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Chapter 4

Visual Map Representations in the Primate
Pulvinar

It has long been suspected that the pulvinar participates in visual functions because

it receives direct projections from the retina (Campos-Ortega et al. 1970) and from

the SC (Benevento and Fallon 1975; Lin and Kaas 1979). Additionally, the pulvinar

is connected with several visual cortical areas (Campos-Ortega and Hayhow 1972;

Ogren and Hendrickson 1976; Benevento and Davis 1977). The retinotopic orga-

nization of the pulvinar was studied using electrophysiological techniques in the

owl (Allman et al. 1972), capuchin (Gattass et al. 1978a), and macaque monkeys

(Bender 1981).

In owl monkeys, Allman et al. (1972) found a single topographic representation

of the contralateral visual field in PI, where the central 10� of the visual field was

represented dorsally and rostrally and more peripheral parts of the visual field were

represented ventrally. The lines of isoeccentricity extended caudomedially and

corresponded to the small fiber bundle input that also courses caudomedially

through PI. The horizontal meridian divides the nucleus into a rostromedial portion,

in which the lower visual quadrant is represented, and a caudolateral portion, in

which the upper visual quadrant is represented.

Gattass et al. (1978a) described two retinotopic maps in the pulvinar of the

capuchin monkey. The map located in the ventrolateral portion (PLV or P1), which

comprises PI and the ventral portion of PL, has a greater representation of the

central part of the visual field. The projection of the vertical meridian runs along its

lateral border, while that of the horizontal one extends from the dorsal third of the

hilus of the LGN to the medial border of PI. The lower quadrant is represented

dorsally, while the upper quadrant is represented ventrally. The second map, called

Pμ (equivalent to P4), located in the dorsomedial portion of PL, is rotated 90�

clockwise around the rostrocaudal axis. The vertical meridian is found at the

ventromedial border of this nucleus, and the lower quadrant is represented laterally

and the upper quadrant medially. Both projections are restricted to contralateral

visual hemifield (Fig. 4.1).
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Fig. 4.1 Visual topography of the P4 (Pμ, A) and P1 (PLV, B) sub-regions of the capuchin monkey

pulvinar (right hemisphere). The visuotopic organization of the pulvinar is represented in polar

coordinates, corresponding to the visual hemifield representations also shown in Panels (a) and (b).
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By recording from clusters of neurons in the pulvinar of the macaque monkey,

Bender (1981) also found two representations of the contralateral hemifield. One

representation lies mainly within PI but extend into the adjacent PL. The vertical

meridian lies in the dorsal and lateral margins of the PI, while the representation of

the periphery is found in the medial margin adjacent to the MGN. Central vision is

represented laterally and posteriorly. The second representation lies within the

PL. The lower quadrant representation lies at its dorsal portion, while the upper

quadrant is represented at the ventral half. The horizontal meridian lies in the

external margin of the pulvinar. The two maps share a common representation of

the vertical meridian.

The visuotopic organization of PI is similar in all three primate species. The

vertical meridian and central vision representation are found at the border with

LGN, while the peripheral vision representation is found adjacent to the MGN.

However, in capuchin and macaque monkeys, this map extends into the adjacent

PL. A second visuotopic map has been described in both capuchin and macaque

monkeys. However, the lateral map of the macaque monkey is different in extent

and visuotopic organization from that of the capuchin Pμ, which is smaller in size

and is located more dorsally in the pulvinar.

Petersen et al. (1985), in a behavioral study with macaque monkeys were able to

describe, in addition to PI and PL as proposed by Bender (1981), a dorsomedial

region (Pdm) of PL, which has a crude retinotopic organization. Other regions

exhibiting visual responses, but without clear retinotopic organization, were

described in PL by Benevento and Miller (1981). They found neurons in the caudal

part of PL, called PLɣ, with large, bilateral receptive fields that were sensitive to

changes in luminance levels, were selective to various types of stimulus motion,

and exhibited complex binocular interactions. This area seems homologous in

location and visual properties to area Pμ of the capuchin monkey described by

Gattass et al. (1978a).

Subsequently, Ungerleider et al. (1983, 1984), based on the pulvinar connectiv-

ity with V1 and MT, termed the PI and PL maps of the macaque monkey,

respectively, the “P1” and “P2” fields. The second map in the capuchin monkey,

named Pμ by Gattass et al. (1978a), was located dorsally to PI and was subsequently
named “P4” by Adams et al. (2000). P4 may be at least in part coextensive with

Pdm (Petersen et al. 1985). Ungerleider et al. (1984) described a third field, “P3,” in

the pulvinar characterized by rich connectivity with area MT. It is located

⁄�

Fig. 4.1 (continued) U and L denote upper and lower visual fields, respectively. The antero-

posterior plane is indicated in millimeters at the bottom of the sections. (c) The magnification

factor (in cubic millimeter per stereoradian, mm3/str) of P1 and P4 as a function of eccentricity.

Note that P1 has a much larger representation of the central visual field as compared to P4

[modified from Gattass et al. (1978a)]
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posteromedially in PI but also includes small adjacent portions of PL and PM that

lie dorsal to the brachium of the SC (see also Standage and Benevento 1983). P3

does not seem to have a well-defined visuotopic map like its neighbor P1, although

it has yet to be mapped electrophysiologically.
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