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ABSTRACT The study of life history evolution in homi-
nids is crucial for the discernment of when and why humans
have acquired our unique maturational pattern. Because the
development of dentition is critically integrated into the life
cycle in mammals, the determination of the time and pattern
of dental development represents an appropriate method to
infer changes in life history variables that occurred during
hominid evolution. Here we present evidence derived from
Lower Pleistocene human fossil remains recovered from the
TD6 level (Aurora stratum) of the Gran Dolina site in the
Sierra de Atapuerca, northern Spain. These hominids present
a pattern of development similar to that of Homo sapiens,
although some aspects (e.g., delayed M3 calcification) are not
as derived as that of European populations and people of
European origin. This evidence, taken together with the
present knowledge of cranial capacity of these and other late
Early Pleistocene hominids, supports the view that as early as
0.8 Ma at least one Homo species shared with modern humans
a prolonged pattern of maturation.

For years, there has been an intense debate concerning
whether early hominids had an ape- or human-like life history
pattern. The results of some pioneering comparative studies of
tooth development suggested that early hominids followed a
human-like schedule of growth (1). Recently, the general
consensus is that an ape-like life history characterized Austra-
lopithecus, Paranthropus, and early Homo. The subsequent
evolution of the genus Homo included a lengthening of the
development, as well as the appearance of new life stages (2).
However, the appearance of the fully modern life history
pattern is still not sufficiently resolved. Although Early Pleis-
tocene Homo probably did not share a fully modern life history
pattern (3, 4), Late Pleistocene hominids may have been
characterized by a life history pattern similar to those of
modern humans (5, 6), but hominid life history is still scarcely
documented in the intervening million years. The tempo and
mode of appearance of the modern human maturational
pattern in our species still remains to be known.

To shed some light on this question, we present here
evidence derived from Lower Pleistocene human fossil re-
mains recovered from the TD6 level (Aurora stratum) of the
Gran Dolina site in the Sierra de Atapuerca, northern Spain
(7). These fossils were found in sediments located about 1 m
below the Matuyama-Brunhes boundary (8) and were assigned
to a new species, Homo antecessor (9). The total of 85 human
remains recovered from the Aurora stratum belong to a
minimum of six individuals, and three of them offer informa-
tion concerning their pattern of dental development. Hominid
1 (the holotype of H. antecessor: figure 3 of ref. 7) suffered a

stress episode during early childhood, which produced a dis-
turbance of the formation of the dental tissues. A line of
enamel hypoplasia is observed surrounding the crown of the
maxillary and mandibular C, P3, P4, and M2, whereas the
mandibular I2 and the mandibular and maxillary M1 exhibit a
line of dentine fault at the root level, approximately in the same
relative position. The right mandibular third molar of this
individual did not erupt, and he/she died before reaching
maturity. Hominid 2 died during early childhood. This indi-
vidual is represented by a left maxillary fragment with dc and
dm1 in place (figure 5 of ref. 7). These teeth are complete.
Hominid 3, who is represented by a partial face (figure 1 of ref.
9), also died before reaching maturity when the crowns of the
third molars had not completed growth.

The mineralization stages of each tooth class (seen by CT
scan and conventional radiographic observation) was scored
according to the method of Moorres et al. (10) but included
additional stages described by Smith (11). The mean age of
attainment of mineralization stages observed by Anderson et
al. (12) for the maxillary and mandibular teeth (females and
males) of the Caucasian children experimental group of the
Burlington Growth Centre (Burlington, Ontario, Canada)
were used to estimate chronological ages of the TD6 individ-
uals. Because it was not our purpose to make an age prediction
for these hominids, the conversion of the data of Anderson et
al. (12) to the age prediction made by Smith (11) for the
mandibular teeth was not used. The tooth mineralization
standards reported by Harris and McKee (13) for children
(white males) from Tennessee were also used.

To assign the chronological age to the different mineraliza-
tion stages of teeth of the TD6 hominids by using as a reference
the dental development in chimpanzees, we chose the bar chart
of Reid et al. (14). This chart is based on histological studies
and gives data about times for the onset and duration of crown
formation. These data are very precise but cannot be used for
teeth of hominid 3 and for some teeth of hominid 1, because
these teeth have a portion of the root formed. In these cases,
we combined data from Reid et al. (14) for the time of crown
formation and data from Dean and Wood (15), modified by
Smith (16), for the time of root formation. In this analysis, we
followed the rules proposed by Smith (17), i.e., we assume that
the development of crowns is linear with time and that root
development is linear for the first three-quarters of develop-
ment, the last one-quarter of time being devoted to aplical
closure.

The mineralization stages of teeth of hominids 1, 2, and 3
from TD6 and the chronological ages assigned to these stages
in living humans and chimpanzees are shown in Table 1. As
expected by our current knowledge of dental development in
hominids, the dental ages of the three hominids are consid-
erably less variable (as shown by the coefficient of variation)

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked ‘‘advertisement’’ in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

PNAS is available online at www.pnas.org.

Abbreviations: C, canine; P, premolar; M, molar; I, incisor.
†To whom reprint requests should be addressed. e-mail: mcnbc54@
mncn.csic.es.

4210



when they are based on living human standards than when they
are based on chimpanzee standards. To assess the dental
development pattern of the TD6 hominids, it is appropriate to
analyze the relative development of specific teeth. In fact, it is
well established that anterior and posterior teeth are on widely
differing developmental tracks in modern humans and African
apes (18). Great apes, gracile australopithecines, and some
members of Homo share a common primitive pattern of dental
development, in which I1 through P3 appear delayed in
formation relative to the M1. In an attempt to test the ability
to recognize ape and human patterns of dental development,
Smith (16) found a high degree of discrimination when both
molar and incisor/canine fields were considered, especially any
combination involving M2 and an anterior tooth; the kind of
teeth observed is more important than the number (16). In this
study, arrangement of dental development sequences across
the hominids and African ape specimens was investigated by
means of cluster analysis, performed with the Euclidean
distances and complete linkage (furthest neighbor) amalgam-
ation rule. Age scores of each separate tooth interpolated from
human standards (16) were divided by the mean age of the
individual. Standardized scores for each tooth separately were
subsequently considered as independent variables. To include
the larger number of specimens, matrix distances were com-
puted with two variables (teeth), under the condition that the
incisor/canine and molar fields were represented. Two of the
computed clusters are shown in Fig. 1. On the left, matrix
distances were calculated from I2 and M1 scores. A consistent
arrangement becomes visible in the cluster, with hominid 1
from TD6 grouped with H. sapiens as well as late Homo erectus
and Neandertal specimens. A second main branch clearly
groups great apes and australopithecines. Note, however, the
presence of specimen ER 820 in this clump. Some authors (19)
allocated ER 820 to Early Homo, whereas others considered,
with some caution, this specimen to be either Homo aff. H.
erectus (or Homo ergaster) (20) or Early African H. erectus (21).
On the right, a distance matrix was computed for C and M2,
which enables a larger number of specimens to be included.

Three main branches are distinguished. First, the TD6 homi-
nids appear closely grouped with modern human representa-
tives while belonging to a larger branch that includes both early
and late H. erectus as well as Neandertals. The second branch
groups Australopithecus, Homo habilis, and the specimen ER
1507, classified by Wood (20) as Homo aff. H. erectus. Finally,
the third branch assembles the apes. Consistently, TD6 homi-
nids appear closely grouped with modern humans, reflecting
a close similarity in dental development. Most of the Homo
specimens seem to follow a similar pattern, also indicating a
close similarity in dental development. An important excep-
tion, however, are early H. erectus representatives occupying an
unstable position in the different combinations of variables,
perhaps indicating an intermediate dental development pat-
tern between a certain primitive hominid pattern and the
derived modern human pattern, as suggested by Smith (16).

In modern humans, the timing of formation of the M3 is
more variable than that of the M2 and, especially, the M1 in
both absolute and relative terms (e.g., in relation to M2) (12,
22). Nevertheless, the M2/M3 relative development is a useful
feature to distinguish both the great apes and modern human
patterns (23, 24). Taking into account the data reported by
Anderson et al. (12) for the mean age of attainment of
mineralization stages, hominids 1 and 3 from TD6 exhibit a
certain advancement of M3 calcification with regard to M2. To
assess this observation, we consulted the results obtained by
Tompkins (25) concerning the variability in relative dental
development (mandibular teeth) in three modern human
samples. This author used the dental development scale pro-
posed by Demirjian et al. (26), modified with several additional
stages. If we use this classification for the TD6 hominids, we
observe that at death the M2 of hominid 1 reached stage 12,
whereas the M3 reached a development halfway between
stages 6 and 7 (12/6–12/7). In table 5 of ref. 25, we note that
94.4% of black southern Africans, 37.8% of French Canadians,
and 64.3% of Native Americans show a development of M3
more advanced with regard to M2 (12/7, 12/8, and 12/9) than
that of hominid 1 from TD6. The M2 of hominid 3 from TD6

Table 1. Mineralization stages (MS) of teeth of hominids 1, 2, and 3 from level TD6 (Aurora stratum) of the Gran Dolina site and
chronological ages associated with those stages in living humans and chimpanzees

Hominid 1 Hominid 2 Hominid 3

MS

Age (A)

MS

Age (B)

MS

Age (B)

MS

Age (B)

Living
humans

Chimps

Living
humans

Chimps

Living
humans

Chimps

Living
humans

ATP HMK ATP ATP HMK ATP HMK Chimps

Maxilla
I1 Crc 3.7 4.3 4.0
I2 Cr3y4-Crc 3.8 4.9 4.5 A1y2-Ac (ec) 10.5 .9.7 7.2
C Cr3y42 3.8 4.7 5.1 Cr2y3 3.8 4.3 4.8 R3y4-Rc (e) 10.3 11.0 10.3
P3 Cr3y41 5.0 5.8 4.7 Coc-Cr1y2 3.9 4.4 2.9 R3y4-Rc (ec) 10.5 11.5 8.0
P4 Cr2y31 5.2 6.0 4.0 CV 2.1 6.4 20.6 R2y3 (e) 10.1 10.8 7.3
M1 R1y4 4.9 5.3 3.3 Complete .10.1 .9.5 .6.8
M2 Cr1y2 5.3 5.7 3.0 R1y3 (ne) 10.0 11.2 5.5
M3 Cr 2y3 (ne) 11.9 11.8 6.0

CV 12.4 9.3 22.2 CV 6.5 3.5 23.0
Mandible

I2 Ri-R1y4 5.4 5.7 5.2
C Cr3y4 3.9 4.3 5.1
P3 Cr3y4 4.7 5.7 4.5
P4 Cr1y2 4.8 5.4 3.8
M1 R1y41 5.0 5.3 3.6
M2 Cr1y22 5.2 5.7 3.2 A 1y2 (ec) 13.6 8.8
M3 Cli (ne) 14.8 7.5

CV 10.8 10.1 19.5

A, Age (years) of formation of a conspicuous enamel (hypoplasia) and dentine developmental disturbance; B, age at death; CV, coefficient of
variation of dental ages; emerging; ec, eruption completed; ne, nonerupted. ATP, data from Anderson et al. (12), males, HMK, data from Harris
and McKee (13), white males. Chimps, data from Reid et al. (14) and Dean and Wood (15), modified by Smith (16).
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exhibits a development halfway between stages 7 and 8,
whereas the M3 represents stage 4. In this case, only 11.1% of
black southern Africans present a development of M3 more
advanced in relation to M2 (7/4) than that of hominid 3 from
TD6. Likewise, in table 2 of Fanning and Moorres (27), we
observe that 34.5% of Australian Aborigines and 4.9% of
Australian and North American Caucasoids show develop-
ment of M3 in relation to M2 similar to or more advanced than
that of hominid 1 from TD6. In contrast, the relative devel-
opment of M3 in hominid 3 is more advanced than that of these
human samples. Therefore, the relative development of M3 of
the TD6 hominids falls within the variability observed in
modern human populations. However, it seems that the
M2/M3 relative development of these hominids fits better the
variability of some populations of non-European origin. Fi-
nally, it is interesting to note that hominid 3 died during phase
II of tooth eruption, and his/her eruption sequence (P3, C), P4,
M2 fits the general pattern observed in modern humans (28).

There is a high correlation between brain weight and the
time of dental eruption (29, 30). Thus, the relative brain size
and the time and pattern of dental development and eruption
represent two strongly related aspects defining the life history
of primate species. This fact has allowed the prediction that
those hominids who reached a cranial capacity of about 1,000
cm3 approached the modern grade of life history (2, 18, 30).
The dimensions of the cranial fragment ATD6–15, probably
belonging to hominid 3 from the Gran Dolina site, indicate a
cranial capacity greater than 1,000 cm3 for this individual (7,
9), a feature in keeping with the clear human-like dental
development observed in the TD6 hominids.

Evidence presented here suggests that as early as 0.8 Ma at
least one Homo species had a pattern of dental development
similar to that of modern humans, although not as derived in

some aspects (e.g., delayed M3 calcification) as that of the
European populations and people of European origin. This
evidence, taken together with information about cranial ca-
pacity in the TD6 hominids and other late Early Pleistocene
specimens (31, 32), supports the hypothesis of Smith (18), i.e.,
that an essentially human life cycle would appear once the
threshold of 1,000 cm3 of cranial capacity is crested. According
to the model developed by Bogin and Smith (2), an adolescent
phase is predicted for the Gran Dolina hominids. This con-
clusion has important implications for sociobiological and
paleodemographic studies of the late Early and Middle Pleis-
tocene populations.
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Anthropology, Evolution: Bermúdez de Castro et al. Proc. Natl. Acad. Sci. USA 96 (1999) 4213


