FIGURE LEGENDS
FIGURE 26.1 Schematic diagram of the human eye.

FIGURE 26.2 Summary diagram of the cell types and connections in the primate retina. R, rod; C, cone; H, horizontal cell; FMB, flat midget bipolar; IMB, invaginating midget bipolar; IDB, invaginating diffuse bipolar; RB, rod bipolar; A, amacrine cell; P, parasol cell (also confusingly called an M cell because of its thalamic targets, see text for details); MG, midget ganglion cell (also confusingly called a P cell). Adapted from Dowling (1997).

FIGURE 26.3 Visual responses of on-center (white) and off-center (dark gray) retinal ganglion cells. Visual stimuli are indicated in yellow, and the responses to these stimuli are shown to the right. See text for details.

FIGURE 26.4 Visual responses of X and Y cells to contrast-reversing sine-wave gratings at different spatial phases (different positions, indicated schematically in the middle column). Visual responses, in spikes per second, are shown as poststimulus time histograms synchronized to the repetitive stimulus. Upward deflection of the lowest trace indicates introduction of the grating pattern (contrast on), and downward deflection indicates removal of the pattern (contrast off, but no change in mean luminance). Adapted from Enroth-Cugell and Robson (1966).

FIGURE 26.5 Relationship between stimulus contrast and the visual responses of magnocellular and parvocellular neurons in the macaque. (A) Examples of sinusoidal gratings with different levels of luminance contrast. (B) Average contrast response functions of P (•) and M (∘) cells measured in spikes per second. P cells respond poorly to low contrasts and do not saturate at high contrasts. M cells respond better to low contrasts, but saturate by 20 to 30%. B: From Kaplan and Shapley (1986).

FIGURE 26.6 The retino-geniculo-cortical pathway in the human. Optic nerve axons from the nasal retina cross at the optic chiasm and join axons from the temporal retina of the other eye. Together, these contralateral and ipsilateral axons make up the optic tract, which projects to the LGN. Each of the six layers of the LGN receives input from only one eye. Axons from the LGN make up the optic radiations, which project to the striate cortex. Adapted from Polyak (1941).

FIGURE 26.7 The six-layered LGN of the macaque monkey. The top four parvocellular layers (6, 5, 4, and 3) receive input from the ispilateral and contralateral eye in the order of contra, ipsi, contra, and ipsi. The bottom two magnocellular layers (2 and 1) receive ipsi and contra input, respectively. In between these principal layers are intercalated or koniocellular layers. The arrow from layer 6 to 1 indicates organization of the precisely aligned retino-topic maps of the six layers. The receptive fields of neurons found along this line are located at the same position in visual space. From Hubel and Wiesel (1977).

FIGURE 26.8 Hubel and Wiesel’s original models of visual cortical hierarchy. (A and B) Receptive field maps of center-surround receptive fields in LGN. White: on responses; dark gray: off responses. (C and D) Receptive field maps of simple cells. (E) Model of convergent input from LGN neurons onto the cortical simple cell. (F) Model of convergent input from simple cells onto complex cells. Adapted from Hubel and Wiesel (1962).

FIGURE 26.9 Circuitry of cat cortical area 17. (A) Morphology of individual cells stained with horseradish peroxidase. Thick lines: dendrites; thin lines: axons. (B) Schematic diagramof connections. Most thalamic (LGN) input is concentrated in layer 4 and, to a lesser degree, in layer 6. Y cells tend to project more superficially in layer 4 than X cells (note that sublayers 4ab and 4c are not strictly analogous to 4A, 4B, and 4C in themacaque). There is a fairly strict hierarchical pathway from layers 4 → 2 + 3 → 5 → 6 with feedback connections from 5 → 2 + 3 and 6 → 4. There are also many lateral connections between neurons within the same layer. Adapted from Gilbert and Wiesel (1985).

FIGURE 26.10 Two aspects of the functional architecture of the macaque primary visual cortex. (A) Graph of the preferred orientation of neurons encountered in a long microelectrode penetration through layers 2 + 3 (inset). There was a steady, slow progression of preferred orientations, although there were a few positions where the orientations changed more abruptly. (B) Schematic diagram of an electrode penetration through layer 4C (left) and the retinotopic positions of receptive fields (right). Numbers (1–5) indicate regions dominated by input from alternating eyes. At the border between ocular dominance columns (e.g., instance between 1 and 2), the location of receptive fields jumps back to a point represented near the middle of the previous ocular dominance column. There is a complete representation of visual space in columns dominated by each eye (1, 3, 5 or 2, 4) and these representations are spatially interleaved. Adapted from Hubel and Wiesel (1977)

FIGURE 26.11 Optical imaging of functional architecture in the primate visual cortex. (A) Schematic diagram of the experimental setup for optical imaging. Digitized images of a region of visual cortex (as in B) are taken with a CCD camera while the anesthetized, paralyzed animal is viewing a visual stimulus. These images are stored on a second computer for further analysis. (B) Individual image (9 by 6 mm) of a region of V1 and a portion of V2 taken with a special filter so that blood vessels stand out. (C) Ocular dominance map. Images of the brain during right-eyes timulation were subtracted digitally from images taken during left-eye stimulation. (D) Orientation map. Images of the brain were taken during stimulation at 12 different angles. The orientation of stimuli that produced the strongest signal at each pixel is color coded, as indicated to the right. The key at the right gives the correspondence between color and the optimal orientation. (E) Comparison of the preferred orientation of single neurons with the optical image. At each of the locations indicated by squares inD, single neurons were recorded with microelectrodes. The preferred orientations of the neurons (dashes) were compared with the preferred orientations measured in the optical image, sampled along the line connecting the recording sites (dots). A: Adapted from Grinvald et al. (1988); B and C: Adapted from Ts’o, Frostig, Lieke, and Grinvalid (1990); D and E: Adapted from Blasdel and Salama (1986).

FIGURE 26.12 Macaque visual cortex stained for the metabolic enzyme cytochrome oxidase. A tangential section through layers 2 + 3 of V1 (below) and V2 (above) is shown. In V1, blobs are seen in a regular array with a spacing of 400 μm. In V2, there are cytochrome oxidase-rich stripes with much coarser spacing. The distinction between thick and thin stripes (see text) is seen less readily in the macaque than in the owl monkey. Scale bar: 1 mm. From Livingstone and Hubel (1984).

FIGURE 26.13 Extrastriate cortical regions. (A) Lateral view of the macaque brain, with the sulci partially opened to expose the areas within them. Shown are the rough outlines of the main visual areas, which take up all of the occipital cortex and much of the parietal and temporal cortex. (B) Partial diagram of the connections between visual areas. Emphasis is placed on the hierarchical organization of the connections and on the partially segregated P parvocellular and M magnocellular pathways. Adapted from Albright (1993).

FIGURE 26.14 Rodent visual cortex. (A) Orientation-selective neurons in rat visual cortex (as well as mice) are not organized into columns, but instead are positioned randomly in V1. Individual neurons were stained with an activity-sensitive indicator and imaged in vivo with two-photon microscopy, a form of fluorescence imaging that can easily resolve single neurons in the living brain. Neurons were imaged during visual stimulation and their preferred orientations are indicated with a color code, as in Fig. 26.12C (legend serves also as 100 μm scale bar). (B) Anatomical image of primary visual cortex (V1) and nine distinct higher visual areas in the mouse. Higher visual areas are named according to their anatomical positions, such as posteromedial (AM) or anterolateral (AL); S1 is primary somatosensory cortex. Three different colors of fluorescent tracers were injected in V1, so that axons from V1 to each of the higher visual areas could be visualized. Axons from the three distinct injection sites project to distinct regions within each of the higher areas, which indicates that the retinotopic map of visual space is maintained in all of the visual areas. Scale bar: 1 mm. Legend: Anterior, Posterior, Lateral, Medial. A: Adapted from Ohki, Chung, Ch’ng, Kara, and Reid (2005); B: Adapted from Ma and Burkhalter (2007).
