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Description

Autonomous underwater gliders are capable of making sustained, simultaneous measurements of physical, chemical and biological properties necessary to assess the influence of climate variability on marine ecosystems and potentially predict these influences. Buoyancy-engine-driven gliders are being used to observe coupled biological and physical processes in oceanic boundary current systems, for example, spanning a large extent of an eastern boundary current large marine ecosystem, and in open-ocean regions dominated by a spring bloom. The gliders are equipped to measure physical properties (conductivity-temperature-depth, velocity, light), chemistry (dissolved oxygen), and bio-optical properties (chlorophyll and dissolved organic matter fluorescence, particles, passive acoustics). Recently, advanced multi-wavelength and fast-response bio-optical sensors have been used onboard gliders to measure biological properties beyond just fluorescence-derived distributions. Gliders achieve long durations by virtue of moving slowly O(0.25 m/s) to minimize drag  Gliders can occupy repeated cross-margin sections ranging from tens to hundreds of kilometers because of their ability to maintain direction and speed in the presence of substantial boundary current velocities. Because gliders are relatively easy to deploy and offer near-real time control, they are also effective at targeted sampling of mesoscale oceanic features (fronts, eddies) and transient events (spring transitions, storm-driven mixing). Glider observations are being used to monitor and understand coupled bio-physical processes that contribute to environmental and climate impacts on fisheries, harmful algal blooms, low-oxygen zones and, potentially, ocean acidification. As one example, we present a pilot glider monitoring array deployed in the California Current System, spanning nearly 2000 km of this large marine ecosystem. Multi-year sampling reveals interannual variability in response to large-scale wind and basin-scale currents. Further examples from both narrow and wide continental shelf regions demonstrate the ability of glider-based observations to advance our understanding of mesoscale and even fine-scale bio-physical coupling (upwelling and downwelling fronts, wind-driven mixing, cross-margin exchange, eddy dynamics). Sustained, near real-time observations and further understanding of coupled physical and biological processes can inform ecosystem approaches to management and help assess the efficacy of marine protected areas. Anticipated advances in bio-chemical sensors, payload capacity, battery duration, and ease-of-use will expand the ability to use gliders to monitor boundary current scale bio-physical processes and their response to climate variability.
