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Abstract

This study describes and compares two hyoid bones from the middle Pleistocene site of the Sima de los Huesos in the Sierra de Atapuerca
(Spain). The Atapuerca SH hyoids are humanlike in both their morphology and dimensions, and they clearly differ from the hyoid bones of
chimpanzees and Australopithecus afarensis. Their comparison with the Neandertal specimens Kebara 2 and SDR-034 makes it possible to begin
to approach the question of temporal variation and sexual dimorphism in this bone in fossil humans. The results presented here show that the
degree of metric and anatomical variation in the fossil sample was similar in magnitude and kind to living humans. Modern hyoid morphology
was present by at least 530 kya and appears to represent a shared derived feature of the modern human and Neandertal evolutionary lineages

inherited from their last common ancestor.
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Introduction

The hyoid bone is one of the least represented skeletal ele-
ments in the human fossil record, and the recent discovery of
an Australopithecus afarensis hyoid bone (Alemseged et al.,
2006), reported as being chimpanzee-like, has generated renewed
interest in the evolutionary significance of this bone in the human
lineage. Previously, only two hyoids from the genus Homo were
known: the Kebara 2 Neandertal specimen (Arensburg et al.,
1989, 1990; Arensburg, 1991) and the Neandertal hyoid body

SDR-034 (Rodriguez et al., 2003) from the site of El Sidron
cave (Asturias, Spain), dated to around 43 ka (Rosas et al., 2006).

Both Neandertal specimens are modern-human-like in size
and shape (Arensburg et al., 1989; Rodriguez et al., 2003).
Based on the Kebara 2 hyoid, it was proposed that the position,
form, size, and relationship of this bone with the Neandertal
larynx was also modern-human-like and that, consequently,
these fossil humans had the capacity for spoken language
(Arensburg et al., 1989, 1990). Other researchers have con-
tested this conclusion, arguing that neither the dimensions
nor the morphology of the hyoid bone were direct indicators
of the position of the larynx in the throat (Lieberman et al.,
1992). On the other hand, the chimpanzeelike bulla-shaped
hyoid bone of A. afarensis has been suggested to be consistent
with the presence of laryngeal air sacs in this hominin species



(Alemseged et al., 2006), a primitive feature of apes including
chimpanzees but net present in medern humans (Aielle and
Dean, 1990; Nishimura et al., 2006).

The chimpanzee-like anatemy eof the hyeid appears te rep-
resent the primitive heminin cenditien, and its presence in A.
afarensis indicates that the derived medern human merphel-
egy emerged at seme peint during the ceurse of human evelu-
tienary histery. The presence of a human-like hyeid in the
Neandertal specimens Kebara 2 and SDR-834 suggests that
this derived cenditien was alse present in the last cemmen
ancester of the Neandertal and medern human evelutienary
lineages. In this centext, the twe human hyeid benes recevered
frem the middle Pleistecene site of the Sima de les Hueses in
the Sierra de Atapuerca in nerthern Spain are particularly
relevant, because they censiderably extend the knewn fessil
recerd fer the genus Homwo te deep in the middle Pleistecene
and can help elucidate when the derived hyeid merphelegy
first emerged in the human lineage.

Materials and methods

The Sierra de Atapuerca is well knewn fer beth the
extraerdinarily large sample of middle Pleistecene human
fessils recevered frem the site of the Sima de les Hueses
(Arsuaga et al., 1993; Arsuaga et al., 1997a) and fer the
discevery of seme of the eldest human fessils in Eurepe in
the lewer Pleistecene beds of the Gran Delina site (Carbenell
et al., 1995; Bermudez de Castre et al., 1997). The Sima de
les Hueses (SH) site is at the feet of a 13-m-deep shaft placed
deep inside a cave (Cueva Mayer) lecated en the seuthern
slepe of the Sierra de Atapuerca. Prier te the 2006 field
seasen, the SH site has yielded mere than 5,500 human
fessils, belenging te at least 28 individuals (Bermudez
de Castre et al., 2004), which have been assigned te the
species Homo heidelbergensis and are censidered te represent
the ancestral Eurepean pepulatien that evelved inte the
Neandertals (Arsuaga et al., 1997b; Martinez and Arsuaga,
1997). The SH site has a firm minimum radiemetric age
of 530 ka (Bischeff et al., 2007). The twe hyeid benes
described here were recevered in 1994 (AT-1500) and 1997
(AT-2000).

Te cempare the main metric dimensiens eof the SH fessils,
we have relied en a mixed-sex sample of medern humans in
the Hamann-Tedd ®@stcelegical Cellection heused at the
Cleveland Museum eof Natural Histery (USA). This sample
censists of 60 individuals, 34 African-Americans (22 males
and 12 females) and 26 Eurepean-Americans (23 males and
3 females). This sample size is equivalent te that used by Are-
nsburg et al. (1989), but it shews less temperal heteregeneity
and a lewer degree of variatien. We have alse relied en a small
sample of 17 medern human hyeid benes fer the merpheleg-
ical cemparisens. Seven of these derive frem cadaveric dissec-
tien of male individuals at the Scheel ef Medicine at the
Universidad Autenema in Madrid, and the remaining ten, of
unknewn sex, were recevered during systematic excavatiens
of a medieval Spanish cemetery frem the San Pable menastery
in Burges, Spain (Adén-Alvarez, 2003). We have alse had the

eppertunity te study the eriginal hyeid ef Kebara 2, heused in
the Department eof Anatemy and Anthrepelegy at Tel Aviv
University. The main metric dimensiens and anatemical
details of the hyeid bedy SDR-034 have been published previ-
eusly (Redriguez et al., 2003). We have measured the same
variables in the twe SH individuals and the medern human
sample as these defined previeusly by Arensburg et al. (1989)
(Table 1).

The Atapuerca (SH) hyoid bones
AT-1500

This specimen is a nearly cemplete hyeid bedy that shews
enly slight less ef the external table of bene, particularly in the
region of the anterier tubercle and in the area ef articulatien
between the bedy and the right greater hern (Fig. 1). Hewever,
mest of the articular surfaces between the bedy and the greater
hems are preserved, and their presence implies that the greater
hems had net yet fused te the bedy. The superier and the
inferier berders are cempletely preserved, and the bedy shews
a medern-human-like prefile in lateral view that is clearly
different frem the bulla shape feund in chimpanzees er the
DIK-1-1 specimen.

In ventral view, the hyeid bedy has a subquadrangular
shape, with the transverse (medielateral) width being great-
est at the level eof the superier berder. The ventral aspect
has a very sweng anterier tubercle en the midline. @n
beth sides of this tubercle, twe marked depressiens are pres-
ent in the regien of the insertien of the geniehyeid muscles.
The venwral surface dees net extend te any great degree
belew the anterier tubercle. The dersal aspect dees net
have the bulla shape characteristic of chimpanzees; rather,
it is smeethly cencave, similar te medern human hyeids.
Nevertheless, a mederate and well-delimited circular depres-
sien seme & mm in diameter is present in the center of the
dersal aspect. Finally, the superier berder has a V-shaped
centeur in superier view.

Table 1
Measurement definitions for the hyoid body

Measurement Definition

Maximum medial height Maximum distance from the upper to the
lower borders of the body along the
sagittal plane.

Maximum diameter of the body taken in
the transverse (ML) plane.

Direct distance between a line joining the
upper and the lower posterior margins of
the body at the midline, and the most
prowuding anteromedial point on the
venfwral aspect.

Measured from a line joining the upper
and the lower posterior margins of the
body in the sagittal plane to the most
anteromedial point on the dorsal aspect.
Measured in the sagittal plane of the
inferior border.

Maximum wansverse diameter

Anteroposterior thickness

Depth of the posterior surface

Thickness of the inferior border




Fig. 1. The AT-2008 (left) and AT-150@ (right) Sima de los Huesos hyoid bones in venwal (A), dorsal (B), superior (C), lateral (left side) (D), and inferior views (E).

Scale bar =2 cm.

AT-2000

This specimen censists of mest of a hyeid bedy characterized
by mere extensive less of the external table than in AT-1500,
mainly in the left pertien of the dersal aspect, aleng the superier
berder, and in the right regien ef the ventral aspect next te the
articulatien with the greater herns (Fig. 1). In spite eof this ere-
sien, part er mest of the articular surface with the greater herns
ispreserved en beth sides, suggesting, as in the case of AT-1500,
that the greater herns had net yet fused te the bedy. In additien,
the presence of the articular surfaces fer the greater herns indi-
cates that the slight eresien present aleng the superier berder did
net significantly alter the eriginal size and shape eof the bedy. As
in AT-1500, the lateral prefile is medern-human-like.

The bedy ef AT-2000 has a subquadrangular shape in ven-
tral view, with the transverse width aleng the superier berder
being greater than that aleng the inferier berder. A marked
anterier tubercle—smaller than that in AT-1500—is visible
near the midline. In centrast te AT-1500, there are ne fessae
en cither side of the tubercle fer the insertien of the genie-
hyeid muscles in AT-2000. In the better preserved left lateral
pertien ef the ventral aspect, belew the anterier tubercle, three
small fessae can be distinguished at the insertien sites feor the
thyrehyeid, emehyeid, and sternehyeid muscles. The inferier
berder of AT-2000 is cempletely preserved aleng its midline
and is semewhat thinner than that ef AT-1500.

The dersal aspect of AT-2000 is net bulla-like, but is regu-
larly cencave, as is the case in AT-1500. Hewever, there is ne
well-delimited circular depressien as in AT-1500. In superier
view, the centeur ef AT-2000 is mere epen, er herseshee-
shaped, than in AT-1500, and it dees net shew the marked
apex that characterizes the V-shape in AT-1500.

Age at death

The main criterien fer appreaching the age at death based
en the hyeid bene in living human pepulatiens is the state of
fusien ef the greater herns with the bedy (@ Halleran and
Lundy, 1987; Miller et al., 1998; Shimizu et al., 2005). Hew-
ever, there is a large degree of variatien, and very late fusien
or even nenfusien in elderly individuals is cemmenly en-
ceuntered (@ Halleran and Lundy, 1987; Miller et al,
1998). Thus, it is net pessible te estimate the age at death
in the individuals represented by AT-1500 and AT-2000
based en the lack ef fusien ef the greater herns with the
hyeid bedy.

At the same time, the essificatien of the hyeid bedy begins
very shertly after birth in living human pepulatiens (Reed,
1993) and pregresses threugheut infancy and adelescence as
the dimensiens ef the hyeid bedy increase. The value fer the
maximum medial height appreaches 10 mm (9.7 + 2.4 mm)
at areund 15 years of age (Reed, 1993). The value in adult
individuals in this same variable was feund te be enly slightly
higher (11.7 + 1.6 mm) in the present study. Impertantly, the
value fer the maximum medial height in the adult Neandertal
specimen Kebara 2 (13.4 mm) is 1.06 standard deviatiens (SD)
abeve eur adult medern human peeled-sex sample mean and
0.78 SD abeve eur adult male mean (Table 2), suggesting
that adult Neandertals reached similar values in the maximum
medial height as de adult medern humans. This similarity in
adult dimensiens between medern humans and Kebara 2 sug-
gests a late-adelescent er adult age status fer beth ef the SH
hyeid bedies, the maximum medial heights ef which are easily
encempassed within the adult medern human range eof varia-
tien in the present study.



Table 2

Measurements (pvm) and comparisons of the AT-150@ and AT-200@ hyoid bones

Specimen/sample Maximum Maximum transverse Anteroposterior Depth of posterior Thickness of
medial height diameter thickness surface the inferior border

Atapuerca AT-1500 10.8 21.8 6.8 2.8 17

Atapuerca AT-2000 102 18.6 6.7 1.6 k3,

Kebara 2 1341 246! 58! 38! 1.3%

SDR-#34 105 = Sts 2.6 14

Modern humans (pooled sex; n =68)

Mean + SD 11.7£16 223121247 86+13 1907

Range 7191547 16.6—30.6 5.4-111 0.6-39

Modem human males (n=45)

Mean + SD 123+14 282322 89+£11 21+07

Range 8.9-15.7 18.6—30.6 6.9-11.1 0.6-39

Modern human females (n = 15)

Mean £ s.d. 10.1t1.0 19.6 2.3 7.8+1.6 15+05

Range 7.9-11.5 16.6—242 5.4-11.0 09-2.6

! Data are from Arenshurg et al. (1989).
2 Data are from Rodriguez et al. (2003).

Comparative morphological analysis

The anatemical descriptiens ef the SH hyeids clearly dem-
enstrate that they are human-like in their merphelegy, and
direct cemparisen between the SH specimens and the Nean-
dertal specimens Kebara 2 and SDR-034 (Redriguez et al.,
2003) reveals seme interesting details. All feur specimens
shew a streng anterier tubercle. The fessae for the insertien
of the geniehyeid muscles en either side of the midline are
deeper and mere defined in the Kebara 2 specimen than in
AT-1500, and they are absent en AT-2000. The right and lett
lateral pertiens ef the ventral surface, belew the anterier tuber-
cle, en Kebara 2 shew fessae fer the insertien of the emehyeid
muscle (Arensburg et al., 1989). These are absent in AT-1500,
while AT-2000 shews three smaller fessae inferierly en either
side of the midline fer the attachment of the thyrehyeid, eme-
hyeid, and sternehyeid muscles. At the same time, SDR-034
shews insertiens fer the geniehyeid, mylehyeid, hyeglessus,
digaswic, and stylehyeid muscles (Redriguez et al., 2003).
The dersal aspect of AT-1500 shews a smeeth cencavity
marked by a well-defined circular depressien. This depressien
is absent in AT-2000 and the SDR-034 (Redriguez et al., 2003)
and Kebara 2 Neandertals, demenstrating seme degree eof
variatien in the expressien ef this trait in the fessil sample.
Finally, the superier berders of AT-1500 and SDR-834 (Redri-
guez et al., 2003) have a V-shaped centeur, which is absent in
AT-2000 and Kebara 2.

Thus, the single anatemical feature cemmen te all the fes-
sils is the presence of a marked anterier tubercle. In centrast,
variatien is present in the relief at muscular attachment sites,
the merphelegy ef the dersal surface, and the centeur ef the
superier berder. These anatemical features alse eccur in med-
ern human hyeid bedies (Fig. 2), altheugh usually at lew
frequencies. In the small sample of 17 medern human hyeids,
ene specimen (5.9%) has a streng anterier tubercle (Fig. 2A),

anether individual (5.9%) has a well-develeped circular
depressien en the dersal aspect (Fig. 2B), and twe specimens
(11.8%) have a V-shaped superier berder (Fig. 2C, D). This
last cenditien has alse been reperted te characterize S.3% ef
a larger sample of medern human hyeid benes (Papadepeules
et al., 1989). Finally, there is alse censiderable variatien in the
degree of relief in the muscular insertien sites.

Metric analysis

The main metric dimensiens in AT-1500 and AT-2000 are
cempared with Kebara 2, SDR-034, and a medern human sam-
ple in Table 2. The SH hyeids have very similar values in beth
the maximum medial height and the anterepesterier thiclmess,
but AT-1500 has censiderably larger values in the maximum
wansverse diameter and the depth ef the pesterier surface.
Nevertheless, in all measurements, the values in the twe SH
hyeid benes fall well inside the range of variatien ef eur med-
ern human samples.

In cemparisen with Kebara 2, the SH hyeids have smaller
values in the maximum medial height, maximum transverse
diameter, and depth ef the pesterier surface. The SH fessils
exceed Kebara 2 in the anterepesterier thickness but shew
similar values fer the thickness of the inferier berder. ®n the
ether hand, the values of maximum medial height and depth
of the pesterier surface in SDR-034 fall between these ef
the SH specimens. The SH hyeids have greater values than
SDR-034 in the anterepesterier thickness and similar values
in the thiclness of the inferier berder.

Figure 3 cempares the maximum medial height and depth
of the pesterier surface (which describe the shape ef the
bedy in lateral view) in the SH hyeids, the twe Neandertal
specimens, and eur medern human sample with the data pre-
vided by Alemseged et al. (2006) for A. afarensis, African
apes, and medern humans. The twe SH specimens, as well



Fig. 2. Anatomical variation in modern human hyoid bones. (A) Venwal view showing a well-developed anterior tubercle (Individual 1 from cadaveric collecton).
(B) Dorsal view showing a well-delimited round fossa (Individual 197 from San Pablo). (C) Superior view showing a V-shaped superior contour (Individual 64
from San Pablo). (D) Superior view showing a V-shaped superior contour (Individual 1 from cadaveric collecton). Scale bar =2 cm.

as the Neandertal hyeids, fall well inside the medern human
distributien, and all ef the Homo fessils are clearly different
frem A. afarensis and the African apes.

Sexual dimorphism

The range of variatien ameng the SH fessils and the Nean-
dertal specimens, in all the metic variables, is encempassed
by that feund te characterize living humans (Table 2), suggest-
ing a degree of variatien similar te that in H. sapiens. Sexual
differences in hyeid-bedy dimensiens have been identified in
living pepulatiens, particularly in the maximum transverse
diameter and the maximum medial height (Reed, 1993; Ree-
sink et al., 1999; Kim et al., 2006; but see Miller et al.,
1998), and the present study alse feund significant differences
(p < 0.001) between the male and female mean values (Table 2)
in these variables.

When these twe variables are pletted against ene anether
(Fig. 4), AT-2000 falls eutside the male range eof variatien,
suggesting a female attributien fer this specimen, while
AT-1500 falls in the regien of everlap between the male and
female diswibutiens, making its sexual attributien unclear.
Based en its asseciated pelvic anatemy, the Kebara 2 specimen
has usually been censidered male (Arensburg et al., 1985; Rak
and Arensburg, 1987; Resenberg, 1988; but see Tillier et al.,
1989), and its hyeid dimensiens clearly fall eutside of the
female range ef variatien (Fig. 3), suggesting a male attribu-
tien fer this individual.

Discussion

The cemparisen between the SH, Neandertal, and medern
human hyeids has revealed seme interesting aspects.

Arensburg et al. (1989) reperted that the depth ef the pesterier
surface was the enly measurement in the Kebara 2 Neandertal
specimen that exceeded the range eof variatien ef their medern
human cemparative samples. The present study has cenfirmed

1.4
L °
.
*
= - _wp*®
3 1.04 o .0.4'.
g e o -
3 ° °
a . .
kel °
O °
2 0. o
a %
ks
=
a
o
e
8 02-
. o
-0.2 T T T
0.6 0.8 1.0 1.2

log (Maximum medial height)

Fig. 3. Scatterplot comparing the values for logarithm of maximum medial
height and logarithm of depth of posterior surface in the two SH specimens,
Kebara 2, SDR-834, DIK-1-1, modern humans, chimpanzees, and gorillas.
Gorilla gorilla, black circles; Pan troglodytes, orange circles; Homo sapiens,
red and green circles; DIK-1-1, red wiangle; AT-1508, blue wiangle; AT-2008,
blue circle; Kebara 2, magenta triangle; SDR-834, magenta circle. Data for
G. gorilla, P. troglodytes, H. sapiens (green circles), and DIK-1-1 are from
Alemseged et al. (2006). Data for Kebara 2 and SDR-034 are from Arensburg
etal. (1989) and Rodriguez et al. (2003), respectively. Data for modern humans
(red circles) are from present study. Adapted from Alemseged et al. (2006).
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this peculiarity in Kebara 2, whese depth ef the pesterier sur-
face is greater than the ether fessils and is almest 3 SD abeve
the mean of eur medern human sample, but is just within the
upper limit ef the range of variatien. Nevertheless, the similar-
ity in the values of the depth ef the pesterier surface in the SH
specimens, SDR-034, and medern humans suggests that the
cenditien in Kebara 2 is a particular feature of this specimen
and sheuld net be censidered a Neandertal wait.

The anterepesterier thickness of the SH fessils is greater than
that in beth Neandertals, suggesting the pessibility ef a differ-
ence within the fessil sample. Nevertheless, these same differ-
ences exist between the medern human mean values in eur
sample (Table 2) and these of Arensburg et al. (1989) (5.13 +
0.97 nun) and Redriguez et al. (2003) (4.31 + 1.86). Thus, the
degree of variatien feund within the fessil sample is similar te
that feund in medern humans.

The thiclmesses of the inferier berders of the SH and Nean-
dertal specimens are very similar te ene anether and are well
belew the medern human mean (2.13 = 0.42) previded by
Redriguez et al. (2003). Interestingly, this feature seems te
be independent of the everall size of the hyeid bedy (Redri-
guez et al., 2003), and it may represent a distinctive feature
shared by the fessil specimens. Finally, all the fessils shew
a streng anterier tubercle, a feature that seems te eccur at
lewer frequencies in medern humans, at least in eur small
cemparative sample.

Despite these miner differences, itis clear that the SH hyeids,
as well as beth Neandertal specimens, exhibit a human-like
merphelegy, clearly different frem that feund te characterize
A. afarensis and the African apes. This finding suggests that
medern human hyeid merphelegy is a very ancient feature of
the genus Homo, ene that was present in the last commen ances-
ter of medern humans and Neandertals or perhaps even earlier.

Finally, we agree that the presence of a medern-human-like
anatemy ef the hyeid bene in a fessil specimen cannet be
taken te demenstrate the existence of speech capacities (Lie-
berman et al., 1992). Hewever, the presence in the SH fessils
of a medern-human-like hyeid shews that seme of the skeletal
characteristics implicated in speech preductien in medern
humans are very ancient features of the genus Homio. At the
same time, the skeletal characteristics of the euter and middle
ear asseciated with medern human auditery capacities and
speech perceptien are alse present in the SH heminins (Marti-
nez et al., 2004).

Conclusions

The merphelegical and metric variatien feund in the SH
and Neandertal specimens is ef the same magnitude as that
feund te characterize living humans. Relying en medern
human patterns and the evidence frem the adult male Kebara
2 Neandertal hyeid, the SH fessils represent late adelescent
or adult individuals, and AT-2000 is suggested te beleng te
a female individual. The SH fessils share with the Neandertals
a high frequency ef a sweng anterier tubercle and a thin infe-
rier berder of the hyeid bedy, and they differ in the anterepes-
terier thickness of the bedy.

The hyeid benes recevered frem the Sima de les Hueses rep-
resent the eldest fessil evidence fer the anatemy ef this bene in
the genus Homo. Their merphelegy is medern-human-like and
very different frem that described fer the African apes and A.
afarensis (Alemseged et al., 2006). Thus, the genus Homo has
been characterized by a medern-human-like anatemy ef the
hyeid bene since at least 530 ka. New disceveries of fessil
hyeid benes will shed new light en the evelutien ef this bene
in the human lineage and make it pessible te centrast and refine
the hypetheses presented here.
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