Benthic ecology
Mission

The Benthic Ecology and Biology group is primarily  interested in factors that regulate the  abundance and distribution of benthic communities. We are currently involved in  projects examining links between climate changes and the ecosystem in the Ross Sea of Antarctica, investigating biotic and abiotic factors that structure cold-seep communities, the ecology of non-seep communities in Monterey Canyon, and the biological effects of direct CO sequestration. Under the direction of Jim Barry, the Benthic Ecology and Biology group continues to study all aspects of life on the deep sea floor. 

Projects

CO2 Sequestration
Monterey Canyon Carbon Flux
Benthic Infauna
Turbidity Events
Antarctica
Cold Seeps

People

Jim Barry

James Barry 

Kurt Buck 

Geoff Dilly 

Linda Kuhnz 

Christian Levesque 

Chris Lovera 

Patrick Whaling 
Biogeochemistry 

Mission

Our group studies the biogeochemical response to climate and ocean variability. The data used in these investigation come from moorings, with novel instruments and telemetry, satellites and ships. 
Our studies include projects in central California, the equatorial Pacific, and Peru.  Additionally we have participated on several NOAA cruises and the collaborative modeling project NOPP.  Visit  projects or roadmap for more information. 
The primary questions we seek to answer are: 

What are the mean and fluctuating components of phytoplankton primary production, biomass and species composition on time scales ranging from days to years. 

What are the physical, chemical and biological processes responsible for the mean and fluctuating components. 

What controls primary production and phytoplankton growth rates. 

What is the role of meso and macrozooplankton in coastal upwelling systems. 

What is the fate of primary production 

What are the the biological consequences of El Niño

Projects

Central California (Time Series from Shipboard observations)  Summary: Time Series Graphs 1989-2001 (Contour and line graphs of: temperature, salinty, sigma t, chlorophyll, primary productivity, nitrate, phosphate, silicate)
 
NOPP National Ocean Participation Program (Modeling the central California coastal upwelling system: Physics, ecosystems and resource management or Simulations of Coastal Ocean Physics and Ecosystems (SCOPE) NOPP Data 

MUSE: MOOS Upper-Water-Column Science Experiment (Biological observations from the MUSE cruise of August 2000)
 
SECRET: Studies of Ecological and Chemical Responses to Environmental Trends  1997-1999  (Quarterly observations on CalCOFI Line 67) 

 CoOP: Coastal Ocean Processes 1995 (Joint study of the coastal processes and marine boundary layer) A ten-year time series from Monterey Bay, California: Seasonal, interannual and long-term patterns 1989-1998 (5 major stations in Monterey Bay supplemented with mooring and satellite observations) 

Effect Of The 1997-98 El Niño On Chlorophyll And Primary Production Across The Central California Upwelling Zone: Temporal Evolution, Spatial Pattern, And Comparison To Climatology (El Nino Workshop Poster, 1997-1998 SECRET cruises compared to the PEGASUS cruises from 1989-1991) 

 El Niño Analysis (Observations from Monterey Bay)  Atlas : Analysis from the West coast of N. America 

 Equatorial Pacific (TAO moorings)

MOOS (MBARI Ocean Observing Systems: Mooring observations from Monterey Bay) 

 NOAA Long Line (Shipboard observations from around the world) 

OSCOPE (Oceanographic Systems for Chemical, Optical, and Physical Experiments: Gulf of Alaska Moorings) 

Peru Ocean Temperatures (Sea Surface Temperature Time Series from Paita, Peru) 

Satellite (SeaWIFS  and AVHRR images from Central California)

People

Francisco P. Chavez,Ph.D., Upper Water Column Coordinator,  heads the Biological Ocean Group.  In addition to participating in research cruises, performing lab work, and analyzing data,  the following individuals also have primary responsibilities in the following areas: 

J. Tim Pennington runs the "Monterey Bay Time Series" and the "Studies of Ecological and Chemical Responses to Environmental Trends" (SECRET) Hydrologic survey data collection.  

Reiko P. Michisaki manages our data systems and is our web master .  

Kurt Buck and Roman Marin are responsible for the phytoplankton identification and enumeration.  

Gernot Friederich, Carole Sakamoto, and Peter Walz work on nutrients and ocean chemistry.

 Mark Harmon and Kevin Mahoney take care of our "Equatorial Pacific Mooring" program.

  Brad Penta and John Ryan work on our  "National Oceanographic Participation Program" (NOPP).  

Raphael Kudela (UCSC) has responsibility for New Production, in addition he and Erich Rienecker take care of our satellite systems.

  Erich Reinecker is in charge of sediment traps for our subsurface moorings.  

X takes care of our bio-optical data and data analysis for the Equatorial and TAO moorings

Canyon processes

Mission

Submarine canyons are considered to be a major conduit for sediment transport from the continent into the deep sea. However, little is known about the transport processes that occur within canyons and the rate in which sediments are transported down canyons. The canyon processes group at MBARI is interested in determining processes by which submarine canyons are excavated. We have begun to systematically characterize the sedimentary materials that move along the floor of the canyon system from their continental source to their final destination on the abyssal plane of the Pacific Ocean.

As part of MBARI’s initiative to develop ocean observatories, efforts are underway at MBARI to systematically study the ongoing dynamics in the axis of Monterey Canyon. Under the direction of Charlie Paull we have begun to study the canyon using multiple techniques that provide data similar to the data that are used to understand the dynamic processes in terrestrial river channels. These techniques include: monitoring the physical conditions within the channel by placing moorings on the channel floor, conducting detailed sampling of the channel floor using vibracoring systems deployed from our ROVs, repeat multi-beam mapping of sections of the canyon floor to monitor the changes in the canyons bed that occur in response to physical events, and conducting event response cruises to characterize active sediment transport events.

Projects

Canyon Array 

Coring Systems 

Mapping of Canyon Floor 

Sediment Transport Events

People

Charles Paull 

Gary Greene 

Rendy Keaton 

Bill Ussler

Chemical sensors
Mission

Chemicals in the ocean can play essential roles in controlling the growth rates of oceanic plants, production of fish and the earth's climate.  The amount of iron present in seawater may regulate the onset and termination of glacial epochs (ice ages).   Most chemicals cannot be measured unless a research ship is present with scientists to collect and analyze (or store for later analysis) seawater samples.  We develop instruments that can be deployed from remote buoys.  This allows us to measure chemical concentrations when the research ship is not present.  We are especially interested in chemicals that are essential nutrients for the plankton (much of the ocean is a desert, not because it lacks water, but because it lacks fertilizer).  

Projects

   Flow Injection Analysis for Trace Elements 
 In Situ Ultraviolet Spectrophotometer 
Digital Submersible Chemical Analyzer 
Current projects using chemical sensor systems: 
 Land/Ocean Biogeochemical Observatory 
Southern Ocean Iron Experiment (SOFeX) 
MBARI Surface Ocean Lower Atmosphere Study 
 Iron Regulation of Coastal Ecosystems
MBARI Upwelling Science Experiment (MUSE)
 In Situ Monitoring of Nitrate in Monterey Bay 

People

Kenneth S. Johnson - Senior Scientist
Zanna Chase - Postdoctoral Fellow (now at Oregon State Univ.) 
Luke Coletti - Research Technician 
Ginger Elrod - Research Technician 
Steve Fitzwater - Research Technician 
Hans Jannasch - Research Specialis 
Joe Needoba - Postdoctoral Fellow 
Josh Plant - Research Technician 
Carole Sakamoto - Research Specialist

Coastal ocean processes
Mission

The coastal ocean processes group applies diverse methods of in situ and remote sensing to study complex, 
rapidly evolving processes in the Monterey Bay region. Primary observations include 

1) synoptic mapping of process signatures (example shown above), 

2) remote sensing of physical and bio-optical properties at multiple scales, and 

3) moored observations in the "path" of processes. For example, one recent study enabled detailed description of the birth of a red tide bloom using sensing from a towed system augmented with sensing of the particle size   spectrum, moorings, aircraft, and three satellite sensors. 

Because of this breadth and extent of sensing we were able to clearly see a dramatic change in the local environment forced by mesoscale circulation, quantify a physical change favoring red tide bloom development, observe the transition from a bay with diverse phytoplankton to one dominated by two red tide dinoflagellate species, and map red tide bloom patches onto convergence zones of internal waves. 

Projects

People

Our research is collaboratively linked to other research groups at MBARI including the biogeochemistry group and the phytoplankton ecology group. Additionally, we are relating studies of coastal ocean processes and variability to basin scale variation through a NASA funded project, and exploring the finest scales of phytoplankton community structure through research funded by the Office of Naval Research program called Layered Organization of the Coastal Ocean. Coastal Ocean Processes team: John Ryan, Erich Rienecker, Andrew Fischer, Patrick McEnaney

Greenhouse gases
Mission

Projects

People

Principal Investigator: Peter G. Brewer. 
Project Engineer: William J. Kirkwood. 
Project Manager: Edward T. Peltzer. 

Past and Present Team Members: 
Jim Barry, Benthic Ecologist. 
Rachel Dunk, Post-doctoral Fellow. 
Jon Erickson, Mechanical Engineer. 
Cheri Everlove, Electronics Technician. 
Richard Henthorn, Research Technician. 
George Malby, Electrical Engineer (retired, 2002). 
Craig Okuda, Engineer. 
Gregor Rehder, Post-doctoral Fellow (2000-2001). 
Michael Risi, Software Engineer. 
Karen Salamy, Software Engineering Technician. 
Farley Shane, Mechanical Engineer. 
Alana Sherman, Electrical Engineer. 
Peter Walz, Research Technician. 
Sheri N. White, Post-doctoral Fellow (2002-2004).

Microbial oceanography
Mission

"The study of aquatic organisms at the molecular level is a mainstay of modern biological oceanography. Numerous diagnostic procedures exist for identifying marine organisms and their genes and gene products, and for elucidating the roles they play in biogeochemical cycles. While such techniques form the cornerstone of many research initiatives around the world, their application typically requires the return of discrete samples to a modern laboratory for analysis. Logistical difficulties associated with collecting those samples at multiple locations routinely and synoptically limits the application of molecular analytical technologies in an environmental research and monitoring context, particularly when it is necessary to sustain observing efforts over large areas for extended periods of time. In stark contrast, many physical, chemical and gross biological properties of the water column are routinely assessed remotely at high frequency using a variety of air borne and in-water sensor arrays. 

The disparity between our capacity to measure physical and chemical oceanographic parameters versus our ability to understand the distribution, abundance and activities of specific microorganisms within that milieu impedes our ability to characterize a wide range of biological phenomena. 

The goal of our work is to develop methods and instrumentation that make it possible to overcome this limitation, to conduct molecular analyses in real-time, in the field, autonomously. 

Achieving this goal, we will provide a novel capability for acquiring and processing samples autonomously in response to changes in the chemical and physical environment. In pursuit of this objective our research and development efforts have rested on two very different but highly integrated fronts: development of laboratory techniques that are amenable to ship board use and near real-time detection of target organisms (DNA Probe Project), and development and application of novel instrumentation that makes it possible to deploy those assays remotely (Environmental Sample Processor-ESP). This project involves extensive collaborations between MBARI scientists, engineers, and marine operations personnel. "
"DNA Probe Project 

Environmental Sample Processor - ESP "
"

Projects

People

Science Team 

Chris Scholin 

Roman Marin III 

Chris Preston 

Engineering Team 

Gene Massion 

Scott Jensen 

Brent Roman 

Jason Feldman 

Alana Sherman 

"

Midwater

Mission

"Between the surface of the sea and the ocean floor lies a vast fluid universe, Earth’s least-known environment.

The high operational capabilities of MBARI's ROVs, Ventana and Tiburon, with their  sophisticated cameras, samplers, and sensors, has afforded investigators the opportunity to spend thousands of hours surveying and describing the deep waters of the ocean. The Institute’s programs to observe and survey these little-known life forms in their native habitat, and to collect living specimens for laboratory studies, are the most extensive such efforts to date. 

The reward of regular investigations of midwater ecology with an ROV is a radically new perspective on the  deep sea. Many of MBARI’s most stunning discoveries have come from the time-series data of midwater ROV surveys. 

Projects

People

"Heading up this research group is Dr. Bruce Robison, leading the core midwater team of Kim Reisenbichler  and Rob Sherlock. The team currently also includes Graduate Research Assistant Karen Osborn and Postdoctoral Fellow Louis Zeidberg. Former students and postdocs, who still collaborate, are: Jessica Silguero, George Matsumoto, Jay Hunt, Kevin Raskoff, Russ Hopcroft, Steve Haddock, Brad Seibel, and Jeff Drazen. 

External collaborators include William and Peggy Hamner (UCLA), Dhugal Lindsay (JAMSTEC), Jenny Purcell (Shannon Point), Edie Widder (HBOI), and Larry Madin (WHOI).  The midwater group's summer interns have been Caren Braby in 1997, Magdalena Halt in 1998, Trevor Rivers in 1999, Erin Gontang in 2000, Magdalena Gutowska in 2002, Stephanie Bush in 2003, and Sarah Skikne in 2004. 

" 

Molecular ecology

Mission

Research Interests

Led by Dr. Bob Vrijenhoek, research in the molecular ecology group focuses on using molecular tools to examine population structure and evolutionary relationships.  We are currently working on a number of projects studying gene flow and barriers to dispersal of deep-sea invertebrates associated with cold seeps in the Monterey Bay and hydrothermal vents at ridge sites throughout the world.  These invertebrates (clams, mussels, tubeworms, etc.)  are dependent on sulfur-oxidizing bacterial symbionts for their survival.   We have also been studying DNA sequence information from bacterial symbionts to examine their evolutionary relationships with their hosts and infer possible modes of transmission.  

 For the past 30 years, the Vrijenhoek lab has also studied genetic diversity and reproductive strategies (sexual vs. asexual reproduction) of Mexican Poeciliid fish (genus Poeciliopsis).  Many species of these fish are severely threatened by habitat destruction.  Research on these fishes have 

Projects

 Hydrothermal Vents 

 Cold Seeps 

 Unisexual Fish

People

Robert Vrijenhoek

Shana Goffredi

Steven Hallam

Luis Hurtado

Mariana Mateos

Irvin Pan

Yong-Jin Won

Robbie Young  

Ocean crust geochemistry

Mission

Linkages between hydrothermal, magmatic, and tectonic processes

Oceanic crust is created at mid-ocean ridges by a complex series of melting and crystallization events that each leave their geochemical signature in the major, trace or isotopic composition of the minerals that comprise the crustal rocks. Unraveling the igneous and metamorphic processes associated with the formation of ocean crustal rocks provides insight into the transport and redistribution mechanisms for magma within the Earth's crust, the characteristics and location of magma crystallization zones, the role of deep shear zones in localizing magmas and the thermal history as the minerals cool and re-equilibrate. As seawater penetrates into these cooling crustal rocks, the chemistry and isotopic composition of both the fluid and the rocks are modified and open fractures are filled with minerals that record the passage and properties of the heated seawater through hydrothermal vent systems. 

Microbial inhabitation of the ocean crustal rocks be

Projects

People

Seismology

Mission

Margin Seismology Project

Projects

Monterey Ocean Bottom Broadband Project (MOBB) 

Monterey Bay Ocean Bottom 

International Seismic Experiment (MOISE) 

1997  

 Ocean-bottom deployment information  

 Map of deployment sites  

 QuickTime movie of corehole seismometer deployment (610K)  

1998  

 Ocean-bottom deployment information  

 Map of deployment sites (including RefTek)

 Deployment schedule

2002 

Margin Seismology Databases (MBARI and special permission only) 

Debra S. Stakes, MBARI

 People

Michael L. Begnaud, MBARI 

(Now at: Los Alamos National Laboratory) 

Collaborators and  Participants: 

James McClain

University of California, Davis 

George Badger, MBARI 

Karen McNally

University of California, Santa Cruz 

Paul McGill, MBARI 

Gerry Simila

California State University, Northridge 

Karen Salamy, MBARI 

Tony Ramirez, MBARI 

Vicky Gallardo, MBARI and U. C. Santa Cruz 

Jesse Williams, MBARI 

Submarine volcanism

Mission

Goals of the Submarine Volcanism project

We seek to understand the processes that form and then modify submarine volcanoes, such as 

Mantle sources and melting processes 

Style and dynamics of eruptions at varying depths and of varying lava compositions 

Explosive volcanism in the deep sea 

Structure of the flanks of volcanoes and submarine landslides 

Pleistocene and Pliocene paleoclimatic history recorded in drowned coral reefs 

To study these processes our research takes us to places such as Hawaii, the Gorda Ridge, and the seamounts off California. These places are characterized by different types of volcanism: hot spots, mid-ocean ridges, and seamounts. These web pages are organized into sections by volcanism type, and then into pages by research topic. On each page, the topic is introduced, then abstracts of our published papers are paraphrased for more detailed descriptions of the work. Where possible, links are provided to the complete papers on-line, but users will probably need to be subscribed to on-line library services to view them. Alternatively, the publications profiled in these web pages are listed by year. 

Projects

Hawaiian Islands: 

Hot spots  Gorda and Juan de Fuca Ridges, East Pacific Rise: 

Mid-ocean ridges  Seamounts off California and in the central Pacific: 

Seamounts  

Magmatic processes

Volcanic processes

Explosive eruptions

Landslides

Volcanic hazards

Coral reefs

   -ReefGrow software

Hydrothermal systems

Flexural arch

Biogeography

Eclectic

 Magmatic processes

Volcanic processes

Explosive eruptions

 Near ridge seamounts

Continental margin seamounts

Non-hot-spot linear chains

Oregon and California continental margin: 

Margin processes  

Gas hydrates and cold seeps  

Why are eruptions in the submarine environment still poorly understood?

Primarily because there have been no direct observations of submarine lava emplacement, and only limited observations near shore where lava is entering the sea from subaerial eruptions. Our inferences, therefore, have to be made from observations and samples of older, inactive flows and vents. Similarly, the composition of magmas in the mantle or magma chambers have never been directly observed. 

A submarine volcanic eruption has finally been witnessed. Scientists using the ROV Ropos to study the subduction-arc volcanoes of the Northern Mariana Islands in April 2004 dove into "Brimstone Pit", where they were engulfed in billowing, sulfurous smoke.

NOAA Explorations story 

USGS newsletter story 

Why do submarine lava samples offer advantages over samples from land?

Because molten lava chills rapidly underwater, trapping gases and preventing further crystallization, and because the rocks are not exposed to acidic rain and rapid weathering as they are on land. The outer glassy rinds retain the composition of the melt and interior crystals often remain in good condition, so we can tell eruption temperatures and depth, differentiation due to storage in magma chambers, which volcano produced the flow, what evolutionary stage the volcano was in at the time, and possibly the age of the flow. 

People

David Clague (Project Lead) 

Alicé Davis 

Jennifer Paduan 

