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Summary - The frontal bone is a useful aspect of the craniofacial skeleton to study in physical
anthropology because it contains several characters considered to be important for both population- and
species-level distinctions. These include forehead (frontal squama) inclination and supraorbital morphology.
Because it lies at the interface between the anterior neurocranium and the upper face, it is also informative
about the evolution of both of these regions of the skull. Previous research on frontal bone morphology can be
grouped into two broad categories. One set of studies explored the relationship between craniofacial structure
and function in an attempt to explain biological sources of variation in the torus development of various
extant primate species, including modern humans. The second group of studies examined geographical and
temporal patterns of variation in frontal morphology to make inferences about the phylogenetic relationship
relationships among fossil hominin populations in the Pleistocene. This paper offers a review of both
phylogenetic and functional studies of variation in frontal bone morphology, and synthesizes them to offer
a comprehensive understanding of what the frontal bone can tell us about bio-behavioral and evolutionary

differences both among extant and extinct members of the genus Homo.
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Introduction

Since the earliest days of paleoanthropol-
ogy, several features on the frontal bone have
been recognized as distinctive among Pleistocene
hominins. Even before the 1859 publication of
Darwin’s On the Origin of Species, natural historians
were describing fossilized remains of what are now
known to be early humans from sites such as Engis
in Belgium, Forbes' Quarry, Gibraltar and the
Feldhofer Cave in the Neander Valley, Germany.
Despite not knowing their exact relationship to
modern Homo sapiens, scientists regularly com-
mented upon the notable morphology of the fron-
tal bone as a distinctive feature of these specimens
[Schmerling, 1833; Busk, 1861; Schaathausen,
1861 (1858); Huxley, 1863; Lyell, 1863].

After the paradigm shift that took place
with the publication of Darwin’s work, research-
ers began searching for evidence of humans in

the larger picture of evolutionary change in the
natural world. At that time, certain aspects of
the frontal bone—in particular the browridge—
shaped their notion of archaic human morphol-
ogy. For example, of the four defining traits of
Homo erectus, first discovered in 1891 by Dubois
(1896), three were located on the frontal bone
(Weidenreich, 1941, 1947). Weidenreich
(1947) also considered the frontal to be distinc-
tive between Middle and Late Pleistocene archaic
Homo, in particular Neandertals. Neandertals,
as the first hominins to be recognized as human
ancestors, were subjected to extensive analyses
in which their frontal bone morphology was a
central point of discussion regarding their tax-
onomy, biology and behavior [Busk, 1861;
Schaathausen, 1861 (1858); Blake, 1864; King,
1864; Cunningham, 1908; Keith, 1919; Vallois,
1954; Boule & Vallois, 1957].
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Fig. 1 - External anatomy of the frontal bone.

Yet, despite the long importance that frontal
bone morphology has had in defining archaic
Homo, its sources of variation remained largely
unknown throughout the 20" century, and an
actual quantitative assessment of the differences
among specific groups of Pleistocene hominins
has been elusive. Descriptions of regional or
species-level differences were primarily subjec-
tive. This bone’s irregular shape and the absence
of a significant number of craniometric land-
marks on it made morphometric analyses diffi-
cult until the recent advent of curve-fitting and
three-dimensional semi-landmark techniques. In
addition, because it lies at the interface between
the neurocranial and facial skeletons, the question
of the role of functional morphology in shaping
the frontal bone, particularly the browridge, has
been divided into theories regarding the influence
of brain growth vs. mastication. In this review
I offer a comprehensive discussion of studies
that have sought to identify the sources of varia-
tion in frontal bone morphology throughout the
Pleistocene. I also describe patterns of variation
among Pleistocene groups to detail not just why
but how the frontal bone varies in our genus.

The anatomy of the frontal bone

The frontal bone lies at the interface between
the neurocranium and splanchnocranium (facial

skeleton), with the neurocranial part forming the
superior portion of the bone and the facial part
forming the inferior portion. The browridge, or
supraorbital torus, is part of the facial portion. It is
typically further subdivided and will be described
in more detail below. Embryologically, this bone
derives from a neural crest origin. It ossifies from
two separate centers above each orbit iz utero, and
at birth these centers remain separate such that the
frontal is comprised of two unjoined bones. A car-
tilageneous membrane, or fontanelle, lies between
them to allow a certain degree of flexibility and
elasticity of the skull when it is passing through
the birth canal, and also to accommodate the rapid
brain growth of the neonate. This anterior or fron-
tal fontanelle usually disappears by age 2, when the
two separate bones of the frontal fully ossify. Their
union is then marked by a metopic suture, also
known as the frontal suture. By the sixth year, the
metopic suture is obliterated externally although in
rare cases it persists into adulthood, usually with-
out association with any pathology.

The external surface of the superior portion
of the frontal bone is vertical in orientation in
anatomically modern humans, and comprises
the forehead or frontal squama (Fig. 1). Even in
archaic Homo with sloping frontals, the squama is
more or less vertically oriented with respect to the
Frankfurt Horizontal (FH) and thus can be still
be described as the vertical portion of the frontal.
The regions immediately lateral to the metopic
suture are the locations of the original centers
of ossification, and in some modern and archaic
humans these regions appear raised or rounded.
When such morphology is present they are
termed frontal eminences or bosses. The temporal
lines are also present on the ectocranial surface of
the superior portion of the frontal bone, marking
the supero-anterior extent of the attachment of
the temporalis muscle and its fascia.

Internally, the superior portion of the frontal is
characterized by several meningeal grooves as well as
a midline or frontal crest. The latter is the point of
attachment of the cerebral falx, a strong membra-
nous portion of the dura mater between the right
and left hemispheres of the brain. The posterior por-
tion of the frontal crest ends in the foramen caecum
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where the frontal articulates with the ethmoid bone.
This foramen transmits veins connecting the supe-
rior sagittal sinus to the nasal region.

The external surface of the inferior (facial)
portion of the bone is shaped primarily by the
complex morphology of the supraorbital region,
particularly in archaic Homo. When this region
is characterized by a continuous ridge of bone
above the orbits, it is also known as a supraorbi-
tal torus. Russell (1985) and Lieberman (2000)
define three subregions of the torus (Fig. 2): 1)
the glabellar region, located along the midline of
the frontal bone above the frontonasal suture and
directly between the brows, 2) the supraciliary
region, located just above the medial portion of
each orbit (adjacent to the glabellar region) and
3) the supraorbital region, i.e., the lateral portion
of the bony region just above each orbit. In addi-
tion, the frontozygomatic process that adjoins
the ascending frontal process of the zygomatic
bone occasionally forms part of the supraorbital
torus as well. When it is highly developed, it is
known as the supraorbital trigone and is present
even in some modern humans (Cunningham,
1908; Weidenreich, 1951).

Two sulci are occasionally present on the
supraorbital portion of the frontal as well. The
glabellar region, while conventionally defined as
the most anterior part of the frontal above the
frontonasal suture (White & Folkens, 2000), is
occasionally characterized by either a complete
lack of prominence (Howells, 1973) or even a
depression in this region (Weidenreich, 1951).
When a depression is present, this is sometimes
referred to as a glabellar sulcus. The term supra-
toral sulcus refers to the depression that occurs,
particularly in late archaic Homo, at the juncture
between the supraorbital torus and the fron-
tal squama (Weidenreich, 1951). In modern
humans, the term supraorbital sulcus refers to a
discontinuity or groove between the supraciliary
arch and supraorbital arches, typically located
along the bony portion above the middle of each
orbit (Russell, 1985).

All members of the genus Homo possess a pro-
jecting supraorbital torus with the exception of
modern H. sapiens. Specifically this is referring to a
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Fig. 2 - Subregions of the supraorbital torus.

projecting browridge that is at minimum continu-
ous over each orbit and has some vertical thickness.
Such a structure is present in all archaic hominins
and takes different forms over the orbits (arched vs.
straight), may or may not be interrupted by a swell-
ing or depression at glabella, and varies in thick-
ness supero-inferiorly. In contrast, modern human
browridge development varies by population and,
if present, is usually characterized mainly by pro-
nounced supraciliary arches. If a lateral supraor-
bital arch is present, it is always interrupted by a
supraorbital sulcus, thus precluding H. sapiens
from having a proper supraorbital torus. Instead,
the entire supraorbital region in modern humans
is occasionally referred to as the superciliary arch,
not to be confused with the more medially situ-
ated supraciliary swelling defined above. Modern
humans are characterized by a more vertical fore-
head or frontal squama and more retrognathic faces
overall, which then eliminates the supratoral sulcus.
Internally, the inferior portion of the frontal
bone is occasionally characterized by a frontal
sinus although its presence and form are highly
variable in fossil and modern humans (Bookstein
et al, 1999). While the presence of a fron-
tal sinus is often coincident with a prominent
supraorbital torus, several studies have shown
that sinus growth is not a driver of supraorbital
morphology (Tillier, 1977). Rather, as will be
shown below, both appear to be a consequence
of differential patterns of growth between the
internal and external tables of the frontal bone
(Bookstein ez al., 1999; Lieberman, 2000).
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Previous research on frontal bone morphol-
ogy can be grouped into two broad categories.
Both share a focus mainly (but not exclusively)
on the supraorbital region. One group of struc-
tural/functional studies provides information
on potential ontogenetic/behavioral sources of
variation by exploring the relationship between
craniofacial structure and function in an attempt
to explain sources of variation in torus develop-
ment among extant primates, including modern
humans. The second group of studies examines
the geographical and temporal patterns of vari-
ation in frontal morphology to make inferences
about phylogenetic relationships among fossil
hominin populations in the Pleistocene. These
two bodies of study are interdependent, because
by understanding the possible developmental
or behavioral sources of variation, we can then
better evaluate the significance of geographic
and temporal patterns of variation in this bone
within the genus Homo.

Biological sources of variation:
functional and structural studies

Biomechanical Models

There are two related biomechanical models
that seek to explain the presence of a supraorbital
torus, and both explore evidence of whether this
trait is a structural response to masticatory stress.
The first explanation relates deposition of bone
in the browridge region to tooth eruption pat-
terns (Endo, 1970; Russell, 1985). The second
proposes that strain from the muscles of mas-
tication from either anterior dental loading or
strong chewing/biting forces leads to browridge
development (Endo, 1970; Oyen ez al., 1979b;
Russell, 1985; Hilloowala & Trent, 1988). Both
will be reviewed in detail here.

Tooth eruption and browridge bone remodeling
The relationship between tooth eruption and
bone remodeling in the browridge was initially
proposed by Oyen et al. (1979a, b) and Russell
(1982). Based on research with olive baboons,

Opyen ez al. (1979b) put forth the possibility that

cycles of cancellous bone deposition and remod-
eling of the browridge region were related to
alterations in the masticatory system as a conse-
quence of tooth eruption. Russell (1982) tested
this model on a population of Native Australians.
Comparing different individuals at identical
stages of tooth eruption, she found no significant
relationship between the two variables. In other
words, she was not able to confirm the hypoth-
esis that bone is more likely to be deposited in
the supraorbital region during tooth eruption in
her human sample.

Masticatory stress from anterior dental loading

The idea that the browridge develops in
response to biomechanical forces produced dur-
ing biting—in particular masseter muscle action
during anterior dental loading—was first put
forth by Endo (1970) and led to an extensive
series of experimental studies. In order to test
the effects of masticatory stress on the supraor-
bital region Russell (1985) modeled the torus as
a beam and the masseter and temporalis muscles
as bending forces on the lateral aspects of the
beam. From there, she developed predictions on
the basis of statics theory, which is essentially the
study of mechanical stress (i.e., bending or other
kinds of force, torque, or movement) on a static
system (i.e. one that is in equilibrium in some
way). She proposed that the development of
the supraorbital torus was a function of bending
stresses on the “beam” (i.e., the browridge) by the
masseter muscle due to anterior dental loading.
She took into consideration the degree of prog-
nathism and slope of the forehead (craniofacial
angle) when calculating the forces placed on this
region. The rationale was that the moment arm
of masticatory muscle force was affected by this
orientation.

Using the mathematical formulas devel-
oped for this model by Endo (1970), Russell
found a significant relationship between crani-
ofacial angle and development of the supracili-
ary arches. Her results implied that the angle
of slope of the face and forehead affected the
orientation of the masseter and temporalis mus-
cles, inducing greater strain on the supraorbital
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bone and causing increased bone deposition and
remodeling on the torus. She interpreted this as
a result of severe masticatory and paramastica-
tory stresses, particularly those due to incision.

Picq and Hylander reviewed both Endo’s and
Russell’s work, and found several limitations to
their models (Picq & Hylander, 1989; Hylander
etal., 1991). These authors challenged the prop-
osition that the specific torus area can be mod-
eled as a beam. If sinuses are present, this region
can be hollow, and hollow beams have different
static properties. Additionally, this structure has
variable topography such as a pronounced gla-
bellar region, or a supraorbital sulcus, in differ-
ent individuals. This variability could influence
the browridge’s ability to resist force. Also, these
authors failed to confirm that this region of the
frontal bone actually underwent the magnitude
of strain during anterior loading that served as
the primary explanation for Russell’s results.

Using in vivo bone strain studies on Macaca
fascicularis and Papio anubis during mastication,
Hylander ez al. (1991) tested the masticatory
stress hypothesis. Their research confirmed that
the supraorbital region was bent in the frontal
plane but not the sagittal, as Russell’s model pre-
dicted. They also found that this bending did
not necessarily occur more during incision than
mastication, nor did the recorded levels of strain
increase in more prognathic subjects. The over-
all levels of strain throughout this region were
low in both gorilla and humans skulls relative
to other parts of the face, suggesting that the
presence of a pronounced browridge was more
complex vs. simply serving a functional role of
countering masticatory loads.

To date, the functional/behavioral mod-
els relating masticatory stress or tooth erup-
tion to browridge morphology do not provide
sufficient evidence for explaining frontal bone
variation among or within groups. In fact,
they seem to show that morphological varia-
tion in the frontal bone is 7ot due to behavioral
stresses. While this does not answer questions
about inheritance or adaptive significance, it does
imply that the complex biological system that
shapes this region of the skull is not subject to

serious behavioral remodeling through mastica-
tory stress. Therefore, interpreting this morphol-
ogy in a phylogeographic context is still a valid
and potentially useful approach to understanding
overall patterns of hominin craniofacial variation.

Cranial robusticity and cortical thickness models

Another line of research on frontal bone mor-
phology proposes that overall robusticity, pos-
sibly from excessive deposition of cortical bone
related to exercise or other systemic factors, may
explain the morphology of this bone, particularly
in hominins (Hublin, 1987; Lahr & Wright,
1996; Lieberman, 1996). The notion that the
browridge was the product of an overall systemic
response was first introduced by Keith (1919),
who suggested that the Neandertal supraorbital
torus was a result of the endocrine disorder acro-
megaly. The absence of other skeletal evidence
for acromegaly, as well as the universality of the
prominent brow among archaic Homo makes
this an impossibility, but Keith did introduce the
idea that a prominent browridge was not a local-
ized response to a particular stress, but rather the
result of a system-wide process.

One hypothesis in this vein that also relates
back to Oyen’s research on bone deposition in
the supraorbital region comes from Lieberman’s
experimental work (Lieberman, 1996). He sug-
gests that systemic cortical robustness can be
related to the effects of exercise, particularly dur-
ing periods of skeletal maturation. Lieberman
showed through experimental studies that
the vaults of exercised animals (the miniature
domestic pig, Sus scrofa, and the common nine-
banded armadillo, Dasypus novemcinctus) have
an average thickness that is 28% greater than the
control animals. He concluded that this result
was almost entirely due to increased lamellar
deposition on the outer table of the cranial vault,
as Oyen had observed. He suggested that these
results could be due to the increased production
of growth hormone, stimulated by elevated activ-
ity levels.

This research has the potential to confirm the
hypothesis by researchers such as Hublin (1987)
that well-developed browridges are a product of
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overall increased cranial robusticity due to the
hormonal factors suggested by Lieberman. That
is, if cortical thickness is a reflection of increased
endocrine activity, as proposed by Lieberman,
then it may also be correlated with general robus-
ticity, as in acromegalics. One can then make the
connection that higher activity levels are related
to the development of robust cranial superstruc-
tures such as keel development and torus size.
Thus, Hublins argument that connects fron-
tal bone morphological variation to robusticity
would hold true, and the source would be a sys-
temic response to behavioral stressors.

A related question is the extent to which
frontal sinuses contribute to browridge projec-
tion. Moss & Young (1960) have shown that as
frontal bone thickness increases, pneumatization
is more likely to occur. The direction of this cor-
relation has not been definitively proven. Larger
sinuses could be the result of increased deposition
of cortical bone in the supraorbital area, which
would lead to overall thickening of the torus
and, secondarily, to the development of sinuses.
Or, a scenario conventionally considered to be
less likely is that an enlargement of the sinuses
leads to greater supraorbital torus development.
However, detailed studies have consistently dem-
onstrated that there is no evidence for the latter
(Tillier, 1977; Seidler et al., 1997; Bookstein et
al., 1999). The formation or form of the frontal
sinuses does not have any direct influence on the
form of the external browridge.

Craniofacial architecture models

A number of studies on frontal bone mor-
phology have framed variation as a product of
spatial relationships between the anterior neuro-
cranium and face, with changes in this bone being
driven by the expansion of the brain and the
changing structure of the cranium (Weidenreich,
1941; Moss & Young, 1960; Shea, 1986; Enlow
& Hans, 1996). Similar ideas are also embodied
in discussions of encephalization, which signifi-
cantly increased during the Middle Pleistocene
(Leigh, 1992; Ruff ez al, 1997). This idea has
its roots in the late 19 and early 20% century.
Following the discovery of the original Neandertal

fossil in Germany, Schwalbe [1899, 1901, 1906
(in Cunningham, 1908); Weidenreich, 1941]
immediately recognized the distinctiveness of the
frontal bone in pre-modern Homo. His observa-
tions inspired further study into the etiology of
the torus by his student, Weidenreich (1941), as
well as Cunningham (1908) in the first half of the
20* century. Most of this early research focused
on the relationship between the brain and the
orbits, particularly in light of the expansion of
the cerebral cortex. A discussion of the expansion
of the anterior brain and its influence on frontal
bone morphology is discussed in further detail
below. Here, the focus is on how the work of
these scientists ultimately formed the basis for the
spatial explanation for the degree of development
of the supraorbital torus.

According to the spatial model, changes in
the structural relationship between the orbits and
anterior neurocranium are the primary deter-
minants of frontal bone morphology (Moss &
Young, 1960). In species with large prognathic
faces, the orbits and face are displaced anteriorly
relative to the braincase, calling for a “horizon-
tal space filler” of bone, so to speak--namely,
the supraorbital torus. Related to this phenom-
enon is a progressive flattening of the forehead.
Proponents of this model also believe that the
torus serves to strengthen and protect that region
of the head in the absence of other structural
reinforcements (e.g., Hylander ez a/., 1991).

Shea (1985, 1986) and Ravosa (1988, 1991)
have separately pursued this structural explana-
tion through analyses of African primates. Shea’s
work focused on studies of African ape and oran-
gutan skulls. The latter Asian species served as
a comparison because it lacks prominent toral
development.  Using angular measurements,
Shea assessed the relationship between the orbital
axes of orientation, maxillary plane, and cranial
base. He demonstrated that the splanchnocra-
nium in Pongo, while maintaining the same
shape as the African apes, is positioned differ-
ently: it is dorsally inclined relative to the brain-
case. Shea’s work also addressed the fact that this
trait develops ontogenetically. In African apes,
the percentage of the orbital roof that is overlain
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by the contents of the anterior neurocranium
gradually decreases during growth due to the fact
that the face is displaced anteriorly relative to the
braincase. The result is to position the orbits
further from the anterior neurocranium, thus
creating the need for a bar of bone to fill in the
intermediary space. Looked at another way, the
proximal relationship between the orbital cavi-
ties and braincase in orangutans eliminates the
need for a bony torus.

Ravosa (1988, 1991) has also pursued an
understanding of the relationship between the
orbits and the development of a supraorbital
torus. His work specifically focuses on the rela-
tionship between the orbital and neural (frontal
lobe) tissue. His results suggest that this rela-
tionship is not a “prime mover” in determining
torus morphology. Rather, Ravosa’s research
suggests that face and skull size are the most sig-
nificant determinants of torus development. In
particular, he was one of the first to demonstrate
quantitatively, across several primate genera, that
facial size and orientation were significant deter-
minants of the antero-posterior dimensions of
the browridge.

May & Sheffer (1999) sought an under-
standing of the growth trajectories of various
regions of the upper facial skeleton of different
hominoid and fossil hominin species. Studying
changes and differences in the position of vari-
ous midline craniometric landmarks, they found
a variety of sources of upper facial projection in
their study species. While frontal bone thickness
explains the projection of robust australopith-
ecine faces, the upper face of Homo was found
to be projecting due to the length of the anterior
cranial fossa.

Lieberman (2000) has provided one of the
most comprehensive reviews of sources of varia-
tion in frontal bone morphology. In particular he
assessed the ontogenetic and architectural basis
for a prominent supraorbital torus in archaic
Homo. He also compared supraorbital morphol-
ogy in early hominins to that of anatomically
modern humans. He ultimately found that the
model first proposed by Weidenreich in 1941
was the most successful at explaining browridge

formation. In essence, prominent browridges
are a byproduct of upper facial projection, which
occurs due to the differential patterns of develop-
ment of the inner vs. the outer tables of the fron-
tal bone (which, he notes, are part of the neu-
rocranium and face, respectively) (Lieberman,
2000). He concluded that browridge formation
is not affected by in vivo response to masticatory
strain, nor is simply an allometric consequence
of cranial size. While allometric differences do
explain an element of browridge morphology,
they cannot entirely explain variation in torus
robusticity.  Rather, allometric differences in
the upper face and projection secondarily affect
browridge morphology, including influencing
sexual dimorphism in modern humans (Rosas &
Bastir, 2002).

Phylogenetic analyses of the
genus Homo based on frontal bone
morphology

Questions about the phylogenetic signifi-
cance of frontal bone variation within the genus
Homo have been present since the beginning of
paleoanthropology. Most of these studies consider
supraorbital torus morphology in particular to
be distinctive, even diagnostic, between African
(H. ergaster) and Asian H. erectus, Neandertals,
and modern humans (Cunningham, 1908;
Weidenreich, 1951; Lahr & Wright, 1996).
For example, as stated in the Introduction, the
original Neandertal fossil was immediately con-
sidered notable due in large part to its unusual
browridges (Boule & Vallois, 1957; Trinkaus &
Shipman, 1992). Weidenreich (1947) also con-
sidered this region to be important in the assess-
ment of the relationship of Middle Pleistocene
Homo to Neandertals. Since that time, the mor-
phology of the frontal bone has become central
to the definition of Neandertals. They are said to
be characterized prominent browridges arching
laterally over each orbit but nonetheless form-
ing a continuous bar of bone across the upper
face with a glabellar depression separating each
arch (Le Gros Clark, 1955; Smith & Ranyard,
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1980; Smith ez al., 1989), although the glabel-
lar region has also been described as occasionally
projecting (Santa Luca, 1978; Rosas ez al., 2006).
The supratoral sulcus is considered to be more
pronounced in the lateral portions of the torus
than the medial (glabellar) portion and less pro-
nounced than in H. erectus. Together, this fron-
tal morphology is considered distinctive relative
to both H. erectus and H. sapiens (Dubois, 1937;
Smith & Ranyard, 1980; Lahr & Wright, 1996).

Similarly, upon its discovery, Sinanthropus
pekinensis was considered to have four defining
traits, two of which were on the frontal bone:
supraorbital torus morphology and the con-
figuration of the forehead relative to the torus
Weidenreich (1937). Several traits that have sub-
sequently been agreed upon as defining H. erectus
appear on the frontal bone such as a low fron-
tal with a well-developed supraorbital torus that
forms a straight, continuous bar of bone above
the orbits when viewed superiorly, a variably pre-
sent supratoral gutter or sulcus, and a flattened
frontal squama (Weidenreich, 1943; Le Gros
Clark, 1955; Rightmire, 1990; Antén, 2002).
Differences in the frontal have also been used to
distinguish the Chinese and Indonesian H. erec-
tus specimens, with the latter being described as
having a straight continuous bar of bone above
the orbits that grades directly into the frontal
squama, and the former having a more pro-
nounced sulcus that separates the browridge from
a slightly more vertical squama (Weidenreich,
1943; Antén, 2002). However, these differences
have been used to illustrate interregional varia-
tion in Asian Homo erectus rather than to argue
for differentiation at the species level.

Several studies have used characters on the
frontal bone to support a particular evolution-
ary model or interpretation of the fossil record.
Assessments of variation in this bone have been
brought to bear on debates about the meaning of
craniofacial differences among African, European
and Asian Middle Pleistocene Homo as well as the
evolutionary relationship between Neandertals
and early modern humans (Rightmire, 1985;
Spitery, 1985; Stringer, 1985; Briuer, 1992;
Lahr, 1994; Lieberman, 1995; Athreya, 2006).

The traits regularly considered to be important
and highly variable include: degree of post-orbital
constriction, frontal squama angle, bregmatic
eminence, frontal keeling, glabellar morphology,
supratoral sulcus morphology and size, minimum
and maximum frontal breadth, and degree and
patterning of supraorbital torus development.
These assessments came to variable conclusions
about what the observed patterns of frontal bone
variation meant vis 4 vis a particular model of the
fate of H. erectus or origin of modern humans.
Often (although not always) the morphology was
minimally quantified and thus open to a great
deal of subjective interpretation.

Other historically significant frontal bone
studies have focused on this cranial region in
phylogenetic assessments of new fossil finds
(Boule, 1913; Heim, 1976; Conroy et al., 1978;
Stringer et al., 1979; Arsuaga et al., 1997). As
with the previous set of studies, for the most
part researchers have used a combination of
metric and non-metric features on the frontal
to build inferences about evolutionary relation-
ships in the Pleistocene. While most of the previ-
ous studies were limited to the information that
could be obtained from a visual assessment of
non-metric traits, or from linear measurements
taken between craniometric landmarks, some
researchers have attempted to expand their data-
base by including non-landmark based measure-
ments. These are worth reviewing, because they
address the inherent limitations that are present
in quantifying the complex morphology of the
frontal bone. Their results are somewhat con-
sistent, and shed light on the possible phyloge-
netic significance of variation in this bone among
Pleistocene Homo.

The first multivariate analyses of various
landmark and non-landmark based linear meas-
urements of the supraorbital torus was in 1980s
and early 1990s (Smith & Ranyard, 1980; Smith
et al., 1989; Simmons, 1990; Simmons et al.,
1991). The goal of these studies was to identify
evolutionary trends during the later Pleistocene
by focusing on morphological changes in one
cranial element on the frontal bone. Smith and
Raynard (1980) conducted a metric analysis of



S. Athreya 67

supraorbital thickness and projection of a sample
of Late Pleistocene archaic and modern humans
from Central Europe. They evaluated supero-
inferior thickness at the medial, lateral and
midorbit portions of the torus along the orbital
segments; they also took projection measure-
ments at those points. The results did not find
any significant difference between the archaic
(Neandertal) and early modern humans in the
region. Rather, supraorbital morphology was
continuous in form from the early Neandertals
(Krapina) through the late Neandertals (Vindija)
and early modern humans. They took this as
an indication of a general process of transition
between Neandertals and early modern humans
in this region, a finding that Smith ez 4/. (1989)
later suggested was a pattern true for all of
Europe. This idea has since been substantiated
through other craniofacial elements and fossil
finds for Central Europe (Trinkaus ez 4/, 2003;
Trinkaus & Svoboda, 2006; Trinkaus, 2011) and
Southwest Asia (Simmons, 1990; Simmons ez a/.,
1991). The latter research, built on Smith ez 2l.’s
previous work, was a further quantitative analysis
that analyzed both raw and log-shape data to bet-
ter understand frontal bone patterns of variation.
The results showed that, as in Central Europe,
the Southwest Asian hominins showed continu-
ity in frontal bone morphology—specifically,
between the early modern human Skhul/Qafzeh
sample and earlier archaic humans.

Dean’s (1993) work was a further innovation
in frontal bone morphometrics in that it pro-
vided a valuable assessment of Middle Pleistocene
hominin cranial morphological differences based
on space-curve statistics. He collected three-
dimensional digitized outline tracings from the
glabellar region, the lateral browridge, temporal
line, and coronal suture along with one trait that
does not fall on the frontal bone, the superior
nuchal line. Dean found that certain aspects of
the frontal—namely the glabellar region—were
unique for H. sapiens relative to archaic Homo;
other aspects such as the coronal suture region
were not distinctive between H. erectus and later
Middle Pleistocene Homo. His work represents
an important precedent to subsequent research

on the phylogenetic significance of frontal bone
variation through the use of 3-D data and the
quantification of curves. Ultimately, this study
formed a significant part of the basis for the
“accretion” model of Neandertal facial form
(Dean et al., 1998; Hublin, 1998).

More recently, a study was conducted by
Freidline e# al. (2012) on the fronto-zyogmatic
morphology of the Zuttiyeh specimen. The
authors used 3-D semi-landmark data and com-
pared Zuttiyeh to a broad sample of Middle
Pleistocene Homo, Neandertals and early mod-
ern humans. They found that Zuttiyeh dis-
played a generalized archaic frontal and zygo-
matic morphology, and could thus represent the
last common ancestor of Neandertals and mod-
ern humans if its geological age was confirmed
to pre-date the split between these two lineages.
Based on the present estimates of the age, how-
ever, which would post-date the split, they pro-
posed that its fronto-zygomatic morphology was
more similar to Neandertals and thus it repre-
sented an early member of this group.

The extent to which the frontal bone is diag-
nostic among archaic Homo, however, is ques-
tionable. Among Middle Pleistocene Homo, 1
found (Athreya, 20006) that the frontal bone was
not useful in extrapolating parameters of past
population structure or phylogenetic history. 1
also found (Athreya, 2009) that among archaic
members of the genus Homo, there are very few
traits that distinguish among them. These will
be discussed in more detail below, and will show
that while the results of Freidline er al’s (2012)
study are intriguing and call for further investiga-
tion into the patterning of evolutionary change
in the Levant (also proposed by Bruner er al.,
2004) the evolutionary valence of the fronto-
zygomatic region and its ability to reveal broader
phylogenetic branching events is questionable.

A study by Bookstein ez al. (1999) attempted
to gain a better understanding of overall fron-
tal bone morphology by analyzing the internal
and external aspects of the frontals of 16 mod-
ern humans and five mid-Pleistocene hominins
using the 3-D morphometric Procrustes analy-
sis. Though their analysis relied upon lateral
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radiographs and was thus restricted to a study
of the mid-sagittal profile, their research was the
first to apply Procrustes analysis to the study of
frontal bone evolutionary change in Pleistocene
Homo. They were attempting to understand the
relationship between inner and outer aspects of
the frontal bone, and thus their work relates to
previously discussed studies seeking to under-
stand sources of variation in frontal bone mor-
phology. Interestingly, they found that while
the external morphology of the frontal—namely,
the browridge—changed considerably from the
Middle to Late Pleistocene, there was actually a
great deal of stability in the inner table of the
frontal bone. This suggested a comparable stabil-
ity in frontal lobe morphology over a long period
of human evolutionary history. Their study also
demonstrated the independence by which the
inner and outer aspects of the frontal changed
over the course of the Pleistocene (Fig. 3).

Similarly, Seidler ez 2. (1995, 1997) analyzed
the human medial sagittal plane using trignon-
metric curve-fitting analyses of 50 modern
humans as well as four fossil casts to demonstrate
the viability of this approach. Later, they used ste-
reolithographically-modeled skulls of two Middle
Pleistocene specimens, Kabwe and Petralona, to
examine the anterior cranial fossa and the effect
of pneumatization in this area on overall cranial
morphology. They, like Bookstein e# /., found
that there was considerable divergence between
patterns of variation in the external morphology
of the frontal bone vs. the endocranial portion
interfacing with the anterior brain. In particular,
both studies found that the anterior lobes of the
brain were situated behind, vs. above the orbits in
the Middle Pleistocene fossils Petralona, Broken
Hill, and Sima de los Huesos 5. While the
authors were cautious to draw conclusions about
what these findings meant in terms of cognitive
function, these studies furthered the research on
the relationship between paleoneurology and fos-
sil craniofacial morphology. In the subsequent
decade, several studies integrated these two fields
in order to develop a better understanding of the
significance of frontal bone variation for modern
human origins.

Similar to Bookstein ez al’s (1999) study,
Bruner ez al. (2004) used geometric morpho-
metrics to evaluate variation in midsagittal cra-
nial profiles of a fairly broad sample (n=19) of
Pleistocene specimens along with one Pliocene
specimen from Sterkfontein. Using Thin Plate
Spline and Procrustes analysis, they evaluated
the entire midsagittal profile vs. just the fron-
tal. They found a clear separation of the western
European Neandertals and anatomically mod-
ern H. sapiens, with the latter exhibiting frontal
enlargement while the former retained plesio-
morphic traits in the vault, but derived mor-
phology in the face. Comparable to Simmons ez
al’s (1991) finding, the status of the Southwest
Asian Neandertals was less clear. In addition, as
other studies later substantiated, the affinities of
Irhoud 1 were also mixed.

Further studies by Bruner & Manzi (2005,
2007) to evaluate the Ceprano specimen yielded
interesting results with respect to the architecture
of the frontal bone, both endo- and ectocranially,
among Middle Pleistocene Homo. Their results
confirmed the findings of previous studies that
among archaic Homo, the frontal lobes are pos-
teriorly positioned relative to the orbits instead
of resting above them. In addition, they found
that there has been a bilateral widening of the
frontal lobes among Late Pleistocene (Neandertal
and early modern human) populations. Upon
further investigation (Bruner, 2007; Bruner &
Holloway, 2010), this expansion was confirmed
as being due to more than just an overall increase
in cranial capacity. Rather, in the Late Pleistocene
there appears to have been a proportional increase
in the anterior brain in particular. This finding is
particularly relevant given Cunningham’s (1908)
original interpretation of the low frontal profile
of Neandertals which he posited was a reflection
of their smaller frontal lobes and thus decreased
capacity for rational thought relative to modern
humans. While Bruner and colleagues (Bruner,
2007; Bruner & Holloway, 2010) do not assert
specific outcomes or make phylogenetic infer-
ences based on this reorganization of the archi-
tecture of the brain, they do consider its possible
implications particularly with respect to neural
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Fig. 3 - Frontal bone inner vs. outer table variation among Pleistocene Homo : a) KNM-ER 3733; b)
Ceprano; c) Broken Hill; d) Laetoli 18; e) Spy 1; f) Mladec 1.
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Fig. 4 - Three outlines taken in Athreya’s (2006,
2009) study.

functions such as language (particular given the
location of Broca’s area on the left prefrontal cor-
tex), working memory, and decision processing.

The result of these studies has allowed us to
make inferences about the relationship between
frontal bone morphological variation and neural
functioning in Pleistocene Homo. Clearly, based
on this research, variation in the ectocranial
facial portion of the frontal bone (particularly
the browridge) is independent of variation in the
endo/neurocranial (squamal) portion. Browridge
morphology varies more widely throughout the
Pleistocene and while it may be patterned some-
what geographically, it is not related to brain
architecture. In contrast, the frontal squama and
particularly the endocranial aspect of the fron-
tal bone is relatively stable for several hundred
thousand years of evolution, from the Middle
to Late Pleistocene. In the Late Pleistocene, we
see both a lateral and (with anatomically modern
humans) vertical expansion of the frontal bone
related to a repositioning of the anterior cerebral
cortex above the orbits.

Temporal and regional variation
in Pleistocene Homo frontal bone
morphology

Recently, I conducted a similar study of sag-
ittal profiles of the frontal bone of the largest
samples of Pleistocene hominins (n = 55) avail-
able, to assess the patterning of variation within
and among groups of hominins (Athreya, 2006,
2009). Three outlines were analyzed for this
research: the midsagittal profile from nasion to
bregma as well as two parasagittal profiles above
the medial and lateral sections of the orbit,
respectively, extending from the orbital margin
to the coronal suture (Fig. 4). These were traced
using a modified pantograph, and then digitized
and analyzed using Elliptical Fourier Analysis, a
curve-fitting morphometric method. The fossil
sample ranged from the earliest Pleistocene to
the end of the Late Pleistocene (Tab. 1).

Based on the results, certain things can be
said about frontal bone variation along temporal
and regional lines. The Early Pleistocene sam-
ple was significantly different from H. erectus
(sensu stricto) in frontal chord length and frontal
subtense or forehead height. In particular, the
African early Homo were significantly differ-
ent from the Indonesian H. erectus in these two
traits in that the latter had longer, more rounded
frontals. This is undoubtedly a reflection of
the vast temporal difference between the two
groups, since the African H. erectus date to older
than 1.5 million years ago and the Indonesian
specimens analyzed here have been dated to the
later-Middle Pleistocene (Indriati e 2/, 2011) or
possibly the early-Late Pleistocene (Barstra e a/.,
1988; Barstra & Basoeki, 1989).

Within the Asian H. erectus sample, two of
the Ngandong specimens (7 and 11) had the
highest values in the sample for glabellar projec-
tion (Fig. 5). Originally the Ngandong sample
was described as possessing a glabellar depres-
sion (Dubois, 1937) and the Zhoukoudian and
Trinil/Sangiran specimens were viewed as pos-
sessing a glabellar torus (Weidenreich, 1943,
1951). Others have described variability in this
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trait within regional samples (Santa Luca, 1980;
Stringer, 1984; Antén, 2003). This morphology is
significant because, relative to the Late Pleistocene
groups in the study, glabellar projection was diag-
nostic for H. erectus, which had on average a more
prominent glabellar region than other groups.

When the Chinese and Indonesian H. erectus
samples were compared to each other, they were
not statistically significant, nor were the patterns
of separation discrete enough to characterize the
fossils from one region to the exclusion of the
other. However, when comparing each Asian
sample to the African H. erectus, I found that the
Chinese H. erectus were never significantly differ-
ent from the Early Pleistocene Africans, but the
Indonesians were. As previously stated, this was
true for frontal subtense height and frontal chord.
They were also significant different from AMHS
in the projection of the lateral browridge. Previous
studies that examined a wider range of morphol-
ogy than was captured here (Weidenreich, 1951;
Antén, 2002, 2003) have described certain differ-
ences. However for supraorbital torus projection,
frontal chord, and frontal curvature, the interre-
gional differences in Asian H. erectus are not sig-
nificant but the fossils from China vs. Indonesia
do show differential affinity to other groups.

The non H. erectus fossils from the Middle
Pleistocene, often referred to as H. heidelbergensis,
have been evaluated for systematic regional differ-
ences in frontal bone morphology and none were
found (Athreya, 2006). This is consistent with stud-
ies of the endocranial aspects of Middle Pleistocene
frontal bones, which have similarly suggested a
common, general archaic pattern of frontal bone
morphology that does not appear to exhibit regional
distinctions (Bookstein ez al., 1999; Prossinger et
al., 2003; Bruner & Manzi, 2005). In my (Athreya,
2009) analysis, Middle Pleistocene Homo is mor-
phologically intermediate between the H. erectus
and Neandertal samples in most aspects of frontal
bone morphology. However, there appears to be a
specific shape associated with Middle Pleistocene
Homo lateral frontal bone morphology: the par-
asagittal profiles (taken above the mid-orbit and the
lateral portion of the orbit) were significantly differ-
ent in both raw and size-standardized analyses from

Tab. 1 - Sample and fossil classifications from
Athreya (2009).

FOSSIL

SPECIMEN GROUP

Abri Pataud *
Cro Magnon 3*

Irhoud 1%*

Liujiang

Mladec 1* Anatomically

Ohalo 2* modern
Homo sapiens

Predmosti 3* (AMHS)

Qafzeh 6*, 9

Rond du Barry*

Skhul 5

Ziyang

Dmanisi 2280* Early
Pleistocene

ER 3733%*, 3883*

Ngandong 1, 6, 7, 10, 11, 12

Sangiran 2*, 17
Homo erectus

Sambungmacan 1, 3 (sensu stricto)

Trinil
Zhoukoudian (ZKD) 3*, 5%, 10*
Arago*
Bodo*
Ceprano*
Dali*
Elandsfontein
Florisbad
Kabwe
Laetoli 18*
Maba
Narmada

Middle
Pleistocene

Petralona
Steinheim
Zuttiyeh*

Amud

Forbes Quarry

Guattari (Monte Circeo)
Krapina C, E*

La Chapelle aux Saints*
La Ferrassie*

La Quina 5*

Neandertal

Shanidar 1*, 5%

Spy 1,2

Neandertal

*casts
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Fig. 5 - Boxplots of browridge projection based on midsagittal (solid white), parasagittal mid-orbital
(black dots) and lateral orbital (black hash lines) profiles for five groups of Pleistocene Homo.

H. erectus and Neandertals; and in one analysis (the
size-standardized mid-orbital outline) they were sig-
nificantly different from every other sample group.
The differences were so consistent that, aside
from anatomically modern H. sapiens, the Middle
Pleistocene sample exhibited the most statistically
distinctive frontal bone morphology in the study.
This point is relevant considering that two
of the archaic retentions that Middle Pleistocene
hominins are described as having are massively
built supraorbital tori and flattened frontals
(Rightmire, 2007). With respect to frontal flat-
ness, these fossils were not significantly different
from any group except AMHS in my measure of
this trait (maximum frontal subtense), and a box-
plot reveals a strong similarity with H. erectus in

both median and range for this trait (Fig. 6). In
supraorbital torus morphology, the lateral torus
shows the most marked increase in projection
relative to the mid-orbit for any sample in this
study in terms of median values. To some extent
this is due to the relatively low median value of
the 50% projection measure, which aligns more
with Neandertals than H. erectus and is influ-
enced by the low values for Arago and Steinheim,
both of which are distorted. But notably two
large African specimens, Bodo and Laetoli 18,
along with Dali which has also been described as
having a massive supraorbital torus (Pope, 1992)
also fall at the lowest end of the mid-Pleistocene
Homo range for this trait. So while the torus
of Middle Pleistocene Homo does appear to be
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Fig. 6 - Boxplots of maximum frontal squama projection (frontal subtense height) for five groups

of Pleistocene Homo.

massive, the pattern that seems to really distin-
guish this group is the lateral browridge, which
displays a consistent (as expressed by the limited
range of variability) pattern of greatest projection
in the lateral-most aspect. It bears repeating that
the height of the torus in these fossils, which is
notably large for many of them, is in fact so vari-
able as to be of limited utility in characterizing
this group (Rightmire, 2008) so it is more the
projection of the lateral torus than its height that
contributes to the distinctive nature of Middle
Pleistocene Homo frontal bone morphology.

For the most part Neandertal frontal bone
morphology is neither distinctively long nor
low, despite descriptions of the overall cranium
as being this way (Stringer & Gamble, 1993).
Also, interestingly I did not find evidence of a
glabellar fossa or depression; in fact the glabel-
lar region of Neandertals was nearly identical in
absolute prominence as well as range and median

values to that of AMHS. Despite the similar

absolute measurements of glabellar projection
for the Neandertal and anatomically modern
Homo sapiens samples, these two populations
are rarely described as sharing this trait and
indeed, while the glabellar region of Neandertals
is described as “depressed” that of H. sapiens is
sometimes referred to as “swollen” (Tattersall &
Schwartz, 2008). This is partly due to the differ-
ent forehead configuration of AMHS, often (but
not always) rising directly up from the browridge
region without a separating sulcus, along with the
receding or absent lateral torus projection of this
group. However, in quantitative terms it is more
accurate to describe the Neandertal medial brow-
ridge as that of AMHS is described: frequently
(but not universally) having a non-projecting or
only slightly projecting glabellar region relative
to that of the lateral browridges.

Interregional differences between European
and West Asian Neandertal frontal bone mor-

phology have been reported (Howell, 1957;
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Simmons & Smith, 1991; Bruner er al., 2004)
and the Amud specimen has been described as
being more similar to western European vs. other
west Asian Neandertals (Suzuki & Takai, 1970),
both of which I found as well. On the whole, the
west Asian Neandertals did not form a cohesive
morphotype in frontal bone morphology. While
Shanidar 1 and 5 were consistently at the lower
end of the range in terms of browridge projec-
tion and frontal flatness as previously reported
(Trinkaus, 1983), Amud was not. The western
European sample also had a high degree of vari-
ability, so much so that it is not possible to char-
acterize their frontal bone morphology in a way
that would sufficiently include all of them.

In virtually every element of frontal bone
morphology studied here, the AMHS sam-
ple differed significantly in both size and size/
shape analyses from all other groups. The two
exceptions were glabellar morphology, in which
AMHS differed significantly only from Homo
erectus (which itself was the group with distinc-
tive morphology relative to both Late Pleistocene
samples) and frontal chord, in which the AMHS
sample was not significantly different from any
other—and in which only one significant dif-
ference was found at all, between the Early
Pleistocene and Indonesian H. erectus samples.

However, within the AMHS sample there
were no obvious morphological trends. While
the older African/Israeli specimens did tend to
express more robust morphology such as flatter
frontals and more prominent brows, in many
of these measures the reverse was not true: the
younger Upper Paleolithic European specimens
did not necessarily possess more gracile, rounded
frontals. This issue is important when considered
in the context of previous studies, which have
used the reduction or absence of supraorbital
torus as a defining trait of AMHS (Lieberman
et al., 2002). While this is true in general, the
distinction between reduction and absence is
a vague one, particularly throughout the late-
Middle and early-Late Pleistocene. The ranges
for Neandertals and Middle Pleistocene Homo
overlap in several analyses. In addition, while the
mean values for AMHS and other samples were,

for the most part, significantly different, the
ranges were overlapping as well with Neandertals,
particularly in the midsagittal and 50% profiles
and browridge projection values. For example,
Skhul 5 misclassified as a Neandertal in both
the raw and size-standardized analyses of the
50% outline; and the Irhoud 1, Skhul 5, and
even the Magadlenian Rond du Barry specimens
had browridge projections that overlapped with
Neandertals from La Ferrassie and Gibraltar.
Thus, between early AMHS and Neandertals
there does not appear to be a distinctive pattern
in frontal bone morphology, particularly in the
browridge or midsagittal profiles, and this bone
should not be used to diagnose them.

Having said that, in a statistical sense this
study found AMHS to be significantly differ-
ent in most respects for this aspect of the frontal
bone. And in measures of lateral brow projec-
tion, AMHS was the only group that was signifi-
cantly different from all other groups, indicating
that these traits are diagnostic. The consistent
findings of significant differences in every test are
consistent with recent research demonstrating
the derived nature of AMHS morphology, par-
ticularly in the craniofacial skeleton (Trinkaus,
2003, 2006). However, as stated earlier, while on
average the AMHS sample is different, the range
of variation both in time and space of browridge
prominence within the Late Pleistocene was
considerable. This makes it difficult to offer a
comprehensive statement about how frontal
bone morphology is patterned within early AH.
sapiens as a whole that sets it apart from other
Pleistocene groups, a result also supported by
previous studies (Smith ez @/, 1989; Simmons
et al., 1991; Frayer et al., 1993). (Smith ez al.,
1989; Simmons ez al., 1991; Frayer et al., 1993)

Conclusion

Based on this, what do we know about
sources of variation in frontal bone morphol-
ogy within the genus Homo? First, the biome-
chanical models have been explored extensively,
and there is no repeatable strong evidence that
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morphological variation in the supraorbital mor-
phology of human and nonhuman primates is
a plastic, in vivo response to high loading lev-
els. So differences in frontal bone morphology
are almost certainly not primarily a reflection of
differences in activity patterns or levels among
individuals (Ravosa, 1988, 1991; Lieberman,
2000) (although see: Prossinger er al., 2000).
Supraorbital morphology is most likely related to
changing spatial relationships between the neu-
rocranium, splanchnocranium and basicranium
(Lieberman, 2000; Fiscella & Smith, 2006), as
Weidenreich first suggested several decades ago
(Weidenreich, 1941). Studies focusing on mod-
ern humans further support this model (Vinyard
& Smith, 1997, 2001), as do those investigating
the emergence and definition of modern human
craniofacial form (Lieberman, 2000; Lieberman
et al., 2002; Tillier, 2007; Pearson, 2008).

In terms of its phylogenetic utility, while cer-
tain traits can be useful for delineating between
specific sets of temporal or regional fossil sam-
ples, on the whole variation in the frontal bone
is distributed among commonly recognized fossil
groups in a continuous fashion. Despite previ-
ous research that has described population- and
species-level differences in frontal bone mor-
phology, the results of quantitative studies indi-
cate that for many aspects of this bone such as
supraorbital torus projection, frontal chord and
frontal subtense, Pleistocene hominin popula-
tions do not differ significantly.

The notable exception to this statement is the
distinctiveness of anatomically modern H. sapiens.
Perhaps not surprisingly, this group is consistently
significantly different from other Pleistocene fos-
sil groups in aspects of frontal flatness/curvature,
supraorbital torus projection, and overall sagittal
and parasagittal form. The differences are related
to both size and shape. However, the caveat of
overlapping ranges among all archaic Homo
groups, and between Neandertals and anatomi-
cally modern humans, means that only the lateral
aspects of the frontal bone likely carry sufficient
valence to differentiate between the two groups;
in other respects, their ranges overlap consider-
ably. Second, there is not necessarily a one-to-one

correspondence between a character or trait and
evolutionary relationships. So phylogenies that
are ultimately built upon cranial studies such as
this should take into consideration not just shared
localized morphology but larger issues—such as
character weighting, adaptive significance, and the
relationship between micro- and macroevolution-
ary change. These and other factors are important
to consider when using morphology to recon-
struct the evolutionary history of our species.
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Info on the web

http://www.sciencedirect.com/science/article/
pii/S0047248409001675 or
http://dx.doi.org/10.1016/j.jhevol.2009.09.003
Outlines of the frontal bones of 45 Pleistocene
hominin fossils are available in the
Supplemental Online Material of Athreya’s
2009 Journal of Human Evolution article.

http://www.bartleby.com/107/33.html
The anatomy of the frontal bone as described in
Grays Anatomy.

http://johnhawks.net/explainer/laboratory/
frontal
John Hawk’s Paleoanthropology blog also

contains lab exercises on _frontal bone anatomy.
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