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The eminent neuroscientist Vilaya-
nur Ramachandran has written that
we are poised to foment the greatest
scientific revolution, understanding
the human brain.1 This is certainly
possible; the avalanche of insight
from neuroscience conducted just in
the last 30 years almost defies descrip-
tion. Many readers of Evolutionary
Anthropology would agree that an in-
tegral component to understanding

how the brain functions is an under-
standing of the forces that shaped its
evolution. Anthropology is uniquely
positioned to address the evolution of
the human brain and intelligence be-
cause it deals most intimately with
relevant sources of data that are be-
yond lab-bench neuroscience: homi-
nid fossils and primate behavior and
ecology, as well as a wealth of com-
parative cognitive data on non-human
primates. Nevertheless, decades of
speculation on the ecological and be-
havioral causes of human brain and
cognitive evolution have yielded few
true revelations. In fact, the best re-
search has merely functioned to tear
down preconceived and misconceived
ideas that were generated within an-
thropology. The probable cause of this
is that anthropology was waiting for
comparative and cognitive neuro-
science to mature, which can reason-
ably be said to be happening now.
Given this, it seems natural to survey
how advances in neuroscience are
currently penetrating contemporary
anthropology by affecting the as-
sumptions made and directing the
questions that are being asked by
those interested in human and non-
human primate brain evolution.

Humans have among the largest rel-
ative and absolute brain sizes known
among vertebrates. The only evidence
for the timing and pace of the increase
in brain size during hominid evolu-
tion is endocasts, artificial or fossil-
ized casts of the impressions along the
inside of the braincase left by the
brain, meninges, and blood vessels.
Hominid endocasts are the focus of
Holloway, Broadfield, and Yuan’s The
Human Fossil Record, Volume 3: Brain
Endocasts—The Paleoneurological Ev-
idence, a stunningly solid work of
scholarship on the topic of the fossil
evidence for human brain evolution.
This monograph deserves to be read
by both those interested in paleoneu-
rology as well as the hominid paleon-
tologists to which the entire Human
Fossil Record series is geared. It is a
valuable reference on many of the im-
portant hominid endocasts known, in-
cluding qualitative, morphometric,
and phylogenetic data. These data are
relevant to disputed topics in hominid

paleoneurology, such as the presence
of Broca’s Area and vocal language
evolution, and the position of the lu-
nate sulcus and the reorganization of
the human visual system. The true
strength of this book, however, is the
discussion of the limitations that en-
docasts pose for addressing the ques-
tion that is truly of interest in brain
evolution: cognitive power. The im-
plicit or explicit assumption when it
comes to human brain evolution is
that human intelligence, informally
defined, evolved lockstep with brain
size: Bigger brains mean smarter
hominids. But this is only true in the
very broadest sense. Bigger brains
may have more neurons, but they also
have many more axons to connect
cortical areas, more myelination in
those axons to maintain signal speed
and integrity, more glia to supply
those neurons, and so on.2,3 The point
is that much of the increase in brain
size is not simply due to more neurons
and therefore is not wholly dedicated
to computation. In theory at least,
taxa can either reorganize functional
areas or evolve new brain modules
without any necessary or dramatic in-
crease in size. As such, interpreting
brain sizes in comparative or evolu-
tionary contexts is speculative and
problematic in the extreme. Holloway
and his co-authors place their discus-
sion of the principles of brain con-
struction before the data, presumably
in the hope that researchers will di-
gest these cautionary notes before
cribbing all of the data that follow.

Nevertheless, the most popular and
prevalent method for analyzing brain
evolution from fossils involves brain
size and its relationship with body
size. Based on Harry Jerison’s “princi-
ple of proper mass,” a size residual is
computed relative to a regression line
describing the brain size–body size re-
lationship; taxa with large positive re-
siduals, or encephalization quotients
(EQ), are believed to have extra neu-
rons that are not devoted to innervat-
ing the body.4 In other words, such
taxa are believed to be more intelli-
gent due to the presence of these “ex-
tra,” or free, neurons. This idea is syn-
thesized by Jerison in his prospectus
in Nowell’s In the Mind’s Eye, on how
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archeology might tease apart cogni-
tive advances from archeological rem-
nants of human cultural evolution.
Why brains scale with body mass has
been explained by Jerison among oth-
ers as driven by either somatic or met-
abolic demands, neither of which ex-
plain why regions of the brain not
related to these demands also scale
with body mass.3 Objections such as
this notwithstanding, the brain–body
size scaling assumption and its rela-
tionship with intelligence underlies
many of the contributions to Russon
and Begun’s The Evolution of
Thought: Evolutionary Origins of Great
Ape Intelligence, a uniformly thought-
provoking and insightful volume on
the multiple sources of data on hom-
inoid and hominid cognitive evolu-
tion. But, the lack of a theoretical
foundation to brain scaling under-
mines substantive conclusions. For
example, in their chapter on fossil
hominoid brain endocasts Begun and
Kordos struggle with their interpreta-
tion of EQs and the significance of
these for hominoid cognitive evolu-
tion. The result that Proconsul has an
encephalization quotient below but
vaguely in the range of papionins and
hylobatids is a bit ambiguous. What
does it really mean that a species,
such as gorillas, has a smaller brain
than expected for its body size? Do
they suffer a neuronal deficit, or is this
merely an artifact of computing resid-
uals from a line where some points
must by definition fall close to or be-
low the line? The fact that the brain–
body size relationship is unexplained
renders deviations from an “expected”
line uninterpretable at present. How-
ever, an intriguing alternative expla-
nation for brain scaling can also be
found in the Russon and Begun vol-
ume. Ward and her coauthors suggest
that one reason for the strong rela-
tionship between brain and body
masses is that factors believed to se-
lect for larger bodies, such as social
complexity, diet, life history, and en-
vironment may have similar effects on
brain sizes, at least among hominoids.

This co- and multivariate approach to
selectional factors on brains and bod-
ies is an idea that needs further explo-
ration and this paper, like most con-
tributions to this volume, deserves to
be read.

The state of brain scaling research
underscores that alternative ap-
proaches and sources of data are re-
quired to address human brain evolu-
tion, and examples of these can be
found from the comparative cognitive
literature. Perhaps the most theoreti-
cally impressive and data-rich such
example is Rogers and Kaplan’s Com-
parative Vertebrate Cognition, the sub-
title to which asks the question, Are
primates superior to non-primates?
Apparently not, as judged by tradi-
tional benchmarks of primate cogni-
tive superiority: tool use and innova-
tion, communication, planning, and
even relative brain size. Chapters by
Emery and Clayton on birds, and van
Bergen and coauthors on fish, are es-
pecially illuminating in demonstrat-
ing the potential that other vertebrate
study taxa have for comparative cog-
nitive studies of primates. My favorite
example involves guppies. These ani-
mals have brains the size of a finger-
nail, yet they are capable of the kind of
high-order socially mediated learning
that is thought to be the private do-
main of primates. What these authors
also have is access to experimental de-
signs that are unavailable to prima-
tologists, who are often restricted to
field studies where control and manip-
ulation of the environment and other
factors isn’t possible. As such, these
studies provide important sources of
data on the cognitive abilities of ver-
tebrates that are beyond primatology.
A historical note on animal cognition
can be found in Animal Bodies: Hu-
man Minds, which is a more accessi-
ble introduction for the non-special-
ist.

Finally, the best example of how
neuroscience is being applied to this
question in anthropology is Semende-
feri’s review from In the Mind’s Eye on
her ongoing hominoid neuroanatomy

research program. Semendeferi uses
MRI data on hominoid brains with
reference to modern neuroscience
data on function to evaluate assump-
tions on human brain differences.
One such example is the comparative
analysis of frontal lobe and cortex.
Frontal cortex is known to act as an
executive module involved mediating
goals, planning, and decision-making
among other functions. Humans have
been thought to have exceptionally
large and derived frontal lobes (and
therefore cortex), and this has been
cited as one possible factor contribut-
ing to unique human cognitive ability.
This is not so when comparative sam-
ples of adequate size are used: Hu-
mans scale just as any extant homi-
noid of their size. However, when
functional and comparative analyses
are combined, human specializations,
such as an especially enlarged Area
10, a part of the prefrontal cortex
known to be involved in future plan-
ning, become apparent. This is an ex-
citing example because it not only
tests long-held size and function as-
sumptions, but also lays the ground-
work for comparative cognitive re-
search on planning behavior among
hominoids. Such examples also imply
that evolutionary anthropology has
great potential to contribute to a ma-
jor synthesis of brain evolution. Let
the revolution begin!
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