2003 Implementation Plan of the MBARI Strategic Plan

Overview

Each year, MBARI prepares a summary for the Board of Directors of projects that the institute proposes to undertake for the following year and discusses how these projects contribute to realizing the goals of the strategic plan. It should be recognized as well that there are a number of ongoing activities covered under divisional budgets that also contribute to the strategic plan.

For 2003, MBARI’s management team considered a total of 81 abstracts submitted in late July briefly describing plans for new or continuing projects. The projects were evaluated at that point in the process on the basis of consistency with MBARI’s strategic plan, likelihood of manpower being available to complete the project, and timing with respect to other dependent efforts. Some projects were discouraged from submitting full proposals while others with similar objectives were encouraged to combine into one effort. A total of 71 projects submitted full proposal for Phase I in late August. Thirteen of them were at least partially funded externally. In September, the management team evaluated these full proposals, concentrating on the feasibility of the full project plan and the level of staff and financial resources that could be devoted to the effort. At this point, 60% of the Phase I submissions were approved as scoped, while the remainder required significant revision during Phase II to bring the resources into line. Only a few projects (5) had to be declined entirely after preparing full proposals. We believe that this proposal process is quite efficient, in that PIs receive plenty of guidance before preparing proposals as to what sort of project is likely to be approved, and few full proposals go unsupported.

A total of 67 projects (not including the Gulf of California legs approved in 2001 to allow sufficient time for planning) may seem like too many for an institution of MBARI’s size. However, these projects include about one dozen smaller efforts that support MBARI’s data streams and other infrastructure. MBARI management has made the conscious decision to treat as projects any activity that uses shared resources, such as ship time, engineering time, the video lab, the Information Applications Group (IAG), etc., in order to track the use of those resources and budget efficiently.

One issue that MBARI management tracks carefully is whether we are creating enough opportunities to pursue creative ideas. In 2002, we approved 5 projects as feasibility studies. The projects were awarded a small amount of staff time and budget so that the proponents could more completely investigate the feasibility of the project, the preferred technical direction, and the required level of resources. Three of those development projects, an underwater mass spectrometer, an artificial intelligence system to detect events in video data, and an in-situ flow cytometer, made substantial progress and will be moving forward in 2003 as full research projects. The other two projects made no progress on account of lack of time from key personnel to devote to the project. One of those two projects has been given permission to extend into the first half of 2003 with a change in assigned staff.  Several new feasibility studies were approved for 2003, including a remote-sensing particle detector and a platform for jellyfish tracking. 

As has been past practice, for the purposes of tracking the MBARI investment in different theme areas, the proposals are grouped into categories. Those in italics are headed by MBARI adjuncts. Those in bold face have significant external funding commitments.

Benthic Processes



200001
Ocean Chemistry of the Greenhouse Gases II

200002
Benthic Biology and Ecology

200006
Geochemistry of Oceanic Crust

200007
Submarine Volcanism

200009
Long Term Broadband Seismic Observatory in Monterey Bay

200010
Continental Margin Processes

200101
Canyon Dynamics

200104
Molecular Ecology of Marine and Aquatic Organisms

900218
Gulf of California – Warm Water Basins

900222
Gulf of California - Guaymas Basin Gas Venting

900223
Gulf of California - Guaymus Chimney Study of Geomicrobiology

900226
Gulf of California – Diversity Across the Transition Zone

900230
Gulf of California - Metabolite Exchange Rates of Vent Chemoautotrophs

900232
Gulf of California - Tectonic and Sedimentary Processes

900237
Keck Proposal: Seismology and Microbial Linkages (MBARI)

900262
Nature & Function of Benthic Bioluminesence

Midwater Research



200012
Benthopelagic Coupling: Krill at the edge of Monterey Canyon

200108
Midwater Ecology

900206
Bioluminescence and Molecular Biology of Zooplankton

900209
Deep-water Salps in Monterey Bay

900233
Gulf of California - Oxygen Minimum Layer and Gelatinous Animals

900267
AUV Bioluminescence

Upper Ocean Biogeochemistry



900217
Gulf of California - Biogeochemistry on the Transits

200018
Equatorial Pacific Moorings 

200021
MUSE 2: Iron Regulation of Ocean Ecosystems

200023
Southern Ocean Iron Enrichmment Experiment 

900200
AUV CTD Time Series Measurements

900204
Biogeochemical Responses to Climate variability

900240
Molecular Microbial Oceanography

900246
Observing Complexity in the Coastal Ocean

900327
Probe Array Development

900329
Biogeochemical Dynamics of Upwelling Systems Using Drifters

MOOS Observatory



600024
Dorado

600026
Instrumentation Software Infrastructure

600027
MOOS Mooring

600031
MOOS Data Management

600125
MOOS Program

900311
Mobile Observation System for Experimental Seafloor Studies

900313
Impact of Submarine Cables on the Seafloor Environment

900325
MOOS Mooring Controller

900388
MOOS Science Experiment 2003 - 2004

900389
MOOS Tiburon Cable Laying Toolsled

MARS?

ROV / AUV Enhancements and Upgrades



600034
Precision Control Technologies for ROVs and Intervention AUVs

900250
Quantitative Low-Light Imaging Module for MBARI's AUV

900260
Visual Image Event Detection Technology Exploration

900330
Tiburon HDTV Installation

200107
Seafloor Mapping 

New In-Situ Instruments



600044
Chemical Sensor Program (MBARI)

600045
Laser Raman Spectrometer

900213
Development and Deployment of a Multi-Platform In-Situ Spectrometer

900235
In situ Cytometry

900312
Environmental Sample Processor (ESP)

900321
Jelly Tracking Instrument

900332
3-D Particle Detection and Characterization

900387
Deployment of an ROV Deployable Gas Sampler

900392
Biophysical Oceanographic Sensor Array (BiOSA)

200113
Ridge Observatory Development

Data Management and Information Outreach



200103
Core CTD Data - MDUC

200105
Core Navigation Data - MDUC

200109
Core Mooring Data - MDUC

500049
Video Annotation and Reference System (VARS)

500055
ROV Video Outline Annotation - MDUC

500056
Joint Projects - MBA/MBARI

900245
NEPTUNE: Educational Outreach

900255
Student Developed Instrumentation: Use of Test Tank Facility

900306
Data Stream Support

900308
Data Probe Upgrades

Infrastructure Support



300057
Mooring Maintenance 2002

300058
DMO Divisional Support

900322
Legacy Software Testing on New Operating Systems and Hardware

Some highlights from projects for 2003 are summarized below. Emphasis here is given to the new projects rather than continuing efforts that were called out in previous implementation plans. The full abstracts for all projects are appended to this document.

Benthic Processes

Peter Brewer and Jim Barry will be continuing their landmark studies of the fate of CO2 in the deep ocean and its effect on deep sea biology, a project jointly funded by MBARI, the Department of Energy, and the government of Japan. They will be aided in their characterization of the chemical behavior of CO2 and methane hydrates by the in situ Laser Raman Spectrometer developed previously at MBARI. In contrast to previous experiments that used pure CO2, the 2003 experiments will use a mixture including secondary contaminants commonly founded in industrial grade gas. These contaminants may have an important effect on both the chemical behavior and the biological impact of CO2 in the deep sea. In addition, the group plans to take the laser Raman spectrometer to the Gulf of California to study methane hydrates in the warm water basins where temperatures are as high as 12ºC at 1500 m depth. This study will allow characterization of hydrates in situ along a portion of the phase curve never encountered along the Pacific margin.

Debra Stake’s main scientific effort in 2003 will be a study of the growth of hydrothermal chimneys in the Guaymas Basin of the Gulf of California. This location is ideal for such a study on account of the high growth rate for chimneys and their ease of recovery. Her collaborators in this project, Meg Tivey and Jeff Seewald from WHOI and Anna-Louise Reisenbach from Portland State, obtained separate funding from the National Science Foundation for their participation in the expedition and data analysis. Randy Koski will also participate under funding from the USGS.

Dave Clague’s group will continue analyzing the large number of basalt and coral samples obtained during the Hawaii expedition, with the help of an MBARI-funded post doc. They will emphasize deciphering details of the sea level history for the Hawaiian Islands using the age dates of shallow water corals carefully sampled in their proper stratigraphic context by Tiburon.

Charlie Paull will be teaming up with Peter Brewer and Ed DeLong for a combined geology/chemistry/microbiology study of methane deposits and vents on the flanks of the Guaymas spreading center in the Guaymas Basin. One goal is to understand the contribution to global change from methane venting in organic-rich environments such as Guaymas. Again, the newly developed laser Raman spectrometer will be a key tool in these investigations. Paull’s group has also obtained funding from the National Science Foundation for a major expedition to the Arctic basin to study actively decomposing methane hydrates.

The Canyon Dynamics project has had to re-evaluate its experimental plan following the complete loss of one remote instrument node in Monterey Canyon and the severe damage and down-canyon transport of the other during a mysterious sediment transport event in the summer of 2002. The trawl-resistant nodes were being tested for use with the MARS cable as well as for the canyon dynamics science experiment. The project team will install in the canyon 5 low-cost instrument suites in nodes with a more open structure that will allow sediment to sweep through the structure. They hope to capture another event and recover the data. Once the Reson sonar is integrated into the Dorado AUV, the CD team will begin repeat mapping surveys in the canyon to look for changes in bathymetry and side-scan character caused by movement of sediment down the canyon.

Bob Vrijenhoek’s group will be using the special setting of the Gulf of California to map the variations in species and genetic composition of vent communities as the midocean ridge changes from hard-rock outcrop at the mouth of the Gulf to sediment hosted spreading centers further north. Existing information suggests that species diversity is substantially lower in the Guaymas Basin than along the hard-rock ridge further south. The study examine the biological, geochemical, and geological factors influencing species and genetic diversity with expertise from the Barry, DeLong, Johnson, and Paull labs. 

MBARI adjunct Jim Childress from UC-Santa Barbara will be conducting a unique experiment to study carbon fixation and metabolic rates for chemosynthetic autotrophs in the Guaymas Basin. At this spreading center, the pH is considerably higher than other studied ridge crests, and experiments show that the “fuels” for chemosynthesis, CO2 and H2S, are less available biologically at higher pH. He will be testing the hypothesis that the rate of carbon fixation is therefore lower than found at vent communities elsewhere on account of the higher pH.

Gary Greene will be conducting ROV dives along the western margin of the Gulf of California in order to conduct a comparative study of the processes that form submarine canyons. His group has already conducted similar studies in Monterey and Hawaii. These 3 case studies have very different relative contributions of tectonics and rainfall to sediment transport down the canyons. 

MBARI adjunct Eddie Widder from Harbor Branch Oceanographic Institute will be deploying her “Eye-in-the-Sea” camera to unobtrusively study bioluminescence of deep water corals. She is working with MBARI engineers to make her low-light camera system MOOS-compatible. 

Midwater Research

Bruce Robison, Steve Haddock, George Matsomoto, and Brad Seibel will conduct a major, 2-leg study of the midwater communities in the Gulf of California. One aspect will be correlating the species diversity and biomass abundance to ocean fronts, oxygen concentrations, and hydrothermal plumes. The MBARI groups will be supplemented with expertise from a number of adjunct investigators, including Larry Madin from Woods Hole, Eddie Widder from Harbor Branch, and Bill Hamner from UC-Los Angeles. 

Steve Haddock will be using a bioluminescence detector previously integrated into the Dorado AUV as the centerpiece for a large ONR-funded experiment, AOSN II, in Monterey Bay in 2003. To support Steve’s research on the factors controlling the distribution of bioluminescent organisms, Paul Chandler and Jim Bellingham have assembled a large contingent of AUVs, gliders, ships, and modeling capabilities. Two different models will be assimilating the marine data in real time to predict future physical states of the ocean. The plan is to use the models’ forecast capabilities in real time to redeploy marine assets so as to acquire data from regions contributing the most uncertainty to the model predictions.

Bruce Robison’s group will also be using the R/V Zephyr to track large species of gelatinous zooplankton using acoustic transmitters. This information will provide quantitative insight on the vertical and horizontal extent of zooplankton migrations. Steve Haddock will continue his work on the molecular and chemical basis for bioluminescence in zooplankton. 

Upper Ocean Biogeochemistry

Francisco Chavez, Ken Johnson, and Steve Haddock will take advantage of the transits to and from the Gulf of California to study the California undercurrent, a northward-flowing current that hugs the margin transporting water and organisms from the eastern tropical Pacific to the California margin. Existing observations suggest that this water mass is low in nutrients, but it may be high in iron on account of its interaction with the continental margin. The transits will allow the group to observe the current system during two different seasons.

MBARI will continue to invest in its local Monterey mooring time series and in participation in the Equatorial Pacific moorings maintained by the Pacific Marine Environmental Lab (PMEL). Data from these systems are suggesting a recent regime shift caused by a phase change in the Pacific Decadal Oscillation. In 2003, MBARI will start conducting its first time series measurements between fixed moorings using the Dorado AUV. Shipboard measurements will continue in tandem for the year until it is verified that the AUV has successfully replaced the ship surveys. The AUV surveys will also give MBARI valuable experience with the reliability and operations costs of using AUVs for routine surveys.

John Ryan’s attention will shift from studies of biological layering in Monterey Bay to the effect of topography on productivity and marine ecology. Funding from NASA will add airborne hyperspectral imaging data to the in situ marine data Ryan will collect using MBARI ships and AUVs. Ryan is also serving ably as the MOOS chief scientist, using his broad overview of marine biological system dynamics to define key experiments using MOOS technology.

In 2003, Ed DeLong’s lab will investigate microbes that contain a novel type of CO2-fixing enzyme, the nature and diversity of novel bacteriochlorophyll and rhodopsin-containing bacteria, anerobic methane oxidation in marine sediments, and the role of Archaea in deep ocean waters worldwide. To facilitate these studies, they will use genomic data to design and construct DNA microarrays for monitoring the composition and activities of marine microbes.

Ken Johnson’s group has narrowed down their hypotheses as to what causes variations in primary productivity in upwelling systems in Monterey Bay triggered by natural iron fertilization events. They will test their hypotheses using transects and ROV sampling in 2003. In addition, the group will finalize the interpretation of the results from the very successful Southern Ocean IronEx expedition. 

Chris Scholin is back from his leave of absence and ready to undertake the development of new molecular probes to use with the improved version of the Environmental Sample Processor. His targets will range from archaea to metozoans at all depths in the water column.

MOOS Observatory



By the end of 2002, the MOOS program will have made significant progress by demonstrating or deploying prototypes of ROV cable laying, the new MOOS mooring, the MOOS mooring controller, satellite communications, the shoreside data system, and the new instrumentation software interface. Project scientist, John Ryan, has been working with MBARI scientists to design a science experiment to demonstrate key aspects of these MOOS components, including the delivery of power and communications to the seafloor from a surface mooring. In 2003, MOOS engineers will be designing, building, and integrating the MOOS systems that will be demonstrated in this next large MOOS Science Experiment to be conducted in 2004.

An aspect of MOOS that requires a longer lead time for development is AUV docking. This capability is a high priority for all types of fixed (e.g., moored or cabled) observatories in order to add some flexibility to acquire spatial data. In 2003 design studies will begin for AUV docking.

MBARI has been awarded nearly $7M from the National Science Foundation to build a cabled observatory in Monterey Bay. The observatory will deliver kilowatts of power and data rates of gigabits per second for instruments on the seafloor. The observatory, called MARS (Monterey Accelerated Research System), is intended to serve as an instrument test bed for a regional cabled observatory, such as the proposed NEPTUNE system. MARS will also be used to test models and costs of management, operations, and outreach for cabled observatories. MBARI’s research partners in this program are the University of Washington, Woods Hole Oceanographic Institution, the Jet Propulsion Lab, and a consortium of Canadian institutions. Industrial partners are Maripro and Alcatel. Plans for 2003 include further work on the power system, the communications system, and the command and control system. We will also be moving forward with the Monterey Bay National Marine Sanctuary on permitting issues. Many of the MARS systems are planned to showcase MBARI MOOS technology, such as the Instrument Software Infrastructure, the Shoreside Data System, and AUV docking. Both the broadband seismometer installed on Smooth Ridge and the Canyon Dynamics experiments are examples of projects ready to be connected to the MARS observatory.

MBARI’s goal in developing new instruments and platforms for the MOOS system is to work with the external community rather than attempt to duplicate in house systems developed elsewhere. For example, Ken Smith from Scripps has been a pioneer in the development of benthic rovers acquire data and samples as they crawl along the seafloor. Smith has submitted a proposal to the National Science Foundation for a new generation rover. If the project is funded, MBARI will partner with Smith to ensure that the new generation rover is MOOS-compatible in terms of its power and communications system.

ROV / AUV Enhancements and Upgrades



One of the most successful of the feasibility studies supported last year was Duane Edgington’s application of artificial intelligence to train a computer to identify events of interest in video frames. The goal is to reduce fatigue for professional video analysts by allowing a computer to make the first pass at identifying which portions of video tapes contain events worth annotating. In a first test using Tiburon video data, the computer agreed with the professional video analyst 94% of the time. This project will continue in 2003 as a development project.

The Seafloor Mapping Project had originally hoped to have the new Reson multibeam sonar integrated into the Dorado AUV and ready to operate in the Gulf of California in early 2003. It became clear earlier this year that Reson would not be able to deliver the instrument in time fore 2002 integration on account of problems with the design and delivery of the ASIC chip. That problem has now been solved, and we hope to have the sonar delivered for integration in early 2003.

For more than a year, porting high-definition television to Tiburon has been a priority for the institute. Repeating the packaging design used for HDTV on Ventana is not an option because the system weighs too much and does not have sufficient room for panning and tilting. MBARI elected not to attempt to develop an HDTV system in house for Tiburon, because HDTV systems are rapidly evolving in response to consumer demands. The current MBARI plan is to monitor closely the release of new HDTV systems to find a lightweight, compact commercial system that MBARI can package for deep sea use. 

MBARI adjunct Steve Rock and his Stanford students will continue to develop high-level, vision-based control systems that allow an additional level of autonomy for tethered vehicles and more sophisticated missions for autonomous vehicles. One goal is to develop a control system that would allow an autonomous platform to track a gelatinous organism for days at a time. In past years, MBARI has only supported the MBARI resources needed for this project, while Rock and his students have been directly supported by a grant from the David and Lucile Packard Foundation. Following a request from the Foundation, MBARI will be directly supporting both the Stanford and the MBARI costs for this project, with Rock working closely with the Engineering department in Research Engineer mode. 

New In-Situ Instruments



Ken Johnson’s chemical sensors laboratory had great success in 2002 in commercializing the ISUS (In Situ Ultraviolet Spectrophotometer) and DigiScanner. Goals for 2003 are to make these chemical sensors more reliable such that they can operate for a year or more autonomously on observatory platforms, extend their utility to more chemical species, and integrate them into additional platforms. 

With joint funding from the National Ocean Partnership Program (NOPP), MBARI, and the Keck Foundation, the Environmental Sample Processor will be taken to the next stage in development. NOPP will be supporting the next generation ESP that will be more compact and robust than the original prototype. MBARI will invest in better user interfaces such that PIs will be able to run the instrument without the aid of an engineering group. The Keck support will be used to repackage the instrument for deployment in the deep sea.

No other instrument rivals a mass spectrometer for its ability to identify a wide range of chemical compounds. A feasibility study funded last year to look at implementation of a deep-water, in situ mass spec made remarkable progress in coming up with a design that overcomes the low sensitivity, limited chemical species, and shallow depth range of existing ocean instruments. This project will move on to become a new development effort in 2003. Initially, the instrument will be deployed from an MBARI ROV, but may later be ported to an AUV.

A second feasibility study begun in 2002 that has shown promise is the design and fabrication of an in situ flow cytometer. This device is capable of illuminating, analyzing, and counting suspended particles in seawater flowing through a narrow channel. This device is capable of addressing scientific questions involving the dynamics of both biotic and abiotic particles in the surface and deep sea, such as the detailed time history of plankton blooms or the ejection of bacteria from deep sea vents.

A new feasibility study approved to begin in the 2003 is the development of a remote-sensing system capable of detecting bubbles/organisms/particles in the marine environment. Paul Chandler will be exploring both acoustic and optical means for detection. 

Following on successful deployments in 2002, the Laser Raman Spectrometer will enter a second phase of development that will add through-the-lens visualization in order to image the species being probed and an XYZ positioning system to simplify targeting the sample and moving between in situ samples. A shutter is also being added to the laser to prevent vaporizing the sample after the spectrum has been obtained.

Data Management and Information Outreach



A major priority for the MBARI/MBA Joint Projects in 2003 will be upgrading the Live from Monterey Canyon program to take full advantage of the new multimedia auditorium at the Aquarium. The new program will make much better use of High Definition Television live and archive footage.

The Video Annotation Reference System (VARS) will be entering its last year of development in 2003. Four components of the system are in place: the knowledge base, the annotation system, the relational data base, and the query system. The first is the “dictionary” of events likely to be seen in the ocean. These events can include biological organisms, geological features, technology deployments, human impacts, etc. The annotation system allows the video analyst to enter into the relational data base events seen in the video tape cross-referenced to all recorded environmental parameters (location, time, salinity, oxygen, etc.) The query system allows researchers to pose questions of the relational data base and receive the answers. MBARI has received informal inquiries from JAMSTEC (Japan) and IFREMER (France) requesting copies of the MBARI system.

