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Cetaceans are commonly accepted to be the world's second most intelligent animals, with only humans
displaying greater brainpower. In addition, modern cetacean brains are among the largest across all mammals and it
is generally accepted that cetaceans evolved these large brains to support complex cognitive abilities (cognitive
hypothesis). On the other hand, the special status of cetacean intelligence has been recently questioned and an
alternative scenario has been proposed (thermogenesis hypothesis), where cetaceans developed large brains to
withstand the high rate of heat loss experienced in water in response to oceanic cooling during the Eocene-Oligocene
transition. Our project provides insights into the evolution of cetacean brains, by using modern imaging and
histological techniques.

In the funding period we successfully collected 3 Baird’s beaked whale (ca. 5000g) and 2 harbor porpoise brains
(ca. 5009). The external and internal anatomical organization revealed typical characteristics, which were previously
observed in other Odontoceti: (1) brain wider than long; (2) considerable encephalization; (3) the typical odontocete
neocortical gyrification pattern; (4) lack of olfactory bulb and tract; (5) large cerebellum; (6) thin cortical grey
matter; (7) thin corpus callosum; (8) very large basal ganglia. In addition, we measured the cortical area external
perimeter and calculated the volume and the exposed surface area of the entire cortical hemisphere by using magneto
resonance imaging (MRI). The cortical volume and exposed surface reveal the same scaling relationship as that of a
multi-species data set previous reported. This finding indicates that overall external shape of the odontocete cortex is
typical mammalian, despite its unusual detailed shape, large size and high gyrification level.

In the next step we counted the neuronal and non-neuronal cells in the cortex and other brain areas using the
isotropic fractionator techniques. We demonstrated that that both toothed whales have more neurons in the cortex
than expected for its brains size. Our findings demonstrated for the first time that besides primates also toothed
whales have deviated from this rule and have more neurons than expected for its brain size. Contrarily, toothed
whales confirm to the glial scaling rule that applies to all mammals including primates. These results are in favor for
the cognitive hypothesis, rather than the thermogenesis hypothesis in the Odontocete, the toothed whales.




