MOOS Science Experiment 2004 Planning

1. Overview

1.1 MSE Planning Process

We have defined major science interests for applying new technological capabilities in the next MOOS Science Experiment (MSE).  Key new capabilities are the MOOS mooring (power and communications to the seafloor, connected benthic nodes, enhanced upper water column capabilities), ISI and SSDS (connectivity to instruments and data streams), and vertical profiling (better resolution of water column structure).  Within each science focus area, use cases for the new capabilities have been defined, and required measurements have been detailed.  Relationships between MSE science interests and externally funded development efforts have been considered.

We have identified a primary region of interest where interdisciplinary science from the air-sea interface to the seafloor can be pursued with integrated application of new MOOS capabilities.  Selection of this location was based primarily on details of scientific drivers.  Because we sought to build the science around a single mooring location, it was essential to consider overlap between scientific motivations and flexibility of the infrastructure in applying new MOOS capabilities, e.g. the spatial scale of connected benthic nodes relative to the scales of processes.

As we progress toward the deployment, likely to be in early 2004, the science goals and priorities we define for this MSE will be used to guide related MOOS development efforts.

1.2 MSE Location: Surface to Seafloor Science
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The location of the next MSE impacts its inter-disciplinary nature, its relationship to externally funded activities, potential collaborations, and servicing of ocean-side infrastructure.  The location chosen is 105 km (57 nautical miles) from Moss Landing along the western flank of Shepard Meander (Figure 1).

Figure 1.  Bathymetry maps illustrating the location of the next MSE.  In the map at left, “SM” identifies Shepard Meander, and the white box shows the MSE region that is detailed in the map at right.  Possible locations for benthic nodes are shown as red circles in map at right.

The chosen MSE mooring location provides a sound basis for interdisciplinary research.  The primary deep-sea scientific motivation for this location choice is to study lateral flux of materials in lower Monterey Canyon and its consequences.  The primary upper-ocean scientific motivation for choosing this location is to study upper-water-column variability in ecology and pelagic-benthic coupling in response to variation in atmospheric forcing and oceanic circulation.  Three benthic nodes are shown in Figure 1 (red circles), however the exact location and number will be considered further as additional observations of the region are made during 2002 and 2003.  These additional observations should also serve to constrain the possible science areas that this MSE can encompass.  Science drivers for this MSE are detailed in the next section.

2. Science Focus Reports

Details of scientific interests, technology applications and associated activities are summarized below in focus reports.  These reports came from group discussions and answers to defining questions, and they serve as the basis for defining the scope of this MSE and related development efforts over the next year.  Science and technology focus reports include: 1) upper/mid-water column and pelagic-benthic coupling, 2) canyon and fan processes, 3) seep processes and chemosynthetic biological communities, and 4) seismic studies.

2.1 Focus: Upper/Mid-Water Column & Pelagic-Benthic Coupling

2.1.1. Science Drivers:

Pelagic-benthic coupling is an important topic for this focus and refers to the downward vertical flux of organic matter from the upper water column by processes including sinking, subduction (advection), and mixing.  This can be distinguished from lateral/vertical fluxes that occur along the continental slope and through Monterey Canyon (section 2.2).  The relative importance of these transports is spatially and temporally variable, and the MOOS mooring and benthic nodes will be arranged to study both transport pathways.  For MSE design, it will be critical to understand location-specific horizontal scales of lateral flux from the canyon relative to the separation distance possible between benthic nodes, i.e. to compare regions experiencing different flux processes.  Cruise efforts during 2002 include sampling around Shepard Meander to study these scales (section 2.2).
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Dynamics and ecology of the coastal transition zone, where coastal upwelled waters merge with the California Current, form a second important research area.  For this research it is essential that the mooring be outside the zone of recently upwelled waters for a significant portion of the deployment so that the ebb and flow of the transition zone in response to changes in wind forcing and circulation can be studied.  Defining the structure of this transition zone is thus central to considering mooring location, and we can consider in situ and satellite observations for this purpose.  MBARI pCO2 data (Figure 2) indicate a stepped nature to the CTZ, with very sharp fronts at the seaward limits of recently upwelled water typically ~30-70 km offshore, and a second transition ~100-200 km offshore coincident with the core of the California Current. Analysis of dynamic height off Monterey Bay (C. Collins, NPS) show the core of the California Current varying on an annual basis between ~100 and 200 km offshore.  A seasonal climatology of satellite-based surface chlorophyll estimates (Figure 3) also shows that placing the mooring ~105 km from shore (Figure 1) will place the MOOS mooring outside the zone of recently upwelled water and within the greater California Current for a sufficient period of the annual cycle.
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Figure 3.  Seasonal SeaWiFS chlorophyll concentrations based on 4 years of observations.  The 1 mg m-3 isopleth is contoured in black.  The circle in each map is centered on the chosen MSE location, 105 km offshore.  Note the seasonal ebb and flow through the MSE location.

Science questions:

1.  What is the magnitude of vertical flux from the pelagic to the benthic environment and how does it depend upon zone (recently upwelled water shoreward of the first transition versus “aged” upwelled water between the first and second transition)?

2. Is vertical transport of phytoplankton enhanced in the frontal zones through subduction and mixing?  Do frontal processes influence flux to the seafloor or just re-distribute plankton within the upper water column?  If frontal processes do enhance flux to the seafloor, how do these fluxes compare with integrated fluxes over larger non-frontal regions?

3. How do plankton assemblages differ between different zones and how do different assemblages influence export of biomass from the upper water column to the seafloor?

4. How does the phytoplankton species composition within a zone respond to changes in the physical forcing and environment?

2.1.2. New Technology and Capabilities:
Combination of RIN and BIN will be essential to studying major flux processes from a single mooring.  This operational scenario depends on studies later this year regarding carbon source gradients near the canyon (section 2.2).

Connectivity to mooring instrumentation leveraging ISI and SSDS developments would be used to activate or modify the sampling characteristics of instrumentation (ESP) and possibly platforms (single-profile float release) and identify critical periods for more intensive sampling from ship.  The mooring would act as a 2-D (1-D spatial and temporal) survey of evolving conditions in different zones and through fronts between the zones.  The combination of mooring and satellite data may be used to characterize the upper water column location of the transition zones and their movement for informed deployment of additional sampling resources.

For upper water column studies, vertical profiling will advance understanding of the physical and biological environment of different zones and coupled responses of the upper ocean to changes in wind forcing and ocean currents within transition and frontal zones.  Fine-scale structure including plankton layer phenomena and processes will be explored.  Goals for profiling the deep water column are described in section 2.2.

2.1.3. Mooring System Instrumentation:

A core suite of meteorological and upper water column measurements are essential, including [meteorological] wind velocity, relative humidity, air temperature, barometric pressure, light, [upper water column] water velocity, temperature, salinity, fluorescence and light.  This MSE seeks to take advantage of the greater instrument hosting capability enabled by NMC and ISI.  Goals for augmented mooring-based measurements are broadly described for each science focus.  Instrumentation will be prioritized as constraints on hardware, software and power are developed further.  Measurement goals include:

Upper/mid water column:

· Autonomous microbial sampling: ESP. Sampling modes may include daily autonomous samples, shore-based activation of samples, and sample archival (for more thorough shore-based analyses).  Remote control of ESP based on environmental information coming from the observatory would demonstrate responsive application of observing assets having finite sampling capacity and would test integrated ISI and SSDS capabilities.  Microbial surveys in different oceanographic regimes that flow past the mooring would demonstrate advances in the science possible through MOOS and perhaps reduced reliance upon research vessels.  Required hardware developments are the next generation ESP and a pressure-control sampling mechanism, developments to proceed under external grants (see section 2.1.5).  Required software development is integration with ISI capabilities; the ESP will be a smart instrument with standards including TCP/IP.  It is anticipated that this system will be operational for short-term (~1 month) deployments by summer 2004.  Integration with the MOOS mooring will require a separate cage with shock-cord type mount to minimize heave effects of the upper water column.

· Bioluminescence: existing bathyphotometer as part of coastal network (see section 2.1.5)

· Nitrate: ISUS, first or later generation instruments expected to be available

· Particle scattering, particle size distribution: off-the-shelf instrumentation – Options include HOBI HS-2 Wet Labs ECO, Sequoia LISST-100; optical shutter development required to minimize biofouling.

· pCO2: existing MBARI-developed instrumentation

· Phytoplankton photo-efficiency: off-the-shelf instrument – FRR fluorometer; optical shutter development required.

Mid-Deep Water

· Camera on the bottom: imaging the seafloor to identify deposition events and monitor benthic experiment sites.  The setup would include an off-the-shelf camera (Cool Pix) with the pressure housing already designed for ROV use of this camera.

· Sediment traps in the mid-water, near bottom above the nepheloid layer, and at the bottom: sedimentation rates and variability.  Although the sediment traps may be off-the-shelf, Jim Barry has an interest in adapting fluorescence measurement of sediment samples in situ if this measurement can be used to infer properties of the material (e.g. kelp-origin material in canyon fluxes).

2.1.4. Other platforms and supporting infrastructure
Upper water column sampling from ship would be used to survey the region around the mooring, including different water masses and zones.  Resolution of 3-D structure in frontal zones would be achieved using towed undulating systems and/or AUVs.  The important time period for surveys include the spring transition to upwelling through the fall transition to the oceanic season; multiple cruises are requested to survey during different seasons.  Benthic and pelagic sampling needs may require multiple ship operations.  Being ~100 km from shore imposes constraints on serviceability.  The Zephyr should be considered capable of this role; the primary limitation is sea state, being able to stand on the mooring and service it.

2.1.5.  Other programs and collaborations

The ESP team is funded by NOPP to develop the next generation ESP; funding begins October 2002.  Ed Delong is funded to develop a pressure-control sampling mechanism for ESP.  This is essential for ESP deployments in the upper water column and deep-sea (section 2.3).

Steve Haddock is involved in a DURIP funded project to augment instrumentation in a monitoring network along the west coast.  Bioluminescence sensing will be part of the monitoring network, thus bioluminescence observations from the mooring off Monterey Bay will have a larger-scale context from the network.

2.2 Focus: Canyon & Fan Processes

2.2.1 Science Drivers

Material Transport from Monterey Canyon to the Monterey Fan

Monterey Canyon is the largest submarine canyon incising the continental margin of western North America, and undoubtedly plays a large role in the transport of sediment and carbon from inshore habitats to the abyssal plain.  While its role in material transport is certain, we know little about the rates, variability, and processes dominating material transport, or the influence of lateral carbon transport on the biology and ecology of the canyon ecosystem.  Long-term observations of sediment transport and biological response are required to capture chronic low-volume transport processes and episodic events.  The relative importance of these modes of material transport remains unclear both in terms of the geomorphology of the canyon and their effects on its biology and ecology.  

Geological Background

The occurrence of huge volumes of material derived from the continent within deep-sea fans that emanate from the mouth of Monterey Canyons attest to the scale of sediment transport (Shepard, 1981; Normark and Gutmacher, 1988). Deep-sea fan deposits include thick sands and other coarse material that require high-energy transport events (Piper and Normark, 2001).  Although it is clear that submarine canyons are sediment conduits connecting terrestrial sources with deep-sea fan deposits, we know little about the periodicity of the sediment transport through canyon systems.  The stratigraphy of known deep-sea fans suggests that most of the sand that ultimately leaves submarine canyon systems occur in graded turbidite layers.  The frequency of these thick sand layers suggests that major gravity flow events transport significant volumes of sand through submarine canyon systems onto the fan with recurrence intervals that range from one hundred to several thousand years (Howell and Normark, 1982; Goldfinger et al., 1999).  However, the fine sediments that accumulated in between the periodic sand horizons are volumetrically more important and contain appreciable amounts of organic mater.  Less is known about how this material arrives onto the fan.

Biology Background

Coupling of deep-sea benthic biological processes with primary production in the euphotic zone is complex near continental margins where lateral down-slope or down-canyon carbon transport augments the vertical sinking flux of material.  Jahnke et al. (1987) showed that carbon utilization by benthic fauna near the continental margin is approximately 3 times higher than the sinking flux of carbon measured from overlying waters, suggesting that material transported laterally must be fueling benthic processes.  Smith et al (1992) found that the temporal scale of flux measurements confuses such measures, but also indicated a significant contribution of down-slope carbon.

Submarine canyons may act as rapid conduits for carbon transport to the deep-sea, but few measurements have been made concerning either carbon transport or associated faunal responses.  Harrold et al. (1998) estimated that drift kelp contributes 20 to 83% of the total particulate organic carbon reaching the sea floor in Carmel Canyon.  Okey (1997) documented shifts in shallow benthic communities associated with the seasonal flushing or organic debris from the mouth of Monterey Canyon, showing that turbidity flows resulted in disruption of the benthic community and persisted in a state of recovery and recolonization between flushing events.  Vetter and Dayton (1998) found higher species diversity and higher biomass of benthic megafauna and macrofauna to depths of 700 m within submarine canyons off southern California, compared to similar depths on the continental slope.

Because of its size and position, Monterey Canyon is a useful model system for studies of the role of submarine canyons on material transport and carbon cycling along continental margins.  The flux of organic material through Monterey Canyon may be very high and account for a large fraction of the organic carbon budget on its fan and the adjacent abyssal plain.  

Material Fluxes in lower Monterey Canyon:

Installation of a MOOS mooring in the lower canyon at the Shepard Meander (Figure 1) will allow comparison of 2 or perhaps 3 classes of sites, including “canyon-axis”, “non-canyon”, and perhaps “canyon-influenced” locations.  Although the most robust comparison would include Monterey Canyon axis, Monterey Fan, and a distant site not influenced by canyon transport processes, the distances between ideal locations precludes their comparison with a single MOOS mooring.  The Shepard Meander region is effectively at the mouth of Monterey Canyon where the channel is opening onto Monterey Fan, and is an excellent choice considering the benthic processes of interest and logistic constraints. Due to the low frequency of major canyon transport events (> 100 years), this experiment will focus on establishing ambient conditions and relating these to events detected at shallow depths in upper Monterey Canyon.  

Material transport is expected to be most active in the main axis of Monterey Canyon.  Depending upon seafloor topography, adjacent sites may receive some spillover during transport events that would fuel the productivity of benthic communities by enhanced carbon deposition.  A site not influenced by the canyon is also available adjacent to Shepard Meander above its 300 m high western sidewall.  Thus, the Shepard Meander offers opportunities for comparison of nearby sites expected to have vastly differing levels of erosion and carbon flux.

Our principal hypothesis is that the primary supply of carbon to benthic organisms in lower Monterey Canyon is via lateral injection of organic material rather than vertical settling of surface derived carbon.  Physical processes (current speeds, variability, deep-water profiling), material fluxes (sediment traps, optical sensors, acoustic sensors), and faunal patterns (ROV surveys, remote digital cameras), and rates (sediment community oxygen consumption, faunal behavior, elemental fluxes), will be measured at each location, allowing comparison of sites expected to be dominated by chronic (erosive?) lateral transport processes (canyon-axis), lateral depositional episodes (canyon-influenced) and vertical flux (non-canyon).  We assume that lateral carbon flux near, but outside Shepard Meander, is minimal, but we are planning studies for later this year to assess the carbon sources at the proposed sites.  Techniques to distinguish material dominating vertical carbon flux from the principal lateral flux components (e.g. kelps) will include analyses of pigments, carbon isotopes, fluorescence, and biotracers found in sediments.  

Science questions:

1. What is the magnitude and variability of particulate organic carbon flux (POC) in lower Monterey Canyon?

a. How does the POC flux vary over time and space (compare with upper canyon?)?

b. What is the relative contribution of lateral and vertical transport of POC to the total flux?

c. What are the major sources of down-canyon POC flux?

2. What is the response of the bentho-pelagic and benthic faunal communities to POC fluxes in lower Monterey Canyon?

a. How do the composition, complexity, and productivity of benthic communities vary with respect to the Monterey Canyon carbon flux?

i. Canyon axis – location of active material flux.

ii. Canyon-influenced – receives some material flux, but not part of the main Monterey Canyon transport channel

iii. Non-Canyon site – not influenced by Monterey Canyon material flux

2.2.2 New Technology and Capabilities:
Connectivity to instrumentation on benthic nodes would be used to both see data from deep deployment sites and perhaps control benthic sample collection based on the data returned to shore.  Additionally.

Cable laying with Tiburon (depths greater than 1800 m), if possible, would employ capabilities developed for a previous MOOS Science Experiment / existing MBARI Project (Canyon Dynamics).

Combination of BIN and RIN(s) would be essential to studying lateral and vertical fluxes from a single mooring.  

In the canyon, where particle transport may extend tens to <300 m above bottom, deep vertical profiling will be critical to studying lateral fluxes through combining particle concentration measurements from a profiling platform and velocity measurements from a RIN ADCP.

2.2.3 Mooring System Instrumentation

Canyon flux research would employ standard instrument suites for benthic nodes.  It is anticipated that this would include CTD, ADCP, particle sensing, and fluorometry.

Other desired measurements include:

· Deep vertical profiling to study lateral fluxes in and near the canyon.  An off-the-shelf crawler design should support this capability.  Development required for integration with the deep cable and augmenting the instrument suite.

· Digital camera for imaging seafloor and benthic boundary layer: monitor benthic experiment sites, identify deposition events, monitor animal behavior in response to transport events.  This capability is also a goal for studying pelagic-benthic coupling (section 2.1). 

· Benthic respiration chamber with ISUS for benthic faunal studies.

· Flux-characterizing sediment traps.  Jim Barry has an interest in adapting presently-available and new sensors to characterize material as it is collected in sediment traps or on the seafloor.  Sensors may be biooptical, mass spectrometers (in situ mass spectrometer).

2.2.4 Other platforms and supporting infrastructure
Charlie has indicated winter to be the most interesting season.  Presumably this would motivate additional ship-based sampling of the mooring region during winter.  Location of a benthic node in the Shepard Meander may allow studies of chemosynthetic biological communities (CBCs; section 2.3).  There are reports in the literature of CBCs in this region, and an appropriate site may be discovered during exploratory cruises in 2002-2003.

2.3 Focus: Seep Processes & Chemosynthetic Biological Communities
2.3.1. Science Drivers:

Chemical, biological and physical processes are of interest in this research area.  The Canyon Dynamics project recently found a seep and CBC appropriate to study both for its depositional sedimentary nature and its scale, i.e. it would support science without being destroyed by it.  This is the primary consideration for possible seep studies.  Between now and the time benthic node arrangement must be finalized for this MSE, it is possible that a CBC site having appropriate characteristics will be found near the Shepard Meander MSE location and allow for seep studies.

Science Questions:

1. What are the spatial and temporal scales of variability in the conditions around seeps and the chemical fluxes from seeps?

2. What are the spatial and temporal dependencies of the microbial community and biogeochemistry in both the sediments and the water column?

3. What are the local circulation characteristics; how variable is the local circulation; how does local circulation relate to the topography and the background flow patterns; and how do these circulation patterns influence reproductive ecology and dispersal of seep species?

4. How does spatial and temporal variation in sulfide and other bioreactive compounds affect the recruitment, growth, survival, and productivity of seep organisms?

2.3.2 New Technology and Capabilities:
Studying the variability at a seep and the distinction of its chemical and dynamical environment from the adjacent seafloor requires instrumented benthic nodes within and outside the seep.  Determination of the distance between BIN and RIN would have to be determined based on the science drivers and interconnect distance capabilities.

Daily measurements relayed to shore would serve important scientific purposes while testing connectivity and event response that may be autonomous or human-aided: 1) Threshold levels/duration of chemical changes could be used to increase sampling rates of instruments.  2) A peak in the particle size distribution in the size range of eggs or sperm could be used to modify the activity of a deep ESP instrument.  Daily measurements may be time series or statistics.

Profiling hydrography or chemistry of the deep water column is not a goal of this group for MSE 2003/4 because the basic questions of variability have yet to be answered before justifying the need for profiling.  Current profiles from ADCP are assumed to be part of the standard instrumentation for the benthic node so that circulation can be studied.

2.3.3 Mooring System Instrumentation:
This research would employ standard instrument suites for benthic nodes.  It is anticipated that this would include CTD, ADCP and some particle or turbidity sensing.

Additional measurement goals:

· Sulfide from a deep ISUS; instrument development required.  At least two ISUS sulfide sensors would be deployed at the seep site.  Possible operational scenarios include: 1) measure cm above the bottom if flow is sufficiently vigorous to detect sulfide in the water column, 2) measure within the sediments by either modifying the sensor head or pumping water out of a peeper in which the water is allowed to equilibrate prior to each sample, and 3) placing an ISUS in a benthic chamber.

· Microbial sampling using a deep ESP.  This is parallel with the goal for upper water column studies; scenarios are described in the previous section.  External funding of deep ESP development is described in section 2.1.5.

· Particle concentrations and size distribution: Deep-rated LISST-100 to obtain particle size distribution and quantify concentrations of particles in the sperm and egg size classes for event response scenarios.  Off-the shelf.

· Seep site images: camera system as described for previous science focus areas.

· Optrode array: Off-the-shelf; other micro-electrodes would require development.

2.3.4 Other platforms and supporting infrastructure
Sampling of seep organisms to determine growth rates and possibly deep-water samples would be valuable.  Jim Barry is also interested in non-seep benthic processes for comparative studies, and these are described in section 2.2.

2.4 Focus: Seismic Studies
Inclusion of seismic studies in this MSE may be possible if RIN(s) can be placed on a flat region outside the canyon.  Although the chosen MSE location (Figure 1) does not permit seismic studies originally outlined for the region of the San Gregorio Fault, science and testing of new MOOS capabilities could be carried out with seismic studies in the chosen MSE region.

2.4.1 New Technology and Capabilities:
Connectivity: The value of the seismic data would be increased if it could be accessed and downloaded immediately following a significant event.  Although a broadband seismic sensor would be most appropriate for the far offshore site, the shortperiod sensor shares a common data logger and can thus be used to investigate the data download issues.

Networked Nodes: This could be our first attempt to not only network a pair of seismometers on different RINS but also to integrate the data from the physical sensors.

2.4.2 Mooring System Instrumentation:

· Two short-period seismometer with differential pressure gauge and/or hydrophone.  These would be on different RINs connected by cable to a BIN

· CTD, backscatter sensor, and current meter on RINs

2.4.3 Other programs and collaborations

An effort funded by the Keck Foundation will allow redesign of the broadband sensor housing to a 3000m rating. There may also be a broadband sensor available for use on this project to replace one of the shortperiod instruments.

Figure 2.  MBARI surface pCO2 data off Monterey Bay.








