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            Abstract
Innate behaviours are flexible: they change rapidly in response to transient environmental conditions, and are modified slowly by changes in the genome. A classical flexible behaviour is the explorationâ€“exploitation decision, which describes the time at which foraging animals choose to abandon a depleting food supply. We have used quantitative genetic analysis to examine the decision to leave a food patch in Caenorhabditis elegans. Here we show that patch-leaving is a multigenic trait regulated in part by naturally occurring non-coding polymorphisms in tyra-3 (tyramine receptor 3), which encodes a G-protein-coupled catecholamine receptor related to vertebrate adrenergic receptors. tyra-3 acts in sensory neurons that detect environmental cues, suggesting that the internal catecholamines detected by tyra-3 regulate responses to external conditions. These results indicate that genetic variation and environmental cues converge on common circuits to regulate behaviour, and suggest that catecholamines have an ancient role in regulating behavioural decisions.
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                    Figure 1: 
                        Lawn-leaving behaviour varies between wild-type 
                        C. elegans
                         strains.
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Figure 2: 
                        N2 and HW 
                        tyra-3
                         alleles differentially affect leaving rates.
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Figure 3: 
                        Non-coding changes in 
                        tyra-3
                         affect its activity and expression level.
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Figure 4: 
                        tyra-3
                         acts in ASK and BAG sensory neurons.
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When to leave a depleting food supply and resume foraging has been a life-or-death decision for animals throughout evolutionary history, but how natural selection acts on genomes to fine-tune the neuronal circuits that control such behavioural changes remains largely a mystery. Bendesky et al. now identify several genes in the nematode Caenorhabditis elegans in which naturally occurring polymorphisms determine how quickly the worm leaves a food patch. One of the genes encodes a signalling protein expressed at the membrane of food-sensing neurons, fine-tuning their activity in response to internal catecholamine levels. The study suggests an ancestral role in animal decision-making for these neuromodulators and their receptors.
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