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		Abstract

		Transport of oxygen (O2) is essential for life on Earth as it sustains aerobic organisms respiring O2. Biological respiration leads to the local depletion of O2 while diffusive and advective transport processes replenish the O2 required for proper biological functioning. From individual cells to whole organisms, O2 transport unfolds across micrometer to millimeter length scales and can change within milliseconds in response to hydrodynamic flows and organismal behavior. The spatio-temporal complexity of these processes makes the accurate assessment of O2 fluxes via currently available methods difficult, laborious or unreliable. Here, we combined microscale ratiometric and lifetime-based O2 imaging methods with particle velocimetry to determine O2 concentrations and flow fields simultaneously. This new method - â€˜sensPIVâ€˜ - now enables non-invasive measurements of O2 exchange fluxes across a wide-range of spatial scales at unprecedented accuracy and speed. We document three proof-of-concept applications that highlight the power of sensPIV to measure O2 fluxes within i) microfluidic devices, ii) sinking model particles and iii) complex colony-forming corals. SensPIV can now quantitatively link O2 usage to transport processes across a wide range of life-science and engineering applications. 
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