MBARI AUV Operations 2011

The CANON project heavily utilized the Upper Water Column vehicle in 2011. The vehicle served as the development platform for advanced sampling techniques by various MBARI investigators (Rajan, Zhang) and adjuncts (Fox), in addition to supporting CANON field campaigns in April, June, and September. The instrument payload was modified during the April field campaign to include a high resolution plankton camera, the LISST-HOLO (on loan from Sequoia Scientific Corporation), capable of imaging particles between .025mm and 2.5 mm. This camera allows for real-time imaging of plankton, along with measurements of the physical and chemical parameters of the water masses they occupy. Finally, the battery endurance of the vehicle was increased to support longer term deployments. During the CANON field program in June 2011, the Dorado AUV flew on a 31-km yo-yo transect from an upwelling shadow region (i.e., a stratified water column) through an upwelling front, and into an upwelling water column. The AUV ran the newly developed algorithms to autonomously detect and acquire targeted water samples from the two distinct water types and within the front between.  On its initial test, the algorithms worked as planned, and AUV water samples were acquired from the two endmember water types and the front between them (Figure 1).  In the stratified bay, where subsurface layers of phytoplankton often develop, samples were triggered at chlorophyll peaks [Zhang et al. 2010].  Four samples were triggered in the narrow front, and the remaining three were triggered in the upwelling water column.  Molecular analyses of the AUV water samples revealed different zooplankton community composition and abundance in the different water types.  

In June 2011, postdoctoral student Andreas Hoffman of the Brewer lab utilized the upper water column vehicle to support studies of near bottom low oxygen zones in the Santa Monica Basin. For this mission, the CTD vehicle body, including the "Gulper" water sampler system was combined with the mapping vehicle tail section to allow for more accurate navigation and lower vehicle altitudes (Figure 2). The results obtained from this mission show that oxygen concentrations in Santa Monica Basin are indeed very low, as low as 0.5 µmol/kg in the bottom waters adjacent to the continental shelf, a value that is about two orders of magnitude lower than the Gulf of Mexico "dead zone" threshold. Also, nitrate is clearly depleted in the bottom waters. The team did not find any evidence of oxygen drawdown around the mouth of the Santa Monica Canyon due to the mineralization of sludge material from the LA "Hyperion" sewage treatment plant transported down the canyon. Apart from the immediate scientific results, this AUV mission was also a great success in terms of demonstrating a method of producing high resolution horizontal maps of chemical oceanic parameters using autonomous underwater vehicles with no more effort than the already widely used AUV seafloor bathymetrical mapping. In the near future, this type of chemical mapping will most likely prove to be invaluable for the high resolution monitoring of coastal hypoxia, allowing for a more efficient management of e.g. marine protected areas.
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Figure 1 Integration of autonomous feature recognition, signal localization, and molecular analyses are allowing CANON researchers to conduct “surgical sampling” of complex coastal waters.  This example (Dorado Mission 2011.164.05) illustrates autonomous recognition and sampling of different water masses. 
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Figure 2 A LISST-HOLO diversity montage from the Dorado AUV survey shown in April
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Figure 3 Upper water column instrumentation and gulper section integrated with the mapping tailcone. The vehicle was used to perform precision deepwater surveys of oxygen depletion in Santa Monica Basin

The mapping vehicle D. Allen B. performed some of its deepest dive to date in 2011, working in depths of 3500m on the outer fan of the Monterey Canyon. Other local mapping surveys included Tubeworm slump (Figure 4) and the San Gregorio fault. During July and August, the team participated in the Institute’s Pacific Northwest expedition, mapping sites in the Eel River fan (Figure 5), Endeavour segment of the Juan de Fuca Ridge, as well as Axial pond (Figure 6). The Axial pond survey presented several unique challenges due to the extreme relief of the terrain; a new combination of altitude and depth control of the AUV allowed it to produce almost complete coverage of this feature. The highlight of this expedition was the opportunistic mapping of a recent lava flow on Axial seamount. The data from this survey, besides being of immense scientific value, also assisted in the installation of cabled observatory equipment on Axial by the University of Washington and NSF. The data was transferred at sea to the Western Flyer, and rapidly processed to assist with ROV dives the day after it was collected. A long-standing problem with the sub-bottom profiler was also successfully resolved in 2011, eliminating intermittent noise in the acoustic data from this sonar.
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Figure 4 Perspective view of the Tubeworm Slump area. Pictures are from ROV dives. The sub-bottom data clearly shows the sediment drape over the slump feature.
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Figure 5 Eel River slump gas seep
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Figure 6 Multibeam survey of axial pond, demonstrating the ability of the vehicle to map the 80m tall rim of the drained lava pond
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Figure 7 Rapid turnaround of mapping data from a recent lava flow for follow-up ROV dives

