B–H), whereas in BL5-0 and humans
it is completely smooth (fig. 3).

2. The thickness of the Hippopotamus enamel is uniform
from the cervix to the crown, whereas in BL5-0 the thickness
increases in this direction. Furthermore, in Hippopotamus the
enamel is thinner over the cusps than elsewhere (Lucas et al.
2008), whereas in humans the enamel is much thicker over
the cusps as in BL5-0 (figs. 3A–C, 4C–E, and 5).

3. Deciduous teeth of Hippopotamus do not have periky-
mata.

4. Deciduous teeth of Hippopotamus have a cingulum at
the base of the crown (fig. 6B) that is absent in BL5-0.

5. The large dimensions of deciduous teeth of Hippopot-
amus do not permit an anatomical comparison with BL5-0.

Any of these features alone is enough to invalidate the
comparison of BL5-0 with Hippopotamus, and all of them
together clearly discard the assignment of BL5-0 to this genus.

Comparison between BL5-0 and human specimen BL02-J54-
100. BL5-0 was described as a possible upper left adult molar
based on the heavily worn occlusal surface and the presence
of part of the root (Gibert et al. 1999). New observations on
BL5-0 and the comparison with specimen BL02-J54-100 re-
vealed that it may be also a deciduous tooth with a pulp cavity
similar to that in BL02-J54-100, as was previously suggested
by Bermúdez de Castro in 1994 (Arribas and Palmqvist 2002:
68).

In addition, BL5-0 has an interstitial contact facet strikingly
similar to the one in BL02-J54-100 (figs. 3G–L and 7).

Common characteristics in BL02-J54-100 and BL5-0 in-
clude:

1. Both are heavily worn on the occlusal surface, category
5 of Molnar (1971).

2. In both cases, the roots are practically missing due to
resorption. The root length preserved in BL02-J54-100 is 3̃.1
mm (estimated from the photos in Toro-Moyano et al. 2013),
and 2.9 mm in BL5-0.

3. Both fossils have a nearly identical interstitial contact
facet (figs. 3G–L and 7). In both teeth, these facets are very
marked and produce an almost flat interstitial teeth wall with
a U-shape.

4. Their size is very similar. The height of the crown in
BL02-J54-100 is about 4.4 mm (estimated from the photos
in Toro-Moyano et al. 2013) and 4.6 mm in BL5-0.

The comparison between BL5-0 and the newly discovered
tooth BL02-J54-100 indicates that BL5-0 has a thicker enamel
(1.2 mm). Considering that dm2 has a thicker enamel than
dm1 (0.62–1.27 and 0.32–0.88 mm, respectively; Mahoney
2010), BL5-0 (1.2 mm) would be better classified as a dm2.
Because of its fragmentary character, it is difficult to precisely
locate its position, but possibly BL5-0 corresponds to the
mesial part of a left dm2 (because dm2 are the last tooth, the
distal part lacks interstitial contact facets).

Therefore, it is possible that the two teeth, BL5-0 and BL02-
J54-100, belonged to the same individual, being contiguous
teeth sharing an interstitial contact facet (fig. 7).

Conclusion

BL02-J54-100 and BL5-0 are both deciduous human teeth
from the same site; they were located in the same layer at a
maximum distance of 9 m from each other. They have the
same degree of wear and similar morphology and size, with
virtually the same crown height and root length, and with
the same degree of root resorption. Both teeth have a very
similar interstitial contact facet affecting the enamel. The
thickness of the enamel of BL5-0 fits better with a dm2 than
with a dm1 like BL02-J54-100. The interstitial wear facet
would indicate that BL5-0 corresponds to the mesial part of
a left dm2.

Taken together, these observations lead to the conclusion
that both teeth might possibly have belonged to the same
individual; they could possibly be contiguous teeth, in contact
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through their wear facet. If so, they probably would corre-
spond to the disarticulation of a dead individual, not being
shed ante-mortem as interpreted for BL02-J54-100 by Toro-
Moyano et al. (2013). Given this new interpretation, the pos-
sibility of finding more human remains at the site increases.
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solidat Geologia Sedimentària (2014 SGR 251 and the Ramón
y Cajal Program of the Spanish government). The authors
thank the staff of the Museu de Zoologia de Barcelona and
the Museo Nacional de Ciencias Naturales for their assistance
and to Robert A. Martin for helpful comments on the man-
uscript. We dedicate this paper to the memory of Dr. Josep
Gibert; thanks to his pioneer work, Orce appears in the sci-
entific records.

References Cited

Aguirre, Emiliano. 2008. Homo hispánico. Madrid: Espasa-Calpe.
Arribas, Alfonso, and Paul Palmqvist. 2002. The first human dispersal to

Europe: remarks on the archaeological and palaeoanthropological record
from Orce (Guadix-Baza basin, southeastern Spain). Human Evolution 1–
2:55–78.

Beynon, A. David, and Bernard Anthony Wood. 1986. Variations in enamel
thickness and structure in east African hominids. American Journal of Phys-
ical Anthropology 70:177–193.

Boisserie, Jean-Renaud. 2005. The phylogeny and taxonomy of Hippopota-
midae (Mammalia: Artiodactyla): a review based on morphology and clad-
istic analysis. Zoological Journal of the Linnean Society 143:1–26.

Borja, Concepción, Marcos Garcı́a-Pacheco, Enrique Garcı́a-Olivares, Gary
Scheuenstuhl, and Jerold Marvin Lowenstein. 1997. Immunospecificity of
albumin detected in 1.6 million-year-old fossils from Venta Micena in
Orce, Granada, Spain. American Journal of Physical Anthropology 103:433–
441.

Boyde, Alan. 1964. The structure and development of mammalian enamel.
PhD thesis, University of London.

Campillo, Domènech, Mariana Rovira, José Antonio Sánchez-Sánchez, S. Vila,
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lógicos 45:121–138.

Gibert, Josep, Francesc Ribot, Patxu Gibert, and Lluı́s Gibert. 2006. Oblit-
eration study of lambdatic and obelionic region sutures in ruminant, car-
nivores and hominids. Estudios Geológicos 62:123–134.

Lacruz, Rodrigo S., M. Christopher Dean, Fernando Ramirez-Rozzi, and Tim-
othy G. Bromage. 2008. Megadontia, striae periodicity and patterns of
enamel secretion in Plio-Pleistocene fossil hominins. Journal of Anatomy
213:148–158.

Laws, Richard Maitland. 1968. Dentition and ageing of the hippopotamus.
East African Wildlife Journal 6:19–52.

Lowenstein, Jerold Marvin, Concepción Borja, and Enrique Garcı́a-Olivares.
1999. Species-specific albumin in fossil bones from Orce, Granada. Spain.
Human Evolution 14:21–28.

Lucas, Peter, Paul Constantino, Bernard Wood, and Brian Lawn. 2008. Dental
enamel as a dietary indicator in mammals. BioEssays 30:374–385.

Mahoney, Patrick. 2010. Two-dimensional patterns of human enamel thickness
on deciduous (dm1, dm2) and permanent first (M1) mandibular molars.
Archives of Oral Biology 55:115–126.

Martı́nez-Navarro, Bienvenido. 1996. Similarities between skull fragment VM-
0 from Orce (Spain) and the Homo erectus holotype from Trinil (Java).
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