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Neocortex size predicts deception rate in primates
Richard W. Byrne* and Nadia Corp
School of Psychology, University of St Andrews, Fife KY16 9JU, UK

Human brain organization is built upon a more ancient adaptation, the large brain of simian primates:
on average, monkeys and apes have brains twice as large as expected for mammals of their size, principally
as a result of neocortical enlargement. Testing the adaptive benefit of this evolutionary specialization
depends on finding an association between brain size and function in primates. However, most cognitive
capacities have been assessed in only a restricted range of species under laboratory conditions. Deception
of conspecifics in social circumstances is an exception, because a corpus of field data is available that
encompasses all major lines of the primate radiation. We show that the use of deception within the pri-
mates is well predicted by the neocortical volume, when observer effort is controlled for; by contrast,
neither the size of the rest of the brain nor the group size exert significant effects. These findings are
consistent with the hypothesis that neocortical expansion has been driven by social challenges among the
primates. Complex social manipulations such as deception are thought to be based upon rapid learning
and extensive social knowledge; thus, learning in social contexts may be constrained by neocortical size.
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1. INTRODUCTION

Neocortical enlargement appears to be an adaptive spe-
cialization of simian primates. Among orders of mammals,
the primates show the largest brain sizes relative to body
sizes (Martin 1990; although note that the dolphin family
exceeds primates in relative brain size, see Jerison 1973;
Marino 1996). In simian primates the average brain is
twice the size expected from allometric scaling
(Passingham 1981). However, brain enlargement must be
costly, because brain tissue is metabolically expensive and
fragile (Armstrong 1983; Aiello & Wheeler 1995). Corre-
spondingly powerful adaptive benefits from brain enlarge-
ment are therefore to be expected. While analyses have
often used total brain volume as a measure, in fact the
neocortex and striatum have expanded most in primate
evolution (Keverne et al. 1996), and current variation in
brain size among primates is largely a reflection of neo-
cortical differences (Stephan et al. 1981). Understanding
the origins of this specialization therefore becomes a ques-
tion of what selective pressure(s) favoured an enlarged
neocortex during primate evolution. Because evolutionary
history is unavailable for direct study, the usual approach
is to examine the current benefits of an enlarged neocortex
by seeking correlations with potential cognitive challenges
in the environment.

Although several theories have been proposed that
invoke benefits in environmental exploitation (Parker &
Gibson 1977; Clutton-Brock & Harvey 1980; Milton
1981, 1988; Gibson & Ingold 1993), there is now some
consensus that the chief benefits may be social ones.
According to this ‘social brain’ or ‘Machiavellian intelli-
gence’ hypothesis, the cognitive demands of intense social
living select for increased social skill, mediated by neo-
cortical enlargement (Humphrey 1976; Byrne & Whiten
1988; Brothers 1990; Dunbar 1992; but see also
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Seyfarth & Cheney 2002). Most monkeys and apes live in
long-lasting groups (Smuts et al. 1986; Dunbar 1988), so
that familiar conspecifics are major competitors for access
to resources. This situation favours individuals that can
offset the costs of competition by using manipulative tac-
tics, and skilful manipulation depends on extensive social
knowledge (Cheney & Seyfarth 1990). Because competi-
tive advantage operates relative to the ability of others in
the population, an ‘arms race’ of increasing social skill
results, which is eventually brought into equilibrium by
the high metabolic cost of brain tissue (Byrne 1996a).

In support of this idea, neocortex size has been found
to vary with the species-typical mating system and social
group size among haplorhine primates (Sawaguchi &
Kudo 1990a,b; Dunbar 1992), whereas it correlates only
weakly with their diet type and tendency towards diurnal
living (Barton 1996). Further, the neocortex is an area to
which the maternal genome makes a substantial develop-
mental contribution, consistent with the importance of
complex behavioural strategies within matrilines in many
primate species (Keverne et al. 1996). These relationships
favour a social origin for the neocortical enlargement of
primates, on the assumption that group size and aspects of
social organization correlate with the degree of intellectual
challenge confronting an individual. Indirect support also
comes from the finding that male rank predicts mating
success less well for primate species with larger neocortices
in proportion to the rest of the brain (Pawlowski et al.
1998): the advantages of individual rank and power
appear to be offset by social skill. However, the underlying
logic of the social brain hypothesis remains hypothetical,
because social skill is seldom directly measured. Compara-
tive evaluations of the relationship between aspects of
brain size and direct measures of cognitive skill are lacking
(although see Reader & Lefebvre 2001).

The precise nature of the neocortical adaptation of sim-
ian primates has been questioned. In primates, large brain
size is associated with a visual-system enlargement (Barton
et al. 1995; Barton 1998), particularly of the parvocellular
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system, which is involved in analysis of detail and colour
(Livingstone & Hubel 1988)—information that is critical
in the subtle social categorization of conspecifics. This has
led to a debate as to whether visual perception, rather than
social skill, might underlie the relationship between social
group size and neocortex size (Barton 1996; Joffe &
Dunbar 1997), but the two may be intrinsically linked, if
social skill depends on a sophisticated visual categorization
of conspecifics’ demeanour (see Barton 1998).

More seriously, the empirical support for the social
brain hypothesis has been challenged by Deaner et al.
(2000): they argue that there is currently no reliable basis
for preferring one hypothesis over the other and show that
the same comparative data can be used to support both.
This arises because comparing neocortex size across spe-
cies is not straightforward. Primate neocortex size varies
allometrically with total brain size (Passingham 1981;
Deacon 1990), which itself scales with body size, as in all
mammals (Jerison 1973; Martin 1990). These relation-
ships have led to the use of several different methods for
comparing brain sizes. Deaner et al. (2000) demonstrate
that the choice of method is not neutral. When residuals
from allometric scaling against another brain part are
used, the data do indeed support the social brain hypoth-
esis: the social group size correlates with neocortex size
across species, whereas measures of environmental com-
plexity do not. But if instead ratios to another brain part
or residuals from allometric scaling against body size are
used in the analysis, precisely which result is obtained
depends on other factors, such as whether phylogenetic
correction is employed or home range scaled against body
size. Deaner et al. (2000) argue that the way forward
should be an empirical one, to compare various ‘scaling
methods with regard to their ability to predict indepen-
dently derived behavioural indicators of cognition’
(Deaner et al. 2000, p. 50).

In support of this empirically driven approach, we here
examine the relationship between neocortex size and a
direct measure of social cognition, the amount that species
use behavioural deception to solve social problems. We
compare two alternative methods for assessing the role of
the neocortex: absolute neocortex size and the ratio of
neocortex size to that of the remainder of the brain. How-
ever, we do not use the third method examined by Deaner
et al. (2000), scaling against body size. Scaling against
body size is fundamentally inappropriate for measuring
cognitive potential. This is because cognitive capacity is a
matter of neural computation. Measuring the size of an
animal’s brain (or brain part) in relation to its body size
implies acceptance of a particular hypothesis of brain
function, the ‘switchboard model’ (Byrne 1996b) or
‘traffic maintenance hypothesis’ (Deaner et al. 2000); that
is, the brain’s function is to cope with sensorimotor inputs
and outputs. On this basis, larger animals require pro-
portionately larger brains, and residuals from the scaling
function are indications of either overload or spare
capacity. Such an assumption seems entirely unsuitable
where cognition is concerned, however. For example, sca-
ling against body size would imply that 5% extra brain
mass, beyond that required for bodily maintenance, has
the same cognitive ‘utility’ in an elephant and a mouse,
despite the striking fact that the mass of neural tissue and
number of neurons will be hundreds of times greater in

Proc. R. Soc. Lond. B (2004)

the elephant. Moreover, it is not implausible that cognitive
ability and body mass are positively correlated (Deacon
1997), because the metabolic cost of supporting a brain
of a certain size will fall less severely on a larger animal,
where it will form a smaller fraction of the total metabolic
needs. In this case, as Deaner et al. (2000, p. 49) note,
‘controlling for body mass would be equivalent to con-
trolling for cognition’. Instead, we believe that the starting
point should be that the brain is (at least in part) best
viewed as an ‘on-board computer’ (Dawkins 1982, pp.
17–18; Byrne 1996b). With this model, some measure of
the absolute brain capacity available is appropriate for
measuring the cognitive potential. Body metabolism will
exert a significant constraint on total brain volume, as
brain tissue is metabolically expensive (Armstrong 1983);
account can best be taken of this by treating the total brain
volume as fixed and comparing the structure of interest
against another brain part rather than the size of the body.
The logic here is that, for a given size of brain, species
differences in the relative proportion of structures reflect
differences in the extent of commitment to efficient func-
tioning. Using another brain part as a baseline in this way
may introduce problems if the comparison part itself was
under active selection during the evolution of the taxa
under examination; this risk can be minimized by
choosing a large and relatively conservative region of the
brain as a baseline. In this study we took the whole of the
rest of the brain as the comparison region. (Arguments
favouring the spinal cord or the brainstem instead as the
comparison region can be made (Passingham 1981), but
these structures have the disadvantages that they are not
known for so many primate species and their small sizes
would magnify any errors in measurement.) Clark et al.
(2001) similarly noted that the use of body weight as a
reference variable tends to obscure relationships of interest
because of independent variation of body size.

Here, we examine two different ways of measuring neo-
cortex utility, both consistent with the on-board computer
metaphor: absolute neocortex volume, in which the volume
of the rest of the brain is examined independently as a
potential predictor of cognitive ability (as used by Barton
1996, 1998; Barton & Harvey 2000); and the neocortex
ratio (as used by Dunbar 1992, 1995, 1998; Clark et al.
2001), in which the neocortex volume is divided by that
of the rest of the brain and the ratio taken to reflect the
degree of investment in the neocortex.

Equally contentious is deciding upon a valid and useful
measure of animal cognition. The particular challenge for
comparative analyses of cognitive skill is to find a measure
that applies widely, rather than being restricted to a few
species that have been studied in detail in captivity. The
‘tactical’ use of deception, to manipulate the behaviour of
others within the social group without the use of force,
has been reported in numerous primate species, spanning
all major taxonomic groups (Byrne & Whiten 1985, 1990;
Whiten & Byrne 1988b), but remains undocumented in
other mammals under natural conditions. The frequency
of using deception varies with different species (Byrne &
Whiten 1992), and this variation gives a direct estimate of
social problem solving; by contrast, there is, to our know-
ledge, no agreed experimental test of social skill
(Cheney & Seyfarth 1990). Deception is often held to
indicate considerable cognitive sophistication (Mitchell &
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Thompson 1986; Whiten & Byrne 1988b); at the least, it
shows very efficient learning ability and sensitivity to a
wide range of subtle social discriminations (Byrne 1995,
1997; Cheney & Seyfarth 1990). A significant correlation
has been found between tactical deception and neocortex
size (Byrne 1993a), but this preliminary study suffered
from a lack of control for phylogenetic independence and
took no account of the possible confounding effect of
social group size, which is known to correlate with neocor-
tex volume (Dunbar 1992, 1995). In this paper, we
explore whether primate social manipulation by deception
is a function of opportunity and need (thus increasing with
typical group size), or a function of brain capacity (thus
increasing with neocortical enlargement), or both.

2. METHODS

To give an indication of cognitive skill, we used a catalogue
of tactical deception in primates that incorporates all records
known at the time of its publication, including some published
before that date (Byrne & Whiten 1990). In the survey that for-
med the basis of the collation, we defined tactical deception as
‘acts from the normal repertoire of the agent, deployed such that
another individual is likely to misinterpret what the acts signify,
to the advantage of the agent’ (p. 3), and solicited observations
that met this definition. All the records were contributed by
researchers who were expert observers and highly experienced
with their study species. In the current study, we restricted
analysis to observations of free-ranging primates in the field, but
included all types of deception that were considered by the
original observers to meet our definition of tactical deception.
The differing cognitive implications of various types of decep-
tion have been discussed elsewhere (see Byrne & Whiten 1991;
Byrne 1993b, 1997, 2003).

Because the corpus of deception records was originally
assembled by survey study and the data had often been recorded
on an unsystematic ad libitum basis, the raw frequency of decep-
tion is likely to be biased by variation in opportunities for obser-
vation. We therefore corrected the frequencies for observer effort
in two ways.

(i) Following the approach of Byrne & Whiten (1992), we
modified the raw frequencies to take direct account of vari-
ation in observer effort. Most deceptive behaviour is subtle
and thus can be detected only in highly observable and
individually known animals; thus records will, in principle,
derive only from long-term behavioural studies. We there-
fore used the number of long-running field studies current
during the period of the survey (1985–1989) to correct for
observation bias; these data were obtained from the ‘cur-
rent primate field studies supplement’ regularly published
by the Primate Society of Great Britain. According to the
null hypothesis that frequency of report is directly pro-
portional to the number of studies, we calculated the
expected frequency of deception for each species. Devi-
ations from this expected frequency (i.e. subtracting the
expected number from the actual number of records) were
taken as an index of deception frequency, which might be
above or below that expected from observer effort alone.

(ii) More conventionally, we used the residuals from
regression to correct for any bias in observer effort. We
regressed the number of records of deception against the
number of studies for each species, taking the residuals as
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the corrected measure of deception frequency (with both
variables log-transformed, number of records
= 0.116 � 0.911 × number of studies; adjusted r2 = 0.306,
F1,16 = 8.44, p � 0.01).

Apart from observation bias, differential opportunity for effec-
tive use of deception is the principal non-adaptive alternative for
explaining variations in reporting rates across species. In those
species living in large groups, the tendency to use social manipu-
lation may be greater, independently of any variation in brain
capacity for doing so, because there are more chances to benefit
from doing so. Furthermore, it is also possible that observers
might record more deception in these large-group species,
simply because they had observed more individuals. Although
logically distinct, both alternatives would result in a correlation
between deception frequency and group size, independent of
brain properties. However, because typical group size is known
to correlate with neocortical enlargement (Dunbar 1992, 1995),
this might produce an indirect and perhaps spurious correlation
between neocortex size and social skill. To evaluate this possi-
bility, we included the species-typical group size as a potential
predictor of deception. (The actual group size at the time of each
record’s original observation is not available in the database, and
in most cases it could not be accurately obtained in retrospect.)
The mean sizes of primate social groups were obtained from
Smuts et al. (1986), except for the value for Presbytis entellus,
which came from Hrdy (1977).

The volumes of the neocortex and the rest of the brain were
principally obtained from published data on primate brains in
Stephan et al. (1981), supplemented with values for the orangu-
tan from Zilles & Rehkamper (1988). Note that more accurate
values can now be obtained with brain imaging, but such data
are available for fewer species. Moreover, as the values are sys-
tematically different from those obtained by traditional methods,
data from the two methods cannot appropriately be combined.

To identify correlations that result from independent evol-
utionary events, we employed independent contrasts (Harvey &
Pagel 1991). To derive contrasts that were independent of
phylogenetic bias, we used the CAIC program, v. 2.6.8
(Purvis & Rambaut 1995) and a composite estimate of the pri-
mate phylogeny that is fully resolved to species level (Purvis
1995); branch lengths were taken from Purvis (1995). As with
all comparative analyses there are a number of underlying evol-
utionary and statistical assumptions. The CAIC program auto-
matically checks data to test that these assumptions are met.
Thus, we found that for our analyses it was necessary to trans-
form some of the data before independent contrasts were calcu-
lated. Volumes of the neocortex and the rest of the brain and
group size were all log-transformed to meet the assumptions,
while the deception index, corrected for observer effort, was
transformed by square-rooting. Contrasts of the residuals of
deception against the number of studies were computed directly.

3. RESULTS

There were 18 species for which both brain measure-
ments and deception data were available, giving 17 con-
trasts. These spanned the entire primate radiation: three
prosimian, four New World monkey, seven Old World
monkey (five cercopithecine and two colobine) and four
ape species.

We compared the neocortex size and the group size as
predictors of the amount of deception recorded in primate
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species. Four multiple regression analyses were performed
to accommodate the two measures of both deception and
neocortex size.

(i) Contrasts in the volumes of the neocortex and the
rest of the brain, along with species’ mean group
size, were used as predictor variables of contrasts in
tactical deception, expressed as an index corrected
for observer effort (analysis 1) or as the residuals
from a regression of deception frequency against the
number of studies (analysis 2).

(ii) Contrasts in neocortex ratio and species’ mean
group size were used as predictors of contrasts in
tactical deception, expressed as an index corrected
for observer effort (analysis 3) or as the residuals
from a regression of deception frequency against the
number of studies (analysis 4).

(a) Analysis 1: tactical deception (index corrected
for observer effort), neocortex volume, rest-of-
brain volume and mean group size

Stepwise multiple regression through the origin showed
that the deception frequency correlated with the neocortex
volume (d.f. = 1,16, r2(adj) = 0.269, � = 0.559, t = 2.695,
p = 0.016). In stepwise regression, once the correlation
with the neocortex volume had been removed, neither the
volume of the rest of the brain nor the group size emerged
as significant predictors. Even when group size was
entered first into a multiple regression, it failed to predict
the frequency of deception (d.f. = 1,16, � = 0.010,
t = 0.40, p = 0.969).

(b) Analysis 2: tactical deception (residuals from
regression on observer effort), neocortex
volume, rest-of-brain volume and mean group
size

Stepwise multiple regression through the origin showed
that the deception frequency correlated with the neocortex
volume (d.f. = 1,16, r2(adj) = 0.316, � = 0.597, t = 2.977,
p = 0.009; figure 1); neither of the two remaining variables
accounted significantly for the remaining variation in
deception. Even when group size was entered first into a
multiple regression, it failed to predict the frequency of
deception (d.f. = 1,16, � = �0.065, t = �0.259,
p = 0.799).

(c) Analysis 3: tactical deception (index corrected
for observer effort), neocortex ratio and mean
group size

Stepwise multiple regression through the origin showed
that the deception frequency correlated with the neocortex
ratio (d.f. = 1,16, r2(adj) = 0.517, � = 0.738, t = 4.379,
p � 0.0001). Group size did not emerge as a significant
predictor (see analysis 1 for the effect of entering group
size first in the regression).

(d) Analysis 4: tactical deception (residuals),
neocortex ratio and mean group size

Stepwise multiple regression through the origin showed
that the deception frequency correlated weakly with the
neocortex ratio (d.f. = 1,16, r2(adj) = 0.241, � = 0.535,
t = 2.53, p = 0.022; figure 2). The group size did not
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Figure 1. Correlation between deception usage and volume
of the neocortex in primates. Independent contrasts were
used to avoid a taxonomic bias. The frequency of within-
group tactical deception was corrected for bias in
observation effort, by using the residuals of the regression of
deception against the number of studies.
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Figure 2. Correlation between deception usage and
neocortex ratio in primates. Independent contrasts were used
to avoid a taxonomic bias. The frequency of within-group
tactical deception was corrected for bias in observation
effort, by using the residuals of the regression of deception
against the number of studies.

emerge as a significant predictor (see analysis 2 for the
effect of entering group size first in the regression).

4. DISCUSSION

Our analysis shows that the size of the neocortex in a
modern primate species predicts the extent to which indi-
viduals of that species use deceptive tactics for social
manipulation. This finding is robust and not dependent
on the particular measure of neocortex size used (absolute
volume or volumetric fraction of the brain) or on the way
data on deception were corrected for observer effort
(adjusted according to the frequency of long-term studies
during the period of data collection, or expressed as
residuals from scaling against the number of long-term
studies). Moreover, the relationship appears to be a rather
direct one between neocortical size and deception usage.
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Absolute neocortex volume was a reliable predictor in all
analyses, whereas neither the volume of the rest of the
brain nor the typical size of a species’ social group
emerged as a significant predictor of deception in any of
them. These findings eliminate concerns that this
neocortex–deception relationship was mediated by corre-
lation with either overall brain size (as a by-product of
underlying selection upon total brain size; see Finlay et al.
2001) or the varying opportunities for deception that exist
in social groups of different sizes (i.e. because an individ-
ual in a larger social group has more chances to effect
successful deceptions, or because observers of larger
groups have more opportunities to see deception carried
out).

The lack of a significant correlation between the use of
deception and social group size, even when group size was
entered first into the multiple regression, seems at first
sight surprising, given the well-established correlation
between neocortex size and social group size in primates,
as well as in carnivores, dolphins and bats (Dunbar 1992;
Marino 1996; Barton & Dunbar 1997). However, the fin-
dings should not be taken as conflicting. Those analyses
used much larger sets of data, with consequently greater
power. Comparison with our results suggests that the
relationship between neocortex size and deception usage
is a relatively strong one, consistent with the idea that it
reflects a direct constraint of neocortex size on the ability
to deploy cognitive problem solving in the social arena.
This contrasts with the weaker indirect relationship
between neocortex size and social group size, thought to
reflect the limit of social complexity that can be managed
by a primate with a particular neocortex volume, that is
the social complexity itself limited by the cognitive ability
of the species. The typical group size of a species is a func-
tion of many factors, some competing with others and all
averaged over wide variations in living conditions (e.g.
local changes in population growth or decline, individual
histories of group fission or fusion, opportunities for one
or both sexes to move between groups, differing predation
pressure, etc.). That any correlation can be found between
neocortex size and species-typical group size shows that
brain parameters can have profound effects on social-
grouping tendencies in natural environments. Our results
therefore support rather than question theories that link
evolutionary development of the neocortex with increased
complexity of social living (e.g. Humphrey 1976; Byrne &
Whiten 1988; Brothers 1990; Dunbar 1993, 1998; Byrne
1996a). Although current function does not necessarily
signal evolutionary origin and other accounts are possible,
it is plausible that a major adaptive function of increased
neocortical volume in primate evolution was that it
enabled more sophisticated and elaborate social manipu-
lations.

All the major taxonomic groups of primates, including
prosimians and both Old and New World monkeys, were
included in this examination, so we have no reason to sup-
pose that this result is particularly associated with simian
primates or with great apes in particular. This is
important, because it gives a clue as to cognitive mech-
anism. Within-group behavioural deception is necessarily
a rather complicated form of social manipulation: its use
depends on knowing other group members as individuals
and remembering their differing social attributes and
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histories of interaction (Whiten & Byrne 1988a,b). How-
ever, the only sign that primate deception is based on any
understanding of mechanism or involves representing the
mental states of others comes from a few records from
great apes: all data from monkeys and prosimians and
most of those from lesser and great apes can be under-
stood as the product of learning (Byrne & Whiten 1991;
Byrne 1997). Therefore, just as with other aspects of social
complexity and sophistication that are widespread in non-
human primates, it is likely that most primate tactical
deception is a function of rapid and extensive learning in
social contexts (Seyfarth et al. 1986; Byrne 1996a), with-
out the deeper understanding of mechanism that would
be implied by having a theory of mind (Premack & Wood-
ruff 1978; Karmiloff-Smith 1993; Lewis & Mitchell 1994;
Sperber 2000). Our results imply that primates’ efficient
learning ability is dependent upon neocortical enlarge-
ment, and encourage accounts of brain structure that
point to mosaic evolution, in the sense that different brain
systems evolve somewhat independently in response to
selective pressures whose effects fall unevenly on different
brain parts (Barton & Harvey 2000; Clark et al. 2001; de
Winter & Oxnard 2001).

Finding a specific relationship between social sophisti-
cation and neocortical specialization should not, however,
be taken to mean that total brain size and body size are
of no account in understanding cognitive evolution. It may
be no coincidence that the primate species with the largest
absolute brain sizes are also those in which there is
increasing evidence of deeper understanding and cognitive
sophistication (Gallup 1970; Boesch 1991; Byrne &
Whiten 1992; Parker et al. 1994; Boysen et al. 1996; Hare
et al. 2000, 2001). Both absolute neocortical volume and
neocortical ratio increase allometrically with the total
brain volume, and there are evidently developmental con-
straints that limit the extent to which any cortical structure
can vary within the envelope of the total brain volume
(Finlay & Darlington 1995; Finlay et al. 2001). Also,
because brain tissue is metabolically expensive, similar
constraints will apply to the brain volume at a given body
size (Milton 1988; Aiello & Wheeler 1995). For these
reasons, cognitive potential and total body mass may cor-
relate (Deacon 1997). Evolving a larger body may even
be one viable evolutionary strategy to respond to environ-
mental challenges that demand enhanced cognition,
because it releases developmental and metabolic con-
straints on neocortical volume. In primates, where the
main differences in brain size are owing to differing sizes
of the neocortex (Stephan et al. 1981), differences in the
volume fraction of the brain taken up by the neocortex
and in encephalization quotient (Dunbar 1992; Jerison
1973) may reflect differences in recent strong selection
driven by cognitive needs. However, the strong allometric
relationships across mammals as a whole suggest that, in
the long term, such deviations tend to return to an equilib-
rium determined by body size and metabolic intake. This
picture is consistent with the evidence that more insightful
cognitive processing is found in non-human great apes,
where larger body size has allowed very much larger brains
than any other primate, even without a major dietary shift
(Byrne 1998, 2000), and specifically in ancestral humans,
whose richer diet allowed a further increase in brain size
(Foley 1987).
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