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INTRODUCTION

The suprainiac fossa is a variable depression above 
the inion. It is ubiquitous in Neanderthals, but similar 
depressions occur in some other fossil hominids (Haile-
Selasie et al. 2004, Trinkaus 2004) as well as in modern 
humans. It gained attention among anatomists and 
paleoanthropologists as a Neanderthal feature (Hublin 
1978a, 1978b, Santa Luca 1978) and the Neanderthal 
form of suprainiac fossa serves as the prototype for its 
definition. In Neanderthals, the fossa is generally elliptical 
in shape, usually transversely elongated, and is of variable 
depth. In many specimens, it has a rough, pocked surface. 
However in some Neanderthals and in other hominid 
groups, depressions above the inion occur which depart 
from this description. The issues discussed in this paper 
are whether these departures represent "true" suprainiac 
fossae, and whether suprainiac fossae homologous to those 
of Neanderthals occur in the Early Upper Paleolithic.

The suprainiac fossa has been used to support both 
sides of the debate over Neanderthal ancestry for modern 
humans, and therefore its occurrence in the Upper 
Paleolithic is of considerable interest. Some researchers 
have considered the suprainiac fossa to be uniquely derived 
in Neanderthals (Tattersall 1995, Santa Luca 1978), and 
have used it to support the hypothesis that Neanderthals 
belong to a phylogenetic lineage reproductively isolated 
from modern humans. For decades the suprainiac fossa has 
been considered a Neanderthal autapomorphy, either alone 
or combined with other elements of the occipital complex 
of traits that includes lambdoidal flattening, occipital 
bunning, a bilaterally arched nuchal torus, and the "en 
bombe" posterior cranial vault shape in norma occipitalis 
(Hublin 1978a, Santa Luca 1978). The suprainiac fossa 
and other Neanderthal features have been explained by 
the accretion theory that suggests that unique Neanderthal 
features became established by drift, through founder's 
effect, followed by long periods of low population growth, 
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isolation, inbreeding, and further bottlenecks. According 
to this model, the suprainiac fossa is a neutral genetic trait, 
established by drift.

On the other side of the controversy, researchers have 
cited the incidence of the suprainiac fossa in Early Upper 
Paleolithic Europeans as support for the hypothesis of 
genetic continuity between Neanderthals and the Europeans 
that followed them in time. Declining, but significant, 
frequencies of the suprainiac fossa (and other Neanderthal 
non-metric traits) in the Upper Paleolithic record have 
been used to support the continuity hypothesis (Frayer 
1993, 1997, Wolpoff 1999). Several scholars have pointed 
to the incidence of the fossa in non-Neanderthal groups 
to question the isolation of Neanderthals and/or reject 
the hypothesis that the Neanderthal suprainiac fossa is an 
autapomorphy. Using the incidence of the suprainiac fossa 
in Upper Paleolithic populations, they suggest that there 
was some genetic continuity between Neanderthals and 
their successors.

How can such opposing observations be understood? 
The problem is both one of definition and homology. 
While there is an occipital depression in the region above 
the inion in many Early Upper Paleolithic specimens, it 
is unclear whether such structures are "true" suprainiac 
fossae – whether they are morphologically equivalent 
to the suprainiac fossa of Neanderthals. Questions have 
also been raised about the homology of non-Neanderthal 
variants of the suprainiac fossa. In particular, these involve 
questions about whether the form of the suprainiac fossa 
most prevalent in Early Upper Paleolithic Europeans is 
homologous to the Neanderthal expression (Figure 1).

In 1991 I described differences between the common 
Upper Paleolithic variant and that found in the Neanderthals, 
but applied the term "suprainiac fossa" to both forms; since 
then Sládek (2000) has proposed the term "supranuchal 
fossa" to differentiate the Early Upper Paleolithic form from 
that found in the Neanderthals. The underlying assumption 
is that morphological differences between the suprainiac 
fossa and the supranuchal fossa indicate that the structures 
are not homologous. However, while it has been discussed 
in some detail (e.g., Hublin 1978a), there has been no 

systematic study of suprainiac fossa variation in modern 
humans compared to Neanderthals and the etiology of the 
suprainiac fossa remains unclear (Trinkaus 2004).

In this paper, the question of homology is examined in 
European Neanderthal and Early Upper Paleolithic remains, 
archaeological collections of modern humans, osteological 
collections and dissection room samples. First, suprainiac 
variation within Neanderthals is examined; second, 
variation in non-Neanderthals is assessed and the question 
of the structural uniqueness of the Neanderthal suprainiac 
fossa addressed. Of particular interest is whether Early 
Upper Paleolithic specimens from Mladeč only possess the 
supranuchal variant, or whether the Neanderthal form of the 
suprainiac fossa can be seen as well. Finally, developmental 
models for the suprainiac fossa are proposed to examine 
whether a single developmental homology could underlie 
all forms of suprainiac fossa expression.

VARIATION IN THE NEANDERTHAL 
SUPRAINIAC FOSSA

Neanderthal variation for this study centres on the suprainiac 
fossae of the Krapina hominids, thirty four occipital bones 
from a single Early Neanderthal site (Caspari 2006). These 
were compared to other Neanderthals to assess suprainiac 
fossa variation according to three criteria: size and shape, 
external cortical structure (degree of "pocking"), and 
associated superstructures (e.g. the transverse occipital 
torus, or the expression of well developed superior nuchal 
lines). As discussed below, the shapes of the suprainiac 
fossa and associated superstructures are interrelated.

Size and shape
There is considerable variation in the size and shape of 
Neanderthal suprainiac fossae. Some are so large that 
they incorporate much of the occipital plane, as seen, for 
example, in Salzgitter-Lebenstedt (Hublin 1984) and La 

FIGURE 1.  Two forms of the suprainiac fossa. In Neanderthals (left) the 
suprainiac fossa is usually a discrete, elliptical, depression above inion. In 
many modern humans (right) the fossa is V-shaped, less well delineated, 
and is associated with medial superior nuchal line development.

FIGURE 2.  Large suprainiac fossa on the occipital from Saltzgitter-
Lebenstedt. Photograph is of a cast in the collections of the Université 
de Bordeaux.
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FIGURE 3. Posterior (a) and superior (b) views of the occipital from La Chaise (B–D). The suprainiac fossa is so large that it incorporates much of 
the occipital plane. Note how the suprainiac fossa informs the shape of the posterior cranial vault. (Photograph courtesy of Milford H. Wolpoff.)

FIGURE 4.  Suprainiac fossa variation at Krapina. Pictured are: Krapina 18.5 (a), Krapina 9 (b), Krapina 13 (c) and Krapina 5 (d). The fossae of 
Krapina 9 and 13 can be seen in the right superior corners of the specimens. Although incomplete, they are well delineated and contribute to the 
bilaterally arched nuchal torus. (Photographs of Krapina 9 and 13 courtesy of Luka Mjeda and the Croatian Natural History Museum.)

a)                                                                             b)

  a)
b)

  c)   d)
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Chaise (Bourgeois-Delaunay) (Figures 2 and 3). In La 
Chaise (Figure 3) the suprainiac fossa incorporates much 
of the occipital squama. The large depression is surrounded 
on all sides by thickened bone. This kind of suprainiac 
fossa may appear as a depression in the middle of a very 
broad, thick "torus" that can incorporate most, or all, of the 
posterior aspect of the occipital plane.

Other fossae are smaller (Figure 4), confined to the 
region directly above the inion, and do not extend higher 
on the occipital plane. The common Neanderthal suprainiac 
fossa, exemplified by Krapina 5, is elliptical and more 
restricted than that of La Chaise. It generally occurs in 
the area between the bilateral arches of the Neanderthal 
nuchal torus.

Shapes of suprainiac fossae likewise vary (Figure 5). 
While the elliptical fossa is common, in some specimens it 
is round (e.g. Krapina 18.5 in Figure 4), and it can present 
in irregular shapes; in La Chapelle (Figure 5) it is "doubled" 
resembling a horizontal Figure 8.

Superstructures
The most important variable associated with suprainiac 
fossa variation is superstructure development, the 
expansion of the external table of the posterior occipital 
bone. Neanderthal suprainiac fossae are always expressed 
in conjunction with a nuchal torus or other development 
of thickened bone on the occipital plane. The nuchal torus 
is a thickening of the external table of the occipital bone 

FIGURE 5.  The occipital from Marillac (a) and a posterior view of the La Chapelle aux Saints cranium (b). Both exhibit broad, short, suprainiac 
fossae in contrast with those shown in the preceding figures. (Photograph of La Chapelle courtesy of Milford H. Wolpoff.)

FIGURE 6.  Two views of the juvenile Krapina 2, showing a well developed suprainiac fossa and nuchal torus. The surface of the suprainiac fossa 
is more pocked in juveniles than in adults.

  a)   b)
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above the superior nuchal line; although the torus often 
occurs between the superior and supreme nuchal lines, it is 
not necessarily defined by them. It differs from the nuchal 
lines and crests in that it is not directly related to muscle 
attachments (no muscles insert into the torus) (Sakka 
1972). However, it probably functions as an adaptation 
to stress on the posterior cranial vault generated in part 
by the nuchal muscles (Caspari 1991, Demes 1977, 1985, 
Plhak 1983, 1986, Weidenreich 1940). The expression of 
the nuchal torus in Neanderthals is variable, although it is 
weakly developed compared to many other fossil hominids 
(Jelínek 1972, Zhang, Potts 1994). It is bilaterally arched, 
and generally poorly expressed laterally (Hublin 1978a, 
1978b). In many specimens the upper margin is obscure; 
the torus tapers off superiorly without a discrete superior 
border. In other specimens, such as La Chaise in Figure 3, 
there is a broad general area of thickened bone on posterior 
aspect of the occipital plane. Whether or not this constitutes 
a "true" torus, Neanderthal suprainiac fossae occur in this 
area on the occipital plane where the external table is 
thicker than in other places on the occipital bone. The fossa 
represents an indentation in the midst of this thickened area, 
and thus contributes to the shape of the nuchal torus and 
to the entire posterior aspect of the posterior cranial vault. 
Sometimes, it excavates the superior margin of a "true" 
torus, (i.e. a "band" of bone) and thus contributes to the 
"typical" bilaterally arched Neanderthal nuchal torus. In 
other cases the fossa occurs in the middle of the thickened 
area, so that the "torus" surrounds the fossa on all sides. 
Even in children, the suprainiac fossa occurs in an area of 
thicker bone; by excavating the centre of it, the suprainiac 
fossa contributes to the formation of a bilaterally arched 
torus in these children (Figure 6).

In sum, the Neanderthal suprainiac fossa occurs in an 
area of thicker bone and contributes to the bilaterally arched 
nuchal torus development associated with Neanderthals.

Gross structure
The major variant in gross structure is the degree of 
porousness, or "pocking" on the ectocranial surface. The 
Krapina specimens were seriated and scored (placed into 
one of 3 categories) based on degree of pocking (Caspari 
2006). At Krapina, there is an association between the degree 
of pocking and age at death; younger specimens are more 
heavily pocked than older individuals. Figure 6 exemplifies 
this; the juveniles, represented here by Krapina 2, are 
considerably more pocked than adults at Krapina (Figure 4). 
There is also variation in degree of suprainiac fossa pocking 
in adults, which may also be a reflection of relative age.

NON-NEANDERTHAL VARIATION: IS THE 
NEANDERTHAL SUPRAINIAC FOSSA UNIQUE?

The suprainiac fossa is known to occur in non-Neanderthals; 
Trinkaus (2004), for example, has described the suprainiac 
fossa of Eyasi 1, and discussed its implications for the 
differentiation and diffusion of Middle Pleistocene regional 
patterns. Post-Neanderthal suprainiac fossae have also been 
described, addressing the phylogenetic issues discussed 
above (Frayer 1993, Wolpoff 1999). Post-Neanderthal 
suprainiac fossa variation was assessed for several modern 
human samples including 14 adults from Pod, a Bronze Age 
site near Bugonjo, Bosnia-Herzegovina, osteological and 
dissection room samples, and the Early Upper Paleolithic 
crania from Mladeč, Pavlov, Brno, and Předmostí (Caspari 
1991). At issue is whether the Neanderthal variants 
discussed and figured in the previous section occur in the 
modern human samples.

Size and shape
The suprainiac fossae in modern humans fall into two 
categories; the first is similar to that seen in Neanderthals, 

FIGURE 7.  Suprainiac fossae of two modern children aged 3 (left) and 7 years.
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but the other has a different form and is associated with 
well developed superior nuchal lines and external occipital 
protuberances, as discussed below. Following Sládek 
this form will be referred to as the supranuchal variety. 
Figures 7 and 8 exemplify the first category expressed in 
juvenile and adult modern humans. The fossa is broad and 
transversely elliptical, resembling the fossa typically found 
in Neanderthals.

The supranuchal category is represented in Figure 9, 
which shows two crania from Pod with fossae common 
in robust individuals with strongly developed medial 
superior nuchal lines and external occipital protuberances. 
The suprainiac fossa shape differs from that typical 
of Neanderthals: its apex points inferiorly instead of 
superiorly, it is triangular in shape instead of elliptical, and 
its area is restricted, confined between the bilateral arches 
of the superior nuchal line.

Associated superstructures
The first category of suprainiac fossa described above 
resembles those of Neanderthals in their size, shape and 
gross structure (Figures 7 and 8). Like those of Neanderthals, 
these occur in areas of thicker bone on the occipital plane 
in both children and adults, which sometimes resemble a 
true nuchal torus.

The second form, the supranuchal variety, is clearly 
associated with superior nuchal line development and/or a 
well developed external occipital protuberance (Figures 1 
and 9), rather than with a nuchal torus (Caspari 1991). The 
superior nuchal line is not homologous to the nuchal torus; 
the latter is a buttress occurring above the superior nuchal 
line, a probable response to stress generated by second layer 
nuchal muscles (semispinalis capitis) which are very well 
developed in Neanderthals (Caspari 1991). The superior 
nuchal lines and external occipital protuberance of most 
Neanderthals are not well developed. In contrast, the well 
developed nuchal lines and external occipital protuberances 
seen in many modern humans are a response to stress 
generated by the first layer muscles and the ligamentum 
nuchae. The lines can be very thick, rugose and "torus-like," 
but they are the result of periosteal response to muscle 
action (especially the trapezius and the ligamentum nuchae, 
medially, and sternocleidomastoid laterally) causing bone 
formation directly under the muscle or ligament attachment. 
There is an area of resorption between the arches of the 
superior nuchal line in these cases, a depression, or fossa, 
above inion, whose shape is dictated by the morphology 
of the superior nuchal line. Similarly, there is frequently 
resorption above the external occipital protuberance, as 
shown in Figure 9.

FIGURE 8.  Examples of suprainiac fossa variation in adult modern (living) humans. The two crania above (a and b) are female, the two below are 
male (c and d).

  a)   b)

  c)   d)
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Gross structure
As in Neanderthals, the suprainiac fossa is most pocked 
in children. Figure 7 shows the suprainiac fossa in two 
modern children, aged 3 and 7 years, respectively. Both 
are markedly pocked. Some adult suprainiac fossae in 
modern humans exhibit pocking (Figure 8), although it is 
rarely as extensive as that found in children. Other adults 
exhibit no pocking at all: the surface of the suprainiac 
fossa is smooth. Like Neanderthals, this may be associated 
with age; all older adults observed have relatively smooth 
suprainiac fossa.

I have recognized two suprainiac fossa variants in 
modern humans, as described above. One form resembles 
those of Neanderthals; it shares the same gross morphology, 
it can be of similar size and shape and has the same 
superstructure correlates. The other, more common form 
is morphologically somewhat different, and is found in 
individuals with robust superior nuchal line development. 
There is no reason to question the homology hypothesis 
when the structures being compared are identical. For all 
criteria – form (shape), gross structure (degree of pocking), 
and associated structures – there are modern human 
suprainiac fossae that closely resemble the Neanderthal 
fossae, and these are likely homologous. However, 
questions remain about other variants of the suprainiac 
fossa. Is the variant most commonly associated with the 
superior nuchal lines of robust modern humans homologous 
to the Neanderthal suprainiac fossa? Exacerbating this 
issue is the fact that both forms can be found in the same 
population, including the early modern human sample 
from Mladeč.

THE QUESTION OF HOMOLOGY

Recognizing homology is an old but persistent problem. 
If a structure is identical in two closely related species, 
homology is usually assumed. In this case, structure 
and relationship are used to determine homology. If the 
morphology of a feature in two closely related species 
varies, the ontogeny of the feature is often examined to 
hypothesize homology. Testing the null hypothesis of 
homology for different suprainiac fossa forms therefore 
depends on development. In particular, given the variation 
in form, homology cannot be addressed unless the reason 
for the variation is understood. If all variations are caused 
by the same factors, I propose to treat them as homologous; 
if they are not, the null hypothesis may be challenged. Thus, 
testing hypotheses of development becomes an integral part 
of a test for homology.

Hypotheses of suprainiac fossa development
Trinkaus (2004: 28) recently expressed a general consensus 
that the suprainiac fossa "remains a morphological marker 
of unknown etiology." A few things, however, can be ruled 
out. The suprainiac fossa is not a site of muscle attachment. 
Dissection shows no muscle of consequence inserting in 
the suprainiac region. Only the epicranial aponeurosis is 
present, a structure so weak, supreme nuchal lines are 
rarely well developed. My experience is that in cadavers 
that exhibit suprainiac fossae, there is no indication of 
increased occipitofrontalis development, or more robust 
attachments in the suprainiac region.

The suprainiac fossa is also unlikely to be a simple 
genetic marker, although it has been treated as such. The 
structure appears regularly and its systematic variation 

FIGURE 9.  The supranuchal variety of suprainiac fossa shown on two specimens from Pod. This is a common expression in modern humans, 
associated with a well developed external occipital protuberance and/or the medial component of the superior nuchal line.
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associated with superstructure development suggests it is 
not simply a non-adaptive, neutral, genetic trait.

I hypothesize that the suprainiac fossa is best viewed as 
a consequence, or by-product, of the processes of cranial 
bone development and remodelling, on-going processes 
that initially occur in the foetal, infant and juvenile phases 
in the development of cranial shape. In adults, resorption 
above inion may also occur as a part of the remodelling 
process in the formation of cranial superstructures, whose 
development is mediated by mechanical stress. The 
suprainiac fossa is seen as a product of development, both 
ontogenetic remodelling and remodelling which occurs 
later in life as a result of different combinations of genetic 
factors and stress.

The suprainiac fossa is common and well expressed in 
infants and children (Heim 1982, pers. obs.). In infants 
and children the suprainiac fossa is a resorptive area that 
is a reflection of the developmental process that results 
in the occipital plane contour. As in all bone formation, 
this involves the remodelling process, a combination of 
deposition and resorption to achieve and maintain form. 
Similarities between the morphology of the suprainiac fossa 
and areas of developing foetal cranial bone in mammals 
suggest that the fossa may be a result of the processes 
that inform cranial shape. A number of researchers (e.g. 
Young, 1962, Hoyte 1966) have demonstrated ectocranial 
resorption in areas of maximum curvature in the developing 
crania of rats, rabbits and guinea pigs; this resorption results 
in the characteristic rounded cranial bones of the full term 
foetus. As best illustrated in Hoyte 1966, resorptive areas 

in the developing cranial vaults were marked by Alzarin, 
and resemble the suprainiac fossa in both shape and 
structure. Depressions above inion are common in modern 
and Neanderthal children, and may be a reflection of this 
developmental process.

It is possible that the suprainiac fossa in adults is a 
retention of this juvenile trait. If so, there is probably a 
genetic basis for its retention and this may account for the 
high frequency of the suprainiac fossa in some populations. 
This would explain the "typical" suprainiac fossa described 
for Neanderthals and some modern humans above. 
However, it is unlikely to account for the morphologically 
different form of the fossa found in association with the 
superior nuchal lines of robust modern humans.

A second explanation is that the adult suprainiac 
fossa is a reflection of on-going remodelling processes 
associated with the development of superstructures and the 
maintenance of optimal cranial shape for mediating stress 
on the posterior cranial vault. This may account both for 
the "typical" suprainiac fossa found in Neanderthals and 
some modern humans associated with the nuchal torus 

FIGURE 10.  Forces generated by nuchal muscles cause bending around 
(at least) two axes. While the nuchal muscles cause bending around a 
coronal axis (below), the bilateral action of the major head extensors also 
create bending around a sagittal axis (above). While the torus resists both 
sets of stresses, the latter may account for the configuration of the torus 
(from Caspari, 1991).

FIGURE 11.  The nuchal torus can be represented as a bent beam (a), 
pulled laterally by the extensors around a fulcrum at the midline. A 
model of deposition inferiorly and resorption superiorly can explain the 
characteristic configuration of the Neanderthal torus (b). The structural 
curve at the midline forms where bending stresses are greatest. An 
alternative response would result in maximal development of the torus 

a)

b)

a)

b)
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(or area of thickened bone) and also for the form of the 
fossa associated with superior nuchal lines. In this case, 
different forms of the fossa are associated with different 
superstructures and different sets of mechanical influences 
and should not be considered homologous.

The two explanations for the expression of a Neanderthal-
like suprainiac fossa in adults are not necessarily mutually 
exclusive: the retention of the juvenile condition and the 
remodelling explanation associated with skeletal adaptive 
response to strain may both occur. The common form of 
suprainiac fossa associated with the superior nuchal lines 
or external occipital protuberances of modern humans is 
likely caused by remodelling in adulthood associated with 
adaptation to strain. The stress on the posterior cranial 
vault may be different for Neanderthals and most modern 
humans because of different habitual activities and muscle 
use in conjunction with different cranial shapes. This 
could result in different superstructure development, and 
therefore different fossa expressions. Detailed below is the 
relationship between strain, superstructure development 
and suprainiac fossa formation.

The size and form of the suprainiac fossa is related to the 
bilateral expression of the Neanderthal torus, and I view it 
as related to nuchal torus formation in Neanderthals. The 
bilaterally arched configuration of the Neanderthal torus 
may occur as a consequence of bending around a sagittal 
axis (Figure 10). The nuchal torus can be pictured as a bent 
beam, pulled on the sides by the major extensors around 
a fulcrum at the midline. The dipping of the torus at the 
midline opposes and minimizes the bending stresses that 
are greatest in the iniac region (Figure 11). An alternative 

response to the increased stress at the midline could 
be increased deposition of bone at the midline (as seen 
in Homo erectus). The increased deposition, however, 
renders the cranial shape less optimal for bending around 
the coronal axis (Figure 12); it both decreases the angle 
between nuchal and occipital planes and also the area 
moment of inertia at the midline. In effect, this makes the 
occiput pointier, the shape that engenders resorption in the 
foetal development of cranial bone (Young 1962, Hoyte 
1966). The alternative construction includes a bilateral torus 
and suprainiac fossa, an area of resorption which decreases 
the curvature of the posterior vault at the midline. The 
suprainiac fossa contributes to the structural curve of the 
torus, resisting stress at the midline and flattens the back of 
the skull, creating a more vertical contour to the posterior 
aspect of the occipital plane. This contour minimizes strain 
on the posterior cranial vault (Caspari 1991, 2006).

FIGURE 12.  More and less optimal cranial shapes for minimizing strain 
engendered by nuchal muscles. The vertical orientation of the posterior 
cranial vault above acts to resist bending moments; stress is acting across 
a larger area, whose verticality increases its area moment of inertia and 
thereby its ability to resist stress without deformation. The suprainiac 
fossa can contribute toward more vertical orientation of the posterior 
vault (Figure 3) (from Caspari 1991).

FIGURE 13.  Occipital views of Mladeč 5 (a) and a cast of Mladeč 6 (b), 

with different patterns of superstructure and suprainiac fossa expression. 

Mladeč 5 exhibits a pronounced external occipital protuberance and 

superior nuchal line, while Mladeč 6 does not. Mladeč 6, however, does 

exhibit a faint suprainiac fossa above the nuchal torus.

a)

b)   a)

  b)
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Therefore it is reasonable to hypothesize that the 
suprainiac fossa forms in adults for much the same reason 
that it occurs in infants – to maintain optimal shape of 
the posterior cranial vault. Therefore, the adult form 
may not simply represent the retention of the juvenile 
condition. If true, the suprainiac fossa is the consequence 
of development; different forms of it may be associated 
with different developmental processes and are therefore 
not homologous. The Neanderthal form of the suprainiac 
fossa occurs in all Neanderthals and some modern humans 
(Figures 7 and 8). In infants and children this form is a 
consequence of attaining normal, rounded, cranial shape, 
a process that involves resorption of highly bossed regions 
of the cranial vault. In adults, the same morphology may 
reflect the repetition of this remodelling process with the 
development of cranial superstructures. The form of the 
suprainiac fossa associated with the superior nuchal line or 
external occipital protuberance of robust adult individuals 
is a product of the development of the rugose nuchal line, 
and may be explained by a bent-beam model of deposition 
and resorption. However, since the superior nuchal line is 
not homologous to the Neanderthal bilateral nuchal torus, 
the suprainiac fossa associated with its development is not 
homologous to the Neanderthal suprainiac fossa, even if a 
bent beam model explains both structures.

THE EXPRESSION OF THE SUPRAINIAC 
FOSSA IN THE MLADEČ MALES

The male crania from the Quarry Cave at Mladeč are 

pivotal to both the discussion of suprainiac fossa homology 

and to the question of Neanderthal ancestry for modern 

Europeans (Jelínek 1983). Mladeč 5 and 6 are both robust 

males, as is common in the Aurignacian and Gravettian 

associated males in Moravia. Yet they exhibit very different 

nuchal morphology. While Mladeč 5 has strong medial 

development of the superior nuchal line and external 

occipital protuberance, Mladeč 6 has a weakly developed 

superior nuchal line. However, unlike Mladeč 5, Mladeč 

6 has a well developed nuchal torus. The two crania have 

different expressions of the suprainiac fossa as well. As 

shown in Figure 13, Mladeč 5 does not have a Neanderthal-

like suprainiac fossa; while there is some resorption 

medially above the external occipital protuberance, this 

is the supranuchal variety of suprainiac fossa, and is not 

homologous to the Neanderthal fossa. On the other hand, 

Mladeč 6 has a small elliptical resorptive surface between 

the arches of the nuchal torus. Because the torus in Mladeč 

6 is considerably taller than those of Neanderthals, the 

suprainiac fossa occurs well above the superior nuchal line, 

and well above inion. Nevertheless, it is associated with 

nuchal torus development and has the same morphology 

as the Neanderthal fossa and I consider it homologous to 

the Neanderthal structure (Figure 14).

CONCLUSIONS

Neanderthal suprainiac fossae are not autapomorphies: 
homologous forms are found in modern humans and in 
non-Neanderthal fossils. However, not all suprainiac 
fossae in modern humans are homologous. Suprainiac 
fossae of all kinds are associated with cranial development, 
whether ontogenetic or the development associated with 
the formation of superstructures, and may reflect the 
adaptive response to mechanical stresses that mediate both 
processes.

It is likely that the common form of the suprainiac 
fossa associated with robust modern humans, sometimes 
called the supranuchal fossa, is caused by remodelling 
in adulthood associated with adaptation to strain which 
results in rugose superior nuchal lines. However, there are 
two hypotheses for the expression of a Neanderthal-like 
suprainiac fossa in adults, both Neanderthals and modern, 
which are not necessarily mutually exclusive. First, it may 
be the retention of the juvenile condition; the suprainiac 
fossa is frequently found in infants and children, and I 
suggest it is a consequence of the process by which normal 
cranial shape is achieved. Second, the adult fossa may be 
caused by remodelling factors associated with skeletal 
adaptive response to strain incurred in adulthood. Like 
cranial development in infants, it affects points of maximum 
curvature, and is closely tied to torus formation. The form 

FIGURE 14.  Mladeč 5 (right) and a cast of 6 in occipital view. Below 

them is a diagram showing the suprainiac fossa differences, comparing 

a Neanderthal (left) and the common Early Upper Paleolithic character 

state. Mladeč 6 has a weakly expressed suprainiac fossa similar to 

the Neanderthal condition, while Mladeč 5 lacks a Neanderthal-like 

suprainiac fossa. The Neanderthal suprainiac fossa is not homologous 

to the supranuchal variety of the fossa common in the European Upper 

Paleolithic. Nevertheless, both forms can be found in the Mladeč 

males.
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of the suprainiac fossa associated with robust morphology 
(the supranuchal fossa) is more common in modern humans 
and differs from the "typical" Neanderthal fossa although it 
is also the result of remodelling. Since the result is different 
superstructure development, and therefore different fossa 
expression, the two forms of the suprainiac fossa cannot 
be considered homologous.

ACKNOWLEDGEMENTS

For permission to study the fossils in their care, I thank 
the Anthropos Institute, Moravské zemské muzeum 
(Brno); Natuhristorische Museum (Wein); Antropologické 

oddělení, Národní muzeum (Prague); Hrvatski prirodoslovni 
muzej (Zagreb); Institute for Paleontology and Quaternary 
Geology, Croatian Academy of Sciences and Arts (Zagreb); 
Natural History Museum (London); Paleoanthropology 
Laboratory, Université de Bordeaux. I am especially 
grateful to Jan Jelínek for insights I have gained through 
conversations with him. These have contributed to this work, 
and many other academic and personal endeavours.

REFERENCES

CASPARI R., 1991: The Evolution of the Posterior Cranial Vault in 
the Central European Upper Pleistocene. PhD Dissertation, 
University of Michigan. University Microfilms, Ann Arbor. 
273 pp.

CASPARI R., 2006: The Occipital Remains from Krapina. The 
Croatian Natural History Museum, Zagreb. In press.

DEMES B., 1977: Der Torus occipitalis in der Evolution der 
Hominiden. Diplomarbeit, Universität Frankfurt-am-Main, 
Frankfurt.

DEMES B., 1985: Biomechanics of the primate skull base. Advances 
in Anatomy, Embryology, and Cell Biology 94: 1–59.

FRAYER D. W., 1993: Evolution at the European edge: Neanderthal 
and Upper Paleolithic relationships. Préhistoire Européenne 
2: 9–69.

FRAYER D. W., 1997: Perspectives on Neanderthals as ancestors. 
In: G. A. Clark, C. M. Willermet (Eds.): Conceptual Issues 
in Modern Human Origins Research. Pp. 220–234, 437–492. 
Aldine de Gruyter, New York.

HAILE-SELASSIE Y., ASFAW B., WHITE T. D., 2004: Hominid 
cranial remains from Upper Pleistocene deposits at Aduma, 
Middle Awash, Ethiopia. Amer. J. of Phys. Anthrop. 123: 1–10.

HEIM J-L., 1982: Les Enfants Néandertaliens de La Ferrassie. 
Mason, Paris. 169 pp.

HOYTE D. A. N., 1966: Experimental investigation of skull 
morphology and growth. In: W. J. L. Felts, R. J. Harrison (Eds): 
International Review of General and Experimental Zoology 2: 
345–407. Academic, New York.

HUBLIN J-J., 1978a: Le Torus occipital transverse et les structures 
associées: Evolution dans le genre Homo. Thèse, Université 
Paris VI. 2 Volumes. 175 pp.

HUBLIN J-J., 1978b: Quelques caractères apomorphiques du crâne 
néandertalien et leur interprétations phylogéniques. Comptes 
Rendus de l'Académie des Sciences, Série D, 287: 923–926.

HUBLIN J-J., 1984: The fossil man from Salzgitter-Lebenstedt 
(FRG) and its place in human evolution during the Pleistocene 

in Europe. Zeitschrift für Morphologie und Anthropologie 75: 
45–56.

JELÍNEK J., 1972: Supraorbitale Morphologie, Torus occipitalis, und 
Geschlechtsdimorphmus in the Entwicklung der vorzeitlichen 
populationen Mitteleuropas. Homo 72: 89–100.

JELÍNEK J., 1983: The Mladeč finds and their evolutionary 
importance. Anthropologie (Brno) 21: 57–64.

PLHAK M., 1983: Morphologische Beschreibung und Analyse 
der Schädelbasis von Pithecanthropus IV (Sangiran IV) 
und die phylogenetische Stellung des Exemplars im Rahmen 
der Hominiden evolution. Universität Frankfurt-am-Main, 
Frankfurt. 297 pp.

PLHAK M., 1986: Betrachtungen zur Verteilung der Muskulatur 
der hinteren äusseren Schädelbasis und zur Entwicklung 
eines Torus occipitalis transversus bei fossilen Hominiden, 
speziell bei Homo erectus. Zeitschrift für Morphologie und 
Anthropologie 77, 1: 19–36.

SAKKA M., 1972: Anatomie comparée de l'écaille de l'occipitale 
(Squama occipitalis) et les muscles de la nuque chez l'Homme 
et les Pongidés. Mammalia 36: 696–750.

SANTA LUCA A. P., 1978: A re-examination of presumed 
Neandertal-like fossils. J. of Hum. Evol. 7: 619–636.

SLÁDEK V., 2000: Évolution des Hominidés en Europe Centrale 
durant le Pleistocène supérieur: Origine des homes 
anatomiquement modernes. Ph.D. thesis, Université de 
Bordeaux 1.

TATTERSALL I., 1995: The Last Neanderthal: the Rise, Success, 
and Mysterious Extinction of our Closest Human Relatives. 
MacMillan, New York. 208 pp.

TRINKAUS E., 2004: Eyasi 1 and the suprainiac fossa. Amer. J. of 
Phys. Anthrop. 124: 28–32.

WEIDENREICH F., 1940: The torus occipitalis and related structures 
and their transformation in the course of human evolution. 
Bulletin of the Geological Society of China 19: 480–546.

WOLPOFF M. H., 1999: Paleoanthropology, Second Edition. 
McGraw-Hill, New York. 878 pp.

YOUNG R. W., 1962: Autoradiographic studies on postnatal growth 
of the skull in young rats injected with tritiated glycine. 
Anatomical Record 143: 1–13.

ZHANG Y., POTTS R., 1994: Variation in the occipital torus. Acta 
Anthropologica Sinica 13: 285–293.

Rachel Caspari
Department of Anthropology, 
Sociology and Social Work
Central Michigan University
312C Anspach Hall
Mt. Pleasant, MI 48859, USA
E-mail: caspa1r@cmich.edu





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


