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In Prosimian primates, NewWorld monkeys, and OldWorld monkeys microstimulation with
half second trains of electrical pulses identifies separate zones in posterior parietal cortex
(PPC) where reaching, defensive, grasping, and other complex movements can be evoked.
Each functional zone receives a different pattern of visual and somatosensory inputs, and
projects preferentially to functionally matched parts of motor and premotor cortex. As PPC
is a relatively small portion of cortex in most mammals, including the close relatives of
primates, we suggest that a larger, more significant PPC emerged with the first primates
as a region where several ethologically relevant behaviors could be initiated by sensory
and intrinsic signals, and mediated via connections with premotor and motor cortex. While
several classes of PPC modules appear to be retained by all primates, elaboration and
differentiation of these modules likely occurred in some primates, especially humans.
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INTRODUCTION
The dorsal stream of sensorimotor processing involves several
cortical regions that are especially enlarged and differentiated in
primates. As originally proposed, the dorsal stream of visuomotor
processing included projections of a specific array of extrastriate
visual areas into posterior parietal cortex (PPC), which in turn
relayed to motor, premotor, and prefrontal areas of frontal cor-
tex (Ungerleider and Mishkin, 1982). Visual cortex in primates is
greatly expanded compared to most mammals, and in macaque
monkeys, as many as 35 visual areas have been proposed (Felle-
man and Van Essen, 1991). The contributions to PPC primarily
come from a collection of visual areas (Boussaoud et al., 1990;
Kaas and Morel, 1993, Born and Bradley, 2005; Kaskan and Kaas,
2007) that are especially involved in processing information about
visual motion. The somatosensory areas that contribute to the
dorsal stream involve subdivisions of anterior parietal cortex that
are uniquely distinct in primates, and newly defined somatosen-
sory areas of the cortex of the lateral sulcus (Qi et al., 2002;
Disbrow et al., 2003; Coq et al., 2004). Motor cortex in pri-
mates includes primary motor cortex (M1), dorsal (PMD), and
ventral (PMV) premotor areas, which have proposed subdivi-
sions, the supplementary motor area, and several motor areas
in cingulate cortex (Wu et al., 2000). PPC subregions project to
parts of M1, PMD, and PMV (Petrides and Pandya, 1984; Tanné-
Gariépy et al., 2002; Fang et al., 2005; see Luppino and Rizolatti,
2001 for review). The dorsal stream pathway was originally called
the “where” pathway, as this pathway appeared to be especially
involved in determining where objects were located and their spa-
tial relationships, but it has been subsequently called the “how”
pathway, as it appeared to be more closely involved in planning
and initiating appropriate hand and arm movements in reaching
and grasping of objects, and other actions (Goodale and Milner,
1992).

As a key region in the dorsal stream of sensory processing for
action, there has been a great deal of interest in the functional orga-
nization of PPC, mostly in macaque monkeys (e.g., Andersen and
Buneo, 2002; Orban et al., 2006), but also in humans (e.g., Disbrow
et al., 2007; Shikata et al., 2008; for review see Grefkes and Fink,
2005). Much of the collected evidence suggests that subdivisions
of PPC are specialized for different actions. A caudomedial region
of the cortex of the intraparietal sulcus in macaques, the pari-
etal reach region (PRR) appears to be largely involved in reaching
(Batista et al., 1999), a lateral intraparietal region (LIP) in direct-
ing gaze toward places of interest (Colby et al., 1996), and anterior
intraparietal region (AIP) in grasping and manipulating objects
(Sakata et al., 1995). Most recently, the ventral intraparietal area
(VIP) has been implicated in defensive movements of the head
and arm to protect the head (Cooke et al., 2003).

Our own studies have provided new evidence for somewhat
different functional subdivisions of PPC, as well as anatomical evi-
dence that functionally compatible zones of PPC and motor and
premotor cortex are directly interconnected, and share cortical
somatosensory and thalamic connections. In addition, members
of three major branches of primate evolution, Prosimian galagos,
owl and squirrel monkeys of the New World anthropoids, and
macaque monkeys of the Old World anthropoids appear to have
similar arrangements of functionally distinct parietal–frontal net-
works. Thus, these networks were likely present in early primates
and retained in all these branches. We were able to distinguish
functionally specific zones in both PPC and frontal cortex by using
an electrical stimulation procedure that has been used effectively in
frontal cortex by Graziano et al. (2002), i.e., 500 ms trains of elec-
trical pulses delivered via microelectrodes. These “long trains” of
electrical pulses produce complex sequences of movements from
motor and premotor cortex, whereas the usual 50–60 ms short
trains that have been widely used for mapping the somatotopy
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of motor cortex (e.g., Wu et al., 2000) only produce the initial
part of the sequence. In our hands, 60 ms trains of stimulation
usually failed to produce any movements from PPC, but 500 ms
long trains were quite effective in both PPC and in motor and
premotor cortex, even in anesthetized primates. Thus, we used
long-train stimulation to identify zones in frontal cortex and PPC
that were functionally similar, and used injections of anatomi-
cal tracers to study the connections of these zones. The results
support the concept that PPC of all primates contains nodes in
functionally distinct networks that mediate several different types
of ethologically relevant behaviors.

THE ORGANIZATION AND CONNECTIONS OF MOVEMENT
DOMAINS IN PPC IN PROSIMIAN GALAGOS
Much of our research on PPC and frontal motor cortex has been
on Prosimian galagos. Early primates 60–70 mya diverged into a
line that lead to present-day Prosimians, a line to the present-day
tarsiers, which are not available for experimental study, and a line
to early anthropoids that later diverged into New World monkeys
and Old World monkeys together with apes and humans (Mar-
tin, 1990). Prosimians include lemurs, lorises, and galagos. Of the
Prosimians, galagos have been the most available for research, and
thus the most studied. Although Prosimian brains are considered
to most closely resemble early primates, they are larger than the
brains of early primates. However, Prosimian brains have fewer fis-
sures than most anthropoid species and the ratio of the Prosimian
brain to its body size is nearly half of that in anthropoid species
(Jerison, 1973). While all brains of modern species have likely
been modified and specialized compared to those of early ances-
tors, galago brains appear to have changed the least, and cortical
organization may have changed relatively little from that of early
primates. Nevertheless, the array of cortical areas in galagos clearly
reflects a primate pattern of organization.

Because there are few cortical fissures, most of the cortical areas
in galagos are exposed on the surface and can be illustrated on a
dorsolateral view of the brain (Figure 1A). PPC includes cortex
between the anterior parietal areas and visual areas of temporal
and occipital cortex. Connections with visual areas (DM, V3, MT,
MST, MTc, FST) are largely restricted to the caudal half (Krubitzer
and Kaas, 1993; Beck and Kaas, 1998; Collins et al., 2001; Fang et al.,
2005). In contrast, the rostral half of PPC receives dense inputs
from somatosensory cortex (SC), especially from areas S2 and PV,
but also from a narrow belt of cortex caudal to S1, termed here, area
1–2 (Stepniewska et al., 2009b). Areas 1 and 2 of anterior parietal
cortex have not been defined in Prosimian primates, but the strip
of cortex just caudal to S1 (3b) has connections with S1, and is in
the position of area 1 or area 1 plus area 2 previously defined in
Old World monkeys. Hence, the tentative name, 1–2. As the caudal
half of PPC is interconnected with the rostral half, the rostral half
receives both somatosensory and visual (less directly) information.
Electrical stimulation evoked movements only from the rostral
half of PPC (Stepniewska et al., 2005, 2009a). Long 500 ms trains
of electrical stimulation evoked complex movements only from
the rostral half of PPC (Figure 1;Stepniewska et al., 2005, 2009a).

Shorter trains of 60 or 120 ms usually failed to evoke a move-
ment, or evoked only a muscle twitch, or a simple one-joint move-
ment. Movements were typically of contralateral body parts, but
sometimes, bilateral movements occurred. The complex move-
ments were of several types that often reflected an ethologically
relevant action, and they conformed roughly to the somatotopic
pattern, so that hindlimb movements were evoked from the most
medial sites and eye and face movements from the most lateral
sites in rostral PPC. Movements started 33–100 ms after the onset
of stimulation and typically continued to the end or slightly past
the end of the 500-ms train of pulses. Most medially in rostral
PPC, hindlimb (often in conjunction with forelimb) movements,

FIGURE 1 | Summary of the posterior parietal cortex (PPC) organization

in galagos. (A) Schematic of cortical areas shown on dorsolateral view of the
left hemisphere. Functionally distinct movement zones in the rostral half of
PPC are marked with colors. Motor regions: primary motor area (M1), dorsal
(PMD), and ventral (PMV) premotor areas, supplementary motor area SMA,
and frontal eye field FEF. Somatosensory regions: primary somatosensory
area S1 and areas 3a, 1–2, secondary somatosensory area S2, and parietal
ventral area PV. Visual region: primary, secondary, and third visual areas V1,
V2, and V3, dorsomedial (DM), dorsolateral (DL), middle temporal (MT),

middle temporal crescent (MTc), middle superior temporal (MST), and
inferotemporal (IT) areas. Auditory region: primary A1 and rostral R auditory
areas, and auditory belt (AB). Approximate areal borders are marked with thin
lines and sulci (intraparietal IPS, frontal anterior FSa, and frontal posterior FSp,
cingulate CgS, lateral LS, and superior temporal STS) are marked with thick
lines. (B) Two classes of forelimb movements (hand-to-mouth and defensive)
evoked by microstimulation of different zones of rostral PPC of galagos. Each
segment of drawing depicts first and last phases of a complex forelimb
movement (hand-to-mouth and defensive) traced from video recordings.
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as if in climbing, were evoked from a cluster of stimulation sites.
This was followed by a more rostral zone for defensive move-
ments of the forelimb (Figure 1B), and a more caudal zone for
reaching movements. More laterally, at the rostral tip of the intra-
parietal sulcus, hand-to-mouth movements (Figure 1B) occurred,
followed on the lateral bank of the sulcus and more lateral cor-
tex, by aggressive (rostrally) and defensive (caudally) movements
of the face. Eye movements were evoked from a few most lateral
sites. Finally, a small zone for grasping movements located rostral
to the hand-to-mouth zone was in area 1–2, as well as in rostral
PPC. We almost missed this zone because we typically failed to
fully explore area 1–2, as it was considered part of anterior parietal
cortex. Movements were not evoked from other parts of area 1–2.
Consistent with this result in galagos, a grasping zone was found
in area 2 of monkeys (see below).

When tracers were injected into specific function zones in
rostral PPC, a different pattern of connections was revealed for
each zone (Figure 2; see also Stepniewska et al., 2009b). The face
aggressive region had strong connections with PMV, while the face
defensive region had strong connections with PMD, as well as some
direct visual inputs. The hand-to-mouth region had strong con-
nections with cingulate cortex, as well as M1 and PMD, while the
defensive zone had some direct visual inputs. The reaching zone
had even more direct visual inputs. All zones had connections
with somatosensory areas in the S2–PV region, and widespread
connections within PPC. The connections of movement-specific
PPC zones activate matching zones in M1 and premotor cortex,
as revealed by optically imaging patterns of hemodynamic activ-
ity in frontal cortex during electrical stimulation of PPC zones
(Stepniewska et al., accepted). Moreover, the functioning of the
M1 zones is critical to the functioning of the PPC zones, as
stimulation of PPC no longer produced movements after the

FIGURE 2 | Schematic of parietal–frontal connections of the specific

movement zones in PPC of galagos. Functionally distinct movement
zones (filled with colors) and their connections (indicated by color
coordinated lines) are marked on the flattened view of left cerebral
hemisphere. Thick lines represent strong connections, and thin lines
represent weak connections. Opened sulci are marked with dashed lines.

activity of functionally matched parts of M1 was blocked with
muscimol (Stepniewska et al., 2008).

THE ORGANIZATION AND CONNECTIONS OF MOVEMENT
DOMAINS IN PPC OF NEW WORLD MONKEYS
Using the same stimulation and anatomical procedures, functional
zones in PPC, and in motor, and premotor cortex, were revealed
in New World owl and squirrel monkeys (Gharbawie et al., 2010,
2011). These studies focused on defining reach, defense, and grasp
zones, which were found in both PPC and frontal cortex. As in
galagos, these three PPC zones were arranged in a mediolateral
sequence with a rostrolateral slant in owl and squirrel monkeys
(Figure 3). Area 1 has been well defined in owl and squirrel mon-
keys on the basis of a characteristic representation of the cutaneous
receptors of the contralateral body (Merzenich et al., 1978; Sur
et al., 1982). We consider a narrow strip of cortex along the caudal
border of area 1 to be area 2, as in macaque monkeys, although
the evidence for this cortex being area 2 is limited. This cortex
has also been considered to be part of PPC (Padberg et al., 2005).
In either case, the grasp zone in owl and squirrel monkeys was
centered in cortex identified here as area 2. In addition, the PPC
defense region extends into area 2 and even somewhat into area
1. Some of this spread may be due to local spread across areal
boundaries of electrical stimulation, but the evidence suggests
that parts of area 2 are within the PPC motor movement sys-
tem. A reach zone was consistently caudal to area 2 and was likely
in area 5. In frontal cortex reaching movements were evoked from
part of PMD and an adjoining part of M1, defense movements
from lateral M1 and part of PMV, and grasping movements from
part of the forelimb representation in M1 and PMV. Thus, cor-
responding movement zones can be identified in PPC, M1, and
premotor cortex.

Injections of tracers into more than one functionally defined
zone in these New World monkeys (Figure 4) allowed us to make
several important observations. First, the connections between
frontal and PPC regions were consistently most dense between

FIGURE 3 | Dorsolateral view of a squirrel monkey brain. The reach,
defense, and grasp zones identified with long-train electrical stimulation are
arranged in PPC in a caudomedial to rostrolateral pattern. PPCr, rostral PPC
and PPCc, caudal PPC. All other conventions are the same as in Figure 1.
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FIGURE 4 | Connections patterns for (A) reach, (B) defense, and (C)

grasp zones in frontal cortex and PPC, illustrated on a flattened

squirrel monkey cortex. The thickness of each line is proportional to the
density of the connection. A characteristic network of parietal–frontal
connections supports each constellation of movements. The densest
parietal–frontal connections are between zones of similar movements, but
weak connections also link dissimilar zones.

functionally matched zones. Second, overlapping populations of
neurons in especially somatosensory areas in the lateral sulcus
(S2, PV, and others) projected to functionally matched zones in
frontal cortex and PPC. Thus, reach zones, defense zones, or grasp
zones in PPC and frontal cortex share some inputs from other
cortical areas and even thalamic nuclei. Third, different functional
zones in PPC depend on inputs from somewhat different pop-
ulations of somatosensory neurons in lateral parietal cortex, and
different patterns of visual inputs. Fourth, PPC zones are intercon-
nected. Finally, although all PPC zones receive major inputs from
the lateral posterior nucleus, the PPC zones also receive weaker
projections from the ventral lateral nucleus of the motor thalamus
and to a lesser extent the ventroposterior nucleus of somatosensory
thalamus. These results support the conclusion that functionally
distinct but interrelated parietal–frontal streams exist in owl and
squirrel monkeys.

PPC IN OLD WORLD MACAQUE MONKEYS
While the connections and neurophysiology of PPC in macaques
have been intensively studied, there is only limited information
based on long-train electrical stimulation. Cooke et al. (2003)
located a defensive movement zone in the intraparietal sulcus in
cortex attributed to the VIP. A matching defensive zone was located
in M1 (Graziano et al., 2002). In our preliminary, ongoing studies
of PPC in macaques, we identified a grasp zone in the cortex just
medial and rostral to the tip of the intraparietal sulcus (Figure 5).
This grasp zone, however, is not located in cortex commonly iden-
tified as PPC, but rather it is in a middle part of area 2. A matching
grasp zone has been located in parts of PMV and M1 in macaques
(Graziano et al., 2002). The hand portion of area 2 has connections
with M1, but these connections were described as sparse (Pons and
Kaas, 1986). More recently we have determined that the grasp zone
of area 2 in macaques is preferentially connected with the M1 grasp
zone and adjacent cortex in the rostral bank of the central sulcus.
The connections of VIP are somewhat uncertain, but large injec-
tions in the VIP region labeled neurons in both M1 and premotor

FIGURE 5 | Dorsolateral view of a macaque brain. Note open
intraparietal sulcus to show buried areas: PRR, parietal reach region; VIP,
ventral intraparietal area; LIP, lateral intraparietal area; and AIP, anterior
intraparietal area. The grasp region identified by our long-train
microstimulation study in area 2 is also shown.
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cortex (Lewis and Van Essen, 2000) and injections in caudal PMV
(F4) labeled neurons in the VIP region (Luppino et al., 1999). The
grasp zone in area 2 identified by microstimulation in macaques
is close to, but not overlapping the anterior intraparietal area, AIP,
which is on the lateral bank of the rostral end of the intraparietal
sulcus. Microelectrode recordings indicate that AIP is involved in
grasping and manipulating objects in macaque monkeys (Sakata
et al., 1995), and AIP projects to a rostral division (F5) of PMV
(Luppino et al., 1999). Thus, there is evidence for more than one
parietal–frontal pathway for grasping in macaques.

Our results in macaques, owl and squirrel monkeys, and gala-
gos, suggest that the parietal cortex zone where grasping move-
ments are evoked is in area 2, just rostral to parts of PPC that are
involved in grasping and manipulation behaviors (area AIP). The
portion of area 2 that represents the hand in macaques has connec-
tions with motor cortex, as well as with the AIP region (Pons and
Kaas, 1986). However, the cortex of area 5 immediately adjoining
our proposed area 2 grasp zone is also clearly involved in grasping
behaviors, as lesions of this cortex produce a short-term deficit in
grasping behavior (Padberg et al., 2010). Overall, the hand rep-
resentation in area 2, the adjoining part of area 5 on the medial
bank of the intraparietal sulcus, and AIP on the lateral bank of the
sulcus all appear to be involved in grasping behavior.

Finally, a more caudal region on the medial bank of intrapari-
etal sulcus, the posterior PRR (Andersen and Buneo, 2002) seems
a likely locus for a motor reach domain (Galletti et al., 1997), as
found in galagos and New World monkeys. If so, the arrangement
of reach, defensive, and grasp domains in a caudomedial to ros-
trolateral sequence in PPC plus area 2 is a feature of members
of three major branches of primate evolution, Prosimians, New
World monkeys, and Old World monkeys. In addition, there is a
wealth of data from functional imaging and other studies support-
ing the conclusion that PPC in humans also may have dedicated
regions for reaching and grasping (e.g., Grol et al., 2007). As the
PPC in humans is greatly expanded (Van Essen, 2004; Hill et al.,
2010), there is interest in both identifying areas and regions that
may be homologous with those in other primates (Grefkes and
Fink, 2005; Sereno and Tootell, 2005; Husain and Nachev, 2007;
Durand et al., 2009), and in characterizing the elaborations and
modifications of these areas and regions in ways that enhance
and extend abilities that became important as modern humans
evolved, such as the extensive use of tools (Orban et al., 2006; Frey,
2007; Durand et al., 2009; Peeters et al., 2009).

THE EVOLUTION OF PPC
Posterior parietal cortex is an expanded portion of the cortex in
primates, that is the least expanded in Prosimian primates, and
the most expanded in humans. The results reviewed here are con-
sistent with the results of many studies of PPC in macaques that
provide evidence that PPC is divided into a number of functionally
distinct regions devoted to the initiation and guidance of different
types of actions. We have provided evidence for specific parietal–
frontal circuits that are involved in reaching, defensive movements,
and grasping. Other parietal–frontal circuits involved in behaviors
such as directing gaze and bringing food to the mouth, appear to
exist as well. Thus, a number of specific circuits appear to be shared
by most, or all extant primates, and thus they were likely retained

from a common ancestor. These circuits also were elaborated and
subdivided in at least some lines of primate evolution to subserve
new and different needs, especially in humans to perhaps provide
greater flexibility, promote tool use, and the acquisition of other
motor skills.

If we take a broader comparative approach, the evidence sug-
gests that the“primate type”of PPC is unique to primates. Primates
belong to a branch of mammalian evolution called Euarchon-
toglires. This line of evolution diverged from other placental
mammals some 80–90 mya to produce the radiation of present-day
primates, as well as the closer relatives of primates, tree shrews, and
flying lemurs. More distant relatives of primates include rodents
and lagomorphs (rabbits; Murphy et al., 2001). While little is
known about the brains of flying lemurs, studies on rodents, lago-
morphs, and tree shrews all suggest that primates emerged from
ancestors that had little PPC (Disbrow et al., 2007; Remple et al.,
2007). Thus, PPC was not the important part of the cortex that it
is in primates.

Cortical organization in tree shrews has been extensively stud-
ied in an effort to infer the organization of cortex in the immediate
ancestors of primates. Both tree shrews and early primates adapted
to a greater reliance on vision by expanding visual cortex so that
temporal and occipital regions of cortex were enlarged. Present-
day tree shrews have a number of visual areas (Lyon et al., 1998),
and other regions of visual cortex that have not yet been character-
ized (Figure 6). An auditory region may contain several areas. SC
includes a primary area S1 or area 3b, a narrow area 3a just rostral
to S1, and a narrow band of SC just caudal to S1 in the position
of area 1 or area 1–2 of primates (Remple et al., 2006, 2007). Only
a narrow band of cortex posterior to caudal SC can be reasonably
defined as PPC, as it has a mixture of somatosensory and visual
inputs, and projects to frontal motor cortex. However, some of
the higher-order visual areas project directly to motor and frontal
cortex, as do somatosensory areas. Thus, motor cortex functions

FIGURE 6 | Sensorimotor cortical pathways of tree shrews. The extent
of posterior parietal cortex is very limited, and most visual and
somatosensory information reaches motor cortex (M1) directly from
somatosensory and visual areas. The caudal somatosensory area, SC, is a
likely homolog of area 1–2 of galagos. TP, TD, and TA are proposed posterior,
dorsal, and anterior temporal visual areas. S1 and S2, primary and
secondary somatosensory areas. PV, the parietal ventral somatosensory
area. Aud, auditory cortex. PM, premotor cortex. Arrows depict some of the
relevant cortical connections. Based on Remple et al. (2006).
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are more directly guided by visual and somatosensory information
in tree shrews than in primates. Since PPC is only a small part of
cortex, it likely has a much more limited role. Rodents such as
rats and squirrels also have proportionately little PPC and have
direct visual and somatosensory inputs into motor and premotor
cortex. Thus, an expanded PPC, with separate modules and con-
nections with motor and premotor cortex form parallel networks
that support different actions. Those networks evolved as early pri-
mates emerged, and their basic components have been retained in
most or all extant primates. This is not to say that an expanded and
functionally important PPC did not evolve independently in other
branches of mammalian evolution, in carnivores for example, but
this did not happen in other Euarchontoglires.

WHAT IS PRIMATE PPC FOR?
The functional streams for different ethologically relevant behav-
iors start in PPC. They depend on different mixtures of somatosen-
sory and visual inputs, with some auditory (Cohen et al., 2004)
and vestibular inputs (Snyder et al., 1998). There are also thalamic
inputs, some of which are from the motor thalamus. Feedback
from prefrontal cortex may be very important, as motor behav-
ior can be internally driven as well as sensory driven (Munoz and
Everling, 2004). Outputs to premotor and primary motor cortex
are critical, as these areas are responsible for subcortical projec-
tions that mediate the behaviors via terminations in premotor and
motor neuronal pools of the brainstem and spinal cord. While
motor functions are distributed across parietal and frontal regions,
it seems likely that sensory inputs consistently activate a number of
network nodes in PPC, and that they are often in competition with

each other for initiating different, often mutually incompatible
behaviors. The outcome of this competition is possibly mediated
by inhibitory connections between the PPC nodes, perhaps when
one of the nodes is favored by a pattern of inputs that produced
a stronger, earlier activation (see Snyder et al., 2010). Thus, PPC
is positioned to have the major role in determining the winner
of a range of competing circuits for modes of action. Subsequent
activations could tip the balance so that new actions replace or
supplement ongoing actions, and thus a reach can be followed by
a grasp, and a grasp by retrieval to the mouth. The specifics of
these actions would seem to depend on the activation via PPC
of specialized circuits in premotor and motor cortex, and their
subcortical outputs. We suggest that this activating role for PPC
has become progressively more important, varied and complex in
some lines of primate evolution, but a major role for PPC in grasp-
ing, defensive, and reaching behaviors was already in place with the
emergence of the first primates. In earlier ancestors, such behaviors
were likely mediated more directly by sensory and other inputs to
motor frontal areas, but in early primates PPC provided an over-
lay of the decision making process, which became more diversified
and dominant in anthropoid primates, especially humans. Never-
theless, frontal motor areas, in conjunction with prefrontal cortex,
contribute to the decision process (Romo et al., 2004; Schall et al.,
2004; Schall, 2005; Wunderlich et al., 2009), and prefrontal cortex
may be especially important when stored information rather than
incoming sensory information determines the outcome. Decision
making has been considered, along with sensorimotor transfor-
mations and movement planning, as one of the functions of PPC
(Andersen and Cui, 2009).

REFERENCES
Andersen, R. A., and Buneo, C. A.

(2002). Intentional maps in pos-
terior parietal cortex. Annu. Rev.
Neurosci. 25, 189–220.

Andersen, R. A., and Cui, H. (2009).
Intention, action planning, and deci-
sion making in parietal-frontal cir-
cuits. Neuron 63, 568–583.

Batista, A. P., Buneo, C. A., Snyder, L. H.,
and Andersen, R. A. (1999). Reach
plans in eye-centered coordinates.
Science 285, 257–260.

Beck, P. D., and Kaas, J. H. (1998). Cor-
tical connections of the dorsomedial
visual area in prosimian primates. J.
Comp. Neurol. 398, 162–178.

Born, R. T., and Bradley, D. C. (2005).
Structure and function of area MT.
Annu. Rev. Neurosci. 28, 157–189.

Boussaoud, D., Ungerleider, L. G., and
Desimone, R. (1990). Pathways for
motion analysis: cortical connec-
tionsof themedial superior temporal
and fundus of the superior tempo-
ral visual areas in the macaque.
J. Comp. Neurol. 29, 462–495.

Cohen, Y. E., Cohen, I. S., and Gif-
ford, G. W. (2004). Modification of
LIP activity by predictive auditory
and visual cues. Cereb. Cortex 14,
1287–1301.

Colby, C. L., Duhamel, J. R., and Gold-
berg, M. E. (1996). Visual, presac-
cadic, and cognitive activation of
single neurons in monkey lateral
intraparietal area. J. Neurophysiol.
76, 2841–2852.

Collins, C. E., Stepniewska, I., and
Kaas, J. H. (2001). Topographic pat-
terns of v2 cortical connections
in a prosimian primate (Galago
garnetti). J. Comp. Neurol. 431,
155–167.

Cooke, D. F., Taylor, C. R., Moore, T., and
Graziano, M. S. A. (2003). Complex
movements evoked by microstim-
ulation of the ventral intraparietal
area. Proc. Natl. Acad. Sci. U.S.A. 100,
6163–6168.

Coq, J. O., Qi, H., Collins, C. E.,
and Kaas, J. H. (2004). Anatomi-
cal and functional organization of
somatosensory areas of the lateral
fissure of the New World titi monkey
(Callicebus moloch). J. Comp. Neurol.
476, 363–387.

Disbrow, E., Hinkley, L., Padberg, J., and
Krubitzer, L. (2007). “Hand use and
evolution of posterior parietal cor-
tex in primates,” in Evolution of Ner-
vous Systems, Vol. 4, Primate, eds J.
H. Kaas and T. M. Preuss (London:
Elsevier), 407–415.

Disbrow, E., Litinas, E., Recanzone, G.
H., Padberg, J., and Krubitzer, L.
(2003). Cortical connections of the
secondary somatosensory area and
the parietal ventral area in macaque
monkeys. J. Comp. Neurol. 462,
382–399.

Durand, J.-B., Peeters, R., Norman, J. F.,
Todd, J. T., and Orban, G. A. (2009).
Parietal regions processing visual 3D
shape extracted from disparity. Neu-
roimage 46, 1114–1126.

Fang, P. C., Stepniewska, I., and Kaas,
J. H. (2005). Ipsilateral cortical
connections of motor, premotor,
frontal eye, and posterior parietal
fields in a prosimian primate, Otole-
mur garnettii. J. Comp. Neurol. 490,
305–333.

Felleman, D. J., and Van Essen, D. C.
(1991). Distributed hierarchical pro-
cessing in the primate cerebral cor-
tex. Cereb. Cortex 1, 1–47.

Frey, S. H. (2007). “Neurological spe-
cialization for manual gesture and
tool use in humans,” in Evolu-
tion of Nervous Systems, Vol. 5,
Primates, eds J. H. Kaas and
T. M. Preuss (London: Elsevier),
395–405.

Galletti, C., Fattori, P., Kutz, D. F.,
and Battaglini, P. P. (1997). Arm

movement-related neurons in the
visual area V6A of the macaque
superior parietal lobule. Eur. J. Neu-
rosci. 9, 410–413.

Gharbawie, O. A., Stepniewska,
I., Burish, M. J., and Kaas,
J. H. (2010). Thalamocortical
connections of functional zones
in posterior parietal cortex and
frontal cortex motor regions in New
World monkeys. Cereb. Cortex 20,
2391–2410.

Gharbawie, O. A., Stepniewska, I., and
Kaas, J. H. (2011). Cortical connec-
tions of functional zones in posterior
parietal cortex and frontal cortex
motor regions in New World mon-
keys. Cereb. Cortex. PMID 21263034.
[Epub ahead of print].

Goodale, M. A., and Milner, A. D.
(1992). Separate visual pathways for
perception and action. Trends Neu-
rosci. 15, 20–25.

Graziano, M. S. A., Taylor, C. S. R., and
Moore, T. (2002). Complex move-
ments evoked by microstimulation
of precentral cortex. Neuron 34,
841–851.

Grefkes, C., and Fink, G. R. (2005).
The functional organization of the
intraparietal sulcus in humans and
monkeys. J. Anat. 207, 3–17.

Frontiers in Neuroanatomy www.frontiersin.org June 2011 | Volume 5 | Article 34 | 6

www.frontiersin.org
http://www.frontiersin.org/neuroanatomy/archive
http://www.frontiersin.org/Neuroanatomy/


Kaas et al. Sensorimotor pathways

Grol, M. J., Majdandzic, J., Stephan,
K. E., Verhagen, L., Dijkerman, H.
C., Bekkering, H., Verstraten, F.
A., and Toni, I. (2007). Parieto-
frontal connectivity during visually
guided grasping. J. Neurosci. 27,
11877–11887.

Hill, J., Inder, T., Neil, J., Dierker, D.,
Harwell, J., and Van Essen, D. (2010).
Similar pattern of cortical expansion
during human development evolu-
tion. Proc. Natl. Acad. Sci. U.S.A. 107,
13135–13140.

Husain, M., and Nachev, P. (2007).
Space and the parietal cortex. Trends
Cogn. Sci. (Regul. Ed.) 11, 30–36.

Jerison, H. J. (1973). Evolution of the
Brain and Intelligence. New York:
Academic Press.

Kaas, J. H., and Morel, A. (1993). Con-
nections of visual areas of the upper
temporal lobe of owl monkeys: the
MT crescent and dorsal and ventral
subdivisions of FST. J. Neurosci. 13,
534–546.

Kaskan, P. M., and Kaas, J. H. (2007).
Cortical connections of the middle
temporal and the middle temporal
crescent visual areas in prosimian
galagos (Otolemur garnettii). Anat.
Rec. (Hoboken) 290, 349–366.

Krubitzer, L., and Kaas, J. H. (1993).
The dorsomedial visual area of owl
monkeys: connections, myeloarchi-
tecture, and homologies in other
primates. J. Comp. Neurol. 334,
497–528.

Lewis, J. W., and Van Essen, D. C. (2000).
Mapping of architectonic subdivi-
sions in the macaque monkey, with
emphasis on parieto-occipital cor-
tex. J. Comp. Neurol. 428, 79–111.

Luppino, G., Muvata, A., Govoni, P.,
and Matelli, M. (1999). Largely seg-
regated parietofrontal connections
linking rostral intraparietal cortex
(areas AIP and VIP) and the ventral
premotor cortex (areas F5 and F4).
Exp. Brain Res. 128, 181–187.

Luppino, G., and Rizolatti, G. (2001).
The cortical motor system. Neuron
31, 889–901.

Lyon, D. C., Jain, N., and Kaas, J. H.
(1998). Cortical connections of stri-
ate and extrastriate visual areas in
tree shrews. J. Comp. Neurol. 401,
109–128.

Martin, R. D. (1990). Primate Ori-
gins and Evolution. A Phylogenetic
Reconstruction. Princeton: Univer-
sity Press.

Merzenich, M. M., Kaas, J. H., Sur, M.,
and Lin, C. S. (1978). Double repre-
sentation of the body surface within
cytoarchitectonic areas 3b and 1 in
“SI” in the owl monkey (Aotus trivir-
gatus). J. Comp. Neurol. 181, 41–73.

Munoz, D. P., and Everling, S. (2004).
Look away: the anti-saccade task

and voluntary control of eye
movement. Nat. Rev. Neurosci. 5,
218–228.

Murphy, W. J., Eizirik, E., O’Brien, S.,
Madsen, O., Scally, M., Douady, C. J.,
Teeling, E., Ryder, O. A., Stanhope,
M. J., de Jong, W. W., and Springer,
M. S. (2001). Resolution of the early
placental mammal radiation using
Bayesian phylogenetics. Science 294,
2348–2351.

Orban, G. A., Claeys, K., Nelissen, K.,
Smans, R., Sunaert, S., Todd, J. T.,
Wardak, C., Durand, J.-B., and Van-
duffel, W. (2006). Mapping the pari-
etal cortex of human and non-
human primates. Neuropsychologia
44, 2647–2667.

Padberg, J., Disbrow, E., and Krubitzer,
L. (2005). The organization and con-
nections of anterior and posterior
parietal cortex in titi monkeys: do
New World monkeys have an area 2?
Cereb. Cortex 12,1938–1963.

Padberg, J., Recanzone, G., Engle, J.,
Cooke, D., Goldring, A., and Krub-
itzer, L. (2010). Lesions in posterior
parietal area 5 in monkeys result in
rapid behavioral and cortical plastic-
ity. J. Neurosci. 30, 12918–12935.

Peeters, R., Simon, L., Nelissen, K.,
Fabbri-Destro, M., Vanduffel, W.,
Rizzolatti, G., and Orban, G. A.
(2009). The representation of tool
use in humans and monkeys: com-
mon and uniquely human features.
J. Neurosci. 29, 11523–11539.

Petrides, M., and Pandya, D. N. (1984).
Projections to the frontal cortex
from the posterior parietal region in
the rhesus monkey. J. Comp. Neurol.
228, 105–116.

Pons, T. P., and Kaas, J. H. (1986). Cor-
ticocortical connections of area 2 of
somatosensory cortex in macaque
monkeys: a correlative anatomical
and electrophysiological study. J.
Comp. Neurol. 248, 313–335.

Qi, H. X., Lyon, D. C., and Kaas,
J. H. (2002). Cortical and thala-
mic connections of the parietal ven-
tral somatosensory area in mar-
moset monkey (Callithrix jacchus).
J. Comp. Neurol. 443, 168–182.

Remple, M. S., Reed, J. L., Stepniewska,
I., and Kaas, J. H. (2006). Orga-
nization of frontoparietal cortex in
the tree shrew (Tupaia belangeri). I.
Architecture, microelectrode maps,
and corticospinal connections. J.
Comp. Neurol. 497, 133–154.

Remple, M. S., Reed, J. L., Stepniewska,
I., Lyon, D. C., and Kaas, J. H.
(2007). The organization of fron-
toparietal cortex in the tree shrew
(Tupaia belangeri): II. Connectional
evidence for a frontal-posterior pari-
etal network. J Comp. Neurol. 501,
121–149.

Romo, R., Hernandez, A., and Zaino,
A. (2004). Neuronal correlates of
a perceptual decision in ven-
tral premotor cortex. Neuron 41,
165–173.

Sakata, H., Taira, M., Murata, A., and
Mine, S. (1995). Neural mechanisms
of visual guidance of hand action in
the parietal cortex of the monkey.
Cereb. Cortex 5, 429–438.

Schall, J. D. (2005). Decision making.
Curr. Biol. 15, R9–R11.

Schall, J. D.,Thompson,K. G.,Bichot,N.
P., Murthy, A., and Sato, T. R. (2004).
“Visual processing in the macaque
frontal eye field,” in The Primate
Visual System, eds J. H. Kaas and C. E.
Collins (Boca Raton, FL: CRC Press),
205–259.

Sereno, M. I., and Tootell, R. B. (2005).
From monkeys to humans: what do
we now know about brain homolo-
gies? Curr. Opin. Neurobiol. 15,
135–144.

Shikata, E., Mc Namara, A., Sprenger,
A., Hamzei, F., Glauche, V., Buchel,
C., and Binkofski, F. (2008). Local-
ization of human intraparietal areas
AIP, CIP, and LIP using surface ori-
entation and saccadic eye move-
ment tasks. Hum. Brain Mapp. 29,
411–421.

Snyder, H. R., Hutchison, N., Nyhus,
E., Curran, T., Banich, M. T.,
and O’Reilley, R. C. (2010).
Neural inhibition enables selec-
tion during language processing.
Proc. Natl. Acad. Sci. U.S.A. 107,
16483–16488.

Snyder, L. H., Grieve, K. L., Brotchie, P.,
and Andersen, R. A. (1998). Separate
body-and world-referenced repre-
sentations of visual space in parietal
cortex. Nature 394, 887–891.

Stepniewska, I., Fang, P. C., and Kaas, J.
H. (2005). Microstimulation reveals
specialized subregions for different
complex movements in posterior
parietal cortex of prosimian gala-
gos. Proc. Natl. Acad. Sci. U.S.A. 102,
4878–4883.

Stepniewska, I., Fang, P. C., and Kaas,
J. H. (2009a). Organization of pos-
terior parietal cortex in galagos:
I. Functional zones identified by
microstimulation. J. Comp. Neurol.
517, 765–782.

Stepniewska, I., Cerkevich, C. M., Fang,
P. C., and Kaas, J. H. (2009b). Orga-
nization of posterior parietal cor-
tex in galagos: II. Ipsilateral cortical
connections of physiologically iden-
tified zones within anterior sensori-
motor region. J. Comp. Neurol. 517,
783–807.

Stepniewska, I., Gharbawie, O. A., Bur-
ish, M. J., and Kaas, J. H. (2008).
“Deactivation of primary motor cor-
tex abolishes movements evoked

from premotor and posterior pari-
etal areas in primates,” in FENS,
Geneva.

Sur, M., Nelson, R. J., and Kaas, J. H.
(1982). Representations of the body
surface in cortical areas 3b and 1 of
squirrel monkeys: comparisons with
other primates. J. Comp. Neurol. 211,
177–192.

Tanné-Gariépy, J., Rouiller, E. M.,
and Boussaoud, D. (2002). Parietal
inputs to dorsal versus ventral pre-
motor areas in the macaque mon-
key: evidence for largely segregated
visuomotor pathways. Exp. Brain
Res. 145, 91–103.

Ungerleider, L. G., and Mishkin, M.
(1982).“Two cortical visual systems,”
in Analysis of Visual Behavior, eds D.
G Ingle, M. A. Goodale, and R. J.
Q. Mansfield (Cambridge, MA: MIT
Press), 549–586.

Van Essen, D. (2004). “Organization of
visual areas in macaque and human
cerebral cortex,” in The Visual Neu-
rosciences, eds L. M. Chalupa and
J. S. Werner (Cambridge, MA: MIT
Press), 507–521.

Wu, C. W.-H., Bichot, N. P., and
Kaas, J. H. (2000). Converging evi-
dence from microstimulation, archi-
tecture, and connections for mul-
tiple motor areas in the frontal
and cingulate cortex of prosimian
primates. J. Comp. Neurol. 423,
140–177.

Wunderlich, K., Rangel, A., and
O’Doherty, J. P. (2009). Neural com-
putations underlying action-based
decision making in the human
brain. Proc. Natl. Acad. Sci. U.S.A.
106, 17199–17204.

Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any
commercial or financial relationships
that could be construed as a potential
conflict of interest.

Received: 16 February 2011; paper pend-
ing published: 10 March 2011; accepted:
01 June 2011; published online: 13 June
2011.
Citation: Kaas JH, Gharbawie OA and
Stepniewska I (2011) The organiza-
tion and evolution of dorsal stream
multisensory motor pathways in pri-
mates. Front. Neuroanat. 5:34. doi:
10.3389/fnana.2011.00034
Copyright © 2011 Kaas, Gharbawie and
Stepniewska. This is an open-access arti-
cle subject to a non-exclusive license
between the authors and Frontiers Media
SA, which permits use, distribution and
reproduction in other forums, provided
the original authors and source are cred-
ited and other Frontiers conditions are
complied with.

Frontiers in Neuroanatomy www.frontiersin.org June 2011 | Volume 5 | Article 34 | 7

http://dx.doi.org/10.3389/fnana.2011.00034
www.frontiersin.org
http://www.frontiersin.org/neuroanatomy/archive
http://www.frontiersin.org/Neuroanatomy/

	The organization and evolution of dorsal stream multisensory motor pathways in primates
	INTRODUCTION
	THE ORGANIZATION AND CONNECTIONS OF MOVEMENTDOMAINS IN PPC IN PROSIMIAN GALAGOS
	THE ORGANIZATION AND CONNECTIONS OF MOVEMENTDOMAINS IN PPC OF NEW WORLD MONKEYS
	PPC IN OLD WORLD MACAQUE MONKEYS
	THE EVOLUTION OF PPC
	WHAT IS PRIMATE PPC FOR?
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


