Comparison of Intrinsic
Connectivity in Different Areas of
Macaque Monkey Cerebral Cortex

We have used small injections of biocytin to label and
compare patterns of intraareal, laterally spreading pro-
jections of pyramidal neurons in a number of areas of
macaque monkey cerebral cortex. In visual areas (V1,
V2, and V4)}, somatossnsory areas (3b, 1, and 2), and
motor area 4, a punctate discontinuous pattern of con-
nections is made from 200-um-diameter biocytin injec-
tions in the superficial layers. In prefrontal cortex (areas
9 and 46), stripe-like connectivity patterns are observed.
In all areas of cortex examined, the width of the ter-
minal-free gaps is clossly scaled to the average diameter
of terminal patches, or width of terminal stripes. In
addition, both patch and gap dimensions mateh the av-
erage lateral spread of the dendritic field of single py-
ramidal neurons in the superficial layers of the same
cortical region. These architectural features of the con-
nectional mosaics are constant despite a twofold dif-
ference in scale across cortical areas and different spe-
cies. They therefore appear to be fundamental features
of cortical organization. A model is offered in which
local circuit inhibitory “basket” interneurons, activated
at the same time as excitatory pyramidal neurons, could
veto pyramidal neuron connections within either circular
or stripe-like domains; this could lead to the formation
of the pattern of lateral connections ohserved in this
study, and provides a framework for further theoretical
studies of cerebral cortex function.
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It is clear from our own studies and those of other
investigators (Gilbert and Wiesel, 1983; Rockland and
Lund, 1983; Livingstone and Hubel, 1984; Levitt et al.,
1992; Yoshioka et al., 1992a,b) that the visual cerebral
cortex of the primate is characterized by orderly, re-
petitive intraareal connections; these connections,
forming lattice-like arrays concentrated in the super-
ficial layers, arise from pyramidal neurons (Rockland
and Lund, 1983), and terminate largely upon pyra-
midal neurons (Rockland, 1985; McGuire et al., 1991).
We have been curious to see what general features
might be shared by these patterned connections in
different cortical areas in the macaque, and whether
a comparison of their anatomical structure across ar-
eas might provide clues to both their function and
the rules governing their formation. Recently, we have
found that 2 new tracer substance, biocytin (Horikawa
and Armstrong, 1988; King et al., 1989; Lachica et al.,
1991), provides excellent labeling of these connec-
tions in cerebral cortex, and we have employed it in
this study to compare intrinsic patterns of connectivity
in three visual areas, V1, V2, and V4, as well as in
motor (area 4), somatosensory (areas 1-3), and pre-
frontal (areas 9 and 46) cortices.

In area V1, the pattern of local connectivity is known
to be a patch-to-patch repeating system within two
clearly different territories (Rockland and Lund, 1983;
Livingstone and Hubel, 1984) that are defined by be-
ing either rich or poor in cytochrome oxidase (CO;
the blob and interbiob zones). Our own work on V4
and V2 (Levitt et al., 1992; Yoshioka et al., 1992a)
suggests that a patch-to-patch lattice may also char-
acterize the visual association cortices; the studies of
Juliano et al. (1990) and Huntley and Jones (1991)
show a patchy connectivity in somatosensory-motor
areas as well, though different labeling techniques
were employed. We felt that analyses and comparison
between areas should be made using a common tracer
substance and a similar range of injection sizes in
order to provide comparable data.

The current view of such intrinsic, presumed ex-
citatory, projections is that they are created during
postnatal development by both new growth and prun-
ing from widely spreading axon collateral branching
(Callaway and Katz, 1990; Lédwel and Singer, 1992),
and that in area V1 they link cell clusters that share
common functional properties (Ts’o et al., 1986; Ts'o
and Gilbert, 1988; Gilbert and Wiesel, 1989). We ask
in this study what might determine the scale and pat-

Cerebral Cortex Mar/Apr 1993;3.148-162, 1047-3211/93/$4.00






