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Abstract
Inferences about how the complex sensory and motor systems of the human brain evolved are based
on the results of comparative studies of brain organization across a range of mammalian species, and
evidence from the endocasts of fossil skulls of key extinct species. The endocasts of the skulls of
early mammals indicate that they had small brains with little neocortex. Evidence from comparative
studies of cortical organization from small-brained mammals of the six major branches of mammalian
evolution supports the conclusion that the small neocortex of early mammals was divided into roughly
20–25 cortical areas, including primary and secondary sensory fields. In early primates, vision was
the dominant sense, and cortical areas associated with vision in temporal and occipital cortex
underwent a significant expansion. Comparative studies indicate that early primates had 10 or more
visual areas, and somatosensory areas with expanded representations of the forepaw. Posterior
parietal cortex was also expanded, with a caudal half dominated by visual inputs, and a rostral half
dominated by somatosensory inputs with outputs to an array of seven or more motor and visuomotor
areas of the frontal lobe. Somatosensory areas and posterior parietal cortex became further
differentiated in early anthropoid primates. As larger brains evolved in early apes and in our hominin
ancestors, the number of cortical areas increased to reach an estimated 200 or so in present day
humans, and hemispheric specializations emerged. The large human brain grew primarily by
increasing neuron number rather than increasing average neuron size.

Introduction
One cannot help but be impressed with the sensorimotor skills of our best athletes and
musicians. Their remarkable abilities are usually the result of years of training and practice,
often starting in childhood. Yet, most of us are also able to acquire unusual skills with training
and experience. While the exceptional athlete or musician may have advantages of several
sorts, including those related to body morphology and physiology, and possibly favorable
variations in brain organization and function, the human brain is capable of acquiring and
mediating sensorimotor abilities that are unmatched in other species. It is somewhat uncertain
why this is so, but an obvious factor is our large brain, with densely packed with neurons
[10], which is largely devoted to processing and storing sensory and other information and
using it to guide, plan and mediate behaviors. While this large brain emerged gradually from
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the time of our early mammal ancestors, who had small brains and little neocortex [22], the
most dramatic increase in size occurred over the last two million years. However, the increase
in brain size only partially accounts for human abilities, as the organization of the human brain
changed greatly from the time of early mammals. The changes in brain organization that did
occur are not fully understood, but some of the probable changes can be inferred from what is
known about brain organization in extant mammals.

Currently, our best indications of how the human brain is organized come from studies of the
brains of other primates, most often Old World macaque monkeys. Studies of these and other
monkeys indicate that their sensory and motor systems are exceedingly complex, particularly
at the cortical level of processing. In these monkeys, the cortical sheet is divided into a large
number of functionally distinct processing organs, the cortical areas. In turn, cortical areas are
often, and perhaps typically, further divided into two or more sets of modules or columns of
functionally related neurons, so that single areas can mediate several distinct, but related
functions. The cortical areas are interconnected most densely with adjacent areas that have
related functions, and interconnected arrays of such areas form cortical systems. Systems of
related areas also interconnect and relate to other systems. The great computational power of
these brains comes from the reiteration of basic processing steps from one area to another to
produce rather complex computations. In this regard, the processing at the cortical level in
macaque monkeys involves 30–40 areas that are predominately visual, 15–20 auditory areas,
15–20 somatosensory areas, and 10 or more motor areas [8,18,20,28,32]. The exact numbers
are uncertain, as it can be difficult to experimentally identify cortical areas, especially higher
order cortical areas. Thus, there is widespread agreement on the identity of relatively few areas.
Current research has been leading to new proposals where boundaries of previously proposed
areas have been adjusted, areas subdivided, and areas or parts of areas incorporated into new
domains. Nevertheless, there is agreement that the numbers of areas given above are
approximately correct, and that each area is interconnected with a number of other areas and
subcortical structures to form very complex networks or hierarchies of areas within and across
systems.

The 1.2–1.8 kg human brain with about 100 billion neurons is many times larger than the 0.09
kg macaque monkey brain with 6.4 billion neurons [10]. This suggests that the complexity of
the human brain greatly exceeds that of the macaque monkey brain. While information about
how the human brain is organized is rapidly being acquired, especially by non-invasive
functional imaging techniques, we presently know less about the areal and modular
organization of human brains than macaque brains, and much less about connection patterns.
Yet, some estimate that the human brain has well over 200 cortical areas. The question
addressed here is how did such complexity evolve? While this challenging question cannot be
fully addressed here, we can gain some insights by examining the comparative data on
somatosensory and motor systems, since these systems have been extensively studied [17,
18]. Therefore, this review focuses on these systems, especially at the cortical level.

The nature of the problem: how do we reconstruct the past?
Normally, we can learn much about the evolution of mammals from the fossil record, which
consists mainly of fossilized bone. Unfortunately, the soft tissue of the brain does not fossilize
like the bone of the skull does. Fortunately, the interior of the skull often reflects the size and
shape of the brain fairly well, and even some of the fissures of the brain can be apparent as
protrusions on the skull interior. Brain size, especially relative to body size, provides
information about behavior capacity [13]. Because the location of fissures are related to the
areal organization of cortex, preserved fissure patterns may indicate the locations of some of
the areas of the brain, or even somatotopic sectors of areas of somatosensory cortex [43].
Finally, the relative proportions of the frontal, temporal, parietal and occipital regions of cortex
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tell us something about what cortical systems were emphasized. However, the important details
of how brains were organized are not preserved in the fossil record. Thus, most of what we
know about brain evolution in mammals has been inferred from the results of comparative
studies of brain organization [40].

Considerable theoretical progress has been made over the last 20–30 years in how to best infer
ancestral states from studies of extant (currently existing) mammals [1,44,45]. Simply put, if
a feature or trait is present in all members of a group of phylogenetically related mammals,
then it is parsimonious to infer that the common ancestor of the group also had that trait, and
that it was retained in all the preserved lines of evolution from that ancestor. This is called a
cladistic analysis or reconstruction, as a group of animals stemming from a common ancestor
is called a clade. The process gets a bit more complicated when only some of the extant
members of the group have the trait (or character), but the rule of parsimony, the most logical
explanation of the distribution of the character, holds. The method works best when the
presence or absence of a character has been determined for all or most members of a clade.
However, this type of analysis becomes difficult if we want to determine what traits existed in
the common ancestor of all primates, because there are over 220 species of primates, many of
which are unavailable for studies of brain organization. In addition, it can be difficult, costly,
and labor intensive to identify many brain characters [16]. Even identifying such a prominent
feature as the presence of primary somatosensory cortex can be challenging, since a reliable
identification would require congruent histological, connectional, and physiological evidence
from a number of primates. While histological (architectonic) evidence is easiest to obtain, it
can be inconclusive. For example, S1 or parts of S1 (area 3b) have been repeatedly misidentified
as other areas in various architectonic studies. The result of such difficulties is that theories of
brain evolution are often constructed on partial and patchy evidence. However, as in other
fields, as more evidence is gathered, theories can be altered and corrected. In view of the
difficulty in studying many members of the primate clade, we need to carefully select the ones
we study in detail. Results from all members of a clade are not equally informative. If the
human brain has over 200 areas, for example, it would be difficult to infer from studies of the
human brain alone, which of these areas, if any, have been retained from the ancestral, early
primates.

What were the brains of early mammals like?
We know from the fossil record that there was variability in the phenotypes of early mammals.
Yet, most were small, on the order of mouse to cat in size, and all had small brains for their
body size. Most notably, these mammals had small forebrains with little neocortex. The
forebrain was dominated by an olfactory bulb, and olfactory (piriform) cortex that appeared
large relative to the small amount of neocortex. The skull endocasts of early mammals do not
indicate how neocortex, the most impressive feature of the human brain, was organized.
However, all extant mammals have a neocortex that is thick, and has a laminar organization
that traditionally includes six layers. In addition, activating inputs from the thalamus or other
cortical areas converge on a few neurons in layer 4 (this may not be the case for cetaceans),
and dense vertical connections spread information to other layers, where it is transformed and
sent to other cortical areas and subcortical structures. We do not know how neocortex emerged
in the forebrains of the ancestors of mammals, as extant reptiles and birds arose from an early
branch of the amniote radiation, and the therapsids in the other branch that led to mammals did
not survive. The dorsal cortex in reptiles, the homolog of neocortex in mammals, is
proportionally nearly as large in surface area as the neocortex of early mammals, but thinner,
consisting largely of a single layer of pyramidal neurons with activating inputs terminating
widely and superficially on apical dendrites [41]. Thus, the basic organization of the neuronal
circuits is much different in neocortex of mammals than in dorsal cortex of reptiles, and these
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structures therefore have much different functions. However, we do not know how the
structural and functional differences between dorsal cortex and neocortex emerged.

The other feature of neocortex of early mammals that we can infer from studies of extant
mammals is that early mammals had few cortical areas, and these included primary and
secondary sensory fields. This inference is made by considering the cortical organization of
small-brained mammals in the six major branches of the mammalian clade [31]. In the
monotreme (prototherian) superorder, cortical organization has been explored in the duck-
billed platypus and echidna [25]. Both have a small primary visual area (V1), a primary
somatosensory area, with a rostral field, R, and a lateral somatosensory field termed PV. A
primary auditory field (A1), and possibly other auditory fields, is present. There is some
evidence for a primary motor field, but the existence of this field is questionable. In the
marsupial (metatherian) superorder, we find clear evidence for these same few sensory fields
[24], but the bulk of the evidence argues against the presence of a primary motor field [2]. As
in other mammals, somatosensory cortex of marsupial opossums has motor functions. In
addition, there is compelling evidence for the presence of a second visual area, V2, as well as
a temporal visual region that could include more than one area. The other four superorders
emerged later in mammalian evolution from the third major branch of mammals, the eutherian
or placental mammals. The Afrotherian superorder is nicely represented by tenrecs from
Madagascar. Because tenrecs have a primitive body morphology that is similar to those of
members of the order Insectivora, tenrecs were formerly classified as Insectivores. Modern
studies put tenrecs squarely in the new superorder of Afrotheria. Tenrecs have little neocortex,
as in early mammals, with much of their cortex occupied by primary and secondary sensory
areas [27]. A primary motor cortex is suggested by architectonic traits, and its existence is
supported by evidence for primary motor cortex in other Afrotherian mammals. Members of
the Xenatherian superorder, armadillos, sloths, and anteaters, have not been extensively
studied, but the limited evidence that exists indicates that they have at least primary visual,
somatosensory, and auditory areas [37]. The superorder, Laurasiatheria, with carnivores,
pangolins, bats and core insectivores is well represented by hedgehogs, shrews and moles. In
these insectivores, we find evidence for V1, V2, A1, S1, SC, SR, PV, S2, and M1 [4]. Of course,
there is evidence for all these areas, and more, in the well-studied domestic cats [14,29]. The
remaining superorder, Euarchontoglires, contains humans and other primates, as well as
rodents, lagomorphs, tree shrews and flying lemurs. Members of this superorder also have the
primary and secondary sensory fields and M1.

The point of this necessarily superficial review of cortical organization in members of the major
branches of mammalian evolution is that it is possible to reconstruct the probable areal
organization of the neocortex of the first mammals from the distribution patterns of those
cortical areas that can be reliably identified in extant mammals. In addition to the sensory areas
discussed above, we can infer from such data that several subdivisions of cingulate cortex, with
inputs from the anterior group of nuclei of the thalamus, as well as perirhinal cortex, and several
divisions of frontal cortex existed in early mammals. Additionally, a visual-limbic area on the
medial margin of V1, sometimes called prostriata, was likely to have been present [35]. We
can also conclude from comparative studies that the brains of early mammals were small
relative to body sizes, which were also small, and proportionally little of the forebrain was
devoted to neocortex. This ancestral neocortex was poorly differentiated into layers and neuron
types, and it included few cortical areas, on the order of 20 or so [19]. This primitive
organization was expanded and differentiated to eventually form the huge and complex human
brains with possibly over 200 cortical areas, a tenfold increase in number of areas and a much
greater increase in the complexity of the connectional networks of cortical areas.
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Tree Shrews and other members of the Euarchontoglires clade
Humans and other primates form one major branch of the Euarchontoglire clade. Another
branch, the Glires, includes lagomorphs (rabbits, hares, and pikas) and rodents. It is somewhat
disconcerting to realize that these mammals are our rather close relatives, as there is nothing
particularly remarkable about their brains. Rabbits have emphasized vision in order to detect
and flee from predators. Thus, their temporal cortex is expanded, while frontal cortex remains
rather small. Rodents often depend on using their facial whiskers for exploring the
environment, but some rodents such as squirrels, have excellent vision, and an expanded and
well-differentiated V1 and V2, as well as two or more large visual areas in the temporal lobe
[16]. Rodents vary in body size by 1000-fold, from small mice to dog-sized capybaras. While
cortical organization has been extensively studied in mice and rats, much less is known about
other rodents. Although rodents vary in body and brain size [11], results from the few published
studies suggest that rodents do not vary much in numbers of cortical areas, having only a few
more than those postulated for early mammals (Fig. 1A). For comparison with tree shrews and
primates, where vision is greatly emphasized, the brains of squirrels are useful, but the
similarities in cortical organization that exist (e.g., large, well-differentiated V1 and V2) reflect
parallel evolution as vision became more important in each group.

Other Euarchontoglires (the Euarchontans) are the flying lemurs, tree shrews and primates.
We know little about the brains of flying lemurs (misnamed because they do not fly, but glide,
and they are not lemurs), but histological studies indicate that they have a well-differentiated
visual system and probably several visual areas in the expanded temporal cortex, in addition
to a large V1 and V2 in occipital cortex [35]. However, tree shrews from Southeast Asia have
long been bred in captivity and studied, especially their visual system, as they are diurnal and
are highly visual [16,29]. In tree shrews, V1 and V2 are large and structurally well differentiated
(Fig. 1B). The visual thalamus is also large, and the lateral geniculate nucleus is laminated. As
in squirrels, the superior colliculus is large. Somatosensory cortex includes S1, S2, PV, SC and
SR of other mammals [34]. The representation of the forepaw is enlarged in S1, and the forepaw
is used for manipulating objects. Frontal cortex includes a large primary motor area and a
dorsomedial premotor area. The rest of frontal cortex is proportionally small. Auditory cortex
includes A1 and several other fields. Most notably, posterior parietal cortex includes a rostral
portion that is predominately somatosensory and has strong connections with motor cortex,
and a caudal portion that is predominantly visual with weaker connections with motor cortex.

When we compare the cortical organization of tree shrews (Fig. 1B) with that of primates (Fig.
1C & 1D), we see a number of similarities. Given the organization in tree shrews and the more
elaborate organization in primates, it is likely that the immediate ancestors of primates, in
comparison to early mammals, had (1) an expanded visual system with more visual areas in
an enlarged temporal lobe; (2) an expanded posterior parietal region with visual and
somatosensory inputs, and projections to motor and premotor cortex; (3) an enlarged primary
motor cortex with more cortex devoted to the forepaw, and (4) subdivisions of anterior parietal
cortex that anatomically and physiologically closely resembled areas 3a, 3b (S1), and 1 of
primates.

Early primates
Early primates were small, arboreal, and nocturnal. They fed on small insect and vertebrate
prey, buds, and fruit [36]. Their brains were moderately expanded, and not much different in
size in proportion to body size than the brains of extant prosimian primates (lemurs, lorises,
and galagos). Their eyes were large, and frontally directed, and their temporal cortex was
enlarged. Thus, vision was obviously important, and adaptations for life in the fine branches
of trees suggested that their neural systems for eye-hand coordination were well developed to
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subserve reaching for food items while clinging to unstable branches [3]. This supposition is
born out by the results of comparative studies of brain organization of extant primates. The
results of studies of the brains of prosimian primates are especially relevant, as these brains
approximate, in size and shape at least, those of early primates.

Much of what is known about brain organization in prosimians comes from studies of African
galagos, especially the greater galago (Otolemur garnetti). Visual cortex in these primates (Fig.
1C) includes areas common to all or most mammals (V1 and V2) and areas thought to be unique
to primates (MT, MTc, MST, FSTd, FSTv, DM, ITc, ITr) [18]. Some of these areas, those
considered to be parts of the dorsal stream of visual processing for visuomotor control [21,
42], project directly or indirectly to the caudal half of an enlarged posterior parietal cortex.
This posterior parietal region projects in turn to the rostral half of posterior parietal cortex,
which also receives somatosensory inputs from higher order somatosensory areas, and sends
feedforward projections to premotor areas, which project to primary motor cortex. Electrical
stimulation of the rostral half of posterior parietal cortex with microelectrodes reveals a number
of subregions, possibly cortical areas, where behaviorally meaningful movements are evoked
[39]. These movements include reaching and grasping, as for an object, and hand to mouth
retrieving movements. Thus, parts of rostral posterior parietal cortex appear to be specialized
for using somatosensory and visual information to help mediate eye-hand coordination for
specific types of behavior. The disruption of neural activity in primary motor cortex blocks
these evoked behaviors, indicating that M1 is an important node in the circuits that organizes
these behaviors. In conclusion, prosimians have brain networks for the kinds of visuomotor
guidance of hand use that has been considered to be essential for early primates to occupy their
arboreal feeding niche. The presence of a similar network, one that appears to be even more
elaborate in anthropoid primates, suggests that the important components of the network were
already present in early primates, and were retained in both prosimian and anthropoid lines of
decent.

The frontal motor regions, as parts of a sensorimotor network, were enlarged and subdivided
in early primates. Rodents and tree shrews have a primary motor area, M1, and a second area,
which probably corresponds to dorsal premotor cortex of primates [33]. In contrast, prosimian
galagos (Fig. 1C), as well as anthropoid primates (Fig. 1D), have an enlarged M1 with an
expanded portion devoted to forelimb and digit movements. Galagos also have dorsal and
premotor areas, a frontal eye field for eye movements, a supplementary motor area, and at least
two motor areas in cingulate cortex of the medial wall of the cerebral cortex [46]. As these
areas are present in both prosimian and anthropoid primates, they likely evolved after the
divergence of tree shrews and primates from their common ancestor. Such comparative studies
also indicate that early primates had a region of granular frontal cortex with sensory inputs and
connections with dorsal and ventral premotor areas, which projected in turn, to M1. Several of
these motor areas, together with somatosensory areas, projected to interneurons and motor
neurons in the spinal cord, but most of these projections were from M1.

Anterior and lateral somatosensory corticies did not change as dramatically as motor cortex
did in early primates, although the rostral somatosensory area closely resembled area 3a of
anthropoid primates (see below). Parts of primary somatosensory cortex (area 3b) and
adjoining bands of cortex (SR or 3a; SC or 1–2) that represent the tongue might have been
involved in taste, together with some of the lateral somatosensory cortex [23]. Auditory cortex
included a primary (A1) and a rostral area (R), as well as the surrounding auditory belt of other
primates [20].

Altogether, early primates had changed the most from their rodent and tree shrew relatives in
having more and larger visual areas, an expanded posterior parietal region with somatosensory
and visual subregions, a constellation of motor areas in frontal cortex, and granular prefrontal
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cortex with sensory inputs and outputs to premotor cortex. These innovations greatly enhanced
the use of sensory information in guiding and controlling reaching and other motor behaviors.

Early Anthropoid primates
Anthropoid primates include monkeys, apes and humans. They also include a rather restricted
radiation that lead to present-day tarsiers, which have become nocturnal, visual predators of
small prey. Tarsiers have become so specialized that they eat no vegetable food. Little is known
about how their brains are organized, except that primary visual cortex is huge relative to other
brain areas, and much of caudal neocortex is visual [5]. Primary auditory, somatosensory and
motor systems also appear to be present.

Cortical organization varies in monkeys (simians). The small marmosets (New World
monkeys) have an anterior parietal cortex that resembles that of prosimians in that SR (3a) and
SC (area 1) are poorly differentiated [26], but areas 3a, 1 and 2 are well differentiated in the
larger New World Cebus monkeys [9]. Thus, there is evidence of parallel evolution of the
somatosensory cortex in simians. Also, posterior parietal cortex is large, more subdivided, and
more responsive to somatosensory stimuli in the larger New World and Old World monkeys
than in marmosets. As an unusual specialization, some of the New World monkeys (cebus,
spider) evolved the tip of the tail as a tactile, grasping organ densely packed with cutaneous
receptors that activate a large portion of somatosensory cortex [9]. Monkeys also have more
visual cortex than prosimians (Fig. 1D), and more clearly defined subdivisions of posterior
parietal cortex. In Old World monkeys, dorsal and ventral premotor regions contain two or
more fields.

Apes and hominins
Early apes had larger brains than monkeys, but not much can be inferred about the organization
of early ape brains since comparative studies of extant ape brains has been so limited. Also,
we know only brain sizes and shapes from our extinct hominin relatives (all species more
closely related to modern humans than apes) [38]. From modern non-invasive brain imaging
studies and from histological studies, an understanding of the organization of the human brain
is starting to emerge, although information is limited. However, the evolution of areas devoted
to language [7], visual recognition of faces and objects [12], and hemispheric specialization
and asymmetries [6] are among the prominent additions to human brains. What is most obvious,
however, is the great growth of the brain relative to body size from early ape ancestors to
humans [22]. Even present day chimpanzees of about the same body size as humans, and
gorillas of considerably larger sizes than humans, have brains of the 300–400 cm3 size, about
the size of the brains of early hominins of the genus Australopithecus living some three million
years ago. Over the last two million years, the brains of our ancestors increased rapidly to their
current 1300–1500 cm3 size.

Such great increases in brain size imply great increases in number of neurons and therefore
computational power. Human brains might have as many as 100 billion neurons, compared to
6.4 billion in macaque monkeys [10]. In contrast to rodents (and likely other lines of
mammalian evolution), where average neuronal size increased and neuronal densities
decreased as larger brains evolved, average neuron size and neuronal densities are rather
constant across a great range of brain sizes in primates. Thus, human brains have more neurons
for their large size than would be expected for a hypothetical rodent with such a large brain.
The evolution of large brains in apes and early hominins, and even larger brains in our recent
ancestors and in modern humans, resulted in great increases in the number of neurons. This
made it difficult for neurons to interconnect and function in the same ways that were possible
in the smaller brains of our ancestors [15]. As brains get more neurons, individual neurons
become interconnected with proportionally fewer of the total number of neurons, and the brain
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becomes more modular so that connections and connection distances do not increase to
unworkable extents. As one example, functions in the large human brain became more localized
to the right or left cerebral hemisphere so that the need for long and fast interhemispheric
connections became reduced. The evidence for more modular organization in the larger primate
brains is less complete, but the large primary areas stopped increasing in size, implying a great
increase in the numbers of smaller cortical areas. In support of this inference, accumulated
evidence from functional imaging studies suggests that human brains have a large number (200
or so) of cortical areas.

In summary, many of the changes that occurred in the evolution of the large human brain remain
to be discovered, but much progress is being made in understanding the specific types of
modifications that were made in brains during the course of mammalian evolution. As brains
became large, scaling problems likely forced modifications in brain organization that included
(1) more cortical areas and more modules or types of functional columns within areas; (2) an
emphasis on local cortical connections over long connections; and (3) a stabilization of the
sizes of the largest cortical areas, as area size impacts on the types of functions that areas best
mediate. Small areas are more fully interconnected, and are optimal for global comparisons,
while large sensory areas are optimal for comparisons of local detail.
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Figure 1.
Some of the cortical areas of (A) rats, (B) tree shrews, (C) galagos, and (D) owl monkeys. The
owl monkey cortex has been flattened so that areas in the lateral fissure and on the medial wall
can be shown. Rats, like many other small-brained mammals have few cortical areas, including
primary visual (V1), auditory (Aud or A1), somatosensory (S1) and motor (M1) areas. Other
somatosensory areas include a caudal somatosensory belt (SC) a distorted rostral belt (RC or
dys. for dysgranular cortex), a second area (S2), a parietal ventral area (PV) and a parietal
rostral area (PR). Motor cortex includes a dorsal premotor area (M2), and visual cortex includes
a second visual area (V2) and other visual areas (Visual). Some of the somatotopy of S1, PV,
S2, and M1 is indicated. Tree shrews have an expanded temporal lobe with visual functions.
Several temporal areas (TP, posterior; TD, dorsal; TA, anterior, and TI, inferior) have been
identified, but homologous areas in other mammals are unknown. TA and adjacent visual
cortex relay to motor cortex, as posterior parietal (PP) cortex does. Prosimian galagos have
more visual cortex, and many of the areas recognized in anthropoid primates (the dorsolateral
area, DL or V4; V3; the dorsomedial area, DM; the middle temporal area, MT; the middle
superiortemporal area MST; the fundal area of the superior temporal sulcus, FST; and inferior
temporal cortex, IT. Posterior parietal (PP) cortex includes a caudal sector with dense visual
inputs and projections to a rostral sector with somatosensory inputs and projections to motor
and premotor cortex. Motor cortex includes a primary area (M1), dorsal premotor cortex
(PMD), ventral premotor cortex (PMV), the frontal eye field (FEF), a supplementary motor
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area (SMA), and two or more cingulate motor areas (CMA). Hindlimb (HL) and forelimb (FL)
portions of 3b and M1 are indicated. Owl monkeys have even more visual cortex, while sharing
a number of areas with galagos. The dorsolateral area is divided into rostral (DLr) and caudal
(DLc) sectors and inferior temporal cortex has been divided into polar (ITp), rostral (ITr)
caudodorsal (ITcd) and caudoventral (ITcv) sectors. FST has dorsal (d) and ventral (v) areas.
A medial area (M) and a ventral posterior parietal area (VPP) have been identified. The location
of the prostriata area (PS), which may exist in most mammals, is indicated. Anterior parietal
cortex contains areas 3a, 3b, 1 and 2, and somatosensory cortex of the lateral sulcus (LS) has
rostral (VSr) and caudal (VSc) ventral somatosensory areas, a parietal rostral area (PR), and a
retroinsular (Ri) region. Auditory cortex includes A1, a rostral area (R), a rostrotemporal area
(RT), a caudomedial area (CM) and other subdivisions of the auditory belt and parabelt. An
eye movement (E) region of SMA and a frontal visual region (FV) are labeled. CC, corpus
callosum; STS, superior temporal sulcus; hip, hippocampus.
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