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CHAPTER 5 
 
The Fossil Hominids’ Brain of 
Dmanisi: D 2280 and D 2282

Dominique Grimaud-Herve and David Lordkipanidze

Abstract

Since the discovery of the first mandible in 1991 at 
the site of Dmanisi, many other human fossil remains 
have been found at the site in association with archaeo-
logical artefacts and faunal remains dated between 1.81 
and 1.77 My. Dmanisi is probably the oldest site outside 
of Africa, and was most likely an important migration 
route into Europe and Asia from Africa. Analysis of the 
two first hominid endocasts of D 2280 and D 2282 has 
been done. These endocats were compared with contem-
poraneous African fossil hominids (Homo habilis, Homo 
rudolfensis, Homo ergaster) and continental and insu-
lar Asiatic ones (Homo erectus). Dmanisi’s endocasts 
are similar in size with the earliest specimens of Homo, 
while cerebral form, vascular middle meningeal pattern, 
cerebral morphology are more similar to Asiatic Homo 
erectus. Based on these similarities they can be assigned 
to the same taxon as early representatives of the genus 
Homo (Homo ergaster or even Homo habilis), suggest-
ing Dmanisi played an essential role in the earliest settle-
ment of eastern Asia.

Keywords

Dmanisi, Brain, Human evolution, Cognitive ca-
pacities, Eurasia

Introduction

Discoveries of human fossil remains at Dmanisi are 
now well known, yielding five skulls, four mandibles 

and many postcranial elements and associated archaeo-
logical assemblages (Gabunia 1992, Gabounia & Vekua 
1995, Gabounia et al., 1999, 2000, 2002; Vekua et al., 
2002; Jashashvili, 2002; Rightmire et al. 2005; Lord-
kipanidze et al., 2006, 2007; Lumley et al. 2006). The 
faunal remains mostly consist of Villafranchian species 
assigned to the Late Villanian and Early Biharian, living 
in a mosaic environment of open steppe and gallery for-
ests (Gabunia et al. 2000, 2001). 

Most of the human remains have been discovered in 
layers V and VI, dated between 1.85 and 1.77 My (Gabu-
nia et al., 2000, 2001; Lumley et al., 2002). Dmanisi is 
an important site for the understanding of early human 
migrations, since it is the oldest site outside of Africa, 
and it is in a geographically strategic position at the in-
tersection of Africa, Europe, and Asia.

	 Skulls D 2280 and D 2282, an adult male and 
sub-adult female respectively (Lumley & Lordkipanitze, 
2006  ; Lumley et al., 2006), were scanned in superior 
view with a General Electric High Speed HAS scanner 
at the CHNO des Quinze-vingts in Paris under the care 
of Pr Cabanis with following acquisition parameters for 
both Georgian hominids:  scanner energy 120 kV, 100 
mA, 1.0 mm-thick slices; 25 cm field of view and 0.488 
pixel size with a pixel matrix of 512*512 for D 2280; 23 
cm field of view and 0.449 pixel size with a pixel matrix 
of 512*512 for D 2282. The sections were used to create 
three-dimensional computer models of both specimens 
using Mimics 8.1 software (Materialise N.V.). Stereo-
lithographic reproduction from scanner data has been 
done. 
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Material

Fossil hominids’endocasts (Muséum na-
tional d’Histoire naturelle, Paris; Columbia 

University, New York)
OH 7, OH 13, OH 16, OH 24
KNM-ER 1813, KNM-ER 1470, KNM-ER 3733, KNM-
ER 3883, KNM-WT 15000
Trinil 2, Sangiran 2, Sangiran 10, Sangiran 12, Sangiran 
17, Sangiran 38
Ckn.D 1.PA.17. (Sin.II), Ckn.E 1.PA.16. (Sin.III), 
Ckn.L 1.PA.98. (Sin.X), Ckn.L 2.PA.99. (Sin.XI), Ckn.L 
3.PA.100. (Sin.XII)

The above fossil material has been chosen to com-
pare Dmanisi’s hominids with contemporaneous fossil 
hominids from Africa: Olduvai (Tanzania) attributed to 
Homo habilis, East and West Rudolf (Kenya) attributed 
to Homo habilis, Homo rudolfensis and Homo ergas-
ter and from insular Asia with more recent fossil from 
Sangiran and Trinil (Java) and from continental Asia in 
Zhoukoudian Lower Cave (China). Asiatic hominids are 
attributed to Homo erectus. The obtained results are also 
compared to the actual extinct human sample. 

	 Endocasts from Olduvai (Tanzania) are not 
well preserved and those from East and West Turkana 
(Kenya) are in poor quality, so our data have been com-
pleted with results from Tobias (1987, 1991), Begun & 
Walker (1993), Holloway (1978, 1983), Holloway et al. 
(2004) and Saban (1984).

Modern population (Muséum national 
d’Histoire naturelle de Paris)

n = 103 from Europe, continental and insular Asia, 
Africa, America and Oceania

595, 713,723, 726, 727, 728, 729, 730, 731; 732-3, 
733, 748, 749, 754, 755, 764-1, 784, 788, 789, 794-3, 
798-2, 800, 808, 1294-2, 1489, 1490, 1865, 3635, 3662, 
3663, 3664, 3665, 3666, 3667, 3668, 3669, 3670, 3671, 
3672, 3673, 3674, 3675, 3676, 3677, 3678, 3679, 3680, 
3681, 3682, 3683, 3684, 3685, 3686, 3688, 3689, 3690, 
3691, 3692, 3693, 3694, 3695, 3696, 3697, 3698, 3699, 
3700, 3702, 3703, 3704, 3705, 3706, 3707, 3708, 3709, 
3775, 3827, 3828, 4362, 4815, 5720, 5733, 9843, 9844, 
9852, 9853, 9854, 10109, 10111, 10112, 10113, 10114, 
12033, 19246, 21413, 24636, 24940, 24942, 25027, 
25536, 25620, 27429, 30189, 30195.

Methods

Morphological description of encephalic relief and 
vascular imprints (venous sinuses and middle meningeal 
system) is realized on Dmanisi’s endocasts. Comparison 
is done with human fossils from Africa and Asia. Cranial 
capacity has been estimated directly by immersion of 
endocasts in water, repeated three times, and the results 
averaged.

A traditional metrics study (linear and angular mea-

surements) (Table 1) was done in order to compare ab-
solute and relative values between both Dmanisi’s endo-
casts and African and Asiatic fossil hominids as well as a 
large extinct modern human reference sample. Principal 
components analysis was performed to synthesize infor-
mation contained in 11 variables, selected in relation to 
the preservation of the Dmanisi endocasts. These mea-
surements included width (WBE), average hemispheric 
length (LME), occipito-cerebellar projection (DOCE), 
both height (HGQE) and (HBRE), angular data (XBE, 
XLSE, XLIE) and sagittal chord of each cerebral lobe 
(CFR, CPA, COC). These 11 variables have been used 
on 47 specimens with 21 fossil hominids and 26 actual 
extinct human. 

In the 3D geometric morphometrics study, particu-
lar care has been required to choose maximum common 
landmarks preserved on Dmanisi’s endocasts and on the 
fossil human comparison sample from Africa and Asia. 
3D coordinates of 28 anatomical landmarks were digi-
tized on each endocast with a Microscribe 3DX digi-
tizing arm (Table 2). Selection of 6 sagittal landmarks 
along interhemispheric fissure and 22 (11 X 2) parasag-
ittal landmarks was done for this comparative analysis 
to determine the morphometrical affinities of Dmani-
si’s hominids. Landmarks coordinates have been fitted 
by Generalized Procrustes Analysis (O’Higgins 2000, 
Rohlf & Marcus 1993). 

Preservation and brief description of ence-
phalic and vascular imprints of Dmanisi’s 

endocasts
The cranial cavity of D 2280 is perfectly preserved, 

producing a high quality endocast where all the relief 
and depressions are clearly visible. Unfortunately D 
2282 is deformed with the inferior part of right hemi-
sphere pushed inside and exhibits an altered internal 
surface. Many irregularities corresponding to sediment 
deposits disturbs full observation of the endocranial sur-
face. Encephalic relief is visible only on the left side of 
the endocranium.

Both Dmanisi’s endocasts have been described pre-
viously (Grimaud-Hervé et al. 2006). Most important 
morphological characters can be reminded here (Fig.1, 
Fig.2).

Vascularization
Concerning dura mater sinuses, superior sagittal si-

nus, visible on posterior part of D 2280, runs into the left 
lateral sinus and is well defined with noticeable relief 
approximately 8mm in diameter. On D 2282 the supe-
rior sagittal sinus is not noticeable on the sagittal or left 
lateral side. It is, though, discernable on the right with 
relief of 7.5mm. From this it is assumed that the supe-
rior sagittal sinus runs with the right lateral sinus on D 
2282. Asymmetry is observed on these two fossil homi-
nids, but without a preferential side being obvious. No 
spheno-parietal sinus is observed. Three sagittal arach-

Grimaud-Herve et al. 4 61
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Table 1.	 Metric variables used in traditional multivariate 
analysis 2D

Left lateral view
Maximal length (LME), average of right (LMDE) and 
left (LMGE) hemispheric length, measured from the most 
anterior point (endoglabella) to the most posterior (endo-
opisthocranion) of the endocast
Maximum height of maximum hemispheric length 
(HGQE), average of right (HGQDE) and right (HGQGE) 
heights
Maximum endobregma height of maximum hemispheric 
length (HBRE), average of right (HBRDE) and right 
(HBRGE) heights
Frontal chord (CFR), between the most anterior point of 
the frontal lobe and central fissure at the midsagittal plane
Parietal chord (CPA), between central fissure and 
perpendicular scissure at the midsagittal plane 
Occipital chord (COC) between perpendicular scissures 
and most depressive point of Herophile torcular at the 
midsagittal plane
Occipito-cerebellar projection (DOCE) measured by 
occipital projection perpendicular from Herophile torcular
Bregmatic angle (XBE) between maximal length and 
chord between most anterior point of the frontal pole and 
endobregma, average between right (XBDE) and left 
(XBGE) angle
Angle comprised between chord from perpendicular 
fissures at the midsagittal plane to endo-opisthocranion 
and chord from endo-opisthocranion to Herophile 
torcular (XLTE), average between right (XLTDE) and left 
(XLTGE) sides of the brain
Angle comprised between chord from perpendicular 
fissures at the midsagittal plane to endo-opisthocranion and 
maximal length of hemisphere (XLSE), average between 
right (XLSDE) and left (XLSGE) sides of the brain
Angle comprised between chord from endo-opisthocranion 
to Herophile torcular (XLIE), average between right 
(XLIDE) and left (XLIGE) sides of the brain

Upper view
Maximum width of the endocast (WBE), subdivided in 
right (WMDE) and left (WMGE) width
Maximum width on parietal lobes (WBE)
Maximum width on triangular part of third frontal gyrus 
(WCBE)

Right frontal surface (FRD)
Left frontal surface (FRG)
Right parieto-temporal surface (PTD)
Left parieto-temporal surface (PTG)
Right occipital surface (OCD)
Left occipital surface (OCG)
Right Hemispheric surface (HD) = FRD + PTD + OCD
Left hemispheric surface (HG) = FRG + PTG + OCG
Brain surface = HD + HG

Table 2.	 Landmarks points digitalized in geometrical 
morphometrics 3D

Sagittal points
1 Base of encephalic rostrum between both left and 

right first frontal convolution in midsagittal plane
11 Intersection between left postcentral sulcus and 

interhemispheric fissure
14 Posterior interhemispheric point (= most 

depressed point of Herophile torcular)
15 Intersection between left and right perpendicular 

scissures and interhemispheric fissure
16 Intersection between precentral scissures and 

interhemispheric fissure
17 Middle point of frontal arch

Left parasagittal points
2 External edge of left encephalic rostrum
3 Orbital part of left third frontal convolution
4 Point of maximal curvature of triangular part of 

left third frontal convolution
5 Upper point of left sylvian valley (between 

opercular part of third left frontal convolution and 
left temporal lobe)

6 Most anterior point of left temporal pole
7 Left Euryon (corresponding to maximal 

endocranial width)
8 Point of maximal curvature of left supramarginal 

gyrus
9 Anterior point of left interparietal sulcus, means 

base of left first parietal convolution
10 Middle point of anterior edge of left first parietal 

convolution
12 Upper point between left temporal and left 

cerebellar lobes (= upper point of left temporo-
cerebellar excavation)

13 Point of maximal curvature of left occipital pole

Right parasagittal points
18 External edge of right encephalic rostrum
19 Orbital part of right third frontal convolution
20 Point of maximal curvature of triangular part of 

right third frontal convolution
21 Upper point of right sylvian valley (between 

opercular part of right third frontal convolution 
and right temporal lobe

22 Most anterior point of right temporal pole
23 Right Euryon (corresponding to maximal 

endocranial width)
24 Point of maximal curvature of right supramarginal 

gyrus
25 Anterior point of right interparietal sulcus, means 

base of right first parietal 
26 Middle point of anterior edge of right first parietal 

convolution
27 Upper point between right temporal and right 

cerebellar lobes (= upper point of right temporo-
cerebellar excavation)

28 Point of maximal curvature of right occipital pole
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noid granulations are noted in superior part of precentral 
convolutions on D 2282, one on the right and two on the 
left hemisphere.

The middle meningeal pattern is very poorly repre-
sented. On left hemisphere of D 2280 it is best preserved 
with individualization of two branches on the second 
temporal convolution. The anterior meningeal artery 
appears reduced and disappears at the third frontal con-
volution. The posterior ramus is more developed, and is 
subdivided in both directions into an oblique and lamb-
doidal branches. Neither ramifications nor anastomoses 
are observed on the Dmanisi’s endocasts. On D 2282, 
just the superior middle meningeal branches are appar-
ent on left hemisphere. The middle meningeal pattern 
exhibits plesiomorphies, but are poorly patterned with 
the absence of a spheno-parietal sinus in both Dmanisi’s 
endocasts.

Encephalic relief
The longitudinal cerebral fissure is wide, resulting 

in a significant separation between the frontal lobes in 
both Dmanisi’s endocasts. The longitudinal cerebral fis-
sure displays a significant separation between the hemi-
spheres until posterior hemispheric. The junction with 
perpendicular fissure constitutes a depression forward 
of endolambda. On the left hemisphere of D 2280 the 
lateral fissure is weakly impressed and inclined up and 

backward, becoming straightened at its extremity; it is 
also observed on the left side of D 2282. The lateral fis-
sure is situated in the prolongation of the lateral valley, 
which is very wide, separating Broca’s cap from the tem-
poral pole. The junction between the central fissures is 
situated behind endobregma (35mm on D2280; too de-
formed on D 2282). Based on Holloway (1982) there is 
a left frontal petalia on D 2280 and a right right frontal 
petalia on D 2282, confirming the asymmetry observed 
on vascular pattern. 

The precentral sulcus is weakly impressed, but de-
tectable about 15mm in front of the central one, which is 
the breadth of precentral gyrus on both Dmanisi’s homi-
nids. A long and narrow encephalic rostrum is clearly 
individualized on D 2280 (this region is not preserved 
on D 2282) with the right and left first frontal convo-
lution widely separated as noted before. The breadths 
of these convolutions appears equivalent. The anterior 
ramus of the central fissure is clearly impressed with in-
dividualized relief of the orbital part of the third frontal 
gyrus equal on both sides of D 2280. The left Broca’s 
area shows the central fissure on D 2280 as well as the 
contralateral side in D 2282.  

The postcentral sulcus is situated nearly 20mm be-
hind the central one on D 2280. The postcentral gyrus 
is just little more developed than precentral. There was 
a smaller difference observed between these two struc-

Figure 1. D 2280 – Endocast in left and right lateral, superior, anterior and posterior views

Grimaud-Herve et al. 4 63
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tures in D 2282. The breadth of first parietal convolu-
tion decreases posteriorly (28 to 20mm on D 2280, 20 to 
15mm on D 2282). The supramarginal lobule is well de-
limited on D 2280, more than it is in D 2282. The angular 
lobule surface is smaller with weaker relief on D 2280 
contrary to what is observed in D 2282. The temporal 
lobes converge towards the brain with the temporal pole 
set back behind Broca’s area on D 2280. The temporal 
poles are not preserved in D 2282. In addition, the oc-
cipital region in this hominid is too altered to provide 
any data. In D 2280, sulcus lunatus is in the posterior 
position commonly observed on genus Homo.

Left occipital lobe is in a set back position com-
pared to the right on D 2280 with the reverse being the 
case in D 2282. Instead the occipital lobes of D 2282 are 
extensions of the temporal and parietal lobes without a 
clear boundary. The cerebellar lobes are situated under 
the occipital ones. These occipital and cerebellar poste-
rior positions are the expression of weak cerebral rolling 
and opening of the basi-cranial angle, which are primi-
tive conditions commonly observed in contemporaneous 
fossils hominids.

Morphological comparison

Vascular imprints
Any fossil endocast studied shows a spheno-pari-

etal sinus which is scarce in the modern human sample. 
The superior sagittal sinus asymmetry corresponds with 
greater development of one hemisphere (Delmas & Chif-
flet 1950). When this posterior cerebral region is pre-
served, two patterns appear: In the first one, the superior 
sagittal sinus goes into the left transverse sinus which is 
generally larger than the right, like on OH 24 (Tobias, 
1991), Sangiran 2 and 10 (Grimaud-Hervé and Saban 
1996) and D 2280. In the second pattern the sagittal si-
nus goes into the right transverse sinus on D 2282, OH 
13 and OH 16 (Tobias, 1991), ER 3883 and WT 15000 
(Begun & Walker, 1993), Trinil 2, Sangiran 12 and 17, 
hominids from locus E and L of Zhoukoudian Lower 
Cave, and 80% of the modern sample (Grimaud-Hervé 
1997, 2004). This latter group shows a more developed 
left hemisphere of significant length.

	 No relationship has been established between 
the meningeal system and the venous sinuses (Paturet 
1964).  The results of both parts are going to be treated 
independently. For the middle meningeal pattern, two 
groups appear. In the first one with the posterior branch 

Figure 2. D 2282 – Endocast in left and right lateral, superior, anterior and posterior views
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Figure 3. Middle meningeal pattern

Figure 4. Endocranial transversal shape in anterior view

Grimaud-Herve et al. 4 65
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is very developed as exemplified in OH 7, D 2280 and 
Zhoukoudian Lower Cave hominids. In the second with 
the posterior branch is equivalent or reduced in promi-
nence compared with the anterior middle meningeal 
branch such as is observed in ER 1813, ER 1470, ER 
3883, WT 15000, Trinil and Sangiran hominids, and 
a great majority of the modern human sample (94%) 
(Fig.3). Although the differences between this sample 
and others are not significant, it appears that the mor-
phology of the posterior branch of the middle meningeal 
artery is a plesiomorphic character. 

Encephalic imprints
The encephalic rostrum, which is considered a plesi-

omorphic feature, has been observed on all studied fossil 
hominids where this region is preserved. It corresponds 
to the extension of the left and right first frontal convo-
lutions next to the orbital roofs, which are separated by 
a wide, deep longitudinal cerebral fissure, particularly 
on the Dmanisi and Asiatic endocasts. Nevertheless, the 
outline varies according to region such that it is regularly 
concave on all African hominids, whereas it consists of 
two parts separated by an angle on Asiatic hominids and 
Dmanisi. This morphological character is very well in-
dividualized on that second group. A clear regression of 
the encephalic rostrum combined with a narrower inter-
orbital space is observed on the modern sample. This 
may indicate a reduction in the importance of olfaction 
in the modern sample versus earlier fossils. 

In the anterior view the same distinct group dif-
ferences are observed. African Homo ergaster’s endo-
cranial outline, in particular, is narrow and high, and is 
regularly convex from left to right in the orbital part of 
third frontal convolutions without an interruption in the 
transversal cerebral curvature. The outline of D 2280 is 
closer Asiatic Homo erectus with a wider and lower en-
docranial transversal shape. It is less marked in its con-
vexity, and the thrd frontal convolution is interrupted in 
the medial region of the frontal lobes. The parietal lobes 
are interrupted by a vast depression corresponding to the 
middle frontal sulcus as it runs into the interparietal. The 
outline of this feature shows a slight twist similar to that 
observed on all fossil hominids of this group (Fig.4).

The frontal and parietal areas are smoothly lim-
ited on the African specimens compared with the more 
marked relief in Dmanisi, particularly D 2280 as well as 
the Asiatic hominids. The lateral valley is very broad in 
OH 24, ER 1813 and ER 1470 as well as Homo ergas-
ter, while it is less broad in Asiatic Homo erectus and 
D 2280, meaning there has been greater development 
of the frontal and temporal lobes in these latter groups. 
In moderns the two areas so little if any separation in 
moderns, indicating a closer affinity of the Dmanisi and 
Asian fossils to moderns than African fossils.  How-
ever, all of the fossil hominids show the frontal lobes 
converging anteriorly, while they remain parallel in 
modern human sample.

The breadths of the pre- and postcentral convolu-

tions tend to correspond to particular evolutionary stages. 
It is notable that the postcentral gyrus is nearly always 
broader than the precentral in the endocasts sampled 
here. In the African hominids the postcentral convolution 
is equal to precentral one (OH7, OH13, OH16, OH24, 
KNM ER 1470, KNM ER 3883, KNM WT 15000), or 
slightly wider (KNM ER 3733). In Asiatic Homo erectus 
these two convolutions have either equivalent breadths, 
or the precentral gyrus is more developed, this phenom-
enon is more accentuated in the more recent Javanese 
fossil hominids from Ngandong and Sambungmacan. 
This indicates that there is an increase in motor areas 
between the early and later fossils. With regard to this 
morphological feature the Dmanisi endocasts are similar 
to KNM ER 3733. Thus, this derived feature is found on 
the two first representative hominids inside and outside 
of Africa.

In the lateral view it is noteworthy to note that the 
posterior encephalic shape differences between the Af-
rican sample and the Asiatic hominids and D 2280. In 
the African sample the occipital lobes bulge only slightly 
beyond the cerebellum posteriorly, and are not delineated 
anteriorly from the parietal lobe. In the second group the 
occipital lobes are clearly projecting backwards, their 
anterior part situated above cerebellar lobes. This posi-
tion corresponds to a rotation of the cerebellum under 
the cerebral mass, and the role of basicranial flexion in 
the position of the cerebrum through time.

In the superior view the D 2280 (D 2282 is too dam-
aged) endocranial outline is very different from African 
Homo ergaster. In H. ergaster the anterior frontal region 
is strong in relation with the lateral cerebral conver-
gence, showing slight cerebral development at this level. 
The D 2280 outline is globular, and is closer from the 
Asiatic Homo erectus shape with a noticeable widening 
of cerebral region from the lateral valley to the orbital 
part of third frontal convolutions. 

Results of Metrical Study

Cranial capacity
	 The average of three tests corresponding to im-

mersion of the endocast in water is presented in Table 1. 
These measurements present different values from those 
observed n the Dmanisi hominid endocranial capacities 
as measured using mustard seed (Gabounia et al. 2000, 
Lumley et al. 2006).

The cranial capacity values (Table 3) show a regu-
lar increase from more the ancient African and Dmanisi 
hominids to Asiatic Homo erectus and modern humans 
(Fig.5). The very small cranial capacity of D 2282 ap-
pears to be the result of damage. The measurement pre-
sented here is approximately 100ml less than previous 
measurements, placing this individual within the range 
of African Homo habilis, while D 2280 is towards to 
lower end of Asiatic Homo erectus. The encephalization 
quotient, recommended by some researchers (Armstrong 
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1985, Bauchot et Stephan 1969, Hartwig-Scherer 1993, 
Holloway and Post 1982b, Jerison 1975, Mac Henry 
1976, Martin 1990, 1995, 1996, Rightmire 1986, 2004, 
Ruff et al. 1997, Rosenberg et al. 2006, Tobias 2006), 
has not been calculated due to lack of data on stature. 

Univariate dimensions (Table 4)
Univariate distributions are reported for both Dma-

nisi’s endocasts, each hominid fossil group and for 
modern humans. Concerning maximal hemispheric 
lengths, it is interesting to note important differences 
between both ancient African hominids from East Tur-
kana, ER 1470 and 1813. KNM ER 1813 is closer to the 
Olduvai specimens  OH 16 and OH 24 than KNM ER 
1470. However, both Dmanisi endocasts are similar to 
African Homo ergaster with distributions between 138.5 
and 154 mm. As noted before (Grimaud-Hervé et al. 
2006), Asiatic Homo erectus values are large when com-

pared with Zhoukoudian Lower Cave hominids, which 
are near the modern human range. From Homo habilis to 
Homo sapiens the overall increase is 35.2%.

Maximal endocranial breadth (WME) is situated in 
the postero-inferior position on the second temporal gy-
rus in African and Asiatic fossils hominids, and is also 
found in the same poistion in the Dmanisi specimens, 
while it is positioned around the first temporal convolu-
tion in Homo sapiens. This endocranial measurement is 
scarcely joined with the endobiparietal maximal breadth 
(WBE), which is positioned around the supra marginal 
gyrus. WME and WBE are reduced in ER 1813 com-
pared to ER 1470 (respectively 18.5mm and 25 mm). 
With the Dmanisi specimens D 2280 is closer to ER 
1470 as well as smaller Asiatic hominids such as Ckn.D 
1.PA.17 or Sangiran 2. D 2282 is closer to the Olduvai 
hominid values. The overall increase from Homo habilis 
to Homo sapiens for this measurement is between 38.7% 
and 33.8%. 

Table 3. Cranial capacity in ml

Fossil hominids Direct method References
D 2280 790 775  (Gabounia et al., 2000)

770  (Lumley M.A. de et al., 2005)

D 2282 (645) 650  (Gabounia et al., 2000)
625  (Lumley M.A. de et al., 2005)

D 2700 645  (Vekua et al. 2002), 600 (Lee, 2005)
D 3444 625 – 650  (Lordkipanidze et al. 2006)

OH 7 - 674  (Tobias 1975, 1991)
OH 13 618 673  (Tobias 1975, 1991)
OH 16 - 638  (Tobias1975,  1991)
OH 24 556 594  (Tobias 1975, 1991)

KNM-ER 1813 500 510  (Holloway, 1978)
KNM-ER 1470 760 752  (Holloway, 1978)
KNM-ER 3733 715 848  (Holloway, 1983)
KNM-ER 3883 785 804  (Holloway, 1983)

KNM-WT 15000 885 880  (Begun et Walker, 1993)
OH 12 656
OH 9 1118 1067  (Holloway, 1975)
Bouri 995  (Asfaw et al., 2002)
Buia 800  (Abbate et al., 1998)

Sale  930-960  (Jaeger,1975),   
880  (Holloway,1981a)

Trinil 2 930 943  (Holloway, 1975)
Sangiran 2 840 815  (Holloway, 1975)

Sangiran 10 840 855  (Holloway, 1978)
Sangiran 12 - 1059  (Holloway, 1978)
Sangiran 17 960 1004  (Holloway, 1978)

Ckn.D 1.PA.17 - Sin II 995
Ckn.E 1.PA.16 - Sin III 915 915  (Weidenreich, 1943)
Ckn.L 1.PA.98 - Sin X 1245 1225  (Weidenreich, 1943)
Ckn.L 2.PA.99 - Sin XI 1020 1015  (Weidenreich, 1943)

Ckn.L 3.PA.100 - Sin XII 1020 1030  (Weidenreich, 1943)

Homo sapiens (n=103) µ = 1520 Min=1190; Max=1940; VarCoef=11
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Table 4. Univariate dimensions

Figure 5. Cranial capacity

LME WME WBE WPPE WCBE WPFE HBBE HGQE HBRE CFR CPA COC XBE DOCE XLTE XLSE XLIE

D2280 145  105 88 98 95 57.75 57.25 101 50 48 46 11.75 151.75 74.75 77.25

D2282 140 100 96 80 84 75 42.25 40.25 94 44 45 38.75 114.5 56 58

H.habilis

N 4 5 5 5 2 2 2 4 4 3 3 2 1 3 1 1 1

Average 127.4 103.1 93.6 94.8 78.0 83.5 90.0 45.0 40.8 64.3 47.3 38.0 45.5 11.1 145.0 67.5 77.5

Var Coef 3.6 4.0 5.7 7.7 7.3 9.3 1.6 4.8 9.4 27.9 12.9 11.2 81.2

ER1470 137.5 114.5 111 109 84 92 103 52.25 45.5 97 48 44 50.5 6.75 126.5 62 64.5

H.ergaster

N 3 3 3 2 2 1 3 3 3 3 3 3 3 3 3 3 3

Average 147.2 119.2 115.5 112.0 87.0 70.0 96.9 52.2 47.7 91.7 51.0 52.3 41.4 3.8 157.8 75.5 81.9

Var Coef 5.4 1.2 1.1 3.8 5.0 5.2 5.3 5.1 6.7 9.0 9.6 12.4 27.2 6.1 5.4 11.0

H.er.Java

N 4 5 5 5 4 4 3 5 5 4 5 5 4 5 5 5 5

Average 154.4 124.0 114.0 111.8 90.4 92.5 103.3 58.0 54.7 109.8 43.8 52.8 45,7 ) 11.5 124.9 60.8 64.1

Var Coef 4.1 4.2 4.6 4.8 4.9 11.5 3.0 3.6 1.8 2.0 14.2 6.7 4.4 19.9 6.1 6.3 9.2

H.er.China

N 5 5 5 5 3 3 5 5 5 5 5 4 5 4 4 4 4

Average 165.7 124.0 112.6 111.8 95.3 100.3 112.0 61.4 57.8 119.6 47.4 59.5 43.0 14.6 120.9 58.0 62.9

Var Coef 3.6 3.8 4.7 5.6 3.0 4.0 4.4 5.0 5.0 4.2 8.3 10.7 5.4 25.2 6.5 4.6 8.5

Extinct 
humans

Nb Spec. 105.0 105.0 105.0 104.0 105.0 105.0 104.0 104.0 104.0 104.0 105.0 105.0 27.0 103.0 26.0 26.0 26.0

Average 170.5 136.5 132.1 130.4 105.1 116.6 121.2 66.6 58.8 122.5 73.3 59.1 51.9 9.6 136.3 68.2 68.1

Var Coef 4.9 5.7 5.5 5.8 7.1 6.9 5.0 12.2 14.1 5.3 11.8 10.7 7.4 43.7 6.8 7.4 6.6

Maximum 187.3 152.0 150.0 147.5 127.0 138.0 136.0 88.8 85.0 137.5 88.0 77.0 59.8 20.0 151.3 75.3 76.0

Minimum 148.5 116.0 114.0 108.0 93.0 100.0 105.0 52.0 44.0 44.0 56.0 58.0 44.0 1.3 116.5 56.5 60.0
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With regard to the opercular part of third frontal con-
volutions the difference between ER 1813 and ER 1470 
breadths (WPFE) is again similar to (78 and 92 mm) 
those of Dmanisi hominids (98 et 84 mm).  ER 1813 and 
D 2282 are closer to OH 24 (82mm). D 2280, though, is 
closer Asiatic Homo erectus with regard to this feature, 
displaying an increase in the posterior frontal region not 
observed in African specimens. Growth between Homo 
habilis and extinct H. sapiens reaches more than 40%. 
The maximal breadth on the triangular part (WCBE) is 
close to the opercular part in African hominids, but is 
situated lower, becoming more central, in Homo sapiens. 
An important difference is noticed between ER 1813 and 
1470 when compared to the Dmanisi hominids. In this 
measurement D 2280 is near Homo ergaster and Asiatic 
Homo erectus Sangiran-Trinil averages. Zhoukoudian 
Lower Cave are larger in comparison. An increase of 
33% is noted between the more ancient fossil hominids 
of this study and Homo sapiens.

Total height (endobregma-endobasion = HBBE) 
measurement requires the preservation cerebral regions 
that are rarely preserved. D 2280 is similar to Homo 
ergaster’s, but smaller than Asiatic Homo erectus (Ja-
vanese = 103.3mm, Chinese = 112mm). There is an in-
crease of about 35% between Homo habilis and sapiens.

Partial height corresponding to the upper part of the 

brain	 (HGQE) is used when the basal part of the brain 
is not preserved. This maximal point above endoglabella-
endoopisthocranion is situated between endobregma and 
the central fissure. In general, this measurement is po-
sitioned more anteriorly in fossil hominids, but is posi-
tioned more posteriorly in more recent hominid groups. 
In Dmanisi D 2282 does not provide reliable data with 
regard to this measurement, while D 2280 does. D 2280 
is closer to WT 15000 and Javanese Homo erectus, 
while the Zhoukoudian hominids (61.4mm) are closer to 
Homo sapiens (77.3mm). A major increase in height is 
observed in upper portions of the hemispheres (approxi-
mately 50%) from Homo habilis to Hom sapiens.

Concerning the occipito-cerebellar projection, there 
is a very clear distinction between the fossil hominids 
in this sample (Fig.6). In general, the regular sagittal 
curve of African specimens results in less overlap with 
the occipital obes when compared with Asian H. erectus 
specimens, which have protruding lobes. The occipital 
poles of African hominids from East and West Turkana 
only project slightly (average = 3.8mm). There is greater 
occipital projection in the nine Asian specimens value 
(average = 12.8mm). The occipital projection in D 2280 
(D 2282 is too damaged) is similar to other Homo erec-
tus (average = 11.8mm). Finally, the average in Homo 
sapiens is 9.65mm, but with greater variation near 50%. 

Figure 6. Occipito-cerebellar projection
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Figure 7. Ratio of frontal chord (CFR) on F3 opercular part (WPFE) of the brain

Thus, Dmanisi D 2280 is clearly different from the Afri-
can configuration, and is closer to that of Homo erectus, 
confirming similar configurations of this posterior region 
in Georgian and Asian endocasts. 

In conclusion, the Dmanisi values of maximal hemi-
spheric length are more similar to those of Homo ergas-
ter than other specimens. Yet, with concern to maximal 
breadths D 2282 is closer to Homo habilis, while D 2280 
is closer to Homo ergaster and gracile Asian Homo erec-
tus. D 2280 exhibits significant frontal widening simi-
lar to Asiatic Homo erectus, a feature not observed in 
African specimens. This increase occurs more anteriorly 
in the triangular parts of third frontal convolutions. Fi-
nally, D 2280 is more similar to Homo ergaster with re-
gard to total endocranial height, but is closer to Asiatic 
Homo erectus if only the upper region of the hemisphere 
is considered. Its occipito-cerebellar projection empha-
sizes the same pattern as Asiatic hominids. Thus, there is 
a significant distinction between African specimens one 
hand and the Dmanisi specimens, which tend to associ-
ated more with the Asiatic hominids, in particular with 
regard to the protrusion of the occipital lobes.

An analysis of the sagittal chord of each cerebral 
lobe (frontal = CFR, parietal = CPA and occipital = 
COC) displays an increase of 49% in the frontal and oc-
cipital lobes and 56% for the parietal lobes. The parietal 
sagittal chord is equal or superior to the occipital one 
in African specimens, Homo sapiens and the Dmanisi 
hominids. In Asiatic Homo erectus the occipital sagittal 
chord is always more developed which can be consid-
ered as an autapomorphy of this group.

With regard to the total sagittal curvature, the ob-

served ratios are quite stable with a more marked in-
crease in the parietal region between African specimens 
and Homo sapiens. Asiatic Homo erectus displays a 
primitive character with less development in the medial 
sagittal portion of the brain. This is possibly due to the 
longer occipital representation observed in this group. 
This is particularity specific to Asiatic Homo erectus, 
and, thus, can be interpret as an autapomorphy. 

The frontal sagittal chord compared to the maximum 
frontal breadth (Fig.7) is over 100 in fossil hominids and 
Homo sapiens, meaning that the breadth is more devel-
oped than length. This index is nearly the same between 
Homo ergaster and H. sapiens, while all Asiatic Homo 
erectus and Dmanisi possess a higher index, indicating 
reduced transversal development of the posterior fron-
tal region. This new result confirms the morphological 
distinction of the fossil samples. The parietal sagittal 
chord compared to the maximal parietal lobe width is 
not significant. Instead the values merely distinguish fos-
sil hominids from Homo sapiens, indicating an increase 
in parietal lobe development in this later group. 

Bivariate dimensions (Table 5)
The ratio between maximal endocranial length and 

breadth shows the same repartitions between D 2282 and 
D 2280, which are distributed between African and Asi-
atic specimens. There is an apparent increase in length 
from ancient to more recent Homo erectus, but then this 
measurement remains stable throughout Homo sapiens. 
The breadth values are more similar between the groups, 
albeit the relative position of maximum breadth on the 
endocast varies (Fig.8).
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The relationship between maximal endocranial 
length and height was determined using the total height 
of the endocast when available or the upper part of the 
hemisphere when the basal portion was missing. The 
results place Dmanisi in an intermediate position be-
tween African Homo ergaster and Asiatic Homo erectus. 
With regard to breadth the Dmanisi  fossis lump with 
the African and Asian fossils. Bregmatic angle (between 
maximal length and the intersection with endobregma: 
XBE) is similar compared with the other fossils, while 
this measure is slightly wider in Homo sapiens, imply-
ing the development of frontal rounding and recurving 
inferiorly through time towards H. sapiens. Also, it ap-
pears that from this sample there is an increase in frontal 
convexity through time

The occipital angle was measured in lateral view 
(between endolambda – endoopisthocranion and en-
doopisthocranion-superior edge of transverse sinus = 
XLTE). This angle is opened in ER 1813 (145°), similar 
to that of Homo ergaster (157.8°) and D 2280 (151.8°). 
However, values from Asiatic Homo erectus are lower 
with the angle being more closed between the superior 
squama and nuchal plane of occipital bone, a feature 
unique to this group. 

The inferior angle (XLIE) is more opened than the 
superior one (XLSE) on all studied fossil hominids. This 
supports other morphological results where the weak 
superior angle accentuates the position of the occipital 
lobes relative to the extension of parietal and temporal 
lobes posteriorly. In Homo sapiens, these two angles are 
nearly equal implying an increase of the superior part of 
the lobe in relation to the occipital lobes, which are in a 
lower and more inferior position in comparison with the 
parietal lobes. 	

In conclusion, the index shows a symmetrical in-
crease in the length, width and height of the brain 
through time. The short height of the superior part of the 
brain identifies fossil hominids as  platyencephalic. In 
addition, the endocranial angles analysis shows a steady 
widening of the bregmatic angle compared to the occipi-
tal angle in African sample, albeit the reverse is true in 
Asiatic and Dmanisi hominids. All of the fossils have an 
inferior angle that is more open than the superior one, a 
condition not observed in Homo sapiens. 

	

WME/
LME

WBE/
LME

HBBE/
LME

HBBE/
WBE

HGQE/
LME

HGQE/
WBE

CFR/
WPFE XBE XLTE XLSE XLIE

D2280 65.5 90.5 39.8 55.0 103.1 46 151.75 74.75 77.25
D2282 71.4 53.6 78.1 30.2 44.0 111.9 38.75 114.5 56 58
H.habilis
N 4 4 2 2 4 4 1 1 1 1 1
Average 80.4 72.5 71.4 101.8 35.3 49.0 109.0 45.5 145.0 67.5 77.5
Var Coef 5.5 6.7 1.4 5.6 3.9 9.5
ER1470 83.3 80.7 74.9 92.8 38.0 47.1 105.4 50.5 126.5 62.0 64.5
H.ergaster
N 3 3 3 3 3 3 3 3 3 3 3
Average 81.2 78.7 65.9 83.9 35.5 45.2 101.5 41.4 157.8 75.5 81.9
Var Coef 6.4 6.6 4.8 5.9 6.1 5.7 11.1 12.4 6.1 5.4 11.0
H.er.Java
N 4 4 3 3 4 5 4 4 5 5 5
Average 79.8 73.0 67.2 92.6 37.5 50.8 119.9 45.7 124.9 60.8 64.1
Var Coef 1.3 1.2 2.8 2.7 2.9 4.4 12.4 4.4 6.1 6.3 9.2
H.er.China
N 5 5 5 5 5 5 3 5 4 4 4
Average 74.9 67.9 67.6 99.5 37.1 54.6 116.3 43.0 120.9 58.0 62.9
Var Coef 2.9 2.7 2.6 3.9 2.5 4.7 1.8 5.4 6.5 4.6 8.5
Extinct 
humans
Nb Spec. 105 105 104 104 104 104 105 27 26 26 26
Average 80.2 77.7 71.3 71.3 39.2 50.4 105.4 51.9 136.3 68.2 68.1
Var Coef 7.5 701 6.2 6.2 13.3 10.8 6.8 7.4 6.8 7.4 6.6
Maximum 92.8 92.2 85.5 85.5 54.5 66.2 121.5 59.8 151.3 75.3 76.0
Minimum 66.1 64 61.5 61.5 29.1 40 85.6 44 116.5 56.5 60

Table 5. Bivariate dimensions
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Endocranial surfaces 
D 2282 is too damaged with regard to this assess-

ment; however, the preservation of D 2280 is more ame-
nable to such a description. Data on the frontal lobes of D 
2280 position it between those from African Homo ergas-
ter on one hand and Asiatic Homo erectus on the other. 
The left parieto-temporal area as well as the occipital ones 
are within the lower limit of variation observed in African 
Homo ergaster. An important difference is observed be-
tween the right and left parieto-temporal areas of D 2280, 
which displays deformation in the inferior part of the right 
lobe, meaning right hemispheric and total brain measure-
ments from this specimen are only descriptive. 

Asymmetry

Endocranial asymmetry was observed on the fossil 
and modern samples. It is assumed that each hemisphere 
is devoted to particular tasks with the left one being more 

oriented towards learning and analyzing, for example, 
articulate language organization, and the right one being 
more specialized towards emotion and relational aspects. 
However, we must keep in mind that the two cerebral 
hemispheres complement each other in any task execu-
tion as emphasized in Schmidt-Nielsen (1998), Bruner 
(2003), Stout et al. (2000, 2007, 2008), Sherwood et al. 
(2003, 2008), and Holloway et al. (2004).

Asymmetry in endocasts is often attributed to a par-
ticular petalial pattern (Holloway, 1982a). For example 
leftward asymmetry or right-handedness is assumed 
from right frontal (RF) - left occipital (LO) petalia. This 
petalial pattern is normally attributed to species within 
the genus Homo (LeMay, 1976; Holloway et al., 1982b; 
Gilissen 2001).

In our sample, any geographic or chronologic asso-
ciation appears in the endocranial outline analysis among 
the studied human fossils. D 2280 shows left frontal and 
right occipital petalia similar to ER 1813, Sangiran 2, 

Figure 8.  Ratio of the biparietal width (WBE) on the maximal length average (LME)

Table 6. Tab. 6 : Total endocranial surface (SET), right (RH) and left (LH) hemispheric areas

SET RH LH
D 2280 (306,3) (162,8) 143,5

Homo habilis (n) 260,8 (3) 131,5 (3) 129,3 (3)

ER 1470 313 153 160

Homo ergaster (n) 310,5    (n=2) 157,7   (n=2) 158,3   (n=3)

Homo erectus Java (n) 342.1   (n=2) 175,4   (n=2) 166,7   (n=3)

Homo erectus China (n) 372,3   (n=3) 187,8   (n=3) 184,5   (n=4)

100 H.sap.  (Var Coef)  494,6  (7,7)  248,4   (8,3) 246,2   (7,6)
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10, 17 and Ckn.L.2.PA.99. A right frontal – Left ocipital 
petalia is observed in OH 13, OH 16, ER 1470, ER 3733, 
ER 3883, WT 15000, CKn.E.PA.16, Ckn.L.1.PA.98 and 
Ckn.L.3 PA.100  (Tables 6 & 7).

Results obtained from the Homo sapiens sample 
(n=100) are consistent with Gilissen’s conclusion that a 
left occipital – right frontal petalia is common in modern 
humans (77%). It is a well-established fact now that the 
pattern of combined left-occipital and right-frontal pet-
alias became more common in human evolution through 
time as asymmetrical lateral protrusions of the cerebral 
hemispheres became more common. Generally, brain 
asymmetries correspond with handedness. For example, 
left hemispheric dominance generally indicates right 
manual dexterity (Galaburda et al., 1978). However, re-
cent studies do not support the association between this 

petalial torque pattern and right-handedness (Good et al., 
2001; Herve et al., 2006). 

The conclusion of this analysis is that there is vari-
ability in observed asymmetry moving from early Homo 
through moderns, a feature confirmed by Holloway & 
De La Coste-Lareymondie (1982b), who stated that “this 
pattern is not consistently present in nonhuman primates 
or in hominid fossil brain endocasts until Homo erectus”. 
Hemispheric asymmetry corresponding to lateralization 
phenomenon is essential in tracing evolutionary changes 
in brain organization and cognition. Comparison of the 
fossil hominid sample through metrical as well as mor-
phological analyses demonstrates potential correlations 
with the behavioural stages of human evolution (Hollo-
way, 1981b, 1982; Holloway et al., 2004; Chieze, 1983; 
Saban, 1984; Gilissen, 2001; Sherwood et al., 2008).

Table 7. Right and left frontal (RFr, LFr), Temporo-parietal (RTPa, LTPa) and occipital (Roc, Loc) lobes areas

RFr LFr RPr LPr ROc LOc
D 2280 58,7 58,5 (84) 67 20,1 18

 Homo habilis (n) 47.2 (3) 46.5 (3) 64.7 (3) 64.7 (3) 19.7 (3) 21 (3)

ER 1470 56 55 76 81 21 24

H. ergaster   (n) 54.5 (3) 54.8 (3) 80 (3) 78 (2) 23,2 (3) 23,7 (3)

H. erectus Java  (n) 65,7 (3) 58,8 (4) 81,2 (3) 79,8 (3) 28,5 (4) 28,1 (5)

H. erectus China  (n) 72,0 (3) 69,8 (4) 83,5 (3) 80,7 (4) 32,4 (4) 34,0 (5)

100 H. sapiens 
(Var Coef)

86.1 
(12,1)

85.5 
(11)

131.9 
(10,2)

128.4 
(8,8)

30.4 
(18,2)

32.8 
(19,2)

Figure 9. PCA 2D (11 variables and 47 specimens)
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Univariate metrics analysis 
	 On all of the fossil and modern human samples 

(Table 8) the difference between left and right hemi-
spheric length is always less than 4mm. There is not ap-
parent trend for asymmetry to be directed more towards 
one side versus the other in African or Asiatic fossil 
hominids. A slight asymmetry is observed in D 2280. 
In modern humans (n=109), though, there is a slight 
trend toward eftward asymmetry (54.1%) (170.8mm, 
VarCoef=5mm) (13.8% equivalent and 32.1% right with 
170.1mm, VarCoef=4.9).

	 Right maximal hemispheric width is slightly 
larger on all African fossil hominids, D 2280 and Java-
nese Homo erectus from Trinil and Sangiran. However, 
no real trend appears in Zhoukoudian Lower Cave sam-
ple or in moden humans (n=105; left width=68.5mm, 
VarCoef=7.5; right width=68.2, VarCoef=6.5) 

	 Concerning the superior hemisphere height at 
endobregma or endovertex level, all African fossil homi-
nids from Olduvai and the Turkana region, Asiatic Homo 
erectus from Sangiran and Trinil, both Georgian fossil 
hominids, and the modern humans sample do not show 
any particular trend. Only Zhoukoudian Lower Cave 
hominids exhibit a more elevated height (towards the 
left). However, the meaning of this last this result should 
be considered with caution, since the result is drawn 
from only five individuals. 

No asymmetric trend has been observed concern-
ing bregmatic angle opening on left or right hemisphere 
in fossil or modern samples. The right occipital angle 
opening is greater in KNM ER 1813 and 1470 as well 
as in modern humans (139.8° VarCoef=6.4, left=132.8°, 

VarCoef=12.3). However, the other endocasts studied 
here are distributed equitably between left and right asy-
emmetries. Similar results were observed for the supe-
rior and inferior parts of the occipital angle.

	 No particular trend appears concerning the 
occipito-cerebellar distance in modern humans, which 
instead shows tremendous variability. In the fossil homi-
nid sample, the repartition is equivalent between both 
groups, confirming either a left or right petalia distribu-
tion without any chronologic or geographic association. 
No asymmetry appears in the well preserved frontal and 
occipital lobes surfaces of D 2280.

Cerebral relief and vascular imprints
The study of the variation of encephalic relief and 

vascular imprints provides useful data on asymmetries 
through time. The endocranial surfaces of Olduvai and 
Turkana (East and West) are incompletely preserved. 
According to Begun and Walker (1993) relief of the left 
frontal is more developed in KNM ER 1813, but less so 
in KNM WT 15000 and KNM ER 1470. KNM ER 3733 
and 3883 are too damaged for comparison. All Asiatic 
Homo erectus specimens from Sangiran, Trinil (Java) 
and from Zhoukoudian Lower Cave (China) have less 
relief in left frontal lobes. In moderns 72% exhibit left 
frontal relief against 16% for with more developed relief 
on the right frontal lobe (12% are equal).

D 2280 preserves some relief, displaying equivalent 
left and right frontal relief, except for the pars triangula-
ris of third frontal convolution which seems bulge more 
on the right hemisphere. Both of these surfaces are clearly 
delimited from pars orbitalis and pars opercularis.

LMDE LMGE HGQDE HGQGE HBRDE HBRGE WMDE WMGE XBDE XBGE DOCDE DOCGE XLTDE XLTGE
D2280 146 144 58 57.5 57 57.5 66 57 46 46 11 12.5 151 152.5
D2282 140 140 41.5 43 39.5 41 48 52 39 38.5 114.5
H.habilis
N 4 4 4 4 4 4 4 5 1 1 3 3 1 1
Average 127.8 127.1 45.8 44.3 41.6 39.9 52.8 49.6 48.0 43.0 11.5 10.7 148.0 142.0
Var Coef 3.6 3.6 5.7 3.9 11.1 7.7 7.2 3.4 87.3 75.2
ER1470 137 138 52 52.5 45 46 52 59 50 51 5.5 8 129 124
H.ergaster
N 3 3 1 3 1 3 3 1 3 1 3 1 3
Average 147.7 146.7 54.0 52.5 46.0 49.3 61.0 45.5 41.7 3.0 4.0 148.5 159.8
Var Coef 6.1 6.2 17.3 18.4 21.8 25.0 5.7
H.er.Java
N 4 4 4 5 4 5 5 6 3 4 4 4 4 5
Average 154.8 154.1 57.5 58.4 55.1 54.2 62.6 61.4 44.0 46.4 12.6 10.3 125.0 124.4
Var Coef 4.3 3.9 4.1 3.1 1.1 2.4 6.2 2.5 2.3 4.8 18.4 21.3 8.5 7.7
H.er.China
N 5 5 5 5 5 5 5 6 5 5 4 4 4 4
Average 165.4 166.0 59.8 63.0 56.2 59.4 61.7 62.3 42.5 43.4 14.8 14.4 119.3 122.5
Var Coef 3.4 3.9 5.1 4.9 5.8 4.2 2.4 6.1 6.3 5.0 16.3 34.2 3.4 9.7
Extinct 
humans
Nb Spec. 105 105 104 104 104 104 105 105 27 27 103 103 26 26
Average 170.1 170.8 66.6 66.6 58.8 58.9 68.2 68.5 51.9 51.8 8.8 10.5 139.8 132.8
Var Coef 4.9 5.0 12.5 12.4 14.1 13.1 6.5 7.5 8.1 7.3 55.0 41.5 6.4 12.3
Maximum 187 189 90 87.5 85 76.5 79 88 61.5 60 21 21 161.5 156.5
Minimum 147 150 50 52 44 44 56 58 44 43 0 1 117.5 99.5

Table 8 : Asymmetry
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The opercular part of second parietal gyrus produces 
an eminence on both hemispheres of D 2280 similar to 
that seen in modern humans. This area is a little more 
developed in the left parietal lobes of Asiatic Homo erec-
tus. The supramarginal gyrus and angular gyrus are more 
accentuated with clearer limits on left temporo-parietal 
lobes of Asiatic Homo erectus, 45% of modern humans 
(37% on the left, 18% equivalent), and in D 2280. It is 
more developed on right hemisphere in OH13; however, 
the endocranial surface preservation of other fossils from 
Olduvai do not allow for any comparison. No difference 
was noted by Begun and Walker (1993) for this cortical 
region for WT 15000.

In modern human right-handers it is common to ob-
serve a larger right frontal lobe associated with a left one 
showing a more developed third frontal convolution (in 
particular the orbital and triangular parts) and left domi-
nance of the supramarginal gyrus, which is included in 
Wernicke’s area (LeMay, 1976). However, according to 
Gannon et al. (1998) and Sherwood et al. (2003) great 
apes exhibit humanlike asymmetry in Broca’s area ho-
mologue and planum temporale, which is more localized 
to the supramarginal gyrus. Thus, there is debate about 
whether the humanlike asymmetry patterns expressed in 
non-human primates autapomorphic or plesiomorphic 
characters that could be expected to be resent in our early 
ancestors (Sherwood et al., 2008). 

With concern to vascularization no relationship has 
been established between the meningeal system and the 
venous sinuses (Paturet 1964). No major trend has been 
observed between fossil hominids, which correlates with 
the results for frontal and occipital petalias. This is un-
like modern humans, which exhibit a sagittal sinus going 
to the right transverse sinus on 77% (21% on the left and 
2% indetermined), and have a more developed left hemi-
sphere. The poor preservation on the right surface of D 
2280 doesn’t allow for any comparison between the mid-
dle meningeal pattern in both hemispheres. This vascu-
lar system seems more developed on the left side of the 
brain of Javanese Homo erectus, but is symmetrical in 
Chinese hominids. This left predominance reaches 43% 
(13% right). in modern humans, while 45% are sym-
metrical. Based on the fossil hominid sample vascular 
asymmetry seems to be considered autapomorphic char-
acter of modern humans, albeit we are uncertain what the 
correlation may be to cognitive abilities. In conclusion, 
there is no general trend with regard to vascularization in 
fossil himinids. The results show a rightward dominance 
for the frontal and temporo-parietal lobes, and a leftward 
dominance for the occipital lobes is associated with 
more developed cerebral relief on left side of the brain.

Principal components analysis
Correlation matrices suggest a strong relationship 

between the above data, except DOCE which corre-
sponds to occipito-cerebellar projection (measures in lat-
eral and superior views) (Table 9). The factorial weights 
table of each variable on each principal component dem-

onstrates that all retained dimensions are correlated with 
the first principal component. It is the size effect that im-
plies that small hominid endocasts are placed in positive 
values and larger ones in negative values. The result is 
that fossil hominids from Africa and Asia are in the right 
part of the graph, while more recent humans from the up-
per Palaeolithic to moderns are in the left part (Table10).

Principal component analysis applied to the endo-
cast coordinates shows a polarized axis where the two 
first components reach 81% (Fig. 9). The first one 
(65.9% of total variance) is related to anterior cerebral 
region development, while increasing of the frontal and 
parietal chords is associated with elevation of the central 
region of the brain between the precentral and postcen-
tral sulci (corresponding to HGQE, HBRE and XBE) on 
one hand and supramarginal gyrus development  (corres-
ponding to WBE) on the other. So the first axis clearly 
separates fossil hominids into two groups, African and 
Asiatic ones with short, low and narrow general dimen-
sions and short frontal and parietal sagittal chords from 
modern humans. 

The second component (15.2% of total variance) 
shows closing of the inferior part of the occipital angle, 
which is related to the occipito-cerebellar projection 
(DOCE), position of cerebral lobes and posterior cere-
bral rotation. In fossil hominids, the more open inferior 
occipital angle is observed in African endocasts with D 
2280, which shows the most plesiomorphic pattern for 
this feature. The Asiatic sample, Javanese and Chinese, 
exhibits a slight narowing of the angle, but a higher occi-
pito-cerebellar projection. D 2280 could be an Asiatic 
variation, since its absolute value for occipito-cerebellar 
projection is clearly outside that of the African sample. 
DOCE, which is only slightly smaller in PC1, is very 
large in the second component. However, this relative 
position of Dmanisi is the result of 11 variables. Its XLIE 
value is closer to African specimens. Endocasts situated 
on the negative axis show small a occipito-cerebel-
lar projection (African hominids) than those ones with 
positive values in the superior where there is a notable 
backwards projection (Asiatic hominids).

The first axis of variation separates fossil homi-
nids from modern humans. Three groups are clearly 
delimited on the graph. Endocasts in the inferior right 
quarter are the smallest in the three general dimensions 
(length, width, heights). The frontal angle is more nar-
row in this group, illustrating the low value of general 
cerebral bending. This group exhibits most opened angle 
in the inferior part of the occipital region, emphasizing 
a plesiomorphic configuration. The Asiatic sample, sub-
divided into Javanese as more archaic, and Chinese as 
more modern, demonstrates closeness in the inferior oc-
cipital angle and projection of occipito-cerebellar region. 
The pattern of increasing values from the African group 
to modern humans with concern to general dimensions, 
opening of frontal angle and closeness of the inferior 
occipital is clearly emphasized on this analysis.
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Shape changes along PC1 (Fossil:grey, HS:black)

Shape changes along PC2 (Asiatic:grey, African:black)

Left superior view

Left frontal view

Left lateral view
Left superior, frontal and lateral views

Figure 10. PCA 3D with shape changes along PC1 and PC2

Table 9. Correlation matrix (11 variables and 47 specimens)

DOCE HGQE HBRE LME WBE CFR CPA COC XBE XLSE XLIE
DOCE 1
HGQE 0,32 1,00

HBRE 0,36 0,92 1,00
LME 0,63 0,68 0,55 1,00
WBE 0,17 0,83 0,68 0,68 1,00
CFR 0,53 0,87 0,78 0,85 0,74 1,00
CPA 0,12 0,65 0,56 0,53 0,66 0,47 1,00
COC 0,53 0,63 0,49 0,73 0,58 0,66 0,25 1,00
XBE 0,01 0,73 0,60 0,23 0,60 0,48 0,48 0,40 1,00
XLSE -0,65 0,12 0,10 -0,27 0,20 -0,16 0,29 -0,19 0,19 1,00
XLIE -0,81 -0,31 -0,22 -0,66 -0,20 -0,51 -0,06 -0,59 -0,17 0,68 1
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Morphometric affinities  
of Dmanisi brains

Particular care has been taken to choose the most 
landmarks preserved on the Dmanisi endocasts and 
other fossils. Procrustes superposition was peformed on 
14 sagittal and left parasagittal landmarks digitalized in 
three dimensions (x,y,z) on 20 fossils specimens (Tale 
2). This selection covers the majority of the left hemi-
spheric surface, and is the result of the preservation state 
of D 2280. The D 2280 endocast was compared with Af-
rican and Asiatic fossil hominids, and to upper Palaeo-
lithic H. sapiens by principal components analysis. The 
two first components account for 49.5% of the total vari-
ance. The first component (27.5%) clearly separates two 
groups. All of the modern humans are on the positive 
side of the axis (Fig.10), while almost all of the ancient 
fossil hominids are placed on the negative side, includ-
ing the Dmanisi specimen. Negative values correspond 
with elongated and low endocast shapes due to the lower 
position of the medial part of the brain, maximal endo-
cranial width in a lower and more posterior position, 
and, finally, frontal and occipital extremities placed in 
prolongation of the maximal length. All these morpho-
logical features are considered as plesiomorphic. 

	 On the positive side of the axis the shortness 
of the brain is underlined by the lower position of the 
anterior frontal part, which is rounding downward and 
backward, and the occipital and cerebellar lobes, which 
round downward and frontward. As a result these two ce-
rebral regions are brought closer. Clear elevation of the 
posterior frontal and anterior parietal regions is noticed 
in more rounded endocasts. These phenomena are asso-
ciated with the more anterior and superior position of 

the maximal endocranial width at the base of the parietal 
lobes. Thus, on the graph all modern humans are clearly 
situated on the positive side, and all the fossil hominids, 
African and Asiatic, are mixed together on the negative 
side of the axis.

Individualization in the two groups appears on the 
second component (22%). Asiatic hominids are placed 
in the negative part of axis, Africans in the positive part. 
Dmanisi hominids are intermediate between both fos-
sil plots, while modern humans are intermixed with the 
fossils. The outline of the endocranial shape emphasizes 
a longer hemisphere with similar elevation in African 
hominids compared to Asiatic ones. Maximal endocra-
nial width is situated superiorly in the second group. In 
superior and lateral views the different outlines of the 
first parietal convolution between African and Asiatic 
hominids is apparent. In African endocasts this is regu-
larly convex between the sagittal plane and the maximal 
endocranial width contrary to Asiatic hominids which 
show an interruption in the curvature with a depression 
towards the level of the interparietal sulcus. Dmanisi 
joins the Asiatic sample in possessing a large and de-
pressed sulcus. Dmanisi’s position on the graph is in-
termediate between African and Asiatic groups, perhaps 
indicating the acquisition of derived characters similar to 
those observed in Asiatic Homo erectus.

Function
Clear regression of the encephalic rostrum, associ-

ated with a narrower interorbital space, is observed be-
tween the hominid fossil sample and modern humans. 
This difference can perhaps be functionally interpreted 
as an indication of a decreasing emphasis on olfaction. 
According to Sherwood et al. (2008), brain size enlarge-

Table 10. Factorial weights of variables on principal components

Variable CP 1 CP 2 CP 3 CP 4 CP 5
LME -0.47  0.36 -0.41 -0.11  0.32
WBE -0.41 -0.29  0.02 -0.60  0.04  

HGQE -0.38 -0.18  0.31  0.19 -0.16 
HBRE -0.28 -0.17  0.39  0.42 -0.06 
DOCE -0.09  0.24 -0.05  0.21 -0.13  
CFR -0.45  0.15  0.28  0.15  0.47
CPA -0.30 -0.46 -0.66  -0.41 -0.22 
COC -0.24  0.23  0.12 0.33 -0.55 
XBE -0.10 -0.13  0.17  0.03 -0.36  

XLSE 0.01 -0.37  0.04 -0.20  0.08
XLIE 0.15 -0.47  0.11 -0.15  0.38 

Sdt.Deviat 27.41 13.17 8.66 7.03 5.92
Pr Variance 0.66  0.15 0.07 0.04 0.03 
Cum Prop 0.66  0.81 0.88 0.92 0.95
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ment in human evolution might have led to a greater de-
gree of functional neocorticalization with this structure 
taking on more direct influence of other brain regions, 
allowing for greater voluntary control over actions, con-
tributing to human-specific behavioural abilities, such as 
the modality and stimulus dependence of language. Bro-
ca’s area, located in the third frontal gyrus, is a key com-
ponent of the cortical circuitry in language production. 
It is more developed on the left hemisphere in 95% of 
humans as demonstrated by functional imaging or corti-
cal stimulation studies (Parrot, 1981; Habib et al., 2000; 
Sherwood et al., 2003). For Arbib (2005) the role of Br-
oca’s area is more important that expected. Recent brain 
imaging data suggest important non-linguistic functions 
relevant to language development in the inferior fron-
tal gyrus, revisiting the role of Broca’s area in language, 
which has surely played as crucial a role in the evolu-
tion of human speech as gestural communication has in 
nonhuman primates. According to Lieberman (2007), 
“the starting points for human speech and language were 
perhaps walking and running”. Earlier humans would be 
an intermediate stage in the evolution of language, in-
dicating that this process was gradual and not an abrupt 
phenomenon. Of course, some form of speech, or differ-
ent form of communication must have been in place in 
archaic hominids, allowing for culture and knowledge 
transmission through generations. Nevertheless, since 
the frontal lobes are involved in functions such as ab-
straction, planning and articulate language, their expan-
sion and development are of great importance. 

Expansion of the parietal lobes in modern humans 
(Grimaud-Hervé, 1997; Bruner 2004) is associated with 
enlargement of the temporal lobes. Both have key func-
tions with regard to language comprehension, verbal 
memory and face recognition. Parietal cortex expansion 
is also important in human evolution, affecting visuo-
spatial and sensory integration, multimodal processing 
and social communication (Holloway 1995). Impor-
tant in the evolution of manual dexterity, the extension 
of posterior parietal cortex is presumed to have aided 
changes related to object manipulation, motor planning 
and, therefore, stone tool production (Stout & Chami-
nade, 2007). But we have to keep in mind that many 
asymmetries are expressed in nonhuman primates, and 
that plesiomorphic characters represent the substrate for 
a pre-adaptation to hemispheric specialization in human 
evolution. In this context, Aboititz et al. (2006) have em-
phasized the existence of a cortical sensory-motor audi-
tory-vocal circuit, which was probably present in mon-
keys, and which served as the precursor for the cortical 
language circuits in the human brain (Broca’s and Wer-
nicke’s areas). This idea is supported by recent neuroim-
aging studies in the monkey (Semenferedi and Damasio, 
2000; Gil-da-Costa et al., 2006). Of course, study of the 
fossil record is limited to endocranial geometry and mor-
phological description, which correspond only to macro-
scopic pattern. Unfortunately, any information that could 
be available on the architecture of the cerebral tissues 

and their associated functions is lost in the fossil record. 
 Using techniques as MRI (Magnetic Resonance 

Imaging) or FDG-PET (FluoroDeoxyGlucose Positron 
Emission Tomography), descriptions of activated cere-
bral areas during particular duties is possible, and allows 
one to establish the relationships between function and 
brain structure. Functional imaging research on modern 
humans cannot directly infer the cognitive capacities of 
extinct Homo species, but does permit speculation with 
regard to the development of evolutionary significant 
behaviours. The results of experimental toolmaking 
(Oldowan and Acheulean) by expert subjects (Schmidt-
Nielsen, 1998; Stout et al., 2000, 2008) emphasizes the 
importance of visuomotor coordination, postural deport-
ment, proprioception and hierarchical action organiza-
tion. Increased activation of the ventral premotor and 
inferior parietal elements of the parietofrontal praxis 
circuits in both hemispheres and of the right hemisphere 
homologue of Broca’s area suggest coevolutionary hy-
potheses linking the emergence of language, toolmak-
ing, functional lateralization and association cortex ex-
pansion in human evolution (Falk, 1992, 2005; Gibson 
and Ingold, 1993; Holloway 1981b; Holloway et al., 
2004; Tobias, 1991). 

Actions involved in the toolmaking task are re-
flected in the activation of the left inferior parietal lobe, 
while knowledge of tools and tool-use are reflected in 
activation of the left posterior temporal cortex. Accord-
ing to Stout et al. (2008), results of functional imaging 
research with modern humans cannot directly reveal the 
cognitive capacities or neural organization of extinct 
hominin species but can clarify the relative demands of 
specific, evolutionarily significant behaviours. As ex-
pected in this study, expertise was associated with in-
creased inferior parietal lobe activation during Oldowan 
toolmaking, but contrary to this expectation, this activa-
tion was strongly bilateral. Regions adjoining human an-
terior interparietal sulcus are also involved in the storage 
of visuospatial properties associated with tool manipu-
lation. Thus, bilateral activation revealed in Stout et al. 
(2008) shows that expert performance is supported by an 
enhanced knowledge of the action properties of the tool 
and the body system, rather than semantic knowledge 
about appropriate patterns of tool use. The authors con-
clude that the task of Oldowan toolmaking is inherently 
bimanual with distinct but complementary roles for the 
two hands which confirm that hypotheses linking lan-
guage capacities and tool-use typically focused on left 
hemisphere have to be discussed. The right hemisphere 
seems to play an important role in language process-
ing (Bookheimer 2002), and contributes to elements of 
perception and action on larger spatio-temporal scales. 
Particular tasks require cortical association structures 
(Gilissen, 2001; Aboitiz and Garcia 1997; Amuntz et 
al., 1999; Wu et al., 2006). The archaeological record of 
technological change in understanding human cognitive 
evolution has to be reassessed, since it may be likely that 
ancient hominids and modern humans could have been 
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capable of utilizing similar tool making techniques. For 
example, archaic tools, which are not indicative of their 
cognitive abilitis, can be found with modern humans 
(Carbonell et al., 1995; Shea, 1997; Lévêque et al., 1993; 
d’Errico et al., 1998; Mellars, 1996; Roebroeks and van 
Kolfscoten, 1995). These neurological results obtained 
from magnetic resonance imaging of expert archaeolo-
gists perhaps provide an explanation for the absence of 
asymmetrical frontal and temporo-parietal lobes in Af-
rican fossil hominids associated with Oldowan culture. 
In addition, a slight left predominance has been found in 
Asiatic fossil hominids, which is related to Wernicke’s 
area of auditory comprehension.

Conclusion

Results of Dmanisi’s brain study seem to link D 
2282 with the African fossil hominid sample (cranial 
capacity, univariate and bivariate dimensions). These 
measurements place D 2282 closer to Homo habilis, 
suggesting it possesses many plesiomorphic morpholog-
ical features commonly observed in H. habilis as well 
as Homo ergaster. A lateralization phenomenon is ob-
served in the orientation of longitudinal superior sinus 
on African and Asiatic hominids, but no chronological or 
geographical groups have been noticed. This asymmetry 
is observed primarily in the most ancient fossil hominids 
of our studied sample. This sinuses lateralization corre-
sponds with the observed petalial patterns noted on all of 
the specimens here.

The middle meningeal system of Dmanisi’s homi-
nids is very poor with scarce ramifications and no anas-
tomoses unlike those observed on most ancient African 
hominids. Asiatic Homo erectus meningeal system is 
more developed with more ramified branches. The Dma-
nisi endocranial morphological features as compared to 
African fossil hominids from Olduvai, East and West 
Turkana, and to Asiatic ones from Trinil and Sangiran 
in Java and Zhoukoudian in China, allows one to em-
phasize some of the similarities which can be interpreted 
as plesiomorphies. This is the case of the systematic en-
cephalic rostrum present on all specimens, which corre-
sponds to the first and second convolutions that invagi-
nate between the orbital roof and are determined by the 
size of the interorbital space. This morphological char-
acter is related to olfaction, and is well developed in all 
early fossil hominids. 

Frontal and parietal relief are scarcely individual-
ized in the African sample, and are more marked with 
less diffuse limits in D 2280 and Asiatic Homo erectus. 
The Sylvian valley, which is particularly broad in the Af-
rican sample, is narrower on Dmanisi and Asiatic homi-
nids with clear development of frontal and temporal 
lobes which lie more closely together because of closing 
of Sylvian valley. In most ancient Asiatic Homo erectus 
the precentral gyrus breadth is often wider (or equivalent 
to the postcentral). This trend is accentuated on more re-
cent Asiatic Homo erectus such as Ngandong for exam-

ple. Most ancient African hominids exhibit equality of 
the breadth of the pre- and post-central convolutions. ER 
3733 (on which this character can be observed) exhibits 
a slightly broader post central gyrus. The same observa-
tion is also true of both Dmanisi’s hominids as well as 
modern humans. 

Convergence of results obtained from morpho-
logical, univariate and bivariate analysis, and morpho-
metrical 2 and 3D analyses contribute to a synthetic ap-
proach concerning the phyletic position of the Dmanisi 
hominids. Size factors distinguished African hominids 
and Dmanisi from Asiatic sample. Those excluding size 
emphasize the morphological features that are tradition-
ally difficult to quantify. These show an unquestionable 
closeness between D 2280 (D 2282 is too damaged to 
be integrated into this analysis) and Asiatic hominids, 
which are distinct from the African sample as well as 
modern humans. 

The primary results, based on the small fossil sample, 
possibly suggests that the first African representatives 
from the genus Homo (Homo habilis or Homo ergaster) 
could have evolve into archaic Homo sapiens, which could 
be the ancestor of anatomically modern Homo sapiens in 
Africa. In addition, these African fossils may also provide 
a link to the Dmanisi fossils, which share strong affini-
ties with Asian Homo erectus, as well. One of these fossils 
hominids (D 2280) exhibits derived characters similar to 
those observed in Asiatic Homo erectus, implying that the 
Dmanisi fossils lie near the origin of the Asian fossils.

Acknowledgements

I am very grateful to Doug Broadfield, Michael 
Yuan, Kathy Schick and Nicolas Toth for inviting me to 
participate to the Symposium “The Human Brain Evolv-
ing: Papers in Honor of Ralph L. Holloway” at The 
Stone Age Institute and Indiana University in Blooming-
ton. Particular thanks are due to Chet Sherwood, Doug 
Broadfield and Ralph Holloway for their scientific re-
marks and editing. I am sincerely grateful to Caroline Si-
monis-Sueur and Miguel Caparros who had the patience 
to help me concerning multivariate analysis, and Antoine 
Balzeau for his technical help and all of them for com-
ments on an early draft of this paper.

References

Abbate E, Albianelli A, Azzarolo A, Benvenuti M, Tesfama-
riam B, Bruni P, Clarke RJ, Ficcarelli G, Macchiarelli 
R, Napoleone G, Papini M., Took L, Sagr, M, Tecle TM, 
Torre D, Villa I. 1998. A one-million-year old Homo 
cranium from Danakil (Afar) Depression of Ethiopia. 
Nature, 393:458-460.

Aboitiz F, Garcia GL. 1997. The evolutionary origin of 
language areas in the human brain. A neuroanatomical 
perspective. Brain Res Rev, 25:381-396.

Aboitiz F, Garcia RR, Bosman C, Brunetti E. 2006. Cortical 
memory mechanisms ans language origins. Brain and 
language. 98:40-56.

Grimaud-Herve et al. 4 79



Grimaud-Herve et al. 4 79

Amunts K, Schleicher A, Bürge U, Mohlberg H, Uylings 
HBM, Zilles K. 1999. ���������������������������������Broca’s region revisited: cytoar-
chitecture and inter subject variability. J Comp Neurol, 
413:319-341.

Arbib MA. 2005. From monkey-like action recognition to hu-
man language : an evolutionary framework for neurolin-
guistics. Behavior and Brain Sciences, 28:105-167.

Armstrong E. 1985. Allometric considerations of the adult 
Mammalian brain, with special emphasis on Primates. 
In:”Size and scalling in primate biology”, W.L. Jungers 
Eds, Plenum Press New-York, 115-146

Asfaw B, Gilbert WH, Beyene Y, Hart WK, Renne PR, Wol-
deGabriel G, Vrba E, White T. 2002. Remains of Homo 
erectus from Bouri, Middle Awash, Ethiopia. Nature, 
416:317-320.

Bauchot R, Stephan H. 1969. Encéphalisation et niveau évo-
lutif chez les Simiens. Mammalia, 33(2):225-275.

Begun D, Walker A. 1993. The Endocast. In:” The Narioko-
tome Homo erectus skeleton“, A. Walker and R. Leakey 
Eds, 327-358.

Bruner E. 2003. Fossils traces of the human thought : paleo-
neurology and the evolution of the genus Homo. Rivista 
di Antropologia, Journ Anthropol Sc, 81:29-56.

Bruner E. 2004. Geometric morphometrics and paleoneurol-
ogy : Brain shape evolution in the genus Homo. JHE, 
47:279-303. 

Caparros M. 1997. Homo sapiens archaïques : un ou plusieurs 
taxons (espèces) ? Analyse cladistique et morphomé-
trique. Doctorat du M. N.H.N., Paris, 263p.

Carbonell E, Bermudez de Castro JM, Arsuaga JL, Diez 
JC, Rosas A, Cuenca-Bescos G, Sala R, Mosquera M., 
Rodriguez XP. 1995. Lower Pleistocene Hominids 
and Artifacts from Atapuerca-TD6 (Spain). Science, 
269:826-832. 

Chieze C. 1983. L’asymétrie cérébrale au cours de l’évo-
lution. Mémoire de D.E.A., Géologie du Quaternaire, 
Paléontologie Humaine, Préhistoire, M.N.H.N., Paris VI, 
31p.

Delmas A, Chifflet J. 1950. Le pressoir d’Hérophile. C R Ass 
Anat, Louvain, 123-131.

Errico d’ F, Zilhao J, Julien M, Baffier D, Pelegrin J. 1998. 
Neanderthal Acculturation in Western Europe ?. A 
Critical Review of the Evidence and its Interpretation. 
Current Anthropology, 39:1-23.

Falk D. 1992, 2005. Brain dance : new discoveries about hu-
man origins and brain evolution. New York: Henry Holt 
and Company.

Gabounia L. 1992. Der menschliche Unterkiefer von Dmanisi 
(Georgien, Kaukasus). Romisch-Germanischen Zentral-
museums Mainz, 39:185-210.

Gabounia L, Vekua A. 1995. A Plio-Pleistocene hominid from 
Dmanisi, East Georgia, Caucasus, Nature, 373:509-512.

Gabounia L, Vekua A, Lordkipanidze D. 1999. A hominid 
metatarsal from Dmanisi (Eastern Georgia), Anthropolo-
gie, XXXVII(1/2):163-166.

Gabounia L, Vekua A, Lordkipanidze D, Swisher CCIII, Fer-
ring R, Justus A, Nioradze M, Tvalcherelidze M, Anton 
SC, Bosinski G, Joris O, Lumley MA, Majsuradze G, 
Mouskhelishvili A. 2000. Earliest Pleistocene cranial 
remains from Dmanisi, Republic of Georgia: taxonomy, 
geological setting, and age. Science, 288:1019-1025.

Gabounia L, Anton SC, Lordkipanidze D, Vekua A. Justus 
A, Swisher CCIII, 2001. Dmanisi and dispersal. Evol. 
Anthropol., 10:158-170.

Gabounia L, Lumley MA, Vekua A, Lordkipanidze D, Lumley 
H. 2002. Découverte d’un nouvel hominidé à Dmanisi 
(Transcaucasie, Géorgie), C.R.Palevol, 1:243-253.

Galaburda AM, LeMay M, Kemper TL, Geschwind N. 
1978. Right-left asymmetries in the brain. Science, 
199:852-856.

Gannon PJ, Holloway RL, Broadfield DC, Braun AR. 1998. 
Asymmetry of chimpanzee planum temporale: human-
like pattern of Wernicke’s brain language area homolog. 
Science. 279:220-222.

Gibson K, Ingold T. (Eds) 1993. Tools, language and 
cognition in Human evolution. Cambridge, Cambridge 
University press.

Gil-da-Costa R, Martin M, Lopes MA, Munoz M, Fritz JB, 
Braun AR. 2006. �������������������������������������Species-specific calls activate homo-
logs of Broca’s and Wernicke’s areas  in the macaque. 
Nature Neuroscience, 8:1064-1070.

Gilissen E. 2001. Structural symmetries and asymmetries 
in human and chimpanzee brains. In: “Evolutionary 
anatomy of the primate cerebral cortex”, Falk and Gib-
son Eds, 187-215.

Good CD, Johnrude, Ashburner J, Henson RN, Friston KJ, 
Frackowiak R.S. 2001. Cerebral asymmetry and the ef-
fects of sex and handedness on brain structure : a voxel 
based morphometric analysis of 465 normal adult brains. 
NeuroImage, 14:685-700.

Grimaud-Hervé D. 1997. L’évolution de l’encéphale chez 
l’Homo erectus et l’Homo sapiens. Les cahiers de 
Paléoanthropologie. CNRS Eds, 405 p.

Grimaud-Hervé D. 2004. Endocranial vasculature, In “The 
human fossil record ». ��������������������������������Vol.3 : Brain endocasts, the pa-
leoneurological evidence, Holloway, RH, Broadfield DC 
and Yuan MS, Wiley Press, New York, 273-282.

Grimaud-Hervé D, Saban R 1996. Les empreintes vasculaires 
observées sur les moulages endocrâniens d’hominidés 
fossiles et actuels. Anthropologie, Brno, XXXIV/1:27-34

Grimaud-Hervé D, Lordkipanidze D, Lumley MA, Gabounia 
L. 2006. Etude préliminaire des endocrânes de Dmanisi 
D 2280 et D 2282. L’anthropologie, 110:732-765.

Habib M, Joanette Y, Roch Lecours A. 2000. Le cerveau 
humain et les origines du langage. Médecine Sciences, 
2:171-180.

Hartwig-Scherer S. 1993. Body-weight prediction in early 
fossil hominids: towards a taxon –“independent” ap-
proach. AJPA, 92: 7-36. 

Herve PY, Crivello F, Perchey G, Mazoyer B, Tzourio-
Mazoyer N. 2006. Handedness ans cerebral antomi-
cal asymmetries in young adult males. NeuroImage, 
29:1066-1079.

Holloway RL. 1975. Early hominid endocasts : volumes, 
morphology, and significance for hominid evolution. 
In: Primate functional, Morphology and Evolution. RH 
Tuttle, Mouton, 393-425. 

Holloway RL.1978. Problems of brain endocast interpretation 
and African hominid evolution. In (C Jolly Ed) Early 
hominids of Africa, 379-401. London: Duckworth.



80 3 The Human Brain Evolving: Papers in Honor of Ralph L. Holloway

Kiladze G, Martinez-Navarro B, Mouskhelishvili A, Nio-
radze M, Rook L, 2007. Postcranial evidence from early 
Homo from Dmanisi, Georgia. Nature, 449:305-310.

Lumley H, Lordkipanidze D, Féraud G, Garcia T, Perrenoud 
C, Falguères C, Gagnepain J, Saos T, Voinchet P. 2002. 
Datation par la méthode 40 Ar/39Ar de la couche de 
cendres volcaniques (couche VI) de Dmanisi (Géorgie) 
qui a livré des restes d’hominidés fossiles de 1.81Ma. C 
R Palevol, 1:181-189.

Lumley MA, Lordkipanidze D. 2006. L’Homme de Dmanisi 
(Homo georgicus), il y a 1 810 000 ans. C R Palevol, 
5:273-281.

Lumley MA, Gabounia L, Vekua A, Lordkipanidze D. 2006. 
Les restes humains du Pliocène final et du début du 
Pléistocène inférieur de Dmanisi, Géorgie (1991-2000). I 
– Les crânes (D2280, D2282, D2700). L’Anthropologie, 
110:1-110. 

Mac Henry H.M. 1976. ����������������������������������Early body weight and encephaliza-
tion. AJPA, 45 : 77-84.

Martin RD. 1990. Primates Origins and Evolution : A phylo-
genetic reconstruction. Princeton University Press.

Martin RD. 1995. La taille du cerveau et l’évolution humaine. 
Pour la Science, 210:60-67.

Martin RD. 1996. Scaling of the mammalian brain: the mater-
nal energy hypothesis. News Physiol Sci., 11:149-156. 

Mellars P. 1996. The Neandertal Legacy. An Archaeological 
Perspective from Western Europe. Princeton : Princeton 
University Press.

O’Higgins P. (2000) The study of morphological variation 
in the hominids fossil record : biology, landmarks and 
geometry. Journal of Anatomy, 197:103-120.

Parrot JL. 1981. Paul Broca et la physiologie du langage. Rev 
Pal Déc, 9 (90):15-26.

Paturet G.1964. Traité d’Anatomie humaine. Système 
nerveux. IV, 1183 p., Masson.

Rightmire GP. 1986. Body size and encephalization in Homo 
erectus, In « Fossil Man – New facts, new ideas ». An-
thropos, 23: 39-150.

Rightmire GP. 2004. Brain size and encephalization in Early 
to Mid-Pleistocene Homo. AJPA, 124: 109-123.

Rightmire GP, Lordkipanidze D, Vekua A. 2005. Anatomical 
descriptions, comparative studies and evolutionary sig-
nificance of the hominin skulls from Dmanisi, Republic 
of Georgia. JHE, 1-27.

Rightmire GP, Lordkipanidze D. 2007. The role of Dmanisi in 
early hominin dispersal. AAPA abstracts, 199.

Roebroeks W & Van Kolfscoten T. 1995. ��������������������The earliest occupa-
tion of Europe, Proceedings of the European Science 
Foundation Workshop at Tautavel (France, 1993), Uni-
versity of Leiden.

Rohlf FJ, Marcus LF. 1993. A revolution in morphometrics. 
TRENDS in Ecology and Evolution, 8(4):129-132.

Rosenberg KR, Zune L, Ruff CB. 2006. Body size, body 
proportions, and encephalization in a Middle Pleisto-
cene archaic human from northern China. PNAS, 103 
(10):3552-3556.

 ��������������������������������������������������������Ruff B, Trinkaus E, Holliday TW. 1997. Body mass and en-
cephalization in Pleistocene Homo. Nature, 387:173-176.

Holloway RL. 1981a. The Indonesian Homo erectus brain 
endocasts revisited. AJPA, 55:503-521.

Holloway RL. 1981b. Culture, symbols and human brain evo-
lution : a synthesis. Dialectical Anthropology, 5:287-303.

Holloway RL. 1982. Homo erectus brain endocasts volumet-
ric and morphological observations with some comments 
or cerebral asymetrics. 1er Cong. Int. Pal. Hum., Nice, 
355-369.

Holloway RL, 1983. Human brain evolution: a search for 
units, models and synthesis. Canad. J. Anthropol., 
3:215-230.  

Holloway RL. 1995. Toward a synthetic theory of human 
brain evolution. In: Changeux JP, Chavaillon J (Eds), 
Origins of the human brain. Clarendon Press, Oxford, 
42-54.

Holloway RL, Post DG. 1982a. The relativity of relative brain 
measures and hominid mosaic evolution. In Primate 
Brain Evolution: methods and concepts (Ed Armstrong 
E, Falk D) 57-76, New York : Plenum publishing Co.

Holloway RL, De La Coste-Lareymondie MC. 1982b. Brain 
endocast asymetry in Pongids and Hominids : some 
preliminary finding on the paleontology of cerebral 
dominance. AJPA, 58:101-110. 

Holloway RH, Broadfield DC, Yuan MS. 2004. “The human 
fossil record�������������������������������������������� ».����������������������������������������� Vol. 3: Brain endocasts, the paleoneuro-
logical evidence, Wiley Press, New York, 315p.

Jaeger JJ. 1975. Découverte d’un crâne d’hominidé dans le 
Pléistocène moyen du Maroc. In « Problèmes actuels 
de Paléontologie–Evolution des vertébrés ». Col.Int. 
CNRS : 218:897-902.

Jashashvili T. 2002. Fossiles humains post-crâniens de Dma-
nisi, Humérus et clavicule. DEA. du MNHN, Paris, 90p.

Jerison HJ. 1975. Fossil evidence of the evolution of the hu-
man brain. Annual Review of Anthropology, 4:27-58.

Lee SH. 2005. Brief communication : Is variation in the cra-
nial capacity of the Dmanisi sample too high to be from 
a single species ? AJPA, 127: 63-266.

LeMay M. 1976. Morphological cerebral asymmetries of 
modern man, fossil man, and nonhuman primates. Ann 
NY Acad Sci, 280:349-366.

Levêque F, Backer AM, Guibaud M. 1993. Context of a Late 
Neandertal. Implications of Multidisciplinary Research 
for the Transition to Upper Palaeolithic Adaptations at 
Saint-Cesaire, Charente-Maritime, France, Prehistory 
Press, Monographs in World Archaeology n°16.

Lieberman DE. 2007. Homing in on early Homo. Nature, 
449:291-292.

Lordkipanidze D, Vekua A, Ferring R , Rightmire GP, Agusti 
J, Kiladze G, Mouskhelishvili A, Nioradze M, Ponce 
de Leon M, Tappen M, Zollikofer C. 2005. The earliest 
toothless hominin skull. Nature, 717-718.

Lordkipanidze D, Vekua A, Ferring R, Rightmire GP, Zol-
likofer C, Ponce de Leon M, Agusti J, Kiladze G, 
Mouskhelishvili A, Nioradze M, Tappen M, 2006. A 
fourth hominid skull from Dmanisi, Georgia. Anat. Rec., 
288A:1146-1157. 

Lordkipanidze D, Jashashvili T, Vekua A, Ponce de Leon MS, 
Zollikofer CPE, Rightmire GP, Pontzer H, Ferring R, 
Oms O, Tappen M, Bukhsianidze M, Agusti J, Kahlke R, 

Grimaud-Herve et al. 4 81



Grimaud-Herve et al. 4 81

Tobias PV. 1975. Brain evolution in the Hominidae. In : 
Primate functional morphology and evolution, RH Tuttle 
Eds, Mouton, 353-392.

Tobias PV. 1987. The brain of Homo habilis: a new level of 
organization in cerebral evolution. JHE, 16: 741-761.

Tobias PV, 1991. Olduvai Gorge. The skulls, endocasts and 
teeth of Homo habilis. Cambridge Press University, 2 
tomes, 921p. 

Tobias PV. 2006. Longevity, death and encephalization among 
Plio-Pleistocene hominins. International Congress Series, 
1296:1615.

Vekua A, Lordkipanidze D, Rightmire G, Agusti J, Ferring R, 
Majsuradze G, Mouskhelishvili A, Nioradze M, Ponce 
de Leon M, Tappen M, Tvalcherelidze M, Zollikofer C. 
2002. A new skull of early Homo from Dmanisi, Geor-
gia, Science, 297:85-89.

Weidenreich F. 1943. The skull of Sinanthropus pekinensis. A 
comparative study on a primitive hominid skull. Paleon-
tologica Sinica, 10, 298 p.

Wu X, Schepartz.E, Falk D, Liu W. 2006.  Endocranial cast 
of Hexian Homo erectus from South China. A.J.P.A., on 
line.

Saban R. 1984. Anatomie et Evolution des veines méningées 
chez les hommes fossiles. Comité des Travaux histo-
riques et scientifiques, Mémoire des sciences de la terre, 
11, ENSB- CTHS, 289p.

Schmidt-Nielsen K. 1998. How much structure is enough? In 
“Principles of Animal Design. The optimization of Sym-
morphosis debate”, Eds ER.Weibel, CRTaylor, LBolis, 
11-12, Cambridge University Press

Semenferedi K, Damasio H. 2000. The brain and its main ana-
tomical suvdivisions in living usinf magnetic resonance 
imaging. JHE, 38:317-332.

Sherwood CC, Broadfield DC, Holloway RL, Gannon PJ, 
Hof PR. 2003. Variability of Broca’s area homologue in 
African great apes: implications for language evolution. 
Anatomical Record, A271A:276-285.

Sherwood CC, Subiaul F, Zawidzki TW. 2008. A natural his-
tory of the human mind: tracing evolutionary changes in 
brain and cognition. J Anat, 212:426-454.

Stout D, Toth N, Schock K. 2000: Stone tool-making and 
brain activation: position emission tomography (PET) 
studies. J of Archaeol Sc, 27:1215-1223.

Stout D, Chaminade T. 2007. The evolutionary neuroscience 
of tool making. Neuropsychologia, 45:1091-1100.

Stout D, Toth N, Schick K, Chaminade T. 2008. Neural corre-
lates of early stone age toolmaking: technology, language 
and cognition in human evolution. Phil.Trans.R.Soc.B., 
doi:10.1098/rstb.2008.0001, published on line, 11p. 



82 3 The Human Brain Evolving: Papers in Honor of Ralph L. Holloway




