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Satellite-measured Seasonal and Inter-annual Chlorophyll Variability in the Northeast Pacific and Coastal Gulf of Alaska
Peter Brickley and A.C. Thomas (School of Marine Science, University of Maine, Orono, Maine)

Four years (September 1997 – August 2001) of SeaWiFS ocean color satellite data are used to present the first synoptic quantification of chlorophyll variability on seasonal and interannual timescales over the northeast Pacific and coastal Gulf of Alaska.  Low light levels and/or cloud during November-January prevent examination of winter patterns. The climatological seasonal patterns show shelf-intensified chlorophyll (by a factor of 3 or more) around the entire basin, extending up to 300km beyond the shelfbreak along the eastern margin and south of Kodiak Island, with peaks in May and again but weaker in August-September. Over the central basin, concentrations are minimum in February (< 0.4 mg m-3), have no spring peak and increase steadily over the season to a maximum (~0.7 mg m-3) in September-October.  The dominant mode (27% of total variance) of an empirical orthogonal function (EOF) decomposition of the monthly image time series shows interannual variability is strongest during the spring peak around the periphery of the basin with minima in 1998 and 2001. The second and third modes (8 and 7%) capture additional spring interannual variability in patterns strongly related to the shelfbreak west of Kayak Island (144oW) and in more diffuse mesoscale patterns in the eastern GOA.  Cross-shelf chlorophyll variability (0-400 km offshore) at three locations contrasts strong seasonality and spring bloom development offshore, over the shelf break, in the western GOA (off Seward) with weaker seasonality originating over the shelf off the Queen Charlotte Islands. The shelf between Prince William Sound and Kodiak Island consistently develops a spring along-shelf gradient in chlorophyll, maximum over the western end of the shelf.  Comparisons to wind and surface temperature anomalies suggest that interannual differences in the strength of the spring bloom are more strongly related to wind forcing the previous winter than temperature anomalies associated with the 1997/98 El Nino.

===============================================
Name: William Crawford

Address: Fisheries and Oceans Canada, Institute of Ocean Sciences, P.O. Box 6000, Sidney, British Columbia, Canada, V8L 4B2

Phone: (250

FAX: 

Email: crawfordb@pac.dfo-mpo.gc.ca

Is this a student presentation?: No
The influence of coastal origin eddies on oceanic plankton distributions in the eastern Gulf of Alaska.
Sonia Batten (Sir Alister Hardy Foundation for Ocean Science, 

The Laboratory, Citadel Hill, Plymouth, UK), William Crawford (Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, British Columbia)
Mesoscale anticyclonic eddies that form along the eastern continental margin of the Gulf of Alaska in winter transport large quantities of coastal water to the open ocean. The Continuous Plankton Recorder (CPR) sampled repeated transects that passed close to, or through these eddies in 2000 and 2001.  Neritic and shelf species of diatoms and calanoid copepods were recorded on CPR samples within, or in close proximity to eddies, and they persisted through the sampling period. Several oceanic taxa also showed an association with the eddies. Significantly reduced occurrences of shelf taxa on oceanic samples were seen in 2001 which coincided with a weaker eddy than observed in 2000. 

Images of ocean temperature and chlorophyll-a, prepared from satellite observations, reveal changes in offshore transport mechanisms by eddies between winter and spring, and between southern and northern eddies in this region. These effects may explain some of the seasonal and geographical  variability in the CPR samples.
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High frequency sampling of invertebrate settlement and nearshore coastal circulation near Santa Barbara, California

Cynthia Cudaback, Libe Washburn, Jennifer Caselle, Carol Blanchett, Brian Gaylord (all at University of California, Santa Barbara)

We conducted an experiment at the northern end of the Southern California Bight to examine the relationship between invertebrate settlement and near shore transport processes. We hypothesized that settlement would occur in pulses which would correlate with identifiable transport processes such as the internal tide, local upwelling, and along shore advection. Our approach was to obtain frequently-sampled time series of settlement of several invertebrate species while measuring nearshore currents and water mass variability.  From June through December 2001 near Ellwood, California, we deployed and retrieved racks with settlement substrates (tuffies and plates) every other day.  Profiles of currents were measured offshore in 15 m and 30 m water depths using acoustic Doppler current profilers (ADCP's). Additional current data come from a near shore array of ADCP's along the 15 m isobath and an array of high frequency radars that observed surface currents farther offshore.  Thermistor moorings extending offshore were deployed to determine the propagation characteristics of internal motions on the inner shelf.  Conductivity-temperature pairs on three moorings recorded water mass variations.  Preliminary analysis reveals that several species settled on the substrates including bivalves, gastropods, crabs and barnacles.  Settlement rates were generally low, but occasional strong pulses occurred. Gastropod settlement showed pulses at roughly monthly intervals, which appear to be weakly correlated with strong diurnal temperature variations associated with internal tides. Analysis is continuing to determine whether other transport processes might account for the observed settlement.
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Comparison of physical-biological models of the California Current System and the Coastal Gulf of Alaska.

Elizabeth L Dobbins (JISAO, University of Washington, Seattle, WA), Craig V. W. Lewis (University of California, Berkeley, CA), Sarah Hinckley (Alaska Fisheries Science Center, NOAA, Seattle, WA), Albert J. Hermann (JISAO, University of Washington, Seattle, WA)

The California Current System (CCS) and the Coastal Gulf of Alaska (CGOA) are both regions of high biological productivity.  While the dynamics governing the CCS's upwelling system are fairly well understood, the reasons for high productivity on the CGOA's downwelling shelf are more mysterious.  Two biological models, each embedded within the Regional Ocean Modeling System (ROMS), are being used to investigate the differences between these systems; the Fasham model is used for the CCS, but for the CGOA, a specialized, 10-compartment model, called GLNPZ, has been developed and tuned to conditions in the Gulf.  In order to compare the biological models, independent from the different physical conditions of the regions, a pseudo 1-D test case of ROMS was developed to run with both.  We compare the biological results produced by several implementations of this test case.
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Productivity performance of the west upwelling region off Bodega Bay, CA:comparison with other well-studied coastal upwelling systems
Richard C.Dugdale, Frances Wilkerson, Victoria Hogue, Al Marchi and Adria Lassiter (all Romberg Tiburon Center, San Francisco State University, Tiburon CA)
The incorporation of upwelled nutrients into phytoplankton by new production offers a means to compare the relative performance of upwelling regions in converting available nitrogen to biomass. The shift-up model of upwelling new production has been used to compare the maximum productivity rates and biomass accumulation of a set of well-studied coastal upwelling systems. The model predicts maximum phytoplankton growth rates as a function of maximum NO3 concentration and maximum chlorophyll concentration is also a function of maximum NO3 concentration. Another prediction of the model is that the time required to exhaust the upwelled NO3 decreases as the concentration of upwelled NO3 increases. The CoOP WEST cruises in spring/summer 2000, 2001 and 2002 allow a comparison of different upwelling nutrient conditions within a single system and to other previously studied systems. Predictions of the time required to deplete the upwelled nutrients can be combined with physical observations to compare with observed distributions of nutrient uptake and phytoplankton biomass.
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Pressure and its role in the circulation of the Santa Barbara Channel and Santa Maria Basin

Chad English, Clinton Winant (Scripps Institution of Oceanography, La Jolla, CA)


The eight-year time series of physical observations in the Santa Barbara Channel and Santa Maria Basin provide the opportunity to describe and understand coastal circulation.  

Coastal circulation is understood to be driven by a combination of wind forcing and pressure gradients.  Others have analyzed the local wind stress field in the Santa Barbara Channel and Santa Maria Basin and the mechanics of wind forcing are now well in hand; I have assumed the task of describing and understanding pressure and sea level.  I can use this description along with our understanding of local wind forcing to investigate the response of the coastal system, particularly sea level, pressure gradients and circulation.

The data sets include sea level (SL) at four shore stations, bottom pressure (BP) and temperature at 15 moorings.  Baroclinic pressure (BCP) is calculated from the temperature fields.  I will present a comparison of Sea Level Pressure (SLP) calculated from SL and temperature measurements, and Sub Surface Pressure (SSP) calculated from BP and BCP measurements. 
An examination of the response of the pressures and pressure gradients to wind stress will be presented.  Two distinct regimes, upwelling and downwelling, appear to respond very differently to this forcing.  
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Shelf Penetration of California Undercurrent Waters in the CoOP-WEST Study Region at Bodega, CA
Toby Garfield (SFSU), Regan Long, Dwight Peterson, and John Largier
The CoOP WEST (Wind Events and Shelf Transport) program is a process oriented study of the wind driven upwelling and response by the biota. The study site off Bodega, CA is located over a narrow shelf which allows transport of oceanic water into the upwelling region.  The California Undercurrent is a persistent subsurface current with maximum northward speed found at around 100-150 m depth that transports tropical and subtropical waters northward along the continental margin. One objective addressed by CoOP-WEST is the role that these waters transported from the south may have in the upwelling system.

In order to sample the California Undercurrent, the CoOP-WEST survey region extends over the continental shelf and slope. Current and hydrographic measurements at the offshore end of the survey lines are designed to sample into the California Undercurrent. The shipboard ADCP data are used to locate the core of the California Undercurrent. The two hydrographic data sets, the hydrocast station data and the underway Scanfish data, are then used to map the extent of the California Undercurrent water up onto the shelf. The extent and variability of California Undercurrent water on the continental shelf, as observed during the first four survey cruises on the R/V Point Sur, are presented.
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Ecological zonation of zooplankton in the COAST study region off central Oregon in June and August 2001

Jesse Lamb, Bill Peterson (both at Cooperative Institute for Marine Resource Studies, Hatfield Marine Science Center, Newport, OR)

Zooplankton was sampled during the June and August 2001 COAST cruises with a ½ m diameter 200 µm mesh net towed vertically from 100 m to the surface, and with a MOCNESS fitted with 150 µm nets.  Analysis of plankton samples using clustering and ordination techniques has shown three zooplankton community types: inner shelf, mid/outer shelf, and an offshore oceanic community.  The inner and mid shelf community was dominated by the copepods Pseudocalanus mimus, Centropages abdpominalis and Acartia hudsonica, and by larvae of benthic invertebrates.  The mid/outshelf community was dominated by the copepods P.  mimus, A. longiremis and Calanus marshallae and the euphausiid Thysanoessa spinifera.  The offshore oceanic community was characterized by P. mimus, A. longiremis, Eucalanus californicus, Metridia pacifica and the euphausiid Euphausia pacifica.   The community types are separated by the nearshore upwelling front; the outer-shelf and oceanic community are separated by physical interaction between coastal currents and the offshore boundary current.  Copepod biomass was highest in the southern part of the study area, on Hecate Bank, known to have higher retention rates of water.  Vertical distribution of copepods and euphausiids in MOCNESS samples is being studied to understand better how zooplankton are retained/lost from coastal upwelling systems and to provide information on sizes of these animals as an aid in calibration of acoustics data collected concurrently by Steve Pierce.
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A multi-sensor approach to measuring size-specific sediment transport in bottom boundary layers

Orton, P.M., Jay, D.A., Wilson, D.J. (Oregon Graduate Institute, Oregon Health & Science University, Beaverton, OR)

We present a new sediment transport measurement technique designed to take advantage of the differing backscatter responses of optic and/or acoustic instruments of multiple frequencies. While the technique is generally useful for observations in marine and riverine bottom boundary layers, it is particularly well-adapted to the difficult sampling conditions of energetic river estuaries where strong currents and ship traffic limit sampling opportunities. We have used the Fraser River in British Columbia as a test system. During high-flow conditions, the Fraser transports a wide range of sediment sizes from clay to gravel. A variable percentage of the fine material is aggregated into flocs. After making shipboard optic and acoustic backscatter measurements of suspended particulate matter (SPM), we use: (a) bulk SPM calibrations, (b) a simple model-based decomposition to break down SPM data into several settling velocity classes, and (c) a final bulk SPM calibration to account for the sediment size biases of each instrument. We focus on the simplest case, unstratified conditions when the river has fully washed salt from the estuary, and the degree of aggregation is low. These "zero length estuary" periods are of significant geological interest, as they are the primary periods of sand export to the Fraser delta. Export rates of several sediment types will be presented, with a detailed model-calibration sensitivity analysis, and comparisons to pumped concentration data, Owen tube and Coulter counter results, and in-situ laser particle-size measurements.
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Microstructure Measurements from a Towed Undulating Platform and Their Relationship to Mesoscale Circulation

Michael W. Ott, Anatoli Y. Erofeev, Jack A. Barth (all at College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, OR)
The recently-developed MicroSoar, a microstructure instrument on a towed, undulating platform, allows for a more rapid survey of the distribution and magnitude of turbulence over a larger area than conventional free-falling profilers.  This ability will greatly aid the effort to understand the interplay between wind events, turbulence, and mesoscale circulation.  As part of the Coastal Ocean Advances in Shelf Transport (COAST) experiment, MicroSoar obtained widespread measurements of the turbulence field off the Oregon coast during both upwelling and downwelling conditions.  This has provided a picture of the turbulence, as measured by temperature variance dissipation rates ($\chi$) and overturning (Thorpe) scales, relative to both the bottom topography and the jets associated with wind events.
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Factors contributing to the island mass effect of the Galápagos Archipelago

Daniel M. Palacios (College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, OR)

Disturbance to equatorial flows by the Galápagos Archipelago results in the familiar "island mass effect" (IME) of enhanced phytoplankton populations and biological productivity around the islands. The IME is evident in ocean color satellite imagery, some times as dramatic plumes of high chlorophyll concentration (chl) in the wake of the islands. Water-column factors contributing to this effect were investigated using climatolgical data from the World Ocean Atlas 1998. Seven variables were derived describing the thermocline, the pycnocline, the deep chlorphyll maximum (DCM), and the availability of nitrate at the surface. A principal component analysis (PCA) of the normalized and standardized variables was performed to rank their relative importance and to describe their spatial patterns of co-variability. The first two principal components (PC) explained 94.6% of the variability. The first PC (64.9%) was dominated by the inverse relationship between depth of the thermocline and chl at the DCM, while the second PC (29.8%) contrasted surface nitrate with strength of the pycnocline. Spatially, the first PC represents the effect of the perturbation by the Galápagos on the Equatorial Undercurrent, while the second PC illustrates a regional NE-SW stratification gradient that influences nutrient availability at the surface. It is surmised that the first PC will have a stronger influence on the Galápagos IME, and this is currently being tested with regression analyses of SeaWiFS-derived chl onto the original variables as well as onto the results of the PCA.
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STRATOGEM - the Strait of Georgia Ecosystem Project

R. Pawlowicz (Dept. of Earth and Ocean Sciences, University of British Columbia), S. Allen (UBC),  J. Dower (School of Earth and Ocean Sciences, University of Victoria),  R. Lee (UBC)

Strait of Georgia is a highly productive, semi-enclosed, marine ecosystem that has undergone considerable changes in recent years. 
   Surrounding populations and their sewage have increased, as have commercial (e.g. fishing and shipping) and recreational usages (e.g. boating and sport-fishing). There have also been significant changes in the marine ecosystem of the Strait of Georgia. Increased occurrences of red tides and high fecal coliform counts have led to more frequent shellfish harvesting closures and raised concerns in the aquaculture industry. The life cycles of Plankton, the food for fish, have also changed, with key species now arriving at least a month earlier than they did historically. STRATOGEM is an attempt to understand the links between the lowest levels of biological productivity in this Strait with the physical dynamics of the system. By tying together a 3 year monitoring program with computer models of the circulation and biological dynamics we hope to come up with some idea as to why some of these changes are occurring.
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Retention of copepods in upwelling zones -- revisited

Bill Peterson (National Marine Fisheries Service, Hatfield Marine Science Center, Newport, OR)

Descriptions of how planktonic organisms might be retained in coastal upwelling zones require three pieces of information: (1) distribution and abundance of each life cycle at multiple depths vertically and multiple stations cross shelf, (2) data on time spent in each developmental stage, and (3) a description of water circulation patterns in x, y and z dimensions.  Data will be presented on vertical distribution of nauplii, copepodite and adult stages of the copepod species, Calanus marshallae and Pseudocalanus mimus, collected during the COAST cruises as a case study of how copepods may be retained in the upwelling zone off Oregon.  We will revisit, update and revise some of the results in Peterson et al. (1979, Deep-Sea Res 26:467-494).  Initial efforts show that in the 2-D case, retention is more likely if individuals either minimize time spent in the wind-driven Ekman layer or avoid it all together, and maximize residence time below the thermocline.  Such behaviour can present a problem because zooplankton must spend some time in the upper mixed layer feeding as this is where the phytoplankton are most abundant.  Using realistic budgets of time spent in each of the two layers, in the 2-D case, offshore transport is probably on the order of 0.5 km per day, perhaps less.  The 3D case could also be problematic because alongshore transport occurs at far higher rates, order of 20 km per day.  Therefore over a life cycle time of 40 days from egg to adult, an individual Calanus could be transported only 20 km offshore but 600 km alongshore.  This result highlights the importance of areas of high retention such as Hecate Bank and areas of probable loss, such as the Cape Blanco region, for copepod life cycle closure.

===============================================

Name: Mark Pickett

Address: NOAA/PFEL

1352 Lighthouse Ave

Pacific Grove, CA  93950

Phone: 831-648-0426

FAX: 831-648-8440

Email: mpickett@pfeg.noaa.gov

Is this a student presentation?: Yes
QuikSCAT Satellite Comparisons with Near-Shore Buoy Wind Data off the US West Coast

Mark H. Pickett (NOAA/Pacific Fisheries Environmental Laboratory), Wenqing Tang (NASA/Jet Propulsion Laboratory), Leslie K. Rosenfeld (Naval Postgraduate School), Carlyle H. Wash (Naval Postgraduate School)

To determine the accuracy of near-shore QuikSCAT satellite derived winds, we compared wind observations from three of the satellite’s multiple data sets (scientifically-processed swath, gridded near-real-time, and gridded science) to 12 near-shore and three offshore US west coast buoys. We used satellite observations from August 1999 to December 2000 that were within 25 km and 30 minutes of each buoy. Our comparisons showed that satellite-buoy differences near shore were larger than those offshore for all three data sets. Editing satellite data by discarding observations recorded in rain and those with wind speeds less than 6 m/s, improved the relative accuracy of all three data sets. After editing, the RMS differences (satellite minus buoy) for the 12 near-shore buoys were 1.3 m/s and 26 degrees for swath data, 3.2 m/s and 45 degrees for gridded near-real-time data, and 3.1 m/s and 41 degrees for gridded science data. The RMS differences for the three offshore buoys were 1.0 m/s and 15 degrees for swath data, 2.7 m/s and 42 degrees for gridded near-real-time data, and 2.5 m/s and 41 degrees for gridded science data. Although the satellite’s wind observations near shore do not match buoy observations as closely as those offshore, we believe that QuikSCAT swath wind data are sufficiently accurate for many near-shore studies.
===============================================

Name: Emily Pidgeon

Address: Integrative Oceanography Division  0209

Scripps Institution of Oceanography

University of California, San Diego

9500 Gilman Dr

La Jolla, CA 92093-0209           

Phone: (858) 822 3304

FAX: (858) 534 0300

Email: emily@coast.ucsd.edu

Is this a student presentation?: No
Vertical structure in the central California diurnal-band internal wave field.

Emily Pidgeon, Clint Winant (Scripps Institution of Oceanography, La Jolla, CA)

The structure of the diurnal-band internal wave field is described using data from the extensive Santa Barbara Channel-Santa Maria Basin (SBCSMB) data set. The SBCSMB data consists of 10 years of high resolution temperature, velocity and pressure data taken from moorings in the Santa Barbara Channel and on the continental shelf, north of Point Conception. Despite the sub-inertial geographical location, the energetics of the diurnal band fluctuations observed in the area are commensurate with the semi-diurnal fluctuations. 

We interpret the observed diurnal band fluctuations as locally generated and non-propagating internal structures. Eigenfunction decomposition of the diurnal band fluctuations indicates that three or fewer vertical modes account for greater than 90% of the variance in the diurnal temperature fluctuations at all mooring locations. These modes strongly resemble the theoretical internal wave modes at the diurnal frequency. Annual cycles in the amplitude of the internal modes correlate strongly with the annual stratification/ destratification cycle of the water column.  Variations in the internal mode amplitudes are also correlated with the dominant diurnal forcing mechanisms in the region: surface heating, wind stress and tides.
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Mesoscale Bio-acoustic Surveys in the Northern California Current System
S. D. Pierce (COAS, Oregon State University, Corvallis, OR), J. A. Barth (OSU), W. T. Peterson (NOAA/NMFS/NWFSC, Newport, OR), T. J. Cowles (OSU)  and M. Zhou.
During spring and summer 2000, two mesoscale mapping cruises surveyed the northern California Current system from 41.9-44.6N and about 150 km offshore.  Concurrent with the physical and bio-optical measurements made from a towed undulating vehicle (SeaSoar), a multi-frequency (38, 120, 200, and 420 kHz) towed bio-acoustics instrument collected backscatter data.  The bio-acoustics were collected in 12 s ensembles (about 50 m horizontal resolution) and 1 m vertical bins, comparable to the resolution of the SeaSoar measurements, allowing for close evaluation of the physical control of biological distributions on these scales.  The acoustics were sea-truthed using nearby MOCNESS samples.  Predicted scattering was computed for each net sample using body lengths in a randomly-oriented bent cylinder scattering model, a reasonable approximation for both copepods and euphausiids.  Predicted volume backscattering for the MOCNESS samples explained 44% of the variance of the nearby acoustics backscatter, a typical result in this context.  A non-negative least squares inverse method is applied in conjunction with the scattering model, yielding estimates of biomass in four size classes over the entire survey region.   For the spring 2000 case, we also compare our bio-acoustic results with zooplankton measurements made with an Optical Plankton Counter (OPC) mounted on the SeaSoar vehicle.  The overall mean OPC and acoustic zooplankton estimates agree moderately well for the 5-9 mm and 9-17 mm size classes, with biovolumes within factors of two.  For the 1-5 mm size class, the mean OPC value is an order of magnitude larger than the acoustic estimate.  On the other hand, the 1-5 mm bio-acoustic map reveals some mesoscale spatial structure over a submarine bank which the OPC does not show.  The different methods of observing zooplankton will be

discussed in more detail.  Preliminary bio-acoustic results from other years (2001 and 2002) off the Oregon coast will also be shown.
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An Overview of the U.S. Navy's Operational Ocean Circulation and Tide Models
Leslie Rosenfeld, Arlene Guest (Naval Postgraduate School, Monterey, CA).

The U.S. Navy is currently fielding several ocean circulation models on a continuous operational basis, both globally and regionally.  These are used for nowcasts and short-term forecasts of sea level, currents, and water properties.  The current state of Navy ocean circulation and tide nowcasting and forecasting will be reviewed.  This will include an introduction to the model products put out by the Naval Oceanographic Office, and the Fleet Numerical Meteorology and Oceanography Center, as well as output from models that are run locally at regional METOC centers.
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Three-dimensional response of the ecosystem to upwelling off the Oregon Coast

Y. H. Spitz, J. Gan, and J. S. Allen (all at COAS, Oregon Sate University)

Time-dependent, three-dimensional response of the ecosystem to upwelling off the Oregon coast is studied using the Princeton Ocean Model (POM) and a coupled five-component (NNPZD) (Spitz et al., 2002) ecosystem model.  The objective is to investigate the spatial and temporal variability of the ecosystem on the Oregon shelf during the summer 2001. The results show high mean surface phytoplankton values near the coast that extend over Heceta Bank. This spatial distribution is similar to that of cold surface temperature. The standard deviations of phytoplankton are the largest on Heceta Bank where the circulation is the most variable. Vertical sections show that higher standard deviations are found deeper on Heceta Bank than at 45o N and at Newport. This corresponds also to higher standard deviations of nitrate at depth. The maximum mean surface zooplankton is found offshore of the maximum phytoplankton. The low standard deviation found at the maximum of zooplankton indicates that this pattern is a quasi-permanent feature during the 2001 upwelling season. The highest standard deviations of zooplankton are found near the coast and near the 200 m isobath.  A complete description of the relative contribution of physical and biological forcing to the ecosystem response will be presented. 
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Seasonal Development of Mesoscale Circulation Fields Along the Pacific Northwest during 1999-2002

Ted Strub (COAS, Oregon State University, Corvallis, OR), Corinne James (OSU), Andrew Thomas (University of Maine),

Roberto Vanegas (OSU).

Mesoscale mapping surveys of physical and biological fields off Oregon and (sometimes) Northern California have occurred during each of the summers of 1999-2002. We use satellite fields of surface temperature (SST), surface height (SSH) and chlorophyll pigment concentrations to characterize the development of the mesoscale circulation features during each of the summers. Buoy and proxy (CUI) winds provide information of the surface wind forcing. Differences in the timing of the development of circulation fields and in the timing of the field surveys place those surveys in the context of a seasonal development with a similar sequence of events during each of the years.
Cross-shelf transport and ecosystem response in coastal upwelling systems
Chairs Ed Dever and Bill Peterson
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Cross-Shelf Transport during Strong Summertime Downwelling

Jack A. Barth, Stephen D. Pierce (all at COAS, Oregon State University, Corvallis, OR)

Response of the coastal ocean off Oregon to strong downwelling favorable winds during summer.  Data from both June 2000 (GLOBEC) and August 2001 (COAST) will be used.  ***A more complete abstract to follow in late Aug or early Sep***
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Effects of interannual variability in upwelling winds on annual roduction of meroplanktonic  larvae

Louis W. Botsford, Cathy Lawrence (Department of Wildlife, Fish and Conservation Biology University of California, Davis)

Variability in annual recruitment to populations of species with planktonic larvae is often attributed to variability in general biological productivity in the California Current, but the direct effects are seldom observed.  Ten years of monitoring larval settlement for a variety of invertebrate taxa has indicated the some taxonomic groups are controlled by wind transport and some are controlled by general productivity (ENSO vs. non-ENSO).  In our settlement studies, the latter group includes the non-cancrid larvae.  We develop a model of biological productivity as a function of wind strength for a shelf ecosystem.  As wind strength varies, production of phytoplankton and zooplankton first increases, then decreases.  Settlement of non-cancrid larvae demonstrates the potential existence of this predicted dome-shaped relationship.
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Along-shore Upwelling Structure around the Monterey Bay region in a high-resolution Numerical Model.

Xavier Capet, James McWilliams (both University of California, Los Angeles)

Model-data comparisons have revealed the limitations of using a 5km grid resolution to model the circulation in localized coastal areas such as Monterey Bay (MB), where the uneven topography (with the presence of MB canyon, Pt Sur and Pt. Ano Nuevo) is likely to play an important role in driving coastal upwelling dynamics and cross-shelf transports. We have developed a modeling approach based on an embedded-grid strategy implemented within the Regional Ocean Modeling System, and applied A 3-level embedded-grid configuration of the MB area (1.5km resolution), embedded successively into a Central California domain (5km) and a U.S. West Coast domain (15km). We have been able to obtain equilibrium solutions for this local area at high resolution while preserving the large-scale circulation at affordable computational cost.  Firstly, the fine resolution allows to more fully resolve the frontal dynamics. Secondly, since pressure gradient errors are controlled by smoothing topography at a given resolution, a better topographic representation can be achieved.

Preliminary results have shown improvement in pattern details over the MB region, particularly regarding localized upwelling plumes, bay-scale eddies, and driving effects of the MB Canyon for water masses inside the bay. Although the model resolution appears as an sensitive parameter in driving local coastal upwelling dynamics, the fine resolution experiment does not cancel out all model-data discrepancies, particularly with regards to the intensity and seasonality of the local structures. We have performed analyses of the local underlying mechanisms driving along-shore structure and cross-shelf exchanges using sensitivity experiments, budget analysis and Lagrangian floats. The results emphasize the role of topography, submesoscale and wind structure representation in the generation of typical circulation features.
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Dye tracer investigations of Lagrangian pathways in the Oregon upwelling system

Andy Dale (COAS, Oregon State University, Corvallis, OR), Jack Barth (OSU), Murray Levine (OSU), Jay Austin (Old Dominion University, Norfolk, VA) 

A series of three dye tracer releases during the summer (June, August, September) of 2002 investigated the Lagrangian pathways of water parcels through the Oregon upwelling system.  Of particular interest were the cross-shore component of upwelling circulation and its interaction with secondary circulation and other processes close to the upwelling jet.  Preliminary results will be reported.
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A New Look at Wind Stress and Wind Stress Curl along California and N. Baja California
Clive Dorman (Scripps Institution of Oceanography, La Jolla, CA), Darko Koracin (Desert Research Institution), Ragothaman Sundararajan (Desert Reserach Institution)

Numerical experiments were made using Mesoscale Model 5(MM5) with a horizontal resolution of 9 km to simulate the wind divergence, wind stress, and wind stress curl along California and Northern Baja California for all of June 1996.  In the inner 100 km, alternating zones of higher and lower wind stress were found.  Offshore 100-150 km, the wind stress changes more gradually. The major maxima of wind stress are simulated in the areas of Point Arena, Point Conception and Baja California.

The average June 1999 wind stress curl structure is spatially shifted from that associated with the basic wind stress.  Most of the structure in the wind stress curl is close to the coast and is in response to land topography. Relative to large capes, areas of strong, positive wind stress curl are found in the lee while weaker or negative wind stress curl areas are found on the upwind side.  The simulations indicate that the negative wind stress curl propagates further offshore than the positive wind stress curl. Further offshore is a more uniform, weak, and positive wind stress curl. According to the simulations, the islands offshore of southern Califonia significantly perturb an incoming flow and induce generally increased wind stress and gradient in the wind stress curl.
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Modeling study of upwelling processes over the Oregon shelf

Jianping Gan, J. S. Allen (both at COAS, Oregon State University, Corvallis, OR)

Time-dependent, three dimensional circulation on the continental shelf off Oregon is studied using the Princeton Ocean Model (POM).  The objective is to investigate the across-shelf transport, the nature of the small scale turbulence field and the flow dynamics associated with the temporal and spatial variability of upwelling on the Oregon shelf during summer 2001.  The model variables compare favorably with the current, hydrographic and turbulence measurements from the 2001 Coastal Ocean Advances in Shelf Transport (COAST) field experiment. The results show that strong offshore transport occurs in the surface/bottom layers near the coast and over Heceta Bank during upwelling/relaxation, respectively.  Opposite conditions, however, occur onshore of the 100 m isobath over the south-east region of the bank where northward currents associated with a cyclonic circulation are found. Large volumes of across-barotropic-streamline transport are found at the outer edge of the bank along the 200 m isobath and off Cape Blanco.  Analysis of the time-averaged thermal balance reveals that decreasing water temperatures over the bank are caused mainly by across-shelf and vertical advection. Alongshore advection, however, leads to low-density water around the south-east edge of the bank.  Relatively large values of turbulent kinetic energy (TKE) are found in both the surface and the bottom boundary layers, with the higher intensity near the coast and over the bank during upwelling. As the upwelling wind relaxes, the TKE weakens quickly at the surface while high values remain near the bottom during the development of northward currents as part of the pressure gradient driven relaxation response.  In the time-averaged alongshore momentum equation, strong nonlinear advective effects balance a northward ageostrophic pressure gradient force over the bank contributing to the formation of a local cyclonic circulation.
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The Use of Multiple Organic Markers to Track the Diet History and Nutritional Status of Euphausiids: Advection or Selection?

H. Rodger Harvey, Se-Jong Ju (both at Chesapeake Biological Lab, Univ. Maryland Center for Environmental Science, Solomons, MD)

As a component of the NEP-GLOBEC program, we are using multiple biochemical markers to understand the relationship between age structure, diet history and nutritional status of euphausiids.   Analysis of a suite of organic compounds (including pigments, fatty acids and sterols) in animals and seston allows tracking of consumption and trophic transfer in this spatially complex coastal zone.  Results to date show substantial changes in many of these markers in animals and seston along physico-chemical features and coastal topography, most notable in upwelling regions where diatoms are important.  Pigment analysis in seston reflects this varied zone of food resources with fucoxanthin (mainly from diatoms) the most abundant secondary pigment (up to 49 % of the total Chl-a) in upwelling, nearshore regions while 19'-butanoyloxyfucoxanthin (chrysophytes), lutein (chlorophytes), and chlorophyll-b (chlorophytes and prasinophytes) were dominant at offshore stations within the warm current and eddies.  Other lipid biomarker are well correlated with pigment signatures including the distribution of diatom specific lipids such as the polyunsaturated fatty acid-20:5 and the sterol-28 5,24(28) which were significantly correlated with fucoxanthin (r=0.90 and 0.82 at p=0.01, respectively). The lipid composition of euphausiids collected in across shelf transects in several areas often reflect the varied food resources available in the water column, but also suggest selective feeding.  For example, the fatty acids 18:1(n-9), 20:5, and 22:6 were major components in adult animals with only minor shifts between seasons and over spatial scales, reflecting the importance of diatoms as a food resource.  Frucilia, however, contained number of additional algal markers compared to adults animals or seston, suggesting that juveniles fed on alternate phytoplankton in the water column or were advected from areas of feeding prior to collection.  Through integration of such chemical tracers with biological rate measures and physical transport, a more complete picture of carbon cycling in this complex coastal zone may be possible.
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Speculations Regarding Historical Changes in Columbia River Nutrient Export and Impacts on the California Current Ecosystem

David A. Jay, Philip M. Orton, Anna Farrenkopf, Thomas Chisholm (all at Oregon Graduate Institute, Beaverton, OR)

We consider here the possible effects of climate change and human alteration of the Columbia River (CR) basin on the Oregon-Washington (OR-WA) coastal upwelling ecosystem, through alteration of the supply of iron (Fe) and Nitrate (N). Low levels of Fe, an essential nutrient, often limit primary production off the central California coast. Exposure of upwelling waters to Fe-rich terrigenous particles, supplied by winter storms and re-suspended into the benthic boundary layer during summer, appears to increase primary production and alter food web structure. Over the OR-WA shelf, iron concentrations are higher, and at most, only "slight iron-stress" of phytoplankton has been observed. This may be due to the influence of the CR, which provides large amounts of dissolved and particulate iron in both spring and winter. The CR has relatively high levels of dissolved Fe, so that its annual dissolved Fe load is as large as that of the Mississippi. Of the total sediment load, ~5% (by mass) is Fe, reflecting in part high levels of fine magnetite sand. Unlike the Mississippi, however, the CR is relatively depleted in N, because primary productivity in mainstem reservoirs uses most of the N provided from natural and human sources. We suggest that the timing and volume of Fe and N loads in the CR have changed substantially since the mid-1800s, due to flow regulation, dams, agriculture, and climate change. 

The volume of the spring freshet (with its dissolved and suspended Fe load) has been reduced by an average of ~40% due to flow regulation, agricultural diversion and climate change, decreasing the volume and areal coverage of the plume by a similar amount. The largest decreases in freshet flow occur in the high-flow, cold-PDO periods which, in prior decades, were also the periods of highest California Current productivity. Winter discharges of water and Fe have increased, but there has been on average a ~50% decrease in annual fine sediment load; particulate Fe load has probably decreased by a similar percentage. Moreover, while particulate Fe supplied to the shelf during winter may contribute to primary productivity in spring, dissolved Fe supplied during winter likely has little influence. Historic changes in N dynamics may also have affected coastal productivity. Unlike most river-estuaries, N transport by the CR may have been decreased more by productivity in reservoirs than it has been increased by agricultural enrichment. The river is also warmer and less turbid now, and water has a longer residence time than when spring flows were higher, allowing most of the N load to be utilized before it reaches the estuary and ocean. Finally, the cycling of Fe between channels and anoxic shallow-water environments in the estuary has been changed by a 75% loss of tidal marshes, with unknown effects on the timing, magnitude and character of Fe export to coastal waters. On the whole, changes in the amount and timing of the supply of N and Fe supplied by the CR may have reduced primary and secondary productivity off the OR-WA coast and influenced trophic structure, possibly contributing to the decline of commercially important species including salmonids. 
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Oregon Coastal Ocean Data Assimilation System

Alexander L. Kurapov, J. S. Allen, G. D. Egbert, P. M. Kosro, M. Levine, T. Boyd (all at COAS, Oregon State University, Corvallis, OR)

A data assimilative model of circulation on the Oregon shelf utilizes a sequential optimal interpolation algorithm incorporated into the Princeton Ocean Model (POM). The assimilation method requires a stationary estimate of the forecast error covariance to allow correction of the forecast solution based on model-data differences. We account for the effect of previously assimilated data on the forecast covariance in an explicit and rigorous way using lagged model covariances. The latter are estimated as a result of statistical averaging using an ensemble of model solutions for summers of a number of years. The forecast error covariance has a different spatial structure than the scaled model error covariance used in the earlier implementation of the system, and the solution is sensitive to the choice of the forecast covariance.  Analysis of the data assimilation system is performed with the COAST data set for spring-summer 2001 that includes time series of currents, temperature and salinity with substantial horizontal and vertical coverage. To check upon the multivariate capability of the system we assimilate currents from HF radars and/or ADP moorings and verify model output against moored temperature and salinity profiles.
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Coastal Ocean Circulation as Viewed by Moored Observations: Response to Wind Forcing off Oregon 

Murray D. Levine, Timothy Boyd, P. Michael Kosro (all at COAS, Oregon State University, Corvallis, OR)

Moorings were deployed off Oregon during the summer of 2001, for COAST (Coastal Ocean Advances in Shelf Transport), part of the Wind-Driven Transport Processes studies of CoOP.  The moorings were arranged in two lines across the continental shelf.  The Northern line was located at 45 deg N off Cascade Head; the Southern line was at 44.22 deg N over Heceta Bank.  Along the Northern line the shelf topography is relatively narrow and simple with isobaths oriented nearly north-south.  The shelf on the Southern line is much wider and crosses the topographically complicated Heceta Bank.

Although the winds are predominately upwelling favorable, there are interruptions of   significant northward wind events.  At the Northern line the north-south velocity can be described to first order as the sum of a barotropic current that is highly correlated with the north-south wind stress and a slowly varying baroclinic flow.  At the South line a similar description is only true during late summer.  During early summer the baroclinic structure of upwelling has not yet developed at the outer shelf.

The cross-shelf flow of the upper ocean is highly correlated with the wind stress.  Differences in the current response between the Northern and Southern sites are noted.  A definition of cross-shelf transport is presented in order to discuss the differences between the Northern and Southern observations. 
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Development of simple ecosystem models suitable for coastal upwelling systems

Craig V. W. Lewis, Thomas M. Powell (both at University of California, Berkeley), Dale B. Haidvogel (Rutgers University)

A primitive equation transport and circulation model was coupled with idealized biological dynamics to explore ecosystem responses to upwelling on the West Coast of the U. S.  

Trophic response was simulated using a four-component nitrogen-based model (nutrients, phytoplankton, zooplankton and detritus).  Equations were chosen to provide Michaelis-Menten nutrient uptake and Holling Type III grazing.  Three dimensional mesoscale circulation around idealized topography was simulated using the Regional Ocean Modeling System (ROMS).

Such models have shown themselves to be extremely sensitive to a variety of physical and biological processes and parameterizations.  We present ongoing work examining such sensitivity to physical processes such momentum and buoyancy forcing and topography (bottom slope and roughness, shelf width, capes and banks).  Our results indicate that while models adequately reproduce the gross ecosystem response, resolution of finer-scale features and longer temporal scales requires better understanding of these parameters and processes.

===============================================

Name: Patrick Marchesiello

Address: IGPP, UCLA

405 Hilgard Avenue

Los Angeles, CA 90095-1567

Phone: 310-206-9381

FAX: 310-206-3051

Email: Patrickm@atmos.ucla.edu

Is this a student presentation?: No
On the Role of Physical Transports in Equilibrating Upwelling Ecosystem Dynamics in the California Current System

Patrick Marchesiello, Nicolas gruber, Hartmut Frenzel, James McWilliams (all University of California, Los Angeles)

We have started to investigate the physical and ecosystem dynamics (and coupled coastal carbon cycle) in the subtropical Northeast Pacific Ocean using the Regional Ocean Modeling System. The hydrodynamic model is coupled to an ecosystem/biogeochemical (BGC) model and configured with a U.S. West Coast domain that spans the California Current System (CCS) and a mesoscale horizontal resolution as fine as 2.5 km. Our focus has been on the analysis of the equilibrium dynamics of this coupled model, but we also explored the sensitivity to different parameters, forcing, and resolution. Results from the coupled model are compared against the ocean color (SeaWiFS), and other observational data (CalCOFI, MBARI and UCLA moorings). We have also added a detailed flux analysis package to the code, which accounts for all BGC and physical fluxes of nitrogen, oxygen, and carbon within the model domain. The area chosen for these nitrogen and carbon budgets is the euphotic zone in the nearshore (about 40 km) area in Central California between 34N and 42N. The major cycle for nitrogen starts with the photosynthetic uptake of NO3 leading to the formation of phytoplankton. Upon its death, it is converted into small detritus, which is then remineralized to NH4. Finally, the oxidation of NH4 to NO3 (nitrification) closes the cycle. The fluxes related to zooplankton and large detritus are comparatively small. Since this region has open boundaries on all sides, it is also insightful to look at the physical transport: NO3 and NH4 concentrations are higher below the euphotic zone, and upwelling brings more of these nutrients into the studied area than horizontal advection transports out of it, with the balance achieved by the vertical export of organic nitrogen from the surface down. On the other hand, concentrations of phytoplankton and small detritus are low below the euphotic zone, so that the horizontal advection in offshore direction is the dominant part of the physical transport for these components. This off-shore physical transport is substantial, representing an important loss term for biological tracers in this nearshore upwelling region.  Preliminary results from studies that investigated the strength of this off-shore transport as a function of resolution indicate substantial changes mainly related to the level of eddy activity that is being generated by the models at the various resolutions.  Comparisons with drifters and satellite altimeters derived estimates of EKE in the California Current System suggest that only fine resolution simulations (5 km or less) produce a realistic level of physical mesoscale activity. Consequently, most BGC model simulations need to be run at such fine resolutions in order to capture a realistic level of variability in the physical-BGC interactions. Other sensitivity studies where the coupled model is forced by a representative panel of available wind products also show a clear impact on the distribution of plankton, highlighting the need for an adequate representation of coastal meteorology.
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The Santa Barbara Channel LTER (Long-term ecological research) study. Oceanographic time-series data from nearshore stations, 2001, with implications for nutrient deliver to  kelp reefs
Erika McPhee-Shaw, Libe Washburn, Dave Siegel, Mark Brzezinski (all University of California, Santa Barbara)

The Santa Barbara Channel LTER (Long-Term Ecological Research) study is an ongoing program examining the ecological systems at the land-ocean interface of the nearshore environment. One objective of the study is to determine the spatial and temporal scales of terrestrial and oceanographic forcing, and to examine the relative importance of terrestrial versus oceanic sources of nutrients and other constituents necessary for the kelp forest ecosystem. A set of moorings have been deployed at three near-shore sites spanning the eastern to western end of the channel. The moorings are located in water depths between 9 and 17 meters, and are situated within or near kelp reefs. Each mooring includes a CTD, fluorometer, backscatter sensor, and a bottom-mounted ADCP. A nitrate autoanalyzer is also co-located with one of the moorings, providing records of nitrate concentration at a 20-minute sampling interval. In addition, CTD profiles and bottle samples of dissolved nutrients (phosphate, silicate, and nitrite+nitrate) are collected at three locations near each mooring once per month. Eleven months of data from 2001 are beginning to elucidate the features of an annual cycle in oceanic and terrestrial nutrient input to the reef system. We have observed the following dominant mechanisms for nutrient transport to the inner-shelf reefs: 1) upwelling events in mid-late spring, 2) internal tides, which occur predominantly in the summer months, 3) advection events, which transport nutrients from regions such as Point Conception where nitrate concentrations are generally higher than within the Channel, and 4) terrestrial input from high runoff (storm) events. A budget of total nitrate supply to the inner-shelf via these four mechanisms has been estimated for the year 2001. This information provides a framework for comparison with measurements of kelp growth rates and nutrient uptake rates. It will also provide a valuable baseline for comparison with similar measurements planned in upcoming years, when terrestrial and oceanic forcing will likely vary due to effects of el Nino or other climate variability.
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Cross-shelf transport and estuarine ingress of juvenile fish and crab megalopae in the Oregon upwelling region.

Jessica A. Miller, A.  L. Shanks  (both at University of Oregon Institute of Marine Biology, Charleston, Oregon)

Recent research has focused on the role upwelling plays in the shoreward transport and settlement of benthic invertebrates and fishes. In addition to successful delivery to the nearshore, certain fish and invertebrates, such as northern anchovy (Engraulis mordax) and Dungeness crab (Cancer magister), are known to enter Pacific Northwest estuaries after their arrival nearshore. The relationship between cross-shelf transport and estuarine ingress are not well understood. Can, for example, similar transport mechanisms, i.e., wind-driven or tidal transport, explain abundance patterns along the outer coast and in estuaries? Are patterns of abundance along the outer coast similar to those in estuarine areas? An effort to explore this component of ocean-estuary coupling was made with a time series of light trap collections in Coos Bay and Sunset Bay, 2 km south of Coos Bay. Potential delivery mechanisms were identified through time series analysis of species’ abundance and wind stress, upwelling indices, water temperature, and maximum daily tidal exchange. The light traps collected C. magister, other Cancer crabs (C. oregonensis and C. productus), and hermit crabs (Pagurus spp.) megalopae. Juvenile northern anchovy (Engraulis mordax), Pacific sardine (Sardinops sagax), and black rockfish (Sebastes melanops) were also collected. Overall, there was strong coherence in delivery timing between sites for some species, such as E. mordax and C. magister. Species’ abundances were typically greater along the outer coast. C. magister megalopae were the exception. Total average catch of C. magister megalopae in the estuary (21,415±5,819) was dramatically greater than Sunset Bay (591±55 individuals). Similar transport mechanisms appeared to regulate C. magister abundance in both areas, i.e., megalopae abundance was significantly correlated with upwelling favorable wind stress, upwelling indices, and colder water temperatures. However, for juvenile E. mordax and C. oregonensis and C. productus, different mechanisms appeared to regulate outer coast delivery and subsequent estuarine ingress. Additional information on species composition and potential delivery mechanisms will be presented.
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Cross-shelf transport by internal tides, Huntington Beach CA
Marlene Noble (USGS, Menlo Park, CA), Jinging Xu (USGS),

Peter Hamilton (SAIC), Leslie Rosenfeld (NPS), John Largier   (SCRIPPS), Burton Jones (USC), George Robertson (OCSD)

The central Southern California Bight is an urbanized coastal ocean that is heavily impacted by material discharged from land-based sources in the region (marshes, storm drains, rivers, ocean outfalls). For most of the summer of 1999, large sections of Huntington Beach, on the southeastern edge of San Pedro Bay, were posted or closed due to bacterial contamination. The beach has continued to be posted or closed in the summers of 2000-2002. The sources of the contamination were not identified. One proposed hypothesis was that cross-shelf transport processes, in the stratified summer season, might move material from a local outfall at the shelf break into the near-shore. Therefore, a dense array of 13 moorings that included 7 upward-looking ADCPs and temperature and/or salinity sensors separated by 5 m in the vertical at each site was deployed for 4 months in the summer of 2001. 

Semidiurnal internal tides were the dominant process that transported water and material suspended below the thermocline across the shelf. The shoaling of these internal waves allowed the cold water from below the thermocline into water depths less than 15 m. The thermocline was at about 20 to 25 m depths at the shelf-break. Cross-shelf transport processes were inhibited in water depths less than 10m, but cooler pulses were occasionally observed in the near-shore. The presence of internal tidal pulses was not tied to the barotropic spring neap cycle. However, the strength of the tidal transports across the shelf did decrease as the summer progressed. Cold water was most often present at the 15 m isobath in early summer. Strong heating of the surface layers, later in August and September, greatly increased the stratification of the water column. It is possible that the reduced transport of colder water across the shelf was associated with the increased stratification of the water column.  
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Near-shore Wind-Stress Curl off the US West Coast derived from the COAMPS Model

Mark H. Pickett (NOAA/Pacific Fisheries Environmental Laboratory), Jeffrey D. Paduan (Naval Postgraduate School, Monterey, CA), John C. Kindle (Naval Research Laboratory), Michael S. Cook (Naval Research Laboratory).

This paper investigates the ability of the Navy’s Coupled Ocean-Atmospheric Mesoscale Prediction System (COAMPS) model to depict near-shore wind-stress curl off the US west coast. This wind related curl, induced by near-shore topography, is an important consideration in local coastal upwelling. To test the model’s accuracy in portraying these near-shore winds, we compared wind observations at 7 locations from the QuikSCAT satellite to reanalyzed model winds for the period October 1998 to October 2000. QuikSCAT winds are within 1.3 m/s and 26 degrees RMS (Pickett et. al, in press). Our model-satellite comparisons showed RMS differences of 1.7 m/s and 20 degrees. These differences were small compared to the wind shear depicted by the model in areas off Cape Mendocino, Point Arena, Point Sur, and Point Conception. The magnitude of the curl indicated by the model suggests induced vertical velocities could have a summertime maximum of 10-12 m/day, and extend less than 100 km offshore. We compared the upwelling contribution from wind-stress curl as a function of distance offshore to the Bakun upwelling index at several latitudes.  These results imply that wind-stress curl contributes significantly to coastal upwelling at some locations off the US west coast.
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Cold Halocline, Increased Nutrients and Higher Productivity off Oregon in 2002 
Patricia A. Wheeler (COAS, Oregon State University, Corvallis, OR)

Hydrographic, chemical and biological sampling off Oregon has been carried out since 1997 as part of the NEP-GLOBEC Long-term Observation Program (LTOP).  In 2002 the halocline water was about 1o C colder than usual and somewhat fresher.  This talk will present some of the hydrographic data documenting the changes in temperature and then present the concentrations of the major nutrients in the halocline along the Newport line 44.65o N and along the Heceta Head line 44.00 o N.  Both transect lines show a substantial increase in nitrate, phosphate and silicate at 33 psu in 2002 compared to 1998-2001.  Along the Newport line the increase in nutrients is greatest between 47 and 65 km offshore while along the Heceta Head line the greatest increases are between 37 and 53 km offshore with another increase at 100 km offshore.  The halocline water is the source of upwelled nutrients and increases in nutrients are also seen closer inshore but appear to be more transient due to utilization by phytoplankton.  Underway fluorescence levels during the summer of 2002 are higher inshore than observed in the preceding three years. 

The halocline waters are derived from the subarctic and significant temperature anomalies were also observed in 2002 along the Canadian P-transect.  The cooler waters off Canada were also accompanied with increased nitrate levels.  Estimates of primary production based on nutrient supply need to take into consideration the increased nutrient level in the upwelled water, any differences in intensity and frequency of upwelling, as well as diffusive fluxes across the nutricline between upwelling events.   Our initial estimates indicate that productivity is at least four times greater during the summer of  2002 compared with the preceding five years.  This change may be related to a weakening of the Alaska coastal current and a strengthening of the California Current.
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Is the chlorophyll produced at the WEST upwelling site transported off shore or held close to the coast and propagated southward along the shelf?
Frances P Wilkerson, Richard C Dugdale, Al Marchi, Victoria Hogue, Adria Lassiter, Kevin Lew and Allison Lorenzi (all Romberg Tiburon Center, San Francisco State University, Tiburon, CA)

During the WEST (Wind Events and Shelf Transport) summer studies of the coastal upwelling region off Bodega Bay, CA, chlorophyll concentrations consistently reached phytoplankton bloom levels following wind driven upwelling events that resulted in high concentrations of pCO2 and nutrients. In most coastal upwelling areas, the band of high nutrients and upwelling-derived new production (i.e. NO3 uptake) by phytoplankton lies close to the coast in a distinct plume, while the band of enhanced chlorophyll (the product of the upwelled NO3) extends to much greater distances offshore (e.g. Cap Blanc, northwest Africa). The elevated NO3 and high new production are coastal, and their consequences are propagated seaward far beyond the point where upwelled nutrients have been exhausted. Most likely grazing on advected diatoms results in release of regenerated N (NH4 and urea) that is taken up by the small-sized phytoplankton that outcompete diatoms for NH4 and consequently carry coastal new production offshore in the upper layer current system. However in the WEST study area the growing phytoplankton (showing high rates of new production) and productivity are retained on the shelf, and apparently transported alongshore rather than offshore most of the time. The chlorophyll is made up of mostly larger phytoplankton cells with the diatom Chaetoceros spp. dominating during the bloom events. These cells may be grazed or sink and be carried in sub surface currents and re-entrained in the undercurrent, unlike smaller cells which remain in the upper layer. Distributions of nutrients, productivity and chlorophyll concentrations in relation to the upwelling sources and shelf will be shown from the three WEST summer field studies for discussion.
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Contrasting contributors to nearshore marine community structure around Pt. Conception, California

Carol Blanchette, Steve Gaines (both at Marine Science Institute, University of California, Santa Barbara)

Pt. Conception California is a well-known biogeographic boundary for many marine species.  This boundary is conincident with several gradients in the physical environment around the point. Point Conception marks the boundary between two regions with very different circulation patterns.  In the northern region, coastal winds are almost always upwelling favorable, but are more variable in winter due to storms. Coastal upwelling brings cold, nutrient-rich waters to the surface resulting in both cold sea surface temperatures along the coast, and high nutrient concentrations. In addition to temperature, however, a steep gradient in wave exposure occurs around Pt Conception. Sites north of the point are fully exposed to large ocean swell and storms, while sites to the south are relatively protected from heavy wave action. These gradients in the physical environment are reflected in patterns of nearshore community structure around the point. Rocky intertidal communities north of Pt. Conception are dominated by macroalgae, and those south of Pt. Conception are dominated by filter-feeding invertebrates. Recruitment and growth of filter-feeding invertebrates is higher in the region south of Pt. Conception, while macroalgal growth rates are higher at sites north of Pt Conception.  These data suggest that the differenences in upwelling intensity around Pt. Conception may ultimately drive these differing community trajectories around the point by favoring macroalgal growth and recruitment in one region, and filter-feeder growth and recruitment south of the point.
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Recruitment dynamics of intertidal invertebrates in the temperate East Pacific.

Bernardo O. Broitman (EEMB, University of California, Santa Barbara), Carol A. Blanchette (MSI University of California, Santa Barbara), Sergio A. Navarrete (ECIM and CASEB. P. Universidad Catolica de Chile, Santiago, Chile), Steven D. Gaines (EEMB, University of California, Santa Barbara)

Several years of coordinated efforts from scientists of PISCO (USA) and ECIM (Chile) have allowed the monthly monitoring of the arrival of mussel and barnacle species along many locations in the West coast of USA and central Chile.  The similar oceanographic and biological setting among hemispheres and the extense spatial domain where monitoring programs have developed provides a unique opportunity to characterize the space-time structuring of larval delivery processes.

Utilizing a geostatistical framework we characterized the dynamics of larval arrival for a number of species and reconstructed the spatial pattern utilizing ordinary kriging. We found that spatiotemporal patterns of larval arrival are remarkably consistent within and appear strongly dependent of the oceanographic setting where monitoring sites are located. Utilizing space-time coastal chlorophyll-a statistics and records from intertidal temperature loggers, regions experiencing high recruitment are located in dynamic oceanographic settings as evidenced by autocorrelation patterns. We also detected very high spatial heterogenity in larval arrival patterns as sites located short distances away may experience extremely different recruitment regimes. 

The interhemispherical comparison suggests that recruitment dynamics are strongly dependent on the oceanographic setting suggesting that nearshore transport mechanisms exploited by plancktonic larvae may be very similar across hemispheres. The strong geographic component and the characteristic temporal and spatial scales detected provide an explicit framework to study the location, sizes and explotation regime within networks of marine reserves.
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Otolith microchemistry of black rockfish (Sebastes melanops): Implications for larval dispersal and population structure.

Jessica A. Miller (University of Oregon Institute of Marine Biology, Charleston, Oregon)

Recent evidence indicates that, despite relatively long (>30 d) larval pelagic periods, self-recruitment occurs in a number of marine species. The geographic and taxonomic extent to which self-recruitment occurs and its contribution to local populations, however, are relatively unknown. The inability to accurately differentiate among populations with low levels of exchange (i.e., 1-10 successful migrants per year) or determine larval sources has hampered larval dispersal studies. Laser-ablation inductively coupled plasma mass spectrometry (LA-ICPMS) holds promise as a tool to provide such previously inaccessible information. Studies on estuarine homing and self-recruitment around reef systems have documented the utility of this technique for certain populations. I used LA-ICPMS to examine otolith microchemistry in black rockfish, Sebastes melanops, to determine its ability to identify population structure and estimate larval dispersal. Black rockfish are reef-associated inhabitants of coastal and offshore waters; juveniles typically enter nearshore and/or estuarine areas. The hypothesis that black rockfish otoliths display unique elemental geographic signatures was tested with adults and juveniles from three locations. Adults were collected from 1) northwest of Grays Harbor, WA, 2) at Simpson’s Reef, Cape Arago, OR, and 3) southwest of the Chetco River, OR. Juveniles were collected from 1) the mouth of Grays Harbor, WA, 2) Middle Cove, Cape Arago, OR, and 3) north of the Chetco River, OR. Twelve isotopes (B11, Mg25, Mn55, Ca43/48, Cu65, Zn66, Sr86/87, Ba138, Cd111, Pb208) were sampled across the otolith for each individual. Geographic and ontogenetic variation in elemental deposition was seen in both adults and juveniles. Discriminant function analysis yielded accurate geographic groupings for both juveniles and adults. Results underscore the utility of otolith microchemistry in reconstruction of environmental life histories. 
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An Upwelling Reversal Event off Cape Blanco Oregon

Sheila O'Keefe, P. Michael Kosro, Jack Barth (all at College of Oceanic & Atmospheric Sciences, Oregon State University)

Upwelling events along the west coast of North America are separated by relaxation events in which the winds weaken or even reverse to downwelling-favorable. These events influence alongshore and cross-shelf transport, including larval dispersal. Upwelling conditions tend to produce southward and offshore advection, while downwelling conditions tend to produce northward and onshore advection. 

A sequence including upwelling, reversal to downwelling, and return to upwelling occurred in May 1996 near Cape Blanco, Oregon. Wind measurements indicate upwelling-favorable conditions through May 16, 1996. On May 17-18, 1996 a storm moved through the area with strong downwelling-favorable winds. After the storm, winds returned to upwelling-favorable. During this period, a Seasonde coastal-based radar system measured surface currents in the Cape Blanco area, extending approximately 40km offshore by 30km alongshore.  Additional surface current data was obtained from satellite-tracked drifters, while subsurface data was collected via CTD casts, Seasoar tows, and mooring data. These data provide detailed observations of current behavior throughout the upwelling event and subsequent wind reversal and Lagrangian analysis of the surface currents yields insight into possible advection paths of larvae.

Pseudo-drifters placed in the radar-observed surface current fields reveal the effects of spatial variability in the surface currents.  During the upwelling favorable winds, pseudo-drifters placed in the region approximately 10km offshore reveal alongshore variations in transport.  Those in the northern portion of the region (approximately 20km to 30km north of Cape Blanco) are subject to offshore and southward transport, while those in the 20km immediately north of Cape Blanco are advected onshore and southward.

During the wind reversal radar-observed surface currents turn northward inshore before turning northward offshore.  Later in the reversal a bifurcation in the current develops at Cape Blanco with surface currents flowing offshore and slightly northward while inshore currents north of Cape Blanco continue to flow northward.  Two drifters appear to have been caught in a leeward eddy south of Cape Blanco prior to the reversal.  These drifters pass the Cape heading northward early in the reversal and are advected very nearshore, supporting the hypothesis that larvae may be retained in leeward eddies during upwelling and then during reversals be advected northward and onshore, allowing for settlement.  Two drifters which start out farther south and one which starts farther offshore are advected past Cape Blanco later during the reversal, after the bifurcation at Cape Blanco develops, causing them to be advected offshore.
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Lagrangian Beaching and Exiting Statistics from Monterey Bay HF Radar-Derived Surface Velocities

Jeffrey D. Paduan, Michael S. Cook, Daniel Atwater (all Department of Oceanography, Naval Postgraduate School, Monterey, CA)

Multi-year surface velocity fields from the Monterey Bay HF radar network are used to develop spatial maps of preferred particle beaching and exiting locations as a function of deployment location and wind conditions.  Pseudo-Lagrangian trajectories have been created using simplistic advection schemes applied to many thousands of particle deployment locations and times.  The location and time that each particle leaves the data array, either through grounding or offshore escape, has been archived and used to look for patterns in particle behavior.  The residence times and exit patterns that emerge are sensitive to deployment location and the temporal phasing relative to the dominant wind (i.e., upwelling/relaxation and sea breeze) and tidal (i.e., semidiurnal) processes.
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Turbulence avoidance retains Zooplankton over wind-driven shelves
Jamie Pringle (University of New Hampshire)

Observations of turbulence avoidance in zooplankton are compared to estimates of the wind-driven currents and turbulence in the upper ocean.  Turbulence avoidance is found to lead to the avoidance of Ekman transport for realistic wind speeds -- those plankton that avoid turbulence are no longer moved by the wind-driven currents near the surface because they are no longer near the surface.  Turbulence avoidance is shown to lead to near-shore retention in wind-driven upwelling and downwelling systems on the west coast of North America, and to a reduction of the delivery of zooplankton to Georges bank from the deeper waters of the Gulf of Maine.
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Topographically Generated Fronts, Very Nearshore Oceanography and The Settlement of Larval Invertebrates 

Alan Shanks, Anita McCulluch (Oregon Inst. of Marine Biology,Univ. of Oregon, Charleston, OR)

Flow patterns immediately adjacent to the coast may prevent or aid the shoreward migration and settlement of benthic invertebrate larvae. We tested the hypothesis that a persistent front generated at the mouth of Sunset Bay, Oregon prevents the shoreward dispersal of larvae, significantly altering their settlement. Larval settlement was measured at three sets of moorings (n = 3 replicates per site) that were distributed along a transect across the front at Sunset Bay. From 3 July through 15 September 2000, samples were collected from the moorings roughly every other day (n = 30 sample periods).  Concurrent with these collections, we made vertical zooplankton tows adjacent to each mooring site and collected physical oceanographic data along the transect with a CTD.  During upwelling favorable winds a front was always present at the mouth of the bay that separated cooler, saltier, and denser offshore water from that within the bay.  During downwelling favorable winds the front broke down and we found no significant difference in the surface salinity or temperature across the front. There was no significant difference in the concentration of cyprids in the water column across the front. The concentration of mussel larvae, however, was significantly higher seaward of the front than landward, suggesting that the front was acting as a barrier to their shoreward dispersal.  Cyprid settlement was nearly an order of magnitude lower at the moorings seaward of the front than at those landward of the front.  At the mooring landward of the front, most of the settlement occurred during brief pulses that occurred during downwelling favorable winds.  In contrast, mussel settlement varied significantly between the mooring sites during upwelling favorable winds (settlement was highest seaward of the front), but was not significantly different during downwelling favorable winds.  These results suggest that the front was acting as a barrier to the shoreward dispersal of mussel larvae leading to lower settlement landward of the front.  We found large differences in the water column distribution of larvae and larval settlement relative to the front at the mouth of Sunset Bay. Larval distributions and settlement varied with wind direction (upwelling vs. downwelling favorable winds) and appeared to be due to differences in the very nearshore (i.e., within 100 to 1000 meters of shore) coastal oceanography.
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Operational Oceanography - the Canadian Perspective and Way Ahead

Douglas Bancroft (Oceanography and Climate, Fisheries and Oceans Canada, Ottawa, Ontario)
In the past twenty years many individual scientists and institutes have developed operational oceanography systems for Canadian waters, largely without benefit of a national coordination. 

I will present an overview of the scope and variety of these systems, to better enable future collaborations by Canadian and American oceanographers, and to offer information on the type of projects that are now under development, or considered feasible, and their impact on the marine community.  

In addition, I will present the proposed Canadian activities and "way ahead" that has been recently developed amongst academic and government institutes for operational oceanographic data assimilation.
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Real-Time Surface Vector Winds merging QuikSCAT and COAMPS over the Northeast Pacific Ocean 

Yi Chao (Jet Propulsion Laboratory, California Institute of Technology)

The real-time data processing capability of surface vector winds over the Northeast Pacific Ocean is described.  The wind data are derived from a combined analysis of the satellite-derived QuikSCAT and model-simulated COAMPS data sets.  The potential use of this real-time wind data set in forcing regional coastal ocean models will also be presented. 
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Results from the Front Resolving Observation Network with Telemetry (FRONT) applied at the mouth of Block Island Sound

Christopher A. Edwards (Department of Marine Sciences, University of Connecticut, Groton, CT), Todd Fake (U CONN), Daniel L. Codiga (U CONN), David S. Ullman (Graduate School of Oceanography, University of Rhode Island, Narraganssett, RI), James O'Donnell (U CONN), Philip S. Bogden (GoMOOS, Portland, ME)

A NOPP-funded project to develop, deploy and test a real-time coastal observatory in the Mid-Atlantic shelf waters outside of Block Island and and Long Island Sounds is nearing conclusion.  The site was chosen for its dynamically active nature as an estuary/shelf interaction zone where frontal structure is commonly observed in several tracer fields.  The observatory includes several key components: (1) a 10 x 10 km array of bottom-mounted ADCPs in two-way wireless communication with shore via networked acoustic modems; (2) a 3-site CODAR system; (3) AVHRR satellite coverage; (4) a forward 3-dimensional regional implementation of the MITgcm numerical model; (5) a linear, shallow-water inverse model to incorporate incoming velocity data into the full forward model.  When operational during a 4 week period in the spring 2002, the system provided sequential 7-day ocean state estimates, broken into roughly 4-day hindcasts and 3-day forecasts, and updated twice per week.  This talk will discuss the elements of the system with emphasis on the numerical procedures, and present our measures of success for the observatory as a whole.
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On the Sensitivity of Real-time Operational Coastal Models to Choices of Boundary and Surface Forcing

John C. Kindle, Peter Rochford, Patrick Gallacher (all at Naval Research Laboratory, Oceanography Division), Sergio deRada (Sverdrup Technology, Inc.)

Accurate real-time coastal models require accurate boundary information and surface forcing functions, the most useful of which will also be in real-time. This study uses a regional model of the U.S. west coast developed at the Naval Research Laboratory (NRL) to examine the sensitivity of  regional model simulations to choices of boundary and surface forcing that range from climatological fields to output from operational atmospheric and oceanographic models. The regional model is NRL?s Coastal Ocean Model (NCOM) implemented for the US. West coast domain (30N-50N, 115W- 135W) with 30 levels in the vertical and a grid resolution of 8-10km. (see http://www7320.nrlssc.navy.mil/cobiopp/physical.html for additional information). Boundary values are obtained from the NRL operational global Navy Layered Ocean Model (NLOM), the real-time global NCOM model, the Levitus climatology or a combination thereof.. Surface forcing is derived from the Navy’s global atmospheric model (NOGAPS)or the limited area Coupled Ocean-Atmoshpere Mesoscle Prediction System( COAMPS) model run either operationally( 27knm resolution) or in Reanalysis mode( finest resolution of 9 Km). The presentation emphasizes the need to accurately represent the remotely forced seasonal signal along the west coast as well as the value of using high resolution surface forcing from limited area atmospheric models, such as the COAMPS Reanalysis for the Eastern Pacific.   
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Mapping Oregon’s coastal circulation:  HF radio and data assimilating models

P. Michael Kosro, John S. Allen, Gary Egbert, Svetlana Erofeeva, Alexandre Kurapov, Walt Waldorf  (all at COAS, Oregon State University, Corvallis, OR), Jeff Paduan (Naval Postgraduate School)

For the past five years, OSU has continuously mapped the surface flow in Oregon’s coastal ocean, using a growing array of SeaSonde HF systems manufactured by CODAR Ocean Sensors.  An array of five ‘standard-range’ systems, operating near 12 MHz, map the circulation off Newport, in a region of transition from narrow to wide shelf, extending 40 km alongshore and about 100 km alongshore.  These measurements have provided some of the first looks at the space- and time-response of the wind-driven coastal jet, its separation from the coast and steering by bottom topography.  At the same time, a high-resolution coastal model has been developed capable of assimilating these surface data, providing corrections to initial model forecasts of the sub-inertial current and mass field at all depths.  Comparison against independent data from a Doppler current profiler show the increase in skill of the model with assimilation over the pure model forecast.  Tidal models which assimilate the HF data have also been developed.  These tools provide a 3D estimate of the evolving ocean state in response to forcing.

More recently, an additional array of ‘long-range’ systems, operating near 5 MHz, has been used to greatly extend the region of current mapping; ranges for these new systems exceed 150 km, providing an O(10-fold) increase in the area mapped by each system.  The four-site system maps currents over more than 400 km alongshore, and about 150 km out to sea.

Data are retrieved from the coastal sites in near-real-time, processed at OSU, and maps are posted daily to our web site (http://bragg.coas.oregonstate.edu) for use at sea by scientists, the fishing community, Coast Guard, and the general public.
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Data Management Techniques for NEOCO, the Network for Environmental Observations of the Coastal Ocean

Eufemia Palomino (Ocean Science Dept., University of California, Santa Cruz), Margaret Dekshenieks, John Largier, Libe Washburn, Keith Stolzenbach, Brett Sanders, Steven Morgan, Mark Stacey

Over the last year a new coastal monitoring system has been developed in California.  The Network for Environmental Observation of the Coastal Ocean (NEOCO) addresses the need for long-term high-resolution coastal data.  Seven initial observation sites have been established at marine stations affiliated with the University of California.  The La Jolla site is currently fully operational.  All seven sites are expected to be operational within the next year.  Future project expansion is anticipated to include additional research-based marine labs along the west coast.  Data streams are obtained continuously (every minute) using standard instrumentation at each observation site.  This spatially distributed network operates via wireless data transfer to a relational database management system with web accessibility and reliable archiving.  This presentation describes the NEOCO infrastructure for: (a) managing a continuous influx of oceanographic data; and (b) data accessibility via the Internet.
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Wind stress in the Oregon and California coastal zone from the QuikSCAT scatterometer and models

Natalie Perlin, Dudley B. Chelton, Roger M. Samelson, Philip L. Barbour (all at COAS, Oregon State University, Corvallis, OR) 

The availability of twice-daily QuikSCAT/SeaWinds scatterometer observations of global surface wind stress fields over the ocean, with nominal horizontal resolution of 25 km, provides unprecedented opportunities to determine the structure of lower troposphere winds and their influence on ocean circulation. In the present study, scatterometer measurements during two summer periods, June through September 2000 and 2001, are analyzed and compared with several different atmospheric model products, to study the structure and dynamics of the surface wind fields in the coastal region west of Oregon and California, extending offshore to 130 W.  The mean summer wind stress has a southward component over this entire region in both years. Orographic intensifications of both the mean and variable wind stress occur near Cape Blanco, Cape Mendocino, and Point Arena. An estimate of the mean diurnal cycle is made possible because the daily scatterometer passes over this region occur approximately at extreme phases of the cycle.  Peak-to-peak mean diurnal fluctuations in wind stress greater than 0.03 N m-2 over a broad region extending offshore up to 150 km, with maximum values exceeding 0.1 N m-2 near the coast. The sense of this cycle reverses near 41.5 N, with mean southward stress largest in the evening north of 41.5 N and largest in the morning south of this latitude, except near the regions of orographic intensification, where the southward stress adjacent to the coast is always largest in the evening. The model products are derived from an operational global model, an operational moderate-resolution mesoscale model, and two nested high-resolution mesoscale models centered on the Oregon coastal zone. Substantial differences between the model products are found for the mean, variable, and diurnal wind stress fields. Temporal correlations with the QuikSCAT observations are highest for the operational models, and are not improved by either nested model. The highest resolution nested model degrades these temporal correlations. The same model, however, reproduces most accurately the mean stress fields from the QuikSCAT observations. The diurnal cycle from this highest-resolution nested model is also most similar to the observed cycle, although significant differences remain.
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The Utility of Aircraft Observations in Coastal Ocean Observing Systems

Steven R. Ramp, Jeffrey D. Paduan, Robert T. Bluth (all at Naval Postgraduate School, Monterey, CA)

The potential for using light aircraft, and ultimately autonomous aircraft, in coastal ocean observing systems has been largely overlooked by the ocean community.  In a recent demonstration project during August 2000 however, a low-flying (130 m) aircraft proved invaluable in providing synoptic time series of the oceanic and atmospheric conditions in the Monterey Bay.  Aircraft are fast, can fly below the stratus deck, and provide a view of the ocean and atmosphere which is difficult to obtain from ships.  They cannot collect water, stay on site uninterrupted for days at a time, or sample as many in-situ parameters as a ship can.  Large (P-3 or C-130) type aircraft have usually been considered cost-prohibitive by most investigators, but rapid downsizing of airborne instrumentation means that many instruments can now be flown by smaller, lighter, more fuel efficient and cost effective aircraft.  Much progress has also been made in real-time data delivery from the aircraft to the laboratory.  A brief summary of state-of-the-art airborne instrumentation will be presented, along with a cost/benefit analysis of aircraft vs. ships.  Plans for a much more extensive airborne observation program in the Monterey Bay during 2003 will be presented.
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Developing Coastal Observation Systems to Address Water Quality Needs: The South Bay Coastal Ocean Observing System

Eric J. Terrill (Marine Physical Laboratory, Scripps Institution of Oceanography), John Largier (Integrated Oceanography Division, Scripps Institution of Oceanography)

Through an innovative partnership funded in the summer of 2002 under the Governor’s California Clean Beach Initiative, Scripps Institution of Oceanography has partnered with the City of Imperial Beach and the San Diego County Department of Health to design, install, and operate a coastal observing system to address the need for a better understanding of local coastal processes and the relationship these processes have in influencing water quality.  The program has been motivated by beach closures that result from bacteria contamination and the reality that little is understood about the local coastal circulation on time and space scales that are relevant to transporting pollutants from the variety of sources which are present in the area. Unique to this partnership is our ability provide a direct transition of the scientific aspects of the coastal environment (Scripps) to the end users (City of Imperial Beach) and the responders (County Department of Health).  Referred to as the South Bay Coastal Ocean Observing System, the monitoring infrastructure is composed of a variety of different types of ocean observing technology including both in-water sensors and the application of remote sensing techniques.   Central to the system is the deployment of an array of HF radars which will allow us to map ocean surface currents in a real-time manner from Point Loma to the U.S. - Mexico Border and to distances approximately 20km offshore.  These current maps, when integrated with the in-water sensors, will be used to help track water mass movement from known sources as well as identify probable sources when high bacteria counts are measured at the beach by application of the time histories of the transport data.  The integration of the in water sensor data with the radar derived current maps will be done real time and distributed to end users via the internet.  The real-time measurement capability of the system is designed to address the increasingly recognized problems related to present day sampling methods and the time / space scales which characterize the coastal environment.  This includes the mismatch in time between bi-monthly or monthly beach water sampling efforts and the time scales of the transport processes which may be responsible for transporting polluted water to the beach.  This mismatch in time, coupled with the time delays that result from the 48-96 hour incubation period necessary to obtain reasonable bacteria counts, leads to the paradigm that beaches are often posted when they may be clean and vice versa.   Beyond the real-time response capability provided by the system, a digital archive will also be maintained (and updated as measurements are acquired) and decision making tools developed to allow policy planners to integrate the necessary scientific information into their decision making process.  An overview of the South Bay Coastal Ocean Observing System will be presented including a discussion of the required sampling needs for making coastal observations which guided infrastructure development, comments on how best to structure partnerships linking science to the local end user needs, the technology required to make these measurements, and partnerships of this program with other Scripps initiatives to handle data storage and distribution needs that are required of observatories.
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The Secret Life of Marine Mammals: Electronic Tags Meets Satellite Remote Sensing
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The geographic distribution of top marine predators is almost completely unknown. Pelagic animals have historically been a challenge to study due to their size, speed and range over the vast oceanic habitat. Assessment of movements, foraging habitat and breeding areas of marine megafauna remains technically difficult because most marine top predators spend little if any time at or near the surface and thus remain far from sight. Electronic tags are provided an unprecedented insight into the at sea behavior of these hard to study animals.  Furthermore, Tag-bearing animals can also be used as autonomous ocean profilers to provide oceanographic data in key ocean regions. A significant advantage of tag collected oceanographic data is that they are collected at a scale and resolution that matches the animals’ behavior. When the biological and physical data are merged a new understanding of the relationship between the movements and behaviors of marine organisms and oceanographic processes can become apparent.
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