The deep ocean covers two-thirds of the earth’s surface; unfortunately this vast ecosystem is difficult to study because of the technical and financial challenges of sampling with adequate temporal resolution. To truly understand critical issues, such as the impact of climate change on the deep-sea, continuous long-term monitoring of this remote ecosystem is required. While there are many interesting aspects of this ecosystem, the Pelagic-Benthic research group is focused on 1) the quantity and quality of the food reaching the seafloor and 2) how the seafloor community responds to the arrival of fresh food. In the deep ocean, what we refer to as “food” is actually organic material that sinks  through the water column to the seafloor. The carbon contained in the food supply is consumed and recycled back into the ocean by seafloor processes, such as respiration of organisms living in the upper layers of sediment. Thus a key to understanding the biogeochemical (carbon?) cycling in the ocean is to first understand the relationship between the pelagically-derived food supply and the organisms and communities that live on the seafloor, known as the benthos.  Both the food supply and the rate of its consumption  vary with a number of factors, including the season, ocean chemistry, episodic events, and surface conditions. Therefore, it is important to have continuous and long-term monitoring in order to understand the interplay between these parameters. This was the motivation to build the Benthic Rover. The Rover is an autonomous bottom-transecting instrument, designed to undertake long-term time-series measurements to estimate the amount of fresh organic material arriving on the seafloor and the benthic community response. 
The Benthic Rover is a tracked vehicle with two treads that drive it along the seafloor. The vehicle is not designed to travel long distances. Rather, it moves only 10 meters every few days  to find an undisturbed site to conduct an experiment. The Benthic Rover is autonomous, meaning it is not tethered to a ship or any sub-sea node. As such, the Rover carries the required battery energy and intelligence necessary for a six month mission.
 The Benthic Rover is equipped with a suite of scientific instruments mounted on its frame.  On the front of the vehicle are two benthic respirometers. A benthic respirometer is an instrument resembling a see-through coffee can that is inserted into the seafloor creating a sealed volume. The respirometer measures changes in the level of oxygen in the enclosed volume of seawater as it is consumed by organisms living in the seafloor. This measurement is referred to as SCOC, sediment community oxygen consumption. SCOC is used to estimate the carbon demand of the benthic community. Each experiment requires two days to complete, after which the Benthic Rover moves to a new site where the chambers are inserted once again. In addition to the respirometers, the Benthic Rover is also equipped with a high-definition color still camera that captures images of the seafloor as the Rover transits between sites. From these photo transects we can identify which organisms and in what numbers they are present on the seafloor. A different  camera and light system is used to image chlorophyll fluorescence on the seafloor at each experiment site. The chlorophyll is another indicator of the amount of food  reaching the benthic community. 

In conjunction with the Benthic Rover’s deployments several other long-term monitoring instruments are deployed at St.M that provide complementary data sets. Included among them are two sediment traps that are deployed nearby in the water column. These instruments sample the type and amount of food sinking through the water column. These sediment traps have been used for the past 23 years at St. M, providing an excellent record of the change in food supply over time. Between the sediment trap samples and the Benthic Rover data we can begin to answer the questions about the quantity of food from the water column reaching the seafloor and the benthic community response. 
Work on the Benthic Rover at MBARI began in 2006. After many test deployments in the Monterey Bay, the Benthic Rover completed its first autonomous six-month deployment at our long-term time-series site Station M (depth 4000m) between November 2011 and May 2012. After redeployment in May, the vehicle was again recovered in excellent condition in November 2012 with another 6-month dataset. This  provided researchers a year long data set to examine. The resulting data showed an unprecedented “spring bloom” of salp (Salpa spp.) carcasses and fecal material that sank to the seafloor. Salps are gelatinous filter feeders that live in the upper water column. Salps are of particular interest because these animals filter large volumes of seawater and as a result their gut contents and fecal pellets are very high in organic carbon. Thus large numbers of Salps on the seafloor represents a massive influx of food to the benthic community. This bloom was evident in all instrument datasets. In fact, in April 2012 the sediment trap results showed the second highest food pulse in the 23 year-long data set. The Rover SCOC data showed a peak in Carbon demand in late June of 2012. This delay between the food sinking in the water column and the Carbon demand on the seafloor represents the time it takes the community to utilize the food supply available (TRUE?). Without continuously monitoring instruments, such significant events like this are most likely missed completely. 

Also of interest is that data from the Benthic Rover can be correlated to surface water measurements. For instance, during the salp bloom of Spring 2012, ocean export flux measurements show a strong correlation  to sediment trap data and Rover SCOC data. These independent data sets connect events at the surface with those at abyssal depths.
In addition to bloom events, the Benthic Rover and other instruments at Station M can detect  seasonal and inter-annual changes in food supply and fauna populations.The Benthic Rover used as part of a larger time-series study provides much needed information on changes impacting the deep-sea ecosystem. 
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In 2011 the Benthic Rover was deployed for long time-series measurements of sediment community oxygen consumption (carbon utilization) for high-resolution temporal comparisons with food supply (carbon supply) measured with sediment traps in the overlying water. Over the past year, we have recorded the largest seasonal flux of particulate matter sinking to the seafloor in the past 23 years and are presently examining possible correlations with climate indices and surface ocean production.  

