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    Abstract
Migration influences population dynamics on networks and is therefore a key factor in diverse scenarios ranging from the extinction of rare species to the spread and control of epidemics. While isolated populations in a network are vulnerable to extinction due to demographic stochasticity or challenging environmental conditions, migration can stabilize such endangered populations via the influx of individuals from neighboring nodes (or patches). On the other hand, a large migratory flux can synchronize the population dynamics in connected patches, which enhances the risk of global extinction in harsh conditions. Here, we investigate this trade-off between local rescue and global extinction experimentally using two antibiotic resistant strains of E. coli that exhibit oscillatory population dynamics when co-cultured. We observe that high migration rates lead to in-phase synchronization of oscillations whereas intermediate migration rates perturb the oscillations and change their period, highlighting that migration has a profound qualitative impact on population dynamics. Simulations using a mechanistic model of antibiotic deactivation by resistant bacteria are in agreement with our experimental findings. These simulations further predict that connected populations subjected to higher, more challenging antibiotic concentrations have the highest probability of survival at intermediate migration rates. Consistent with this prediction, our experiments reveal that moderate levels of migration help populations survive longer in this challenging environment. Our results clarify how migration between two patches can alter population dynamics and influence survival, and our study may help elucidate the impact of migration on much larger networks such as those studied in conservation biology and epidemiology.
Significance Statement Migration patterns dictate the dynamics of spatially extended populations in various contexts such as epidemic propagation, species conservation, and ecological invasion. Low migration rates might counter extinction by allowing for colonization of unoccupied habitats whereas high rates might promote it via synchronization and collapse of coupled populations. Here, we explore this tradeoff experimentally using two oscillating bacterial populations connected by migration. We show that migration can not only synchronize, but also alter oscillations, leading to qualitatively distinct behaviors not observed in isolated populations. Further, these altered oscillations can enhance the ability of populations to survive in challenging environments. Our study facilitates a deeper understanding synchronization and survival in the larger population networks relevant to conservation biology and epidemiology.
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