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Monterey Bay Aquarium Research Institute

Permit Application for Projects to be Deployed on MARS


Project Title: Benthic Rover
Sanctuary: Monterey Bay Aquarium Research Institute
Project Coordinator:
Dr. Ken Smith, Senior Scientist
MBARI
7700 Sandholdt Road
Moss Landing, CA 95039

Project Abstract: MBARI is currently requesting permission to deploy an instrument called the Benthic Rover on MARS. The Rover provides an autonomous platform from which to conduct a diverse series of measurements at the deep-sea, sediment-water interface for extended periods of time, months to years. These measurements include sediment community oxygen consumption (by using a benthic respirometer system similar to those which have already been deployed in the Sanctuary in the past), megafauna density and movements, and bottom current flow. In addition, sensors from other investigators can be accommodated on the Rover platform to increase the diversity of concurrent measurements of bottom water and sediment properties along a time-series, transect of stations. Autonomous deployments of the Rover have been conducted previously in the Sanctuary with minimal impacts.  
Project Rationale: Coupling between a pelagically-derived food supply and sediment community utilization of organic matter is critical to an understanding of biogeochemical cycling in the ocean. To resolve the coupling between pelagic and benthic systems, it is important to monitor the arrival and residence of organic matter on the sea floor using instrumentation capable of making measurements with appropriate spatial and temporal resolution. It is also imperative to measure the structural heterogeneity such as burrows in the surface sediments to interpret spatial and temporal variability of fluxes across the sediment-water interface. Critical questions which must be addressed to ultimately resolve pelagic-benthic coupling in the context of biogeochemical cycling 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 and 3) what responses are elicited in the sediment community by the arrival of fresh detritus on the sea floor? 
To address such critical questions, the project team has developed a bottom-transecting instrument referred to as the Benthic Rover to make long time-series estimates of fresh phytodetritus arriving on the sea floor. 

The Rover will be capable of conducting non-invasive time-series measurements of phytopigment fluorescence as an indicator of fresh phytodetritus on the sediment surface, while imaging the same sediments acoustically to provide 3-dimensional profiles of structural features (e.g. burrows and animals). Sediment community metabolism measurements (e.g. sediment community oxygen consumption) coupled with 2-dimensional oxygen imaging studies will be conducted.
To understand carbon cycling in the deep ocean, scientists need rovers that work on their own in much deeper, more remote waters than at MARS. As MBARI engineers tackle these stiff design requirements, MARS lets them work on one problem at a time. 
With a constant data link to shore, engineers can test the drive mechanisms before they have perfected the automatic steering programs. They can also test sensor accuracy before the instrument goes down on a year-long stay in an autonomous mode at a more remote location. If problems crop up, the R/V Point Lobos and ROV Ventana can be on site to fix things in less than two hours. This deployment will also allow us to provide real-time data and video of the benthic ecology at the MARS site.
Objectives: To develop and deploy an instrument to address critical research questions, which will ultimately resolve pelagic-benthic coupling in the context of biogeochemical cycling in the deep sea.
Intended Use of Results: Results will be published in appropriate scientific literature.

Methods:  The Rover is a mobile physiology lab. In a series of 3-day experiments, the Rover measures how much oxygen seafloor animals are using. Precise motors lower two 30-cm-wide (12-inch) sample chambers into the sediment, where probes record oxygen levels. Two acoustic scanners use ultrasound (in 4-MHz pulses) to look 10 cm (4 inches) deep into the sediment for large animals like worms. 

Measuring oxygen consumption helps scientists calculate the seafloor’s demand for carbon. To measure the supply, the Rover uses fluorescent scanners. The scanners detect still-active chlorophyll in plant cells, a sign that the cells have only recently settled out from sunlit surface waters. 

For each experiment, the Rover camps out at a single location for 3 days, then moves about 5 m (15 feet) to begin another sample. Before moving, the Rover consults a current meter and waits until the current shifts so that its next pre-decided study location lies upstream. This patient approach allows the Rover to keep from stirring up sediment into the area it is about to measure. Currently, the team hopes to deploy the Rover on MARS in spring 2008 for a period of one year. In this time, the Rover will have taken approximately 50 measurements and moved a total distance of about one and a half football fields. The ROV Ventana will make three schedules trips (once every four months) to observe the Rover throughout the one-year planned deployment.
Publications and Reports: We will continue to publish our data generated from Rover in internationally recognized, refereed journals.
Collections: Sediment and bottom water samples will be analyzed at MBARI and the data made available on the MBARI website. 
Data and Other Materials: Digital photographs and video taken during the Rover deployment will be archived at MBARI for use by any interested party. 
Qualifications: Dr. Smith came to MBARI in 2006 from Scripps Institution of Oceanography in San Diego, CA. Deployments of an earlier version of the Rover off central California resulted in the following publications:

Smith, K.L., Jr., R.C. Glatts, R.J. Baldwin, A.H. Uhlman, R.C. Horn, C.E. Reimers and S.E. Beaulieu (1997) An autonomous bottom-transecting vehicle for making long time-series measurements of sediment community oxygen consumption to abyssal depths. Limnol. Oceanogr. 42: 1601-1612. 

Smith, K.L. Jr. and R.S. Kaufmann (1999) Long-term discrepancy between food supply and demand in the deep Eastern North Pacific. Science 284: 1174-1177. 

Smith, K.L., Jr., R.S. Kaufmann, R.J. Baldwin and A.F. Carlucci (2001) Pelagic-benthic coupling in the abyssal eastern North Pacific: an eight-year time-series study of food supply and demand. Limnol. Oceanogr. 46: 543-556.
Smith, K.L., Jr., R.J. Baldwin, H.A. Ruhl, M. Kahru, B.,G. Mitchell and R.S. Kaufmann (2006) Climate effect on food supply to depths greater than 4000 meters in the northeast Pacific. Limnol. Oceanogr. 51: 166-176.

Autonomous deployments of the Rover have occurred as part of a time series at a location know as Station M. Preliminary results of these studies can be found at http://www.mbari.org/pelagic-benthic/deepsea.htm. 
Environmental Impacts: The dimensions of the Rover are approx 8' x 6'. The Rover runs on tracks, not wheels (see images below). It travels at a very slow rate, approximately 0.5m/hour (slower than a land tortoise). The Rover only weighs about 150 pounds in water with the drop weight. The weight is distributed across a large footprint, so it leaves a very slight impression on the seafloor. Any trace would likely be rapidly covered by natural sediment movement across the seafloor. The Rover can only move on flat surfaces, and it will only be deployed on sand/mud substrate. It cannot operate on rocky, hard bottom substrate and will not be deployed in such a location. Therefore, impacts should be minimal. Because the instrument will be recovered at the end of the deployment, the seafloor should rapidly return to its previous condition.
Copies of other permits: The Rover has been deployed previously in the Sanctuary under permit numbers MBNMS-2006-020, MBNMS-2006-022, MBNMS-2006-028, and CDP E-05-007/Consistency Certification CC-076-05 (copies attached, along with a report submitted after the first two deployments). These previous deployments of the Rover have been autonomous. Because a different (tethered) version of the Rover was planned for deployment on MARS, the California Coastal Commission required that we obtain authorization from them for the previous autonomous deployments. Attached are copies of CCC authorizations for the previous deployments. California State Lands Commission did not require authorization be given by their agency as the deployments did not occur in state waters. 
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Rover on the seafloor.
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Drop weight recovery. Rover tracks can be seen on either side of the weight. These minimal tracks are expected to disappear quickly due to bottom currents.
Benthic Rover
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