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Introduction

With the probable exception of nearly blind species, a
large portion of posterior cortex in mammals is likely to be
visual. Yet, for most mammals, little or nothing is known
about the organization and connections of visual cortex.
This is not surprising since architectonic studies are dif-
ficult, experimental investigations take considerable time
and effort, and there are roughly 12 000-15 000 species of
mammals distributed across 19 orders (Walker, 1964).
Rodents alone include 35 families and over 350 genera,
and there can be major morphological divergences within
an order as well. In primates, for example, brain size and
other obvious features of brains vary enormously. Thus,
there are good a priori reasons to believe that features of
visual cortex organization are variable as well. In fact, this
assumption is supported by the results of the many studies
on visual cortex organization that have been published,
even though these studies have concentrated on only a few
species of mammals. Thus, there can be a fascmatmg
future of dlscoveung and desulblng species differences in
the organization of visual cortex and determining how
these differences relate to differences in visual abilities.
Our more limited goal in this chapter is to outline for a
few select mammals what is known about visual cortex
organization and connections in an effort to illustrate sev~
eral basic principles. In most or all mammals, visual pro-
cessing is mediated by a network of cortical areas or
representations that are interconnected in a semi-
hierarchical manner. All visual mammals apparently have
a primary visual area, striate cortex (area 17 or V-I), in
common and probably several other visual areas, includ-
ing the second visual area, V-II (which constitutes part, or
all of cytoarchitectonic area 18) (see Kaas, 1980). V-I
receives inputs directly from the major thalamic target of
the retina, the dorsal lateral geniculate nucleus, and distri-
butes to V-I1, occipital-temporal cortex lateral or rostral to
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V-11, and sometimes to other targets such as limbic cortex.
In addition, in some mammals, especially cats and mon-
keys, other cortical areas areas have been identified as
visual by being responsive to visual stimuli and having
connections with other subdivisions of visual cortex. Some
of these areas access motor and visuomotor areas of the
frontal lobe, lateral limbic structures (entorhinal cortex,
the amygdaloid complex, and the hippocampus) impor-
tant in learning and memory and hence object recognition
(see Mishkin, 1982), and medial limbic cortex important
for motivation and attention (see Mesulam, 1981). Finally,
each visual area projects to a number of subcortical struc-
tures (see Graham et al,, 1979; Dreher, 1986), presumably
to modulate the inflow of visual information, indirectly
influence other visual areas via pulvinar connections, and
mediate visuomotor and motor functions.

Comparative studies provide clear evidence that mam-
mals vary, not only in brain size and amount of cortex
devoted to processing of visual information, but in
number of visual areas (see Kaas, 1989a). Visual areas, or
Brodmann’s (1909) ‘organs of the brain’, are functionally
distinct processing stations that are often distinguished by
having a systematic representation of visual space (a reti-
notopic or visuotopic organization). Differences in con-
nections with other structures and areas, and often
specializations in local circuitry, reflected in histological
structure, provide the anatomical framework for the dis-
tinct functional roles of cortical areas. Such differences can
be used to distinguish cortical areas, especially where
simple retinotopic maps do not exist.

Although it is difficult to unambiguously determine
how cortex is subdivided in any species, some conclusions
are justified (Kaas, 1987a,b; 1989a,b). Mammals with little
neocortex and small brains have only a few visual areas (of
the order of five to ten). Other mammals with expanded
neocortex may have many more processing stations. Since
mammals with large brains evolved from mammals with
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Espinoza and Thomas, 1983; Thomas and Espinoza,
1987) that at least some of these patches constitute separ-
ate visual areas (Coogan and Burkhalter, 1990; Sanderson
et al., 1991). Indeed, some investigators concluded that

extrastriate cortex of rats and mice includes several visual:

areas (e.g. Montero 1981b, Olavarria and Montero, 1984,
1989). Furthermore, a semi-hierarchy (for the explanation
of the concept of hierarchy of visual areas see sections
concerning tree shrews, cats and primates) of visual areas
in rat’s visual cortex has been proposed (Coogan and
Burkhalter, 1990; Sanderson ez a/., 1991).

Our summary of cortical areas in mice (Fig. 8.1) is based
on brain sections cut from cortex separated from the rest
of the brain, manually flattened, and sectioned parallel to
the flattened surface. The sections were stained for cells or
fibres. In both sets of sections, several obvious sub-
divisions of cortex were identified and used as landmarks
to locate other fields. These included primary visual

cortex, V-1, auditory cortex (probably A-I; see Luethke ¢t
al., 1988) and S-I (where even details of the somatotopic
patterns are apparent; see Dawson and Killackey, 1987).
Injections of tracers in V-I of mice (e.g. Olavarria and
Montero, 1989) demonstrate patchy projections to cortex
on the lateral border of V-I in a region identified in
physiological experiments as area V-II (Driger, 1975;
Wagor et al., 1980). Although as mentioned above each
patch in the projection pattern can be interpreted as a
separate visual area (e.g. Olavarria and Montero, 1989), we
do not favour this interpretation because projections from
area V-I to area V-II in other mammals, where V-II has
been established by multiple criteria, are always patchy
(see Figs. 8.2, 8.4 and 8.13). Instead, the patches might
represent modules within V-IT (see Malach, 1989 for
exposition of this argument for the rat visual cortex).
Other projections are to cortex just lateral to V-IT indica-
ting the presence of at least one and probably several addi-
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Fig. 8.1 Proposed subdivisions of neocortex in mice. Visual cortex includes first (V-I) and second (V-11) visual areas, and projections
Srom V=L identify parts of occipital-temporal cortex as visual. V-I also projects to limbic cortex medially. Most of the rest of cortex is
occupied by somatosensory, auditory, motor or limbic areas. Thus, mice have little visual cortex and few visual areas. Somatosensory
cortex includes the first area, S-I, where the hindpaw (HP), forepaw (FP), facial vibrissae (Vib), upper lip (UL), lower lip (LL)
and buccal pad (BP) are represented. We also define a second area (S-11), a parietal ventral field (PV) and a posterior medial field
(PM). Auditory cortex includes a first area (A-I) and a rostral avea (R) as well as other auditory cortex. In [frontal cortex, there is
evidence for a first motor area (M-I) and a premotor region (PM or M=II). Conclusions are based on cytoarchitectonic distinctions in
hrain sections cut from cortex that has been scparated from the rest of the brain, flattencd and cut parallel to the surface. See Krubitzer
etal. (1986), Luethke et al. (1988), Kaas etal. (1989) Li etal. (1990) for reviems on somatosensory, auditory, visual and motor

cortices of rodents respectively.
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Fig. 8.4 Modular connections of area 17 in tree shrews. An
injection of wheat germ agglutinin conjugated with horseradish
peroxidase (WGA-HRP) produces a pinwheel of patchy
labelled neurones and terminals in area 17, and bands of patches
in area 18 and occipital-temporal cortex (OT). The
discontinuous distributions of interconnected locations suggest a
modular or uneven distribution of function within these fields.
(Based on Sesma et al., 1984.)

squirrels and tree shrews suggests that laminar patterns
are more like those in primates.

A second notable feature of the connection pattern in
trec shrews is its patchy and discontinuous nature. Injec-
tions of tracers in V-I reveal both intrinsic and extrinsic
cortical connections that are patchy (Fig. 8.4; also see
Rockland and Lund, 1982; Sesma ez /., 1984). Within
area 17, injections of tracers produce a pinwheel of peri-
odic foci of labelled terminals and cells. Thus, neurones
separated by several mm of cortex can influence each other
directly. What is not now known is if the interconnected
labelled sets of cells correspond to a specific subset of
neurones, like the specialized cytochrome oxidase blobs in
V-I of primates (see below), or-if the cells in all locations
have widespread connections. In V-II, the transported
label forms clumps that sometimes merge to form bands
crossing the width of the field. Finally, less dense clumps
of label are found in Ol". The obvious implication of such
patchy connections is that these extrastriate areas are func-

tionally heterogeneous, with a given location in V-I
connecting to only certain classes of modular groups of
neurones in extrastriate cortex. The nature of this pre-
sumed modular organization is not yet known but three
types of modules have been demonstrated in V-I1 of mon-
keys (see below).

The uneven distribution of interhemispheric connec-
tions 1s another feature of the connection patterns that
suggests the existence of functionally distinct zones within
cortical areas. When horseradish peroxidase injections
into one hemisphere are used to reveal the distribution of
callosally projecting neurones and terminations in the
other hemisphere of tree shrews (Fig. 8.5), only the lateral
third of arca 17 representing frontal vision is labelled
(Cusick et al., 1985). Area 18 or V-II demonstrates dense
areas of callosal connections surrounding ‘holes’ of sparse
connections. The ‘holes’ are also apparent as myelin-poor
patches in sections stained for myelin, Much of the centre
of OTm area has sparse connections (compare with
Fig. 8.3), and more temporal visual cortex has regions of
dense and sparse connections. This pattern of uneven con-
nections 1§ typical of a number of studied mammals
(Cusick and Kaas, 1986) including rats and mice (¢.g. see
Olavarria and Montero, 1989). In general, callosal connec-
tions are dense but not restricted to the lateral border of

Fig. 8.5 Interhemispheric connections in tree shrews. The right
cercbral hemisphere has been injected with the tracer horseradish
peroxidase and the left hemisphere has been flattened and cut
parallel to the surface. The reacted section above shows the
uneven distribution that characierizes the callosal connection
pattern of many mammals. Note especially the connection-poor
callosal ‘holes’ in area 18 (V'-1I). Because injections were ot
placed in the lower temporal lobe, label is sparse in that region.
Avrrows mark the border of area 18 and the location of S-1. A
single arrow indicates a strip of callosally connected cortex that
separates the hand and face representations in S=1. Compare
with Fig. 8.3. Scale bar =1 mm. ( From Cusick et al., 1955.)
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Yig. 8.9 The surfuce of proposed subdivisions of visual cortex as percentages of the total surface area of cortex. Even'though the four
primate species considered occupy different behavioural niches (diurnal squirrel and marmoset monkeys; nocturnal owl monkeys and
galagos), and both prosimian and different simian branches of primate cvolution, the relative sizes of visual areas are remarkably
constant. Values are based on measurements taken from cytoarchitectonic fields in brain sections from manually flattened cortex.

ST corresponds to area MST of Krubitzer and Kaas, 1990c.

primates probably share other visual areas as well. For
example, projections to the caudal part of inferotemporal
cortex suggest that I'T'c is basic to these primates, and M'T
projects to part of posterior parietal cortex that appears to
be VPP. In addition, all these primates have a frontal eye
field, a frontal visual area, and probably an eye movement
portion of the supplementary motor area.

Comparisons of visual cortex organization in Old World
monkeys with New World monkeys have been compli-
cated by the difficulty of determining the relative positions
of proposed subdivisions in cortex of the more fissured
brains of Old World monkeys. It can be difficult to com-
pare results across species or even across cases of the same
species when data are portrayed on brain sections of vari-
ous planes and angles. This problem has been greatly
reduced by efforts to illustrate data on surface-views of
unfolded cortex as reconstructed from serial brain sections
(e.g. see Van Essen, 1985; Ungerleider and Desimone,
1986). However, such reconstructions may produce con-
siderable distortion in spatial relationships, especially in
local details. An alternative is to manually flatten cortex.
This produces little distortion, but splits are often neces-
sary to achieve a flat surface. While it is obviously more
difficult to manually flatten the cortex of a large brain with
many fissures, we have been able to do so with the brains
of Old World talapoin and macaque monkeys. In these
primates, we have used cytoarchitectonic distinctions and
connectional patterns in the brains we flatten so that the
shape and spatial arrangements of proposed fields can be
most accurately determined and compared with other pri-

mates. Results for a talapoin monkey are shown in
Fig. 8.10. We find the arrangement of areas in the flattened
cortex of macaque monkeys to be very similar to that of
talapoin monkeys.

As in other primates, V-1, or area 17, and V-II, or area
18, are very distinct and easily identified on cytoarchitec-
tonic grounds in both talapoin and macaque monkeys.
MT isalso apparent as a densely myelinated oval of cortex.
As in other primates, in talapoins (Kaas and Krubitzer,
1990) and macaque monkeys (¢.g. Weller and Kaas, 1983;
sce Perkel e al., 1986 for a description of other cortical
connections of V-I in macaques) most of the outputs of
V-lare to V-IT and MT. Other projections of V-I in both
talapoins and macaque monkeys are to a wedge of
myelinated cortex on the dorsomedial border of V-IT that
we identify as DM. The usual interpretation of this pro-
jection of V-I in macaque monkeys is that it is to ‘V3’, a
visual area originally postulated (e.g. Cragg, 1969; Zeki,
1969) to border most or all of V2’ (V-II). V3 was thought
to be retinotopically organized as a mirror image of the
representation in ‘V2’. Subsequent studies failed to dem-
onstrate connection patterns that are compatible with the
concept of V3, and instead a ‘dorsal V3’, with input from
V-1, and ventral V3 or a ventroposterior arca (VP), with-
out input from V-I have been proposed (sce Burkhalter ez
al., 1986; however, sec Gattass et al., 1988).

Asa further complication, a field very much like DM in
terms of location and retinotopic organization, arca ‘V3a’,
has been described as just rostral to dorsal ‘V3’. The area
V3a was first described as outside the V-I projection zone
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Finally, Old World monkeys have frontal eye ficlds, .2
frontal ventral area and an eye movement portion of the
supplementary motor area (see Huerta ez 4/, 1987; Huerta
and Kaas, 1990), and these are likely to be visual areas in
parietal and temporal cortex which are homologous with
those in New World monkeys. Further research is needed
to identify valid subdivisions of visual cortex in all pri-
mates and to establish probable homologues.

We are less certain how primate species differ. The
number of proposed extrastriate visual areas for macaque
monkeys has increased over the last several years up to a
recent count of about 30, with roughly 235 intercon-
nections (Felleman and Van Essen, 1989). Given the rela-
tively large size of neocortex and the complexity of visual
behaviour in Old World monkeys, it is likely that they do
indecd possess more visual areas than their New World
cousins. However, the experimental evidence for the exist-
ence of most proposed cortical fields is presently limited.

Processing Hierarchies

The concept of serial processing across subdivisions of the
visual system is longstanding, going back to early ideas of a
primary or sensory field feeding into a psychic or percep-
tual field or ficlds and then to association cortex (e.g.
Campbell, 1905). This concept was based on evidence that
lesions of area 17 in humans have devastating effects on
object vision, while extrastriate lesions alter vision in more
subtle ways. A complication revealed by modern tech-
niques is that connections between cortical areas are com-
monly reciprocal and thus information flows both ways. In
addition, laminar patterns of cells of origin and termin-
ation have been found to vary. In particular, the output of
area 17 largely originates from layer 3 neurones and ter-
minates largely in layer 4 of other fields, while projections
from the target fields originate from neurones both above
and below layer 4 and terminate both above, largely in
layer 1, and below layer 4 in area 17. The general signifi-
cance of these differences in laminar patterns was stressed
by Rockland and Pandya (1979) when they postulated that
the rostrally directed pattern ‘may relay sensory informa-
tion from the primary cortical region to successively
higher order sensory areas, while feedback modulation
may be provided by the caudally directed system’. This
general principle received experimental support from stu-
dies showing that neurones in V-II of monkeys are depen-
dent on inputs from V-I, while the response properties of
neurones in V-I are only altered but not abolished by
deactivating V-II (Schiller and Malpeli, 1977; Sandell and
Schiller, 1982; Girard and Bullier, 1989). More recently,
evidence has been presented that neurones in MT depend
on inputs from V-I for activation (Krubitzer and Kaas,

1989¢; Maunsell et al., 1990; however sec Rodman e/ al.,
1989). Thus, there is value in following the lead of Maun-
sell and Van Essen (1983) in constructing processing hier-
archies of visual areas using feedforward projections to
determine the level of each area, Such a hierarchy is shown
for visual areas in owl monkeys in Fig. 8.11. The proposed
network incorporates some of the modular components of
the I.GNd, V-I and V-II, recognizes obvious sequences
such as V-I, V-II, DL and I'T, and reflects components of
the ‘two cortical visual systems’ of Ungerleider and Mish-
kin (1982; also seec Morel and Bullier, 1990). The con-
struction of hierarchical models is useful because it
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Fig. 8.11 A processing hierarchy for visual areas in owl
monkeys. This greatly simplified outline emphasizes major

Jeedforward connections, but does not include many other known

connections, and the total connection pattern has not been
adequately investigated. Separate Y, W and X streams,
originating from distinct classes of ganglion cells in the retina,
terminate in magnocellular, interlaminar or parvocellular regions
of the lateral geniculate nucleus, and, after a relay in layer 1 v,
activate layer 3¢ (of Hassler, 1966), cytochrome oxidase blobs,
or both blob and interblob regions (see Kaas and Hucrta, 1988

Jor review). References for subsequent cortical relays are

provided in the text, See Fig. 8.7 for areas and abbreviations.
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Kaas, 1990c). Thus, all examined primates appear to have
three types of modules in V-II that are band-like in shape,
and alternate in a regular manner, but they might vary in
thickness and in the density of the CO reaction across
species.

Little is known about how other visual areas might be
modularly organized. However, CO reactions and myelin
stains reveal uneven densities in many fields, suggesting a
mosaic of functionally distinct modules. This possibility is
further supported by the patchy distribution of cortical,

V-1

DM

Fig. 8.12 Some of the modular connections of visual areas V-1,
V-II and DM of owl monkeys. In V-1, layer 3¢ of the
magnocellular siream projects to MT and to one set of

alternating cytochrome oxidase (CO) dense bands in V-II. CO
dense blobs in V-I project to DM and to the other set of CO

dense bands in V-II. The interblob regions of V-I project to the
CO interbands of V-I1. ( Based on Krubitzer and Kaas, 1990b,c.)

Fig. 8.13 Some intrinsic and extrinsic connections of V-1 in a
prosimian primate, galago. An injection of tracer in V-I reveals
a pinwheel of foci interconnected with the injection site. The foct
overlap the CO dense blobs. Patchy regions of interconnections
are also found in V-II, MT and DM (not apparent ). The
patchy pattern of the connections suggests the segregation of
Sunctionally distinct groups of neurones (modules) in the visual
areas. Cortex has been cut parallel to the flattened surface. A
darkfield photomicrograph. Scale bar=1mm. ( From studies
described by Cusick and Kaas, 1988b.)

thalamic and callosal connections. Thus, it is likely that, as
for V-I and V-1, many or most visual areas contain mul-
tiple, fractionated, interdigitated and functionally distinct
maps of receptor surfaces.

The existence of modules in areas V-I and V-I1, with
distinct patterns of connections with other modules, and
other visual areas, is consistent with the view that aspects
of visual function arc isolated and functions are computed
in multiple processing streams (see De Yoe and Van Essen,
1988; Livingstone and IHubel, 1988). However, subsys-
tems within the visual system are also interconnected in
ways that allow interactions that might be important in
unifying perception or creating opportunities for addi-
tional calculations. The multiple inputs each visual area
receives from other visual areas provide an obvious sub-
strate for functional integration. Another is in'the merging
of the outputs of different modules, such as the projections
of both parvocellular and magnocellular streams from
modules in V-I and V-II to DM (Krubitzer and Kaas,
1990c). A third substrate for integration is the feedback
projection system, which is not only to modules providing
inputs, but also to modules in addition to those providing
the feedforward projections. For example, MT receives
feedforward projections from one set of CO dense bands
in V-IL, while feedback projections terminate on both sets
of CO dense bands (Krubitzer and Kaas, 1989a). Feed-
back projections from MT to V-I are also more broadly
distributed than the output sources (Shipp and Zcki,
1989a). Thus, feedback projections influence neurones
that are parts of other processing streams, and an impor-
tant funetion of feedback connections may be to integrate
information across diverging streams.

Conclusions

The central issue of this chapter is how extrastriate cortex
1s subdivided in mammals. The question has not been
fully answered, but modern experimental approaches are
providing the beginnings of an understanding. This
understanding incorporates the longstanding concept that
cortex is divided into regions of distinct and differing
functions, the cortical areas, and the more recent concept
of smaller parts within areas, the cortical modules. In
many ways, current proposals on how cortex is subdivided
across species differ considerably from traditional pro-
posals.

1. Mice and other mammals with small brains and little
neocortex have only a few visual areas. These include V-1
and V-II, and probably two to three other fields in tem-
poral cortex. These few areas must be ‘general purpose
areas’, and direct connections with motivation, memory













322 Neuroanatomy of the Visual Pathways and their Development

Miceli, D., Repérent, J. and Ptito, M. (1985). Intracortical connec-
tions of the anterior ectosylvian and lateral suprasylvian visual areas
in the cat. Brain Res., 347, 291-298.

Miller, M. W. and Vogt, B. A. (1984). Direct connections of rat visual
cortex with sensory, motor, and association cortices. 7. Comp.
Neurol., 226, 184-202.

Mishkin, M. (1982). A memory system in the monkey. Philos. Trans.
R. Soc. Lond. Biol., 248, 85-95.

Montero, V. M. (1981a). Topography of the cortico-cortical connec-
tions from the striate cortex in the cat. Bram Behav. Evol, 18,
194--218.

Montero, V. M. (1981b). Comparative studies on the visual cortex. In
Cortical Sensory Organization. Vol. 2. Multiple Visual Areas. ed.
Woolsey, C. N. pp. 33-81. Clifton, NJ: Humana Press.

Montero, V. M., Bravo, H. and Fernandez, V.:(1973a). Striate-
peristriate cortico~cortical connections in the albino and gray rat:
Bratn Res., 53, 202-207.

Montero, V. M., Rojas, A. and Torrealba, F. (1973b). Retinotopic
organization of striate and peristriate visual cortex in the albino rat.
Brain Res., 53,197-201.

Morel, A. and Bullier, J. (1990). Anatomical segregation of two
cortical visual pathways in the macaque monkey. Vis. Neurosci., 4,
555-578.

Morel, A. E., Krubitzer, L. A. and Kaas, J. I1. (1989). Connections of
auditory cortex in ow! monkeys. Soc. Neurosci. Abstr., 15, 111.

Mountcastle, V. B. (1978). An organizing principle for the cerebral
function: The unit' module and the distributed system. In The
Mindful Bratn, ed. Schmitt, F. O. pp. 7-50. Cambridge, MA: MIT
Press.

Mucke, L., Norita, M., Benedek, G. and Creutzfeldt, O. D. (1982).
Physiologic and anatomic investigation of visual cortical area situ-
ated in the ventral bank of the anterior ectosylvian sulcus of the cat.
Exp. Brain Res., 46, 1-11.

Norita, M., Mucke, L., Benedek, G., Albowitz, B., Kotoh, Y. and
Creutzfeldt, O. D. (1986). Connections of the anterior ectosylvian
visual area (AEV). Exp. Brain Res., 02, 225-240.

Olavarria, J. and Montero, V. M. (1981). Reciprocal connections
between the striate and extrastriate cortical visual areas in the rat,
Brain Res., 217, 358-363.

Olavarria, J. and Montero, V. M. (1984). Relation of callosal and
striate-extrastriatc cortical connections in the rat: morphological
definition of extrastriate visual areas. Exp. Brain Res., 54, 240-252.

Olavarria, J. and Montero, V. M. (1989). Organization of visual
cortex in the mouse revealed by correlating callosal and striate-
extrastriate connections. Vis. Neurosci., 3, 59-69.

Olson, C. R. and Graybiel, A. M. (1983). An outlying visual arca in
the cerebral cortex of the cat. Prog. Brain Res., 58, 239-245.

Olson, C. R, and Graybiel, A. M. (1987). Ectosylvian visual area
of the cat: location, retinotopic organization, and connections.
7. Comp. Neurol., 261, 277-294.

Olson, C. R. and Jeffers, I. (1987). Organization of cortical and sub-
cortical projections to area 6m of the cat. J. Comp. Neurol., 266,
73-94.

Olson, C. R. and Lawler, K. (1987). Cortical and subcortical afferent
connections of a posterior division of feline area 7 (area 7p). §. Comp.
Neurol., 259, 13-30.

Perkel, D. J., Bullier, J. and Kennedy, H. (1986). Topography of
afferent connectivity of arca 17 in the macaque monkey: A double-
labelling study. 7. Comp. Neurol., 253, 374402

Rockland, K. S. and Lund, J. S. (1982). Widespread periodic intrin-

~ sic connections in the tree shrew visual cortex (area 17). Science, 215,
1532-1534.

Rockland, K. S. and Pandya, D. N. (1979). Laminar origins and
terminations of cortical connections of the occipital lobe in the
rhesus monkey. Brain Res., 179, 3-20.

Rodman, H. R., Gross, C. G. and Albright, T. D. (1989). Afferent

basis of visual response properties in arca MT of the macaque. 1.
Effects of striate cortex removal. 7. Neurosci., 9, 2033-2050.

Rosenquist, A. C. (1985). Connections of visual cortical arcas in the
cat. In Cerebral Cortex. Vol. 3. Visual Cortex. eds. Peters, A, and
Jones, E. G. pp. 81-117. NY: Plenum Press.

Sandell, J. H. and Schiller, P. H. (1982). Effect of cooling area 18 on
striate cortex cells in the squirrel monkey. 7. Neurophysiol., 48,
38-48.

Sanderson, K. J., Dreher, B. and Gayer, N. (1991). Prosencephalic
connections of striate and extrastriate areas of rat visual cortex. Exp.
Brain Res. (in press).

Schiller, P. H. and Malpeli, J. G. (1977). The cffect of striate cortex
cooling on area 18 cells in the monkey. Brain Res., 126, 366--369.
Schiag, J. and Schlag-Rey, M. (1970). Induction of oculomotor
responscs by electrical stimulation of the prefrontal cortex in the cat.

Brain Res., 22, 1-13.

Schilag, J. and Schlag-Rey, M. (1987). Evidence for a supplementary
eye ficld. . Neurophysiol., 57, 179-200. :

Sesma, M. A., Casagrande, V. A. and Kaas, J. H. (1984). Cortical
connections of area 17 in tree shrews. J. Comp. Neurol., 230,
337-351.

Sherk, H. (1978). Arca 18 cell responses in the cat during reversible
inactivation of arca 17. J. Neurophysiol., 41, 204-215.

Sherk, H. (1986a). Coincidence of patchy inputs from the lateral
geniculate complex and area 17 to the cat’s Clare-Bishop area.
7. Comp. Neurol., 253, 105-120.

Sherk, H. (1986b). Location and connections of visual cortical areas
in the cat’s suprasylvian sulcus. 7. Comp. Neurol., 247, 1-31.

Shipp, S. and Zeki, S. (1985). Segregation of pathways leading from
area V2 to arcas V4 and V5 of maeaque monkey visual cortex.
Nature, 315, 322-324.

Shipp, S. and Zeki, S. (1989a). The organization of connections
between areas V5 and V1 in macaque monkey visual cortex. Eur. §.
Neurosci., 1, 309-332.

Shipp, S. and Zeki, S. (1989b). The organization of connections
between arcas V5 and V2 in macaque monkey visual cortex. Eur. J.
Neurosci., 1, 333-354.

Stone, J., Dreher, B. and Leventhal, A. G. (1979). Hierarchical and
parallel mechanisms in the organization of visual cortex. Brain Res.,
Rev., 1, 345-394.

Sukekawa, K. (1988). Interconnections of the visual cortex with the
frontal cortex in the rat. . Hirnforsch., 29, 83-93.

Sur, M., Nelson, R. J. and Kaas, J. H. (1980). The representation of
the body surface in somatic koniocortex in the prosimian (Galago
sencgalensis). §. Comp. Neurol., 180, 381-402.

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

Sur, M. Weller, R. and Kaas, J. H. (1981). The organization of
somatosensory arca II in tree shrews. J. Comp. Neurol., 201,
121-122.

Symonds, L. L. and Rosenquist, A. C. (1984). Corticocortical con-
nections among visual arcas in the cat. J. Comp. Neurol. 229, 1-38.

Szentagothai, J. (1975). The ‘module concept’ in cerebral cortical
architecture. Bramn Res., 95, 475-496.

Thomas, H. C. and Espinoza, S. G. (1987). Relationships between
interhemispheric cortical connections and visual areas in hooded
rats. Brain Res., 417, 214-224.

Tootell, R. B. H., Hamilton, S. L. and Silverman, S. S. (1985).
Topography of cytochrome oxidase activity in owl monkey cortex. J.
Neurosci., 5, 2786-2800.

Torrealba, F., Olavarria, J. and Carrasco, M. A. (1984). Cortical con-
nections of the anteromedial extrastriate visual cortex in the rat.
Exp. Brain Res., 56, 543-549.

Tusa, R. J. and Palmer, L. A. (1980). Retinotopic organization of
areas 20 and 21 in the cat. J. Comp. Neurol., 193, 147-164.






