NSF Proposal title: Collaborative Research: A benthic community monitoring system (BCMS) with real-time data acquisition to study food supply and benthic community dynamics at the ALOHA deep-sea observatory.
Start date: 1 March  2008 for three years.

Update: This is a revision of an ALOHA proposal we submitted for the 15 February 2007 target date which was declined with notification on 1 August.
I. Science Drivers


Long time-series studies are essential to understanding oceanic processes especially as climate change and anthropogenic impacts exert increasingly more influence on the vast deep ocean.  Monitoring of upper ocean processes associated with production and cycling of organic matter is currently being conducted using technologies such as remote sensing by satellites, moored instruments with continuous sampling, and intense but discontinuous sampling from surface ships.  However, technological and logistical constraints have limited similar long-term studies of biogeochemical processes in the deep water column and sediments from shelf to abyssal depths.  With increasing depth and distance from the primary site of organic matter production in the euphotic zone, there is increased difficulty resolving biogeochemical cycles, which extend throughout the entire water column and underlying sediments. In the deep ocean, the signal to noise ratio in biogeochemical measurements are routinely low due to spatial and temporal heterogeneity, requiring long time-series monitoring for detection.


The quantity of particulate organic matter (POM) reaching the sea floor is routinely estimated from time-series collections of sinking particles in sediment traps moored above the sea floor.  However, recent studies show that sediment traps under sample the large particles in the water column.  Arrival of organic matter, as seasonal pulses of large detrital aggregates on the sea floor, has been monitored with time-lapse cameras. A conspicuous component of the benthic community, the mobile epibenthic megafauna, display increased mobility and feeding activity associated with pulses of food which can be related to bioturbation and ultimate burial of organic matter. 


We now have been able to relate changes in climatic indices to particulate organic carbon flux and the activity of the benthic community in the deep ocean (Smith et al., 2006). However, the coarse temporal resolution of the deep-sea measurements compared to the much finer resolution of surface ocean processes restricts accurate interpretation and prediction.

II. Existing Technology


With the advent of cabled observatories, resolving the spatial and temporal coupling of surface production to sea floor processes on appropriate time scales is now a reality. We developed a benthic monitoring system to measure sedimentation events and benthic processes in real time for the first time as part of the H2O program.


However, the failure of the H2O junction box prevented deployment of our system. Now this new technology will be deployed in July 2008 as part of the MARS observatory where real-time monitoring of the sea floor combined with surface water processes will finally be a reality.

III. Proposed Development


To use this new technology to address the compelling issues of carbon cycling in the deep ocean on broader basin scales, we would like to submit a collaborative proposal to NSF to use the newly installed ALOHA observatory off Hawaii preceded by extensive testing on MARS.  The oligotrophic ALOHA station has been extensively studied by Dave Karl and collaborators over the past 17 years. As part of this program some years ago, we conducted the only time-series study of benthic processes at this station (Smith et al., 2002) which now provides valuable background to support our further studies into real-time monitoring.


We propose to develop a new Benthic Community Monitoring System (BCMS) to monitor the abyssal sea floor in real-time at Sta. ALOHA utilizing the unique transmission capabilities of the Electro-Optical-Mechanical (EOM) cabled sea floor observatory. The new BCMS will include a benthic platform with many of the existing components from the H2O system.  The capabilities of the BCMS are listed below:

1. Operates autonomously at depths to 6000 m for periods ≥ 5 years with cable connection to ALOHA for power, communications, and data transmission ashore via underwater EOM cable.

2. Photographs two replicate 20-m2 areas of the sea floor with digital images taken at programmable frequencies and transmitted ashore in real time via underwater EOM cable.

3. Measures fluorescent quality and photographs at programmable frequencies the sinking particulate matter  approaching the sea floor at 2 mab with data transmission ashore in real time.

4.  Measures current flow near the sea floor with data transmission ashore in real time.

5. Automatically processes images in the laboratory from the sedimentation sensors and time-lapse cameras for initial interpretation of particle fluxes and movements of animals on the sea floor.

 6. Allows user to change frequency of monitoring measurements in real time through communication via underwater EOM cable

7. Capacity for incorporation of additional plug-in sensors from other investigators.

This proposed study will be a collaborative effort with WHOI. MBARI will be responsible for the design and construction of the BCMS based on the previously developed platforms from H2O and that proposed for deployment on MARS in summer 2008. The WHOI contingent will develop the software links to the ALOHA observatory and provide all the image processing for the sedimentation and benthic camera systems. Our WHOI collaborators include Stace Beaulieu, Hanu Singh and Steve Lerner.


MBARI is an excellent institution to develop this instrumentation for the following reasons:

1. This novel technology will be used to make the first sedimentation and benthic process measurements in real-time. Internationally, there are no known proposals to conduct such measurements but there is considerable interest in the community for this technology after my presentation at the ORION meeting in spring 2006.

2. The technology to develop the BCMS already exists at MBARI. 
3. The MARS observatory will serve as a test-bed for the BCMS before its deployment at the ALOHA observatory .

4. MBARI has the expertise with ROVs to install and test this system on MARS before final installation at the ALOHA site.

5. This benthic monitoring system will become an integral component of cabled observatories (OOI initiative) in the future and this effort will contribute to MBARI being a leading contributor to this initiative.

6. Benthic Rover, being developed at MBARI, would be an excellent complement to the BCMS at the ALOHA observatory and other RCO sites in the future to make continuous measurements of benthic community demand for organic carbon.

IV. Schedule.

We propose to conduct this development, testing and deployment over a three-year period with a start date of 1 March 2008. The schedule of development will proceed in four phases:

Phase 1 (March  2008 - October 2008): In the first 8 months, the MBARI group will develop the BCMS including upgrading and assembly of the sedimentation sensor system, digital cameras (with assistance from the WHOI group), acoustic current meter interface, system controller, and cable reel dispenser.  The WHOI group will assemble and test the seafloor time-lapse cameras for the Benthic Platform, develop image processing protocols, and develop the web browser for the BCMS images and data. A meeting of co-PIs will be held at MBARI early in Phase I.  A second meeting of co-P.I.s will be held at the end of Phase 1 to conduct tank testing of the BCMS using a real-time cable hookup to MARS. 
Phase 2 (November 2008 - May 2009): During this 7-mo period, we will install the BCMS at the MARS observatory for a two-month test with real-time monitoring. We will request a total of four days of Point Lobos with ROV Ventana (MBARI), two days in November for installation/observation and two days in January for final observation and unplugging of the BCMS. Underwater calibration of the digital cameras will be conducted by the WHOI group.  The WHOI group will use images from the MARS test deployment to refine software interfaces and image processing protocols. A meeting will be held in Phase 2 with the Jason II group at Woods Hole to discuss positioning and connecting our system to the ALOHA junction box.
Phase 3 (June 2009 - August 2009): A 14-day cruise on R/V Melville (UNOLS) is requested in Phase 3 to conduct a site survey and deploy and connect the BCMS to the ALOHA junction box using Jason II. The conventional sediment trap mooring will be deployed. 
Phase 4 (August 2009 - September 2010): The one-year, time-series collection and analysis of sedimentation and seafloor images will commence with the BCMS at ALOHA.  Algorithms to process the digital images in real time will be generated for particles collected and for megafauna observed at ALOHA. The real-time website will be operational, providing public access to original and processed images of the sinking particles and of the abyssal seafloor.  Resurvey of the deployment site using Jason II from R/V Melville will be scheduled in June 2010 to evaluate noticeable physical or biological impacts on the surrounding area. The conventional sediment trap mooring will be recovered and the samples analyzed for comparison with BCMS imaging results. When the BCMS is operational, we will submit a new proposal to continue the long-term monitoring program beyond Phase 4.  During the last 3 months of this proposed project, we will prepare manuscripts describing the BCMS including an analysis of the data from the first year of deployment.
V. MBARI Resource Allocation Plan (Paul, Alana, Brett).


The original software and electrical design  for this system built at Scripps. The MBARI engineering team will reuse most elements of  the original H2O system for the BCMS. The MBARI engineering team will upgrade the minimal number of components necessary to optimize science output and to make the system compatible with MARS and ALOHA. The components we plan to replace are the fluorometer, light, and main instrument controller . Still a significant effort is required to get this fairly complicated system operational and fully sea-tested on MARS.  A breakdown of components and man-days is shown below.  At this point the Rover development will be winding down and the same engineering team will begin developing the ALOHA platforms. We perceive this development as low-risk since most of the components are already proven technology. 
Budgetary information:


We will request the engineering and technician time in the NSF proposal as well as the costs for all materials (see Table 1). A two-month service charge for hook-up to MARS will also be requested from NSF. 
Two 14-day cruises on Melville w/ Jason II will be requested through UNOLS. Four days of Pt. Lobos w/ Ventana will be provided by MBARI. Along with the test tank facilities. 

Table 1: Labor Breakdown
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	Category
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	MS
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	Sed. Sensor mods
	
	5
	15
	
	20
	5

	
	
	Strobes
	
	5
	5
	
	5
	2

	
	
	Cables/connectors
	
	5
	10
	
	10
	

	
	
	
	
	
	
	
	
	
	

	
	Develop
	
	
	
	
	
	
	
	

	
	
	Software
	
	
	
	40
	
	

	
	
	Elect. Chasis
	
	
	5
	
	5
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	Aloha interface
	
	2
	5
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	Integration and testing
	
	20
	20
	20
	25
	

	
	
	
	
	
	
	
	
	
	

	
	Deploy
	
	
	
	25
	25
	25
	
	

	
	
	
	
	
	
	
	
	
	

	
	Document and report
	
	5
	5
	5
	
	

	Total (days)
	323
	
	
	
	67
	90
	90
	65
	11
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Fig. 2. BCMS deployed on seafloor.  a) Cable dispenser intact. b) Cable reel being removed by ROV (ROV omitted for clarity). c) Communication cable connected to junction box. Remov (REMOVEapproximately 500m away.
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