Overarching Science Themes

· Chemistry, biology, and ecology of the low-pH ocean (Kolber, Barry, Brewer)

· Questions

· How is the pH of the ocean changing? What are the spatial and temporal dynamics?

· What are the biological effects of lowered pH on the upper-ocean due to the invasion of atmospheric CO2?

· What are the biological effects of lowered pH on the deep sea due to deliberate injection of CO2?

· Observations/Experiments

· Measure the temporal and spatial variations of pH in the ocean

· Measure chemical, biological and ecological ecosystem response to variations in pH

· CO2 perturbation

· Technological needs

· Accurate, stable, appropriate (cost, speed) pH sensor

· Observation of the photosynthetic and respiration rates

· Assessment of ecosystem structure

· Trace chemical concentrations and speciation

· Ability to manipulate chemical environment

· Global and local nitrogen cycle (Johnson, Scholin, Kolber, Chavez,  et al.)

· Questions

· What is the stability and balance of oceanic nitrogen cycle in response to anthropogenic forcing?

· What organisms drive these biogeochemical transformations?

· What are the global and regional rates of denitrification?

· What is the impact of changing N flux on C flux?

· Observations/Experiments

· Measure the temporal and spatial variations of N in the ocean

· Measure the rates of denitrification and N fixation

· Measure the biological response to fluctuations in N

· Technological needs

· N, nitrate, ammonia, NO2 sensors

· Identify the organisms mediating these transformations

· Ability to track phytoplankton vertically and assess their nutrient status

· Harmful algal blooms (Ryan, Scholin, Chavez)

· Questions

· What processes control phytoplankton species composition in the ocean and how do the processes and the species change over time?

· What is the nature and variability of bloom seeding?

· What combinations of physical, chemical and plankton community conditions create “high-impact” HABs (having significant deleterious consequences)?

· Observations/Experiments

· Concurrent characterization of phytoplankton species composition in northern bay (upwelling shadow) and southern bay waters through important periods of natural variability (upwelling events & wind relaxations, seasonal cycles, through El Niño events)

· Seed population studies: a) sample and analyze sediments upwelled at Año Nuevo and adjacent to Monterey Canyon for phytoplankton species; b) locate and map frontal zones known to interact strongly with the bay and characterize the phytoplankton assemblages of the frontal zones and their relationships to frontal structure, hydrography and circulation

· Monitor exchanges due to filaments entering and leaving the bay, north and south, to determine what water masses and species are being introduced into the bay to influence local variability as well as what is transported out of the bay to influence other regions of the coast

· Technological needs

· Moorings for continuous monitoring of conditions and species, placed at strategic sites based on known oceanographic variability, fisheries resources, marine mammal & seabird populations, etc. 

· Event response capability to intelligently apply moored ESP in association with potential seeding events, e.g. frontal passage 

· Drifters for frontal zone tagging and measurements

· Fronts are narrow, rapidly evolving zones that are challenging to adequately sample, so synoptic mapping at high resolution is essential.  Adaptive sampling to accurately target phytoplankton sampling in the frontal zones (encounter response) would be of great benefit (AUV Gulper).

· Ways to monitor and sample upwelled sediments and return samples to shore for analysis; AUV Gulper is one method, but moored systems may be more appropriate for longer term characterization of the variability in sediment seed populations.

· Remote sensing (provided by federal agencies)

· Mass movement on canyon walls and continental slopes (Landslides and sediment transport). Potential to generate tsunamis. (Greene, Clauge, Paull)

· Questions

· Can landslides in submarine canyons and on the upper continental slope generate significant tsunamis?

· Can we predict such events and monitor the event when it occurs?

· Is it possible to warn of such of events when they occur?

· Observations/Experiments

· It would be nice to capture mass movement events in Monterey Canyon, no matter how small. Hydrophones, broadband seismometers, and pressure sensors strategically placed along the canyon walls could be used to capture the sounds, vibrations, and pressure waves stimulated from a slope failure.

· Technological needs

· Broadband seismometer

· Pressure gauge

· Hydrophone

