BOX 42.2

WHY BRAIN SIZE IS IMPORTANT

Larger brains are generally thought to be computationally better because they usually have more neurons. However, growing bigger brains with more neurons creates a need for modifications in brain organization, and some solutions are likely to be common across taxa, allowing predictions about brain organization with brain size (Kaas, 2000). Enlarging a brain by having more neurons creates two related problems. If brain functions depend on each neuron maintaining the same proportion of connections with other neurons, then more neurons means more connections, which would be longer and take up more space. In addition, the conduction times of longer axons and dendrites would be longer, unless the thickness of the axons and dendrites were increased with the added length (Bekkers & Stevens, 1970). Thus, larger brains would have larger neurons with longer, thicker axons and dendrites. This suggests that brains would reach a maximum size, perhaps not much larger than that of present-day humans, because brain connections and glia would take up so much space with the addition of more neurons that such additions would be impractical. However, a design solution for such connection problems is for brains to become increasingly modular with larger size, so that short distance connections predominate, and only a few neurons have the long connections that are needed to coordinate the modular parts. Rodents do seem to increase the average neuron size with brain size, so that neuron densities greatly decrease as proportionately more space is devoted to glia and connections, but primates maintain neuron densities with increasing brain size, implying that average neuron size does not increase (Herculano-Houzel, Collins, Wong, & Kass, 2007). No other mammal, including elephants and whales with much larger brains, has the same number of neurons as the 1.5-kg human brain. A rodent with 86 billion neurons would need a 35-kg brain, well beyond the largest known brain mass of 9 kg for the blue whale (Herculano-Houzel, 2009). Whales and elephants may have evolved more modular brains as they acquired large brains, but they do not seem to have done it to the extent that seems to have occurred in the evolution of the large human brain. Over the course of the evolution of the large human brain, the neocortex of primates, which makes up the bulk of the human brain, acquired more cortical areas and more modular subdivisions of areas as brain sizes increased. As an example, the hemispheric specializations of the human brain presumably reduce the need for long connections between the two hemispheres. 

A related issue is that large cortical areas are unlikely to function in the same manner as small cortical areas. Unless neurons compensate with larger dendrites and longer intrinsic connections as areas get larger, the computational window or scope of neurons will decrease (Fig. 42.10). For example, as a visual area gets bigger, individual neurons would evaluate information from less and less of the total visual field. This implies that as areas get bigger, their neurons become less capable of global center-surround comparisons and more devoted to local center-surround comparisons. Thus, some of the integrative functions of large areas must be displaced to smaller areas. The large V1 of the human brain preserves the detail of visual scenes, but perception depends on other, smaller visual areas. It is also apparent that changes in the sizes of dendritic arbors and the lengths of intrinsic axons in smaller areas would have more impact on the sizes of computational windows of neurons. Comparable changes in dendrites and axons would enlarge or reduce receptive field sizes more in a small than a large visual area. Because their functions are more modifiable by smaller structural modifications, smaller areas may be specialized more easily for different functions. Neurons in large areas typically do not have larger dendritic arbors and longer intrinsic connections, and indeed, they may have smaller dendritic arbors. Thus, V1 of primates has overall the smallest and most densely packed neurons of all cortical areas, and this is especially the case in large-brained anthropoid primates (Collins, Airey, Young, Leitch, & Kaas, 2010). In addition, although primary sensory areas are often larger in larger brains, they are not enlarged in proportion to the rest of cortex. Thus, in surface area primary visual cortex is less than three times larger in human brains than in the brains of macaque monkeys, whereas the neocortex as a whole is over 10 times larger. Neocortex in chimpanzee brains is one-fourth the size of the human neocortex, while primary visual cortex (V1) is about the same size. The general lack of proportional growth of cortical areas with brain size reduces the impact of the changing functions of areas with size, and reflects the addition of other smaller cortical areas.
