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    Abstract  
  Neanderthals and modern humans share a similar cranial capacity but different neurocranial 
organization. Recently, digital anatomy and computed morphometrics have generated a 
revolution in functional craniology, allowing quantitative analyses to investigate integration 
and correlation among the anatomical elements, both in ontogeny and phylogeny. Despite 
some derived endocranial traits, Neanderthals display a general plesiomorph organization 
of the braincase. Geometrical and structural constraints between the endocranial soft and 
hard tissues may have induced morphogenetic limits to the growth and developmental pro-
cesses. At the same time, heat production associated with a large cranial capacity and a 
plesiomorph vascular system may have also involved thermal limits. Although in paleontol-
ogy morphogenetic and metabolic processes can only be investigated through indirect evi-
dence, such hypotheses merit attention when considering the patterns of brain evolution in 
the genus  Homo . It is tempting to wonder whether these limits may be also related to pos-
sible factors associated with the extinction of Neanderthals.  
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13.1         Functional Craniology and Human 
Evolution 

 In the last decades, technical enhancements associated with 
biomedical imaging and multivariate statistics have triggered 
a relevant revolution in morphometrics, allowing the analysis 
of the anatomical variation in terms of integrated systems. 
Concepts like  morphological integration  and  modularity  
were postulated in the early twentieth century, but only with 
the development of computed approaches have these topics 
found a proper experimental and quantitative framework. 
Computed tomography and magnetic resonance represent 
the basic tools for digital anatomy, supplying a complete and 

effective source of sampling procedures (Spoor et al.  2000 ; 
Zollikofer and Ponce de León  2005 ; Gunz et al.  2009 ; Weber 
and Bookstein  2011 ). Multivariate statistics, geometrical 
models, and landmark-based morphometrics are the most 
successful tools to approach variation in terms of correlation 
and spatial relationships between the anatomical compo-
nents (Rohlf and Marcus  1993 ; Slice  2004 ).  Digital anatomy  
aims to generate data, while  computed morphometrics  aims 
to analyze data. Together, they have renovated all the fi elds 
in anatomy, through at least three distinct processes. First, 
they introduced new questions and new answers. Second, 
they made it possible to investigate issues which couldn’t be 
investigated before. Third (and this is very relevant) they 
have brought back many forgotten topics, left apart in the 
early twentieth century after the introduction of the brand 
new genetic and molecular approaches. 

 Complexity and non-linear dynamics are generated at 
three different levels.  Pleiotropy  and  poligeny  characterize 
reticulated networks between genes and characters, in which 
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each gene infl uences several characters, and each character is 
infl uenced by several genes.  Integration  characterizes net-
works among genes and among characters, inducing covaria-
tion of genes and covariation of characters because of 
functional and structural relationships. The  environment  
modulates the expression of both genes and characters, pro-
ducing different variations from the same genotype- 
phenotype model. Such networks cannot be reduced to linear 
chains of causes and consequences, given that many genes 
and characters are linked into a single system. Multivariate 
statistics is clearly the only quantitative approach that can 
organize, reveal, and disentangle these complex correlations 
among functions and structures. This framework suggests 
that rigid linear approaches may often be misleading and 
counterproductive in biology and evolution. The assumption 
that each specifi c evolutionary change may be adaptive, or 
that selection can operate on single traits independently, are 
two of the worst mistakes commonly made in the last cen-
tury, most of all following the reductionist approaches put 
forward in many molecular fi elds. 

 Anthropology and paleoanthropology, because of their 
legacy with both applied biomedicine and theoretical biol-
ogy, were among the fi rst disciplines to recognize the advan-
tages of such new perspectives. Cranial integration and 
evolution were soon investigated by using these new toolkits 
(Ponce de León and Zollikofer  2001 ; Lieberman et al.  2002 ; 
Rosas and Bastir  2002 ; Bookstein et al.  2003 ; Richtsmeier 
et al.  2006 ). The fundamentals of such new research trends 
were already present decades before. Geometric morpho-
metrics was developed upon the principles expressed much 
earlier by Thompson ( 1942 ). The integration between brain 
and braincase had been formally introduced by Moss and 
Young ( 1960 ) as principles of  functional craniology . 
According to their view, during morphogenesis, the growth 
of the braincase (changes in size) is mainly due to brain pres-
sure, while the development of the braincase (changes in 
shape) is associated with the biomechanical redirection of 
such forces according to tensions exerted by the connective 
endocranial components, most of all the  falx cerebri  and the 
 tentorium cerebelli . The upper vault components (frontal, 
parietal, and occipital bones) display a quite linear response 
to the redistribution of forces associated with the brain pres-
sure. On the other hand, the elements of the endocranial base 
are also infl uenced by many other non-brain factors associ-
ated with the structural and functional interaction with the 
rest of the skull (Lieberman et al.  2000 ; McCarthy  2001 ; 
Bastir and Rosas  2005 ; Bastir et al.  2006 ; Bruner and Ripani 
 2008 ). During both morphogenesis and evolution, the face 
strongly infl uences the orbital cortex, the subcortical spatial 
organization, and the lateral cranial base through the physi-
cal interaction with the orbits, the ethmomaxillary complex, 
the cranial base fl exion, and the mandible (Enlow  1990 ; 
Bastir et al.  2004 ; Masters  2012 ). As a result, endocranial 

morphological changes in the upper vault are more likely to 
be associated with brain form changes, while endocranial 
morphological changes in the endocranial base can be asso-
ciated with both neural and non-neural changes. In the latter 
case, the interpretation of endocranial variation is not 
straightforward: the fi nal phenotype will be the result of an 
admixture of factors, where structural constraints of the hard 
tissues (bones) are likely to exert more mechanical infl u-
ences than those of the soft tissues (brain).  

13.2     Paleoneurology and Endocranial 
Constraints 

 For a long time, paleoneurology has dealt with changes in 
cranial capacity. Today we know that this variable may be 
really relevant, but at the same time we acknowledge that 
brain evolution cannot be limited to size variations. The 
endocranium is the mould of the brain and of its vascular and 
connective elements, and it can provide information on many 
characters imprinted on its surface, like vessels or circumvo-
lutions. At the same time, endocranial morphology supplies 
information on the form of the brain, and on the spatial rela-
tionships of its components. 

 Since the early applications of computed morphometrics, 
it has been suggested that Neanderthals and modern humans 
have a different cranial organization, and that these differ-
ences can be recognized early in the ontogenetic pattern 
(Ponce de León and Zollikofer  2001 ). Neanderthals were 
large-brained hominids, with a comparable cranial capacity 
with modern humans and with similar gross morphology of 
many regions associated with relevant cognitive functions, 
like the Broca’s area or the supramarginal gyrus (Holloway 
 1980 ,  1981 ; see Holloway et al.  2004  for quantitative and 
qualitative information on many endocranial reconstruc-
tions). The endocranial anatomy of Neanderthals shows both 
derived and plesiomorph traits (Fig.  13.1 ). Except modern 
humans, all the other species of the genus  Homo  display 
form differences which are mainly allometric: as the brain 
changes its size, the form adjusts accordingly to a shared sys-
tem of structural and functional rules (Bruner et al.  2003 ). 
In this sense, Neanderthal brain morphology is mainly the 
large scaled version of a model shared by all the other extinct 
human taxa, and the general endocranial proportions follow 
the same scaling rules of their ancestors (Bruner et al.  2006 ). 
Nonetheless, they displayed also some specifi c traits.

   Some derived features can be recognized in the frontal 
areas. In small-brained human species, the frontal lobes lie 
behind the orbital roof (Bruner and Manzi  2005 ), suggesting 
some degree of independence between the neural and facial 
blocks. In contrast, in modern humans and Neanderthals, the 
frontal lobes lie on the orbital roof (Bruner and Manzi  2008 ). 
This may suggest that in Neanderthals and modern humans, 
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the constraints exerted by the upper face on the anterior 
endocranial fossa may be larger than in their ancestors. 
Furthermore, like modern humans, Neanderthals also had 
wider brains. Their endocranium widens at the temporo- 
parietal areas, at the supramarginal and angular gyri. But the 
widening of the prefrontal areas is even more marked, giving 
the endocranium of both groups a more squared appearance 
in upper view. Such enlargement is not strictly allometric, 
and it represents a discrete shift when compared with small- 
brained human species (Bruner and Holloway  2010 ). The 
widening of the anterior fossa is associated with a lateral 
expansion of the Broca’s area, which is assumed to be rele-
vant for the evolution of language. This change may be the 
result of a direct neural functional (cognitive) adaptation, or 
else the result of volumetric redistribution associated with 
the constraints of the underlying facial block and lateral 
space availability due to orbital frontation and reduction of 
the temporal muscle in hominids (Bruner  2004 ). 

 A mix of archaic and derived traits can be observed in the 
Neanderthals’ parietal areas. When compared with less 
encephalized human species, Neanderthals display a lateral 
bulging in the upper parietal areas (Bruner et al.  2003 ). This 
bulging is totally absent in  Homo heildebergensis  or  Homo 
erectus , resulting in the Neanderthals’ brain classic “en bombe” 
profi le in rear view. Considering the limited structural con-
straints in the upper parietal areas, this bulging is supposed to 

be the direct result of pressure exerted on the parietal bone by 
the underlying parietal cortex. However, when compared with 
modern humans, Neanderthals lack the overall bulging of the 
parietal surface characterizing the modern human brain globu-
larity, in which the parietal proportions also enlarge in the lon-
gitudinal and vertical directions (Bruner  2004 ,  2008 ; Bruner 
et al.  2011a ,  b ). Such geometrical dilation of the parietal areas 
in modern humans is associated with an early post-natal period 
(Neubauer et al.  2009 ), which is absent in chimpanzees 
(Neubauer et al.  2010 ) and in Neanderthals (Gunz et al.  2010 ). 
The spatial reorganization at the parietal areas displayed by 
modern humans may have been associated with important cog-
nitive changes in visuo-spatial integration and mental experi-
ment capabilities (Bruner  2010 ), but also with a vulnerability to 
metabolic impairments like those observed in early stages of 
Alzheimer’s disease (Bruner and Jacobs  2013 ). 

 Concerning the cranial base, some differences in the mid-
dle cranial fossa (Bastir et al.  2008 ) and in the orbital regions 
(Bastir et al.  2011 ) may suggest additional differences 
between modern humans and Neandertals, which will 
deserve further attention. 

 Among all these features, the relative proportions of the 
upper vault and the morphology of the parietal areas may 
supply information about some characteristics of the brain 
vs. braincase relationships in Neanderthals. Taking into 
account the allometric endocranial trajectory in non-modern 

  Fig. 13.1    Paleoneurological characters of Neanderthals are shown on 
the digital replica of the skull and endocasts of Saccopastore 1 (Bruner 
and Manzi  2008 ). Derived traits ( white arrows ) are shown as well as 

some plesiomorph traits ( black arrows ) which can generate constraints 
due to the large brain size. Large occipital areas are here interpreted as 
a plesiomorph trait       

 

13 Functional Craniology, Human Evolution, and Anatomical Constraints in the Neanderthal Braincase



124

humans (that is in the whole genus  Homo  excluding modern 
humans), it has been proposed that the parietal areas under-
went a relative spatial reduction during encephalization 
(Bruner et al.  2003 ): while the brain got larger, the parietal 
antero-posterior length became relatively shorter, with the 
upper brain profi le bending upward. A structural hypothesis 
was put forward, considering the principles of functional 
craniology and the tensions exerted by the connective ele-
ments (Bruner  2004 ). According to this perspective, the pari-
etal spatial reduction could be the results of allometric 
constraints between the changes in brain volume (enlarging 
at the power of three) and the changes in the  falx cerebri  sec-
tion (enlarging at the power of two). The tension exerted by 
the connective sheets can limit the volumetric expansion, by 
direct biomechanical infl uence or by shared morphogenetic 
processes. Because the  falx cerebri  extends along the mid-
sagittal section, it generates a tension which is mainly ori-
ented in the longitudinal direction, constraining the 
neurocranial growth and development along the antero- 
posterior axis. Taking into account the longitudinal tensional 
forces and the consequent limitations on the midsagittal 
plane, it is worth noting that the more a species is encephali-
zed the more the brain mass is reallocated laterally. Within 
this antero-posterior spatial constraint, the frontal and occip-
ital areas are relatively free to adjust their form and position 
because of their location at the extremes of the hemispheric 
axis, while the parietal areas are forced in between them, 
having less spatial capacity to account for such geometric 
limits and readjustments. Being associated with brain size, 
such a pattern is stronger in the most encephalized non-mod-
ern hominids, that is in Neanderthals (Fig.  13.2 ).

   This character seems to be relevant when one also takes 
into account some correspondent neurocranial traits. If the 
endocranial geometry is characterized by this relative pari-
etal reduction, at the same time, on the ectocranial counter-
part, Neanderthals very frequently display supernumerary 

ossicles along the parieto-occipital boundary (Fig.  13.3 ). 
Supernumerary ossicles (Wormian bones) are additional 
centers of ossifi cation, epigenetic traits whose formation 
can have genetic, environmental, and biomechanical com-
ponents (Hauser and De Stefano  1989 ). In particular, 
Wormian bones have been assumed to be  hypostotic traits , 
namely traits associated with defects in the ossifi cation pro-
cesses. Sergio Sergi ( 1934 ,  1944 ,  1948 ), an Italian paleoan-
thropologist, very early noticed such hypostotic characters 
along the lambdoid suture in Neanderthals, suggesting  mor-
phological instability  at the parieto-occipital areas in this 
taxon. More recently, Giorgio Manzi hypothesized that such 
hypostotic traits may be associated with  ontogenetic stress , 

  Fig. 13.2    When compared with archaic human species, Neanderthals 
show a relative reduction of the parietal profi le, while modern humans 
display a geometrical dilation of the same areas. The differences are 

shown here after Procrustes superimposition and thin-plate spline 
deformation grids (data after Bruner  2004 )       

  Fig. 13.3    Neanderthals often display supernumerary ossicles at the 
parieto-occipital boundary, suggesting hypostosis and morphogenetic 
unbalance. Here Wormian bones are shown on the rear view of 
Saccopastore 1 (photo courtesy of G. Manzi; drawing after Manzi  2003 )       
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that is a lack of balance in the vault morphogenesis (Manzi 
et al.  1996 ; Manzi  2003 ). According to the principles of 
functional craniology, a lack of balance may follow a scarce 
integration between growth and development: shape changes 
cannot keep up with size changes. The size changes can be 
too fast to let the bones fi ll the gaps at the sutures, or else 
shape changes cannot accomplish the requirements associ-
ated with the suture dynamics. In both cases, additional 
ossifi cation centers are supposed to be the result of biome-
chanical consequences, by direct physical response or else 
by induction exerted by the uncovered meningeal tissues 
(Di Ieva et al.  2013 ). There are clinical and experimental 
data confi rming that cranial deformations infl uence suture 
complexity and induce supernumerary ossicles, most of all 
on the rear vault, probably by altering the tensile forces of 
the morphogenetic processes (Anton et al.  1992 ; White 
 1996 ; O’Laughlin  2004 ). Despite the fact they may be asso-
ciated with pathological and syndromic conditions, many 
epigenetic characters like the supernumerary ossicles are 
generally non-pathological or sub-pathological, without 
functional consequences. Nonetheless, even in this case, they 
reveal an underlying lack of synchronization between the 
changes of the soft and hard tissues during the ontogenetic 
processes. That is, even when they are not associated with 
direct biological impairments, they are indicators of a lack 
of equilibrium in the anatomical system.

   Therefore, at the same time, Neanderthals display parietal 
relative shortening associated with their large brain size, and 
parieto-occipital hypostotic traits. Putting together all this evi-
dence, it seems reasonable to speculate that Neanderthals may 
have reached some structural limits in their neurocranial orga-
nization. This is even more interesting when considering that 
the parietal and occipital bones are strongly integrated, and the 
fl attening of one element involves the bulging of the other 
(Gunz and Harvati  2007 ). This further emphasizes the possi-
ble relationships between the allometric reduction of the pari-
etal chord and the expression of parieto-occipital hypostotic 
traits, being the lambdoid suture the hinge of this structural 
integration. We may therefore wonder whether a morphoge-
netic model largely evolved and balanced for smaller cranial 
capacities may have reached some intrinsic geometric limits 
when stretched to the Neanderthals’ brain size.  

13.3     Indirect Models in Paleoneurology 

 Recently, a different approach in paleoneurology has been 
proposed, based on correlation analyses and comparative 
morphometrics. Eiluned Pearce and colleagues found a con-
sistent correlation in primates between orbit metrics and the 
size of the visual cortex (Pearce et al.  2013 ). When adjusting 
for factors like body size or other scaling parameters, 
Neanderthals display a larger percentage of brain visual area 

if compared with modern humans. The evolutionary 
 interpretation may be debated (the authors propose climate 
and geography as relevant factors), but the correlation opens 
to new and wide perspectives in the fi eld. Strong correlations 
between neural and non-neural elements may supply a reli-
able way to investigate paleoneurological issues beyond the 
limits of the endocranial casts. The hypothesis of larger 
visual areas matches with the raw observation of large occip-
ital lobes in Neanderthals. Most of all, in terms of spatial 
balance within the parieto-occipital system, it fi ts also with 
the hypothesis of a parietal relative reduction in extinct 
humans, or conversely with a parietal relative dilation in 
 Homo sapiens . Pearce and colleagues also use such brain 
proportions to estimate the average social group size in 
extinct taxa, by means of the correlation between these two 
factors among primates. This approach requires (as always) 
some cautions. First, such quantitative models involve neces-
sarily a large series of adjustments and estimations, often 
based on variables which are scarcely known in paleontol-
ogy (like body size). This chain of mathematical passages 
may generate risks in terms of reliability of the numerical 
outputs. Second, as mentioned Neanderthals and modern 
human may suffer some relevant structural constraints 
between orbits and anterior cranial fossa, introducing depar-
tures from the patterns observed in other primates. 
Nonetheless, the proposal of an “indirect paleoneurology” is 
exciting, and the results on the Neanderthals visual areas are 
not in contrast with other information we have on this group. 
It remains to be verifi ed whether or not this cortical propor-
tions are specifi c of this taxon, or else they represent a gen-
eral archaic condition. Taking into account the available data 
on the paleoneurological variation in the human genus, 
I believe this second option is more likely.  

13.4     Brain Metabolism and Heat 
Dissipation 

 Another trait that Neanderthals shared with small-brained 
hominids was a simple and scarcely reticulated middle men-
ingeal artery, when compared with the complex and 
 branching vascular system described in modern humans 
(Grimaud-Hervé  1997 ; Bruner et al.  2005 ). The meningeal 
vascular system can be investigated in fossils because the 
middle meningeal artery and the venous sinuses running into 
the dura mater leave imprints on the endocranial surface 
(Falk  1993 ). Although the course of these vessels can be 
altered by cranial deformations (O’Loughlin  1996 ), in nor-
mal variation the infl uence of the neurocranial shape on the 
general appearance of their imprints seems absent or negli-
gible (Bruner et al.  2009 ). Hence, the traces left on the endo-
cranial wall can be assumed to be a reliable proxy of the 
distribution of the vessels themselves. Although this is a 
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 relevant topic both in paleoanthropology and biomedicine, 
the morphogenetic factors, intra and inter-group variation, 
and functions of these vessels are still largely unknown 
(Bruner and Sherkat  2008 ). The middle meningeal artery in 
modern adult individuals at rest can present a modest or even 
absent blood fl ow, suggesting that its function may be mainly 
limited to younger ages (early ontogenetic stages), to exer-
cise or “emergency” situations (hyperthermic conditions 
such as intense physical activity, fever, etc.), or to non-meta-
bolic biomechanical factors (hydrostatic support or protec-
tion) (Bruner et al.  2011b ). 

 One of the most interesting issues concerns its possible 
role in thermoregulation. Because of the cold climate associ-
ated with Neanderthal presence in Europe, thermoregulation 
and metabolic variables have often been addressed to inter-
pret the Neanderthals’ anatomical and behavioral characters 
(Churchill  1998 ,  2006 ). 

 The energetic management of the brain is characterized 
by physiological processes (Karbowski  2009 ), anatomical 
components (Zenker and Kubik  1996 ; Zhu et al.  2006 ), and 
evolutionary factors (Leonard et al.  2007 ). Despite the large 
energy expenditure of the human brain and its sensitivity to 
heat stress, there is still no agreement on whether or not the 
human brain needs some specifi c cooling system (see 
Brengelmann  1993 ; Cabanac  1993 ; Rango et al.  2012 ). Once 

more, these issues are relevant in both evolutionary and clini-
cal contexts (Bertolizio et al.  2011 ). The venous channels 
may have had also some role during hominid evolution in 
this sense, and their variations are associated with relative 
changes of brain size (Falk  1990 ). Although there are impor-
tant diffi culties in analyzing the thermal processes in living 
humans, heat distribution can be modeled according to brain 
morphology, heat production and dissipation, and physical 
properties associated with physiological functions (Van 
Leeuwen et al.  2000 ; Sukstanskii and Yablonskiy  2006 ; 
   Bruner et al.  2012 ). 

 Because of the large cranial capacity but different endo-
cranial shape, Neanderthals had a different endocranial heat 
dissipation pattern when compared with modern humans, but 
a comparable amount of heat production (Fig.  13.4 ). It 
remains to be evaluated whether or not the middle menini-
geal vessels are involved in brain thermoregulation. 
Nonetheless, the fact that modern humans have a patent 
increase in vascular complexity for this system suggests that 
similar changes may have also occurred in the other vascular 
districts. Actually, the vascular differences we can detect for 
the middle meningeal vessels may be just a part of a more 
generalized vascular increase in modern humans. Brain ther-
moregulation is mainly based on blood input and output 
managed through exchange among cerebral, meningeal, 

  Fig. 13.4    The heat dissipation is infl uenced by the size and shape of 
an object. Thermal distribution can be therefore modelled on an 
endocast to display the patterns of heat distribution and to quantify 
the heat accumulation (Bruner et al.  2013 ). Here the thermal spec-
trum of one chimpanzee, one Neanderthal (La Chapelle-aux-Saints), 
and one modern human are compared through normalized curves 

(density function). Neanderthals and modern humans show 
 differently shaped curves (pattern of heat distribution) due to the 
 different endocranial shape, but similar amounts of heat production 
because of the comparable brain size. The thermal map shows the 
heat distribution on the endocast of La Chapelle-aux-Saints ( blue : 
cooler areas;  red : warmer areas)       
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diploic, and pericranial systems. Through the head vascular 
system, the brain is supposed to rely onto the whole body 
thermal adjustment to perform heat regulation. According to 
indirect paleontological evidence, we may then speculate 
that Neanderthals may have had a comparable heat produc-
tion with modern humans, but a simpler vascular network, 
with limited capacity of thermal adjustments. It is hence 
tempting to hypothesize that a plesiomorph vascular system 
and a derived brain size may have therefore represented 
another limit for such a large thermal load.

13.5        A Neanderthal’s Lineage 

 Despite the morphological homogeneity of this taxon when 
compared with other hominid species, and despite the abun-
dance of the fossil record when compared with other fossil 
groups, we must take into consideration that “Neanderthals” 
may have had a remarkable and relevant variation, which we 
largely ignore. Although the linkage with the European spe-
cies  Homo heidelbergensis  as ancestor seems reasonable, 
Neanderthals prospered for at least 130 thousand years 
throughout Europe and West Asia, in many different envi-
ronments, undergoing local variations and possibly different 
genetic infl uences (Vandermeersch and Garralda  2011 ). It is 
for example worth noting that the Eastern specimens display 
a less bulging occipital bone and higher and more rounded 
vault, suggesting a tendency toward the opposite direction 
along the parieto-occipital integration pattern, when com-
pared with their European counterpart. Adaptations and 
genetic drifts have probably both contributed to the 
Neanderthal phenotype (Weaver  2009 ). Whatever the pro-
cesses involved the available information suggests that, com-
pared to modern humans, Neanderthals had a very different 
cranial organization, which evolved according to different 
morphogenetic schemes. Neanderthals and modern humans 
represent the two hominid taxa with largest absolute cranial 
capacity and with the largest relative brain size. These two 
lineages are characterized by different ontogenetic and phy-
logenetic neurocranial organization (Ponce de León and 
Zollikofer  2001 ). The “Neanderthal model” could have been 
fi xed after climatic bottlenecks associated with Oxygen 
Isotopic Stage 6 (Bruner and Manzi  2006 ) and involving dis-
tinct morphological changes (Rosas et al.  2006 ). Alternatively, 
it could have been the result of a more gradual change during 
Middle Pleistocene (Dean et al.  1998 ; Hublin  2009 ). In any 
case, differences and discontinuities in morphology, ecology, 
and biogeography are often regarded as enough to support a 
species-specifi c distinction between Neanderthals and mod-
ern humans (Tattersall  2007 ). Despite the fact the possibility 
of interbreeding is frequently used as a biological threshold 
for the identifi cation of species, breeding potentiality does 

not necessarily impede the formation of independent and 
isolated lineages, which are the actual evolutionary units in 
terms of adaptations and biological models (Bruner  2013 ). In 
fact, Neanderthals and modern humans could have been 
interfertile and at the same time evolutionarily independent, 
taking into account the patterns of variation characterizing 
the genetic barriers in primates (Holliday  2006 ). Furthermore, 
we must recognize that the complicated biogeographic his-
tory associated with the origin of  Homo sapiens  may rely on 
a more intricate scenario, diffi cult to interpret through the 
limited information available from the fossil record. 
Specimens like those of Jebel Irhoud, probably belonging to 
the modern lineage but with a “Neanderthal-like” endocra-
nial form, suggest that maybe the evolutionary origin of 
modern humans did not coincide with the origin of a modern 
human brain (Bruner and Pearson  2013 ). 

 Since the earliest studies on Neanderthals, their large cra-
nial dimensions have been one of their most outstanding 
traits. Allometric variations may facilitate or constrain evo-
lutionary changes, allowing adaptive changes along pre-
ferred directions by channeling the ontogenetic and 
phylogenetic pathways, but also forcing and confi ning the 
biological potential of a taxon according to a given set of 
structural and functional rules (Gould  1966 ;    Shea  1992 ). 
Size and allometry are the main factors characterizing the 
actual limits of variation of a biological model (Simpson 
 1944 ; McGhee  2006 ). Because of the complex nature of the 
genotype-phenotype systems, environmental changes or 
contrasting selective forces can lead a species toward 
extremes of its functional or structural range. Once such lim-
its have been reached, or the model undergoes a radical 
change altering its general biological plan, or it enters a blind 
evolutionary alley. The general morphology of the 
Neanderthal brain can be recognized since the earliest speci-
mens, such as Saccopastore 1, dated around 120 ka (Bruner 
and Manzi  2008 ). The Neanderthal lineage probably under-
went a further process of encephalization in the following 
period, reaching the largest cranial capacity values around 
50 ka. Despite the many derived and relevant features (some 
of them shared with modern humans), they display many 
pleisiomorph characters, and generally the overall model of 
neurocranial growth and development is rather similar to the 
other non-modern species, just scaled at a larger size. This 
allometric model can be traced back at least to the earliest 
human taxa. Structural limits associated with the endocranial 
geometrical organization and the system of forces linking 
brain pressure and connective tensors may have induced con-
straints in the parieto-occipital area. Similarly, functional 
constraints may have been related to limits associated with 
the endocranial vascular network and increased brain heat 
storage. Independently on the relationships of such factors 
with cognitive functions, such constraints must be carefully 
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considered when providing hypotheses on the Neanderthal 
paleoneurology. Their contribution to the Neanderthals’ 
extinction remains to be evaluated.     
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