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            Abstract
The human brain stands out among mammals by being unusually large. The expensive-tissue hypothesis1 explains its evolution by proposing a trade-off between the size of the brain and that of the digestive tract, which is smaller than expected for a primate of our body size. Although this hypothesis is widely accepted, empirical support so far has been equivocal. Here we test it in a sample of 100 mammalian species, including 23 primates, by analysing brain size and organ mass data. We found that, controlling for fat-free body mass, brain size is not negatively correlated with the mass of the digestive tract or any other expensive organ, thus refuting the expensive-tissue hypothesis. Nonetheless, consistent with the existence of energy trade-offs with brain size, we find that the size of brains and adipose depots are negatively correlated in mammals, indicating that encephalization and fat storage are compensatory strategies to buffer against starvation. However, these two strategies can be combined if fat storage does not unduly hamper locomotor efficiency. We propose that human encephalization was made possible by a combination of stabilization of energy inputs and a redirection of energy from locomotion, growth and reproduction.
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                    Figure 1: Correlations between the masses of visceral organs, brains and adipose depots in mammals.
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Figure 2: Correlation between residual brain mass and residual adipose depots mass in wild-caught female mammals, controlling for fat-free body mass.
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Figure 3: The expensive-brain framework
19 proposes complementary pathways for an adaptive increase in relative brain size.
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The brain is a costly organ to run in terms of energy supply, so how do humans accommodate brains that are so much larger than those of comparable primates without any apparent difficulty? A widely held explanation is the expensive-tissue hypothesis, which proposes a trade-off between brain size and the mass of other energetically expensive organs, especially the digestive tract. Now a survey of 100 mammal species reveals no such trade-off, refuting the idea that expensive tissues compete for energy. There is a negative correlation between the size of brains and the amount of stored energy in the form of adipose tissue, however. The authors propose that the increase in human brain size was facilitated by a combination of stabilization of energy inputs and a redirection of energy from locomotion, growth and reproduction.
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