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Neural circuits mediating visually guided 
behaviours in zebrafish 

 

We are interested in the innate behaviors of animals and the neural circuits that produce them. 
Larval zebrafish are an excellent model to address this question, since their behavior is 
straightforward to quantify; their small transparent brains allow single-cell resolution, whole-brain 
imaging, and, even at a week old they show a variety of robust sensorimotor behaviors. For 
example, they orient themselves to and follow the direction of optic flow, capture moving prey and 
avoid threats. We used a behavioral set-up that allows online high-speed tracking of several freely 
swimming zebrafish larvae, and simultaneous presentation of visual stimuli, to record swimming 
behavior of 6 to 7 day-old larvae under a diverse set of conditions. We developed a simple 
unsupervised clustering method that can robustly identify different swim bout categories based on 
kinematic criteria. In our assay, larvae show a small set of preferred swim patterns, which 
systematically tile a region of kinematic space. While some patterns are used broadly across many 
conditions, others are used only in specific contexts. By analyzing the sensory stimuli preceding 
different bout types in freely swimming fish in social or feeding contexts, we could associate 
different bout types with distinct sensorimotor responses. We use in vivo calcium imaging to 
investigate how visual cues, such as motion and luminance, that drive these behaviors are 
processed in the retina and downstream regions, using transgenic lines that express genetically 
encoded indicators in defined neural populations. 3D registration to a reference brain anatomy 
allows comparison of activity maps across animals, and reveals a striking degree of stereotypy in 
functional organization. 
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