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Purpose

In order to understand carbon transport in the oceans, one must consider the impact or contribution marine organisms may play in these processes. Using newly developed instrumentation at MBARI, DeepPIV, we can directly quantify fluid transport and ultimately carbon transport processes due to marine organisms. Deployments of DeepPIV, in conjunction with MBARI’s ROVs, can be used to study these fluid transport processes at the ocean surface, in midwater, and on the benthos. In 2016, we conducted measurements in midwater on giant larvaceans and deep sea coral and sponges. Little is known about how these organisms interact with their fluid environment and how their filtration and feeding will impact the water column. Using DeepPIV instrumentation, we can directly address these gaps in our knowledge with the development of other fluid visualization techniques that include dye visualizations (Figure 1). In 2017, we hope to continue conducting measurements in midwater and the benthos.

Methods and Equipment

DeepPIV instrumentation is affixed securely to an ROV to measure fluid motion using structured light. The DeepPIV instrumentation is used in conjunction with a dye injector that is used to reveal the qualitative animal-fluid interactions prior to deploying the instrument (Figure 2). The dye injector is attached to a medical-grade bladder, which is filled with either fluorescent dyes (e.g., fluorescein) and/or particles that are commonly used in marine science and biomedical applications for fluid visualization. Once fluorescent dye and particles are deployed, the solution will dissipate rapidly. The fluorescent particles are in the size range of naturally-occurring particles in the water column, and are between 10 and 600 microns in diameter.
The DeepPIV instrumentation package consists of a laser, camera, and controller housing that is rigidly affixed to an ROV. The instrument package will either be affixed rigidly via an extendable arm or manipulating arm to provide maximum control during deployment. In addition to the DeepPIV instrumentation, a dye injector system will be used to provide key information on the bulk properties or behavior of fluid motion. The dye injector system consists of a fluid bladder, hoses, pump, pump controller, and valves to control the delivery (both quantity and rates) of the solution within the bladder. There are two deployment modes, midwater and benthic.
1. Midwater deployments: In 2016, the DeepPIV instrumentation was affixed to all three of MBARI’s ROVs. Once an organism was identified, a dye or particle visualization will commence to reveal the bulk interactions between the fluid and the animal. Once the dye dissipates, DeepPIV measurements commenced with the ROV holding position relative to the animal (Figure 3). After sufficient data has been collected, the DeepPIV instrument was disabled, and the ROV either searched for other science targets in midwater or surfaced. 
2. Benthic deployments: The DeepPIV instrumentation is affixed to an ROV that is stationary on the benthos. Once a landing site is selected, the ROV pilots will set the vehicle down, and the DeepPIV instrumentation will be moved into place without changing the ROV position using a manipulating arm. To inform proper placement of the DeepPIV instrumentation, fluorescent dye may be injected into the water column or near the benthic target of interest (e.g., benthic sponge, coral, oyster bed, boundary layer). Once the dye has dissipated, DeepPIV measurements will commence with the ROV stationary. After sufficient data has been collected, the DeepPIV instrument will be stowed and the ROV will move to another benthic site for additional measurements or surface.
Sanctuary Prohibition

For midwater deployments, the discharge of small amounts of fluorescent dyes and particles can occur. In total, we estimated the release of 2 L of fluorescein dye 2 L of fluorescent particles (~ 2.5 g dry weight) in 2016, and expect to release 3 L of fluorescent particles (~ 2.5 g dry weight) and 3 L of fluorescein dye in 2017.
Plans for 2017
We plan on continuing our midwater work using DeepPIV and dye visualizations on a variety of taxa in midwater. In addition, we are planning to continue applying the DeepPIV instrumentation to the benthos through an active collaboration with Jim Barry at MBARI, studying the filtration rates of benthic sponges and corals on Sur Ridge. 
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Figure 1. Example of a dye visualization using fluorescein on a rhizostome jellyfish. The same fluid visualizations have been and continue to be conducted using a dye injector deployed from an ROV.
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Figure 2. DeepPIV instrumentation affixed via a rigid arm to the MiniROV. The DeepPIV instrumentation creates a red sheet of light as can be seen on the right panel. The dye injector system includes a pump, dye bladder (filled with red fluid located on the toolsled of the vehicle on the left), and hose.
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Figure 3. DeepPIV instrumentation allows for the direct measurement of fluid motion within giant larvacean houses, and a thin plane of fluid is illuminated by DeepPIV's structured light.
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