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Abstract

Rapid detection of novel elements within the dynamically changing environment is
crucial for the survival of animals. Previous studies suggested that in visual system,
neurons could dynamically alter their responsiveness according to recent history of
inputs (“neural plasticity”), and could perform rapid detection of novel visual targets
(“visual saliency-detection”), which contributes to visual efficient-coding by

increasing the difference of neural responses to sensory inputs.

The statistical-distribution pattern of basic visual attributes (orientation, spatial
frequency, etc.) of dynamic natural visual inputs varies over time, while the details of
the novelty-detection function of visual system during dynamic visual stream still
remains unclear. Therefore, we adopted a newly reported visual adaptation protocol
(biased orientation adaptation: randomly presented but unevenly distributed stimuli
with directions covering 0~360 deg), systematically investigated the neural plasticity
during temporal-statistically distributed visual adaptation in the visual thalamo-ventral
pathway (LGN, Area 17, Area 2la) of cats, by electrophysiological single-unit

recordings and computing simulations.
This thesis presents our findings that:

(1) During Dbiased orientation adaptation, stimuli with slightly higher
occurrence-probability (0.1~0.2) could induce minute-level, single-neuronal
significant response potentiation in Area 17, while stimuli with much higher

occurrence-probability (> 0.3) could induce significant response suppression.

(2) Above occurrence-dependent potentiation effect could only be induced near the
optimal stimulation parameters, while within certain parameter-space, above
potentiation effect could be transferable across parameters and eyes, suggesting its

Area 17 origin.

(3) Results of “latency-analysis” and “receptive field structural test” both indicated
that, above potentiation effect might be originated from the interaction between

receptive field center and surround components of Area 17 neuron. We thus purposed
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“receptive field center-surround adaptation competition” model to account for the

formation of bidirectional-plasticity, and performed computing simulations.

(4) Above bidirectional-plasticity also exists in LGN and Area 21a, with hierarchical
progressive pattern-change. Area 17 lesion could eliminate the potentiation effect of

LGN neurons, supporting the cortical-origin hypothesis of bidirectional-plasticity.

(5) Computing simulation results indicated that, above bidirectional-plasticity of Area

17 neurons could contribute to the saliency-detection of dynamic visual inputs.

Taken together, our findings demonstrate a rapid probability-dependant plasticity on
the neural coding of visual stream, and suggest its functional role in the

efficient-coding and saliency-detection of dynamic environment.

Key Words: orientation adaptation, primary visual cortex, LGN, Area 21a, biased

adaptation, saliency detection
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