Phase II input for Rover proposal
1. Please provide a recap of what happened with NSF funding for Rover and remind us what the original NSF commitment was. Include a cost analysis of this development effort. 

The scope of the project has not changed since we were rewarded our original NSF grant of $1.1m. Here are the reasons that this budget fell short of covering the costs of the Rover:

1. The original budgeting for the Rover II development was prepared in 1999. It has fallen short in many categories with escalating costs of all components, especially the structural titanium.

2. Immediately after obtaining the original funding, the principal engineer on the project, Robert Glatts, was diagnosed with a life-threatening disease, leukemia, which steadily eroded his ability to work. The program languished some time, while still providing salary money for Glatts and several other technical personnel. 

3. Due to the tight schedule at the point in which development began at MBARI, we chose to buy rather than develop many of the components to reduce labor time on the project.

4. There were also no budgetary provisions in the original grant to support the attachment of the Rover to MARS as currently planned for an estimated $30k. 

5. The original NSF funds were used to pay for the cost of building the Rover II frame, foam, propulsion system, recovery equipment, and a lab test-bed for the scanning system. 
6. The Rover platform and propulsion system were successfully tested on an NSF funded cruise using the Alvin from 3 to 20 August 2006.
The residual funds existing in the NSF Rover grant are in the final stages of transfer to MBARI from SIO. These funds total $43,500 including indirect costs (Project # 701600). We hope to use these existing funds to purchase the necessary equipment to build the scanning mechanism including fluorometers.
2. ESP and Rover task for Andrew Chase are shared (GUI) yet the ESP estimate is 2 times that of the Rover’s. Please increase labor request accordingly. Software Engineering estimate for Henthorn may be underestimated as well. 

We have increased our request of Andrew Chase’s time to 80 days. We have increased our request of Rich Henthorn’s time on the project to 160 days.

3. Milestone 3 is not really a milestone. Should this be a separate instrumentation effort or feasibility study? 

We have moved the ultrasound development to a feasibility study (Project # 907042).

4. The Management Team would like to see more science justification for the new instrumentation planned for this vehicle. Please indicate if other scientists intend to use the vehicle and what important science questions will be addressed.

Once POM reaches the sea floor, it is either metabolized at the sediment surface or some fraction is conveyed into the sediments through bioturbation. Such post-depositional processes are poorly understood from shelf to abyssal depths but are critical in interpreting biogeochemical processes in sediments. Responses by sediment bacteria, protozoans and meiofauna to pulsed inputs of phytodetritus are reported in the deep sea. Concentrations of phytopigments associated with fresh detritus in surface sediments of cores from shelf to abyssal depths are highly correlated with SCOC measurements. Subsurface concentrations of recently deposited particles are related to burrowing infauna. Rapid subduction of chlorophyll-containing detritus by burrowing infauna has been demonstrated in core samples (Graf, 1989) and in situ tracer experiments. The age of sedimented particles, inferred from naturally occurring radiotracers, suggests rapid vertical mixing of recent material by infauna at bathyal depths and rapid ingestion by mobile epibenthic megafauna at abyssal depths. Burrow structures are also sites of enhanced biological activity compared to the surrounding sediment.

Burrowing infauna also may influence the transport of solutes across the sediment-water interface through irrigation, a non-diffusional process. Irrigation can be responsible for a major fraction of nutrient fluxes in shelf and slope sediments when compared to diffusion. However, at greater slope and abyssal depths, the importance of irrigation compared to diffusion is not apparent. Physical ventilation of persistent burrow structures can also contribute to non-diffusive exchanges. Structural heterogeneity affecting fluxes in sediments must be considered when evaluating spatial and temporal variability in sediment processes. 

Some important research questions, which have to be addressed to ultimately resolve pelagic-benthic coupling in the context of biogeochemical cycling in the sediments are:
1) What is the quality and quantity of phytodetritus reaching the sea floor?

2) How important is irrigation (non-diffusive transport) in measuring mineralization in sediments?

3) What responses are elicited in the sediment community by the arrival of fresh detritus on the sea floor?

To address these critical questions, we propose to develop a new autonomous instrument (ROVER II) to measure fresh phytodetritus arriving on the sea floor while concurrently monitoring the structural features of the sediment. ROVER II will be capable of conducting non-invasive time-series measurements of phytopigment fluorescence on the sediment surface as an indicator of fresh phytodetritus, while concurrently imaging the same sediments acoustically to provide 3-dimensional profiles of structural features (e.g., burrows and animals). SCOC measurements will be conducted on the same undisturbed sediments. 
Other scientists at MBARI have expressed interest in using the Rover platform for long-term nitrate measurements (Ken Johnson), time-series CO2 incubations (Jim Barry and P. Brewer) and near-bottom/benthic photo-transects (Jim Barry and B. Robison).
5. We recommend internal support for the 2 MARS integration milestones and publication milestones. If Milestone 1 involves integrating an existing scanner already at MBARI, we would support this as well. We recommend seeking external funding for scanner, ultrasound and additional instrumentation.

We will use our remaining NSF funds to support the building of the scanner, as this component was part of the originally funded NSF project. We have removed these line items from our budget. With the removal of the scanner, fluorometers, ultrasound instrumentation, and the acoustic modem from our 2007 Phase I budget, we have reduced the budget request by $56k (26% of the budget). 

6. What are the long term plans for operating this system?

Long term plans for Rover:

a. Prototype Rover will be connected to MARS network providing the first real-time monitoring of sediment characteristics and activity over long periods of time.

b. Development of microbial fuel cells to power Rover has been proposed to DARPA by Clare Reimers at OSU. If this project is funded, a duplicate Rover will be built under her project as proof of concept for use of this innovative power source in the deep ocean.
c. Deployment of additional Rovers has been proposed in the pelagic-benthic coupling project along a transect of stations extending from MARS and the SM sites to Sta. M. Such instrumentation will provide long time-series monitoring of pelagic benthic coupling processes to detect changes related to climate change and carbon cycling.
d. Antarctic – The Southern Ocean is a critical area of the world ocean where climate change has been heavily impacting ice inventories, especially the seasonal pack ice. With the receding extent of the seasonal ice cover, carbon export from surface waters and ultimate sequestration in the sediments will change impacting the global carbon cycle. We plan to submit a proposal to NSF to study carbon export and sequestration across a north-south transect of stations from areas of permanent ice cover and seasonal ice cover to ice free areas.  Each of these stations would be equipped with sedimentation sensors and a Rover to monitor sediment characteristics and activity as it relates to carbon sequestration. Ultimately we envision developing a transect of stations northward to the equator using the same instrumentation to complement similar long-term surface ocean measurements attempting to resolve the global carbon cycle.
