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CHAPTER 14 

Human brain evolution 
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Anatomical evolution 

The most prominent reature distinguishing hu- 
mans from all other organisms is ow mind. From 
a biologjcal perspective, study of the mind begins 
with a study of the brain. For our body size, the 
human brain is the largest among primate species, 
roughly three times the size that of our nearest 
living relative, the chimpanzee (Fig. I ) .  However, 
it is not likely that human-specific cognitive abil- 
ities can be explained by brain size alone, Several 
mammalian species, such as dolphins, whales and 
elephants, surpass humans in brain size but not in 
cognitive function. Furthermore, certain human 
congenital disorders lead to a drastic reduction in 
brain size without an equivalent decrease in cog- 
nitive abilities. Mutations in the MCPHl (micro- 
ccphalin) and the ASPM (clbnormal spindle-like, 
microcephaly associated) genes cause a disorder 
known as primary microcephaly, which is charac- 
terized by a severe decrease in human brain size, 
typically down to 430g, with retention of overall 
brain structure (Kumar et al., 2002). Thus, brain 
sue in primary microcephaly patients is compm- 
ble to the average adult chimpanzee brain size 
(410 g) (Herndon et al., 1999). Although patients 
with this disorder suffer from mentaI retardation 
that ranges from mild to severe, their mental abil- 
ilies far exceed those of the chimpanzee. Nonethe- 
less, the normal human brain is indisputably large. 
Its size is approximateIy five times than expected 
for a mamma1 of the same size and three times 
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larger than expected for an ape of the same size 
(Woods et al., 2005). Having such a large brain is 
quite costly, A1 the me~clbolic level, the brain is an 
expensive organ that consumes 2045% of total 
body energy at rest. At the organismal level, the 
enlarged cranium of a human fetus causes birthing 
difficulties resulting in high rate (0.5-1 %I of labor- 
related maternal morlulity, a rate much higher 
than observed in other mammals. As a conse- 
quence of this problem, the human female has a 
broader pelvis thal decreases the efficiency of 
bipedal locomotian (reviewed in Gilbert et sl., 
2005). In light of such high fitness costs for the 
disproportionately large human brain, the increase 
in brain size must have conferred a great enough 
adaptive benefit to our ancestors to justify this 
cost. Thus, while brain size alone cannot account 
for the whole of human cognitive abilities, it 
appears to be one essen tiaI human brain feature. 

Although decades of studies have brought us in- 
c ~ m e n  tally closer to deciphering the functional 
mechanisms underlying human-specific cognitive 
abilities, our knowledge remains very limited. An- 
atomical studies have provided some insight on 
functional differences betwen human and chim- 
panzee brain; however, these differences are not 
always obvious. On lhe anatomical level, all differ- 
ences &tween humans and other primates known 
to date are quantitative, rather than qualitative. 
Compared to chimpanzees and other non-human 
primates, humans possess an enlarged cerebral cor- 
tex (Rilling and Insel, 1999). This enlargement is 
believed to reflect a fonger period al neuronal for- 
malion during pre-natal development in humans 
































