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Fractal analysis of the Orce skull sutures

Methods of fractal geometry (Mandelbrot, 1983) are used here to analyse the
relative complexity of the sagittal and lambdoid sutures visible in the skull
fragment formed by parts of an occipital squame and parietals found in a
sealed deposit at the early Lower Pleisiocene site of Venta Micena (Oree,
Granada, Spain), generally regarded as human hone but occasionally sug-
gested as belonging to an equid. For comparison with the fossil, corresponding
sutures of varipus primates (hominids, pongids and cercopithecids) and two
other groups of mammals (equids and ruminants) were analysed using the
computer program FRACTAL T} (Slice, 1989) in order to determine their
fractal dimensions as a measure of diflerential surural design complexity, The
results show that the fractal dimension of the Venta Micena skull sutures lies
within the range of variation for infant specimens of both modern and
Plio-Pleistecene hominids. Sutural complexity in young pongids and cercop-

itheeids overlaps the range of fractal dimensions found in hominids, whereas
values obtained from equids and ruminants are significantly greater than those
for all the primates analysed here. Therefore, in terms of fractal dimension
measures of relative complexity, the sutures preserved in the Venta Micena
fossil could not have belonged to an equid (pace Agusti & Moya-Sola, 1987);
rather, its fractal dimension is consistent with the attribusion of the fossil to an
infant of Homo sp.
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sutures, human paleontology,
Lower Pleistocene.

Journal of Human Fuelution (1995) 28, 361-575

Introduction and background

The site’ of Venta Micena (Orce, Granada, southeastern Spain} lies in the northeast of the
Guadix-Baza lacustrine basin. The fossils come from sediments cemented by mucrite, which
were deposited in outlying freshwater ponds surrounding a lake that then existed in the Orce
valley (Vera ¢t al., 1985; Anadon et al, 1987). The absence of sedimentary structures and
preferred directions for elongated bones allows the rejection of geological processes in the
formation of this assemblage.

The interspecific study of size/abundance patterns for ungulates excludes taphonomic
biases, with exception of surface weathering processes prior to burial, which mainly affected
those species of smaller body size {Palmqvist ¢f af, 1992). The results obtained in a factor
analysis of correspondences (using as variates the frequencies of different skeletal elements in
carnivore dens, rodent lairs and human assemblages) indicate that the main collecting agencies
of bones In the Venta Micena site were probably hyaenids. A multivariate comparison with
African biomass shows that this paleocommunity was similar in its faunal compositon to that
found in present day spiny tree and high grass savannahs (Mendoza ¢ ai., 1993).

From 1982 onwards, systematic excavations at Venta Micena have provided some potential
hominid fossils: an mfantle cranial fragment, an infantile humeral diaphysis, and an adult
humeral fragment. Our objective 1s to apply the methods of fractal geometry to the study of
those.sutures preserved in the skull; a preliminary version of some results obtamed in this study
have been published by Gibert & Palmqvist (1992).

Geology and age of the Venta Micena site

The fossils of Venta Micena are present in dark-coloured clayey palustrine sediments or in
whitish calcareous levels that originally came from small freshwater ponds located in extensive
emerged shorelines (calcimorphic paleosoils) (Anadén et ol., 1987; Gibert ef al.,, 1992).
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Figure 1. Paleomagnetic data of Venta Micena site.

In section Fuentenueva 1, the Olduvai event was situated in paleosoil levels 22 m fromr the
Pliocene Fuentenueva 1 site (Gibert ¢ al.; 1994). Correlations between this section and Venta
Micena {Figure 1} were established in eight columns. The correlations between dark clayey
fevels and calcimorphic paleosoils were highly precise.
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Figure 2, Four successive stages in the growth of von Koch’s curve for a perfect fractai, A change of scale
causes a segment made up of three parts to change into a segment formed by four parts in the next stage.
Far this reason, D=Log4)/Log(3)=1-26.

The location of the paleomagnetic inversion corresponding to the upper limit of the Olduvai
event at the base of the Venta Micena paleosotl suggested an approximate age of 1-65 m.y.a.

Fractal geometry

When we describe the world around us, we use one dmmension to measure lines, two
dimensions to measure surfaces and three to measure volurmnes. However, Euclidean geometry
1s insufficient to describe adequately many of the textures and structures that can be found in
nature, This led to the development of a new geometry, known as fractal geometry
(Mandelbrot, 1983), that employs fractional dimensions between one and two for complex
curves, and between two and three for surfaces of complex texture. These new dimensions
reflect the abstract mathematical concepts that a curve with dense curvature, like a winding
river or a cranial suture, can neatrly fill a plane, and a surface with intense folds like a mountain
landscape, is almost equivalent to a volume. The mathematics and ideas behind fractals can be
found in Barnsley {1988), Feder (1988) and Peitgen & Saupe (1988).

Estimation of fractal dimensions

Perfect fractal objects are self-similar. That is to say, their form is the same even if the scale
used to observe them changes. To illustrate this, it 15 convenient to refer to a perfect or
mathematical fractal, such as von Koch’s curve, seen in Figure 2, which shows four successive
stages of its development. To move from one stage to the next, the central thirds of every
straight line are substituted by the side of an equilateral triangle that fits the gap exactly. It is
possible to calculate its fractal dimension by treating each curve as a scaled-up version of the
curve that is obtained from it when this procedure is followed. Each change of scale results in
segments of curve that were made up of three parts, taking four parts in the next stage. This
produces a fractal dimension of

D=Log{4)/Log{3)=1-26 {see Mandelbrot, 1983}

Structures which arise in nature do not, however, exhibit this perfect self-similarity of
mathematical fractals. Rather, they tend to show a stanstical regularity in their shape only
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when they are examined over certain ranges of scale. Moreover, although the exact structural
form is not invariant with a change of scale, broadly-speaking its relative complexity is
preserved. The concept of fractal dimension can be used to both estimate and quantfy the
level of complexity of a natural structure and the closer we look at this, by raising the
magnifymg-power of observation, the better we can inspect the complexity of the structure,
with corresponding consequences for our ability to estimate its length (Mandelbrot, 1967,
1983).

The commonest method of estimating the dimension of a fractai curve is the so-cailed
“division method”, which relies on measurements taken with compasses or dividers
{Mandelbrot, 1983; Slice 1989, 1993; Sugihara & May, 1990; Reyment, 1991}. The procedure
is as follows. An nitial reference point is chosen on the contour. An Euchdean distance 15 also
selected as the step length, or unit of measurement. Starting from the initial reference point,
a new point on the contour is found, such that the Euclidean distance between this new point
and the reference point is equal to the step length. The new point now becomes the origin and
the process is repeated until all the contour has been covered. For each step length, the
estimated perimeter length is the sum of these Euclidean distances and if the distance between
the last point of reference and the end of the contour exceeds half of the value of the unit
of measurement, the estimated length 1s increased by the next multiple of the uwmt of
measurement that has been employed.

There is an inverse relationship between the estmated contour length (1) and the unit of
measurement employed (e), which can be linearized by means of a log-log transformation as
in Equation (1)

Log{=a+5 Log(e (5

where g, the intersection with the vertical axis, 1s the log-length of the perimeter when the step
length is equal to 1 and b, which is negative, is related to the fractal dimension (D) as follows,

D=1-4 @)

The method of division with compasses, or dividers, is the one that is the most often used
in order to estimate the {ractal dimension. Slice (1989) has developed a computer program
FRACTAL-D, which is easy to run. This program works on digitized contours, The (x,)
coordinates of any point on the contour are easily obtained using a digital tablet. For the
Orce skull fragment, Figure 3 shows the perimeter estimations from two sutures
combined—sagittal and right lambdoid sutures—with step lengths set at 4, 8 and 16 mm.
As can he seen in Figure 3, the estimated perimeter lengths of 80, 72 and 64 mm with each
step length, respectively, are inversely related to the scale of measurement used, and a linear
relationship is obtained when both variables are expressed on a logarithmic scale, Other
methods to calculate £ are described by Morse e af. (1985}, Garcia-Ruiz ef ol {1990) and
Sugihara & May (1990).

Applications of fractal geometry

There are many applications of fractal analysis in scientific research and there is plenty of
scope for further use of this approach. Some examples include the growth of crystals (Avnir
ef al., 1984; Braddy & Ball, 1984; Sander, 1986), dynamic systems and chaos (Jakeman, 1984;
Baker & Gollub, 1990}, distribution of stratigraphical hiatuses (Plotnick, 1986, 1988},
physiology and medicine (West & Goldberger, 1987; Caldwell et al., 1990; Horsfield, 1990;
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Figure 3. Estimation of fractal dimension of a curve (sagittal and right lamboid sutures of the Venta Micena
skull fragment), on the basis of the inverse relationship hetween the scale of measurcment used (¢) and the
perimeter length () estimated when this scale has been used.

Glenny et al., 1991; Lynch e al., 1991), shapes of landscapes and clouds (Burrough, 1981; Kent
& Wong, 1982; Lovejoy, 1982), organic distribution patterns in ecology and biogeography
{(Loehle, 1983; Bradbury et al., 1984; Morse # al., 1985; Phllips, 1985; Pennycuick & Klemn,
1986; Frontier, 1987; Dicke & Burrough, 1988; Caddy & Stamatopoules, 1990}, physiology
{Sernctz ef af, 1985), botany {(Vlecek & Cheung, 1986; Palmer, 1988; Tatsumi e al., 1989),
microbiology (Matsuyama e al,, 1989, Obert o al, 1990; Riz & Crawford, 1990) and
taxonomy (Burlando, 1990), paleoclimatology {Fluegeman & Scott-Snow, 1989), shape of
sedimentary grains (Hoyez, 1992), analysis of sutural design complexity in ammonites (Bayer,
1985; Boyajian & Lutz, 1992, Damiani, 199(0; Garcia Ruiz ¢ al., 1990; Cecca, 1992; Olériz &
Palmgqvist, 1995), dynamics of extinctions in time-series analysis of fossil species abundances
(McKinney & Frederik, 1992), and patterns of interfingering and interlocking seen in sagittal
sutures of native American skulls (Hartwig, 1991). Withour doubt, the discipline wall
experience rapid growth in coming years, and applications in different fields of knowledge will
bring about methodological and conceptual wransformations. Already, in the area of morpho-
metrics Reyment {1991) believes that fractal geometry has opened up new horizons for the
analysis of organic forms.

Fractals and intricate sutures

The form and dimensions of complex and intricate sutures, present both in the skulls of stags
and in some ammonite shells, have been analysed by Long (1985). In ammonites, the septal
sutures have a very long perimeter relative to the area of shell that they join, and they exhibit
noteworthy “statistical” self-similarity when observed at varying scales of magnification. For
both reasons, these sutures can be regarded as fractal curves.

Garcia Ruiz e al (1990} found that various species of Jurassic and Cretaceous ammonites
have approximately the same complexity of sutural design with values of D around 1-37, some
morphological differences in sutural form notwithstanding. This suggests the existence of a
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Figure 4. Successive stages in the ontogenetical development of the septal sutures of the ammonite Perrinites
felly (Smith), from the Permian period in Texas {redrawn from Moere, 1975, Figure 8). It can be seen
that the progressive complexity in the design of suturcs goes along with an increase in the fractal dimension
(.

common morphogenetical mechanism, perhaps characterized by a Saffman-Taylor type of
instability (Nittman ¢ af., 1985). Oloriz & Palmqvist (1995) found in a study of Upper Jurassic
ammonites that sutural complexity, as measured by fractal analysis, was related to shell
structural types and degree of surface ornamentation. Figure 4 shows ammonite septal sutures
corresponding 1o five successive ontogenetical stages in the development of the shell of Perrinites
hilli {after Moore, 1975). Sutures are seen to become increasingly complex as the ontogeny
evolves and folds become increasingly intricate, which is reflected in increasing values of
the fractal dimension. Although apparent complexity is finally reached for the design of the
suture, it is achieved through a simple generative pattern of the fractal type, simiar to von
Koch’s curve (Figure 2). Mammalian skull sutures can also show high levels of complexity,
especially in stags and bovids whose skulls have to bear weight or withstand stress, aithough
levels of complexity are below those for septal sutures of most advanced ammonites. The
fractal dimension of sutures can be used as a morphometrical descriptor of their relative
complexity.
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Material and methads

We used the fractal analysis of skull surures in order to try to differentiate fragments of various
mammalian species and in particular to solve the issue concerning the assignation to Hemo of
a posterior cranial fragment found during excavations at the early Lower Pleistocene site of
Venta Micena near Orce in Granada, Spam (Gibert, 1986; Gibert ¢ al, 1986). Different lines
of research point to its characteristically hominid morphology and immunology (Gibert e af.,
1989a,b ¢4, Campillo, 1989; Borja e af., 1992). An alternative suggestion is that it might come
from an equid skull {Agusti & Moya-Sola, 1987).

Series of skull sutures were analysed n several different modern mammals and prehistoric
and more ancient fossil hominids. Pongids, cercopithecids and ruminants, were obtained from
the “Parque Zooldgico de Barcelona” (Pongids: 32-2, 32-4, 33-3 and 34-2; cercopithecids:
250-1, 35-3, 35-1, 199-5, 68-1, 68-8, 108-1; ruminants: 4-20, 6-2, 47-3), Equids were obtained
from the Hamburg University’s Zoological museum (tems 6933, 5444, 7476); EQACI
specimen is situated in the “Institut de Paleontologia M. Crusafont” in Sabadell, Spain (see
Table 1 and Figures 5 and 6).

Skull sutures in children between about 4 and 8 years old were analysed 1n a series from La
Olmeda of 8th—12th century skulls {items 6, 38, 47 and 60), kindly made available by Drs D.
Turbon and M. Hernandez of the University of Barcelona, and in another from ot de Porros
of iron-age burials (item IP C-6 and IP C-37), kindly lent for study by Dr A. Malgosa of the
Autonomous University of Barcelona (Table 1 and Figure 5).

Adult human skull sutures have been examined by A. Roca in a prehistoric skull with
partially obliterated sutures {M.2} and in a series from Sirmia de N’Andreu (items SA 863, 864,
865, 866 and 868) and Bimidelfa {item BD 1} at the University of Barcelona. Other sutures
considered are those accurately drawn and photographed in Gibert ef al. (19894). Skull sutures
from some fossil hominids of Lower and Middle Pleistocene age (Black, 1930; Jacob, 1967,
Stringer, 1974; Howell & Coppens, 1976; Tobias, 1991; Wood, 1991; Arsuaga ef al, 1993)
were also analysed (see Table 1 and Figure 6). Zoukoudian specimens (items 1 and 2) are those
photographed by D. Black in 1930 in his plates XI and XVIL

The computer program FRACTAL-D (Shice, 1989) was used to estimate the fractal
dimension of cranial sutures. In order to facilitate comparison, all sutures were drawn at the
same scale and were digitized using a CALCOMP digital tablet which permits a precision of
0-1 mm for taking Cartesian coordinates (x,5). The sagittal and right lambdoid sutures were
analysed together for each skull becanse FRACTAL-D uses the “division method” (based on
measurements taken with compasses or dividers) requiring an input of open or closed
contours—it cannot work on bifurcating lines. For the Venta Micena fragment, the left
larnbdoid suture was discarded because it was smaller than the right.

It is necessary to explain that, although reliable comparisons between hominids and equids
can be established for the cranial regions in question (Gibert e al, 1989a,¢,4), hominid and
ruminant skulls are not directly comparable because bovid horns result in anatomical cranial
differences. Comparisons between them can, however, be made if sagittal sutural patierns are
taken to be equivalent to frontal ones, and lambdoid ones to coronal ones, from the standpoint
of analysis of sutural fractal structure and relative sutural pattern complexity.

The fractal dimension of the sutures was estimated after taking step lengths of 1, 2, 3, 4, 6,
8, 11, 16 and 20 mm. The same step lengths were used in each case. The choice of this step
length set was determined by the condition that, after talang logarithms, the points remained
more or less equidistant on the x axis. The procedure was repeated with other step-length sets,
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Table 1 Values of the fractal dimension {I}) for cranial sutures from the specimens that were
analysed. They are grouped by genus (Hominids, Pongids, Cercopithecids, Equids and Ruminants)

Specimens Reference Sex Age D
Orce skull {(Venta Micena) — — 1-058
Hominids

Lower Pleistocene:

Homo aff- £, erectus KNMER-730B.D — Adult 1-037
Home habilis OH 13 — Adult 1-042
Homo erectus Sangiran 10 — Adult 1-086
Australopithecus sp. Omo, 338y — Infant 1-121

Middie Pleistocene:

Homo erectus Zoukoudian 1 — Juvenile 1-071
Hams erectus Zoukoudian 2 — Juvenile 1-135
Homo saprens archaic Homo 2 (Kibish) — Adult 1-166
Homo sapiens archaic Arapuerca 3 — Adult 1182
Hemo sapiens archaic Broken Hill — Adult 1-216
Homo sapiens archaic Petralona — Adult 1:227
Medern:
Homo saprens sapiens IP C-37 — Infant 1047
Homo sapiens sapiens M.2 — Adult 1:063
Homo sapiens sapiens IP C-6 — Infant 1-079
Homo sapiens sapiens S.A. 868 — Infant 1-099
Home sapions saprens 6 — 4 years 1-138
Homo sapiens sapiens S.A. 866 3 Adult 1-145
Homo sapiens sapiens 47 — 5 years 1-146
Homo sapiens sapiens 60 — 6, 5 years 1-159
Homo sapiens sapiens S.A. 863 g Adult 1-168
Howme sapiens sapiens 38 — & years 1173
Homa sapiens sapiens BD.1 Q Adult 1-201
Homo sapiens sapiens S.A. 864 a8 Acluit 1-222
Homo sapiens sapiens S.A. 865 ? Adult 1:246

Pongids
Gorilla gorilla 32-2 9 Juvenile 1074
Gorilin gorilla 32-4 3 Juvenile 1:153
Gorilla gorilla 33-3 g Juvenile 1082
Pongo pigmaens 34-2 — Juvenile 1-134

Cercopithecids
Macaca fascicularis 250-1 & Juvenile 1-132
Macaca sylvana 35-3 — — 1-141
Macaca sylvana 35-1 g Adult 1-183
Erithrocebus patas 199-5 ? Juvenile 1-002
Mandrillus sp. 68-1 e Adult 1-003
Mandrilius sp. 68-8 g Adult 1020
Papio hamadryas 108-1 — — 1-006

Equids
Equus preewalski 6933 g 0~1 months 1-123
Equus hemionts onager 444 2 3~4 months 1-249
Equts hemionus onager 7476 2 5 months 1-322
FEguus sp. EQACI — 8 months 1-374

Ruminants
Cervies elapfiice $-20 2 Juvenile 1-303
Elaphurus davidianus 6-2 3 Adult 1-329
Cervicapra sp. 47-3 Q Adult 1-186
Kobus defassa 300-1 ? Aclult 1-201
Capra atba Fossil (V. M) — — 1-297

Specimens are grouped by genus and the hominids are grouped by fractal dimension scores.
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Figure 5. Sagittal and right lambdoid sutures from the Venta Micena fosstl and some of the modem
specimens analysed (drawn to haif actual size). The values of fractal dimension that were calculated from
these sutures are shown in Table 1.

but the results were in all cases very similar to those described here; this independence of scale
is hardly surprising, given the remarkable self-similarity in fractal design of most of the cranial
sutures studied.
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Figure 6. Sagittal and lambdoid sutures from hominids of Lower and Middle Pleistocene age (drawn 1o half
actual size). Their values of fractal dimension are shown in Table 1,

The computer program FRACTAL-D calculates the fractal dimension, as established by
Mandelbrot {1983), by adding the slope of the fitted curve for log-perimeter vs. log-scale to the
topological or Euclidean dimension {one} of the sutures. Hartwig (1991} has applied a different
method to the analysis of human sagittal sutures: a “structured walk technique”, which
provides a non-linear regression of values on a Richardson (log-log) plot where the distribution
of points is polynomial and two slopes can be distinguished, but the point of inflection between
them must be determined subjectively. Hartwig calls the fractal dimensions calculated from
these slopes “textural” (Dt) and “structural” (Ds); our results can be compared to Hartwig’s
“textural” dimension.
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Figure 7. Plot of values and ranges of variation in fractal dimension (I scores obtained in the analysed
specimens and groups (data from Table 1),

It must be borne in mind that similarity of fractal dimension values associated with two
particular skull sutures need not imply close taxonormical affinity; all that may be inferred 1s
that both sutures share a similar degree of design complexity. Because similar fractal
dimensions only imply similarity in design complexity, this morphometrical approach should
perhaps be reserved for highlighting differences between specimens.

Results and discussion

Table 1 and Figure 7 present the values of the fractal dimension estimated from the sutures
analysed for each specimen. It is noteworthy that the sagittal and right lambdoid sutures of
the Venta Micena cranial fossil gave a fractal dimension (D=1-058) similar to those of
equivalent sutures obtained from specimens belonging to modern and Plio-Pleistocene mfant
or adolescent hominids (=1:047-1-173). Adult hominids have on average more complex
sutures than infantiles and juventles, which is reflected in their higher values of fractal
dimension (D=1-037-1-246). it 1s interesting to note that adult lower Pleistocene members
of the genus fHome fall either below or into the infant range of variation for modern
humans. The fractal dimension associated with cercopithecids varied from 1-002-1-183,
The pongids analysed, all of them juveniles, have values of fractal dimension (D=1074-
1-153) which are similar to those of infant hominids; adult pongid skulls have occipital and
sagittal ridges which impede comparability with the Venta Micena cranial fragment, which
lacks them (Gibert e af, 19894). Because Hartwig {1991) found there to be no correlation
between bregma-lambda chord length and the degree of complexity of human sagittal
sutures as reflected in their fractal dimension, it is reasonable to infer that the value of the
fractal dimensicn (D= 1-058) for the sutural regions preserved in the Venta Micena fossil lies



572 J. GIBERT AND P. PALMQVIST

quite close to the value of the fractal dimension that the missing parts of the sutures would
have afforded.

Both of the non-primate mammalian groups analysed gave noticeably higher values for the
fractal dimension than these of infant hominids, young pongids or cercopithecids. In equids,
relative complexity of the sagittal and right lambdoid sutures increases with ontogenetical
development: values for the fractal dimension increase with biological age and the only equid
value in the infant hominid range comes from an equid less than 1 month old {specimen 6933,
D=1-123). Not only was its sagittal suture almost linear, but also other important morpho-
logical differences between this specimen and both the Venta Micena skull fragment and
modern and fossil infant hominids nvolve parietal bone thickness, transverse curvature
measured from the obelion, longidinal curvature over the length of the sagittal suture, and
its lambdoid angle (Gibert et af., 1989a,c,4). It is very Important to realize that if newborn
equids, such as specimen 6933, exhibit a fractal dimension that 18 equal to, or higher than
those of infant hominids, such as the Venta Micena skull, then with advancing biological age
substantial differences will increasingly separate the corresponding cranial sutures of Fguus
from those of Home. It is surely significant that analysis of the other equids—all herbivores, of
course—gave considerably higher values for the fractal dimeusion (= [-249-1-374) than did
the primates. The average value of the fractal dimension of infant and adolescent hominid
sutures (D=1-117, 8D.=0-041, n=1{) is significantly lower than the equivalent average for
young equids (D=1-267, S.D.=0-109, s=4) when Student’s #test is applied (#=2-68, df=12,
P<0:05; one-tail test). Because the data depart from a statistically normal distribution, as may
be appreciated from Table 1, the non-parametric Mann-Whitney U test (Sprent, 1989) was
also applied and provided a statistcally significant result (I/=7, P<0-05). The various
ruminants studied gave fractal dimensions for their skull sutures (D=1-186-1-329) which,
although not exactly comparable, were higher than those obtained in primates.

To judge from the results, the fractal dimension of the skull sutures that are preserved in the
fragment of occipital bone found at the Venta Micena site, separates it from equid crania.
Nevertheless, using this criterion alone the possibility cannot be ruled out that it might have
formed part of the cranial vault of some other primate. The complexity of sutures seen in
infant hominids 1s not very different from that seen in young pongids and cercopithecids.
However, there are other distinctive morphological differences between cercopithecid crania
and the Venta Micena skull (Gibert et al, 1989d). These differences include: (a) presence m
adult cercopithecids of high sagittal ridges in the nape; (b) lower cercopithecid cranial capacity;
{c) very low transverse and longitudinal vault curvatures in cercopithecids; and (d) very wide
angle at the lambdoid suture. As for pongids, they have left no fossil traces in the European
Plio-Pleistocene; they became extinct in Europe during the Upper Miocene and were relegated
to Africa and Asia.

Conclusions

The value of the fractal dimension () obtained from the cramal sutures preserved in the
fragment of occipital bone found at the Venta Micena site lies within the range of values that
were obtained from specimens belonging to infants of modern and Plio-Pleistocene hominids.
They, in turn, display D values that are similar o D values obtained from the other primates
considered in the study, namely, cercopithecids and young pongids.

The values of D estimated from the specimens of Eguus included in the study are higher than
the equivalent values for primates. Therefore, it is possible to state that, as regards the relative
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complexity of its sutures, the skull fragment from Venta Micena could not have belonged to an
equid (pace Agusti & Moya-Sola, 1987).

In view not only of the presence of substantial anatomical differences between the Venta
Micena skull and skulls of cercopithecids, but also of the absence of fossil pongids n the
European Pliocene and Pleistocene, the value of D obtained from the sutures preserved in the
Orce skull leads us to conclude that this fossil most probably belonged to an infant of Home sp.
This result is consistent with the suggestions of Gibert e al. (1989a,6,d), who attribute an age of
between 5 and 6 years old to the individual. This estimate was based partly on the thickness
of the bony vault and partly on the absence of any sign of sutural synostosis.
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