FIGURE LEGENDS
FIGURE 21.1 Songs of white-crowned sparrows. These are sonograms (time-frequency sound spectrograms) of songs from birds with different kinds of early experience. Sound energy in each frequency band is indicated by the darkness of the trace. (A) Song dialects. Birds raised in different areas sing slightly different songs. These dialects are stable for many years and are transmitted by learning. (B) Isolate songs. These simpler songs develop in birds raised in acoustic isolation or in birds that fail to copy a tutor song. (C) Songs of deafened birds. These kinds of songs develop in birds that are deafened after the sensitive period for song memorization but before the period of vocal learning. The birds need to hear their own voice to develop normal song. From Konishi (1985).

FIGURE 21.2 The sensitive period for song memorization and the set of nuclei that comprise the song system in songbirds. (A) Time-line for song learning for the white-crowned sparrow. For this species, the sensitive period for song memorization does not overlap with the period when the bird learns to sing. (B) A schematic diagram of a side view of the brain of a songbird. The vocal motor pathway, shown in red, consists of the HVC, the robust nucleus of the archopallium (RA), and the hypoglossal nucleus. The anterior basal ganglia pathway, shown in blue, consists of Area X, the medial portion of the dorsolateral nucleus of the thalamus (DLM), and the lateral portion of the magnocellular nucleus of the anterior nidopallium (LMAN).

FIGURE 21.3 The ascending auditory pathway to the optic tectumin the barn owl. Auditory inputs enter the optic tectum from the brainstem (bottomarrows); these inputs already encode frequency-specific information about interaural time difference (ITD). These inputs project into the central nucleus of the inferior colliculus (ICC), where they are organized topographically by frequency. Bands in the ICC represent these frequencies (e.g., 4, 6, 8 kHz). Neurons in the ICC convey information both to the auditory thalamus (the primary pathway) and to the external nucleus of the inferior colliculus (ICX). In the ICX, ITD information is combined across frequency channels to synthesize a map of auditory space. For example, an ITD of 0 μs is generated by sound stimuli directly in front of the animal, such that sound reaches the two ears at exactly the same time. At the position marked 0 μs in the ICX are neurons that respond maximally to sounds with an ITD value of 0 μs and thus respond selectively to sounds originating in front of the animal. Sounds originating, for example, from positions that are further to the left-hand side will reach the ears with progressively greater left ear-leading ITDs and thus stimulate neurons with progressively larger best ITDs. From the ICX, the auditory map of space is conveyed via a topographic projection to the optic tectum. Here the auditory map is aligned and merged with a visual map of space (top arrows, representing inputs from the retina and the forebrain) to produce a multimodal space map.

FIGURE 21.4 Rearing owls with laterally displacing, optical prisms causes an adaptive shift in the tuning of neurons in the optic tectum for ITD. (A) This map represents the space in front of the owl, showing both the elevation and the azimuth of a stimulus in space. Contour lines indicate the correspondence of ITD values (in microseconds) with particular locations in space. The point at which the 0° axes intersect represents the point in space directly in front of the owl’s head. The auditory (A) and visual (V) receptive fields of one tectal neuron are shown in the center of the map. This neuron responds optimally when the stimulus is directly in front of the animal. Normally, the auditory and visual receptive fields are aligned. Optical prisms induce a horizontal displacement of the neuron’s visual receptive field (VRF), resulting in a misalignment between A and V. (B) Tuning for ITD is shifted by prism experience. These ITD tuning curves were recorded from similar sites in the optic tectum before (blue) and after (purple) 8 weeks of prism experience. Both sites had a VRF at 0° azimuth. After 8 weeks of experience, the neuron is tuned for the ITD produced by an acoustic stimulus at the location of the optically displaced VRF, as shown in A. Arrows indicate the best ITD for each site; the best ITD is defined as the center of the range of ITDs to which the neuron responded with more than 50% of its maximum response. (C) The relationship between best ITD and VRF azimuth is shifted systematically from normal in prism-reared owls. The black line indicates the regression of best ITD on VRF azimuth that is observed in normal owls. Dots represent individual sites in a prism-reared owl. The map of ITD is shifted systematically relative to the visual map of space. 
FIGURE 21.5 The sensitive period for visual calibration of neuronal ITD tuning in the optic tectum. Each dot represents data from a single owl. The large arrow below is a timeline, indicating important developmental stages in an owl’s life. Each owl experienced a 23° displacement of the visual field for at least 60 days. ITD tuning was then measured at 15 to 23 sites in the superficial layers of the optic tectum. The difference between the best ITD measured and the best ITD expected normally, based on the location of the site’s VRF (see Fig. 21.4C), was taken as the “shift in ITD tuning.” The mean shift in ITD tuning for the population of sampled sites as a function of the age of the owl when prisms were first mounted is plotted.

FIGURE 21.6 Schematic model of the change in the pattern of axonal projections from the ICC to the ICX that accompanies the shift in the map of ITD in the ICX. Based on DeBello et al. (2001). (A) The initial state of the projection before prism experience. (B) After prism experience, axonal projections from the ICC to the ICX are shifted systematically as indicated by the red arbors.

FIGURE 21.7 Critical period plasticity of the anatomical projections representing the left and right eyes in the visual cortex of monkeys. These are dark field autoradiographs of tangential sections through layer 4 of the primary visual cortex, showing the pattern of trans-synaptic labeling (bright areas) from the thalamic lateral geniculate nucleus (LGN) that resulted from an injection of a radioactive tracer into one eye; the intervening dark areas represent LGN input from the opposite (non-injected) eye. Scale bar indicates 2.5 mm. (A) The pattern of LGN input to the visual cortex in a normal monkey. (B) Severely reduced LGN input from the deprived eye of a monkey that experienced monocular deprivation from 3 weeks until 7 months old. (C) Greatly expanded LGN input from the nondeprived eye of a monkey that experienced monocular deprivation from 2 weeks until 18 months old. From Hubel et al. (1977).

FIGURE 21.8 Effect of chronic closure of one eye on the responsiveness of visual cortical neurons to input from each eye. (A) Ocular dominance distribution in the primary visual cortex of two normal kittens, 3 to 4 weeks old. Cells in group 1 were driven only by the contralateral eye; for group 2, the contralateral eye was markedly dominant; for group 3, the contralateral eye was slightly dominant; for group 4, there was no apparent difference in the drive from the two eyes; for group 5, the ipsilateral eye dominated slightly; for group 6, it dominated markedly; and for group 7, cells were driven only by the ipsilateral eye. (B) Ocular dominance distribution was altered dramatically in a kitten exposed to contralateral eye closure for 1 week (from 23 to 29 days of age). (C) Ocular dominance distribution was essentially normal in an adult cat exposed to contralateral eye closure for 26 months. From Hubel and Wiesel (1970).

FIGURE 21.9 The critical period for binocular processing in the primary visual cortex of the cat. The degree of functional disconnection of cortical neurons from the deprived eye is quantified and plotted as a function of the kitten’s age at the time of monocular closure. Chronic monocular closure lasted 10 to 12 days. Each point represents data from a single animal. Functional disconnection was based on the ocular dominance distribution (see Fig. 21.8) and indicated the degree to which the influence of the closed eye was weakened or lost. The index was defined such that the mean value for normal cats was 0, whereas total disconnection resulted in a value of 1. From Olson and Freeman (1980).

FIGURE 21.10 A rat mother grooms her pups during the first week after their birth. This interaction permanently affects the temperament of these rat pups.
