" BioOne COMPLETE

Brain Size Takes an Evolutionary Backseat to Body Size

Author: Mlot, Christine

Source: BioScience, 63(4) : 312

Published By: American Institute of Biological Sciences
URL: https://doi.org/10.1525/bi0.2013.63.4.16

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://complete.bioone.org/journals/BioScience on 05 Jan 2025
Terms of Use: https://complete.bioone.org/terms-of-use



BioBriefs e

Brain Size Takes an Evolutionary
Backseat to Body Size

CHRISTINE MLOT

Among a mammal’s body parts, the brain
stands out in size as well as in func-
tion. The metabolically expensive brain
doesn’t double with a doubling of body
size, as do most other organs, but remains
somewhat smaller. When a mammal like
us ends up with a brain much larger than
scaling rules would predict, the explana-
tion usually involves selection for intel-
ligence, or neuronal capacity.

But there is more than one evolution-
ary way to get a large brain, a phylo-
genetic analysis shows, and more often
than not, it has to do with relatively
greater changes in body size rather than
in brain size. “It is clear that com-
parative correlations involving relative
brain size cannot be interpreted as selec-
tion on neuronal capacity alone,” Jeroen
B. Smaers and his coauthors wrote in
The Proceedings of the National Academy
of Sciences last year (doi:10.1073/pnas.
121218110). “Relative brain size is the
compromise of two traits taking poten-
tially different evolutionary pathways
involving different combinations of
brain-body adaptations.”

Smaers, an evolutionary biologist, and
his colleagues at University College Lon-
don, in collaboration with Kamran Saft’s
computational ecology laboratory at the
Max Planck Institute for Ornithology
in Radolfzell, Germany, compared the
brain—body size relationship in three
groups of mammals. They began by
acquiring body mass and brain mass
measurements for 297 bat species, 169
primate species, and 187 carnivoran spe-
cies, from published literature as well as
museum specimens. When possible, they
included measurements from fossil spe-
cies. Then they pieced together the evo-
lutionary relationships for each group,
drawing on published phylogenies.

With the family trees in hand, they
evaluated the rate of change of the brain—
body size relationship between an ances-
tor and its descendent, in a method that
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Safi describes as “thinking around three
corners.” “You have to think about how
differences in the rates of change can
result in changes in relative brain size,”
he says. An increase in relative brain size,
for example, can result when brain size
increases faster than body size or when it
decreases slower than body size.

For the human lineage, the analysis
showed, relative brain size did increase
at a rate faster than body size, in keep-
ing with the view that natural selection
favored hominins with more processing
capability. But for other primates, relative
body size was more important, accord-
ing to the analysis. Gorillas, for example,
experienced an increase in both brain
and body size but more so in body size.

The same pattern held for carnivorans.
“Body size [is] quite clearly the target of
selection in three times as many carniv-
orans as brain size is,” says mammalian
paleobiologist and coauthor Anjali Gos-
wami. In the case of aquatic carnivorans,
such as the car-sized elephant seal, which
has a brain a bit smaller than our own,
seven times as many species showed
higher rates of evolution for body size
than for brain size. Male elephant seals
bellow and battle for access to females in
a breeding colony—a lifestyle in which
brawn serves better than brains.

The diverse and numerous bat lin-
eages also experienced faster change in
body size than in brain size but in the
opposite direction. With their abilities to
fly and to echolocate, bats illustrate the
evolutionary trade-offs that affect the
brain—body size relationship. Like airline
passengers who travel light to avoid bag-
gage charges, bats have jettisoned what-
ever might cost them in their ability to
take flight, but many have also retained
the brain power that allows them to
echolocate or to sniff out food. The
result is that they’ve “undergone shrink-
age,” says Safi. “The brain stays large...
but the body size gets smaller.”
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Whether brain size or body size plays
the larger evolutionary role seems to be
related to the way that an animal gets
around, the researchers suggest—on the
wing for bats, in trees for most pri-
mates, or on the ground for carnivorans.
That the human lineage stands out from
other primates in its outsized brain and
outsized role of the brain in evolution
may be related to the distinctive way
humans move compared with other pri-
mates. Bipedalism allowed our ancestors
to move out of the trees and onto the
savanna.

The group’s analysis enlarges under-
standing of brain size evolution beyond
the usual focus on primates (and thus on
ourselves). “The principal contribution
of our approach is [in] showing the big
patterns of brain and body size evolu-
tion across millions of years of evolution
across different groups of animals,” says
Smaers.

The analysis also goes beyond exam-
ining encephalization on its own, by
including changes in body size relative
to brain size, says Robbie Burger, who is
writing a dissertation on the evolution-
ary ecology of brain size as part of Jim
Brown’s research group at the University
of New Mexico. “It’s a significant contri-
bution, one of the first that addresses the
issue of how natural selection balances
the energetic costs and benefits of more
than one trait,” he says.

Although the connection between brain
size and intelligence remains unresolved,
adds Brown, “The message is [that] it
looks like there have been a number of
routes to being relatively large brained,
and it suggests that [many] explanations
of intelligence are too simplified.”

Christine Mlot (cmlot@nasw.org) is a Wisconsin-
based science writer.
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