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A. Abstract and statement of innovation 
We propose to evaluate the ability to expand the current distribution of eelgrass in the lower Columbia River estuary for the purposes of enhancing feeding, refuge and rearing habitat for a number of fisheries species including juvenile Pacific salmon and Dungeness crab. We strongly suspect that limited eelgrass seed dispersal has resulted in the present distribution of eelgrass meadows, and that there are many suitable places for eelgrass to survive and form functional meadows. Our past success with eelgrass restoration in the northwest has largely been due to data developed on the factors controlling the growth of eelgrass in the region.  By assessing site conditions relative to growth requirements, we have been able to find suitable sites for eelgrass establishment.  Because of the river-driven dynamics, the lower Columbia estuary presents a challenge in this regard. Hence, we propose to use a unique, integrated approach to help locate and test the suitability of sites for eelgrass. We will modify a GIS-based model predicting site suitability based on site conditions and the present location of eelgrass in the system. To define conditions for eelgrass, we will utilize our experimental and field data gathered over the past 15+ years on light, temperature, salinity, substrata, current velocity, and nutrient levels. In collaboration with the Oregon Graduate Institute, we will use existing numerical models to produce maps of temperature, salinity and currents in the general outer estuary region (lower ~30KM).  Turbidity (from which light conditions will be calculated) will be assessed using an experimental turbidity product based on an algorithm of the diffuse attenuation coefficient of light, K(490), developed for the SeaWiFS satellite sensor, and modified for the Moderate-resolution Imaging Spectroradiometer (MODIS) instrument on board the EOS spacecraft, Aqua. Based on these analyses, and utilizing the GIS-based model, we will identify potential sites for experimental planting of eelgrass.  Prior to final site selection we will examine the sites for any factors that may impact eelgrass through a unique geo-referenced video imagery data set collected of the entire estuary by the Lower Columbia River and Estuary Partnership. Finally, we will test a subset of these sites using experimental plantings of eelgrass in 100m2 plots. The initial efficacy of the plots to function as fishery habitat will be evaluate by sampling Dungeness crab presence in the plots. This integrated project should provide the first predictive maps of sites suitable for eelgrass and other submerged aquatic vegetation in the lower estuary. 

B. Technical and/or scientific background

The purpose of this proposed study is to evaluate the ability to enhance the distribution of eelgrass (Zostera marina) in the Columbia River estuary (CRE) to serve as refuge and feeding habitat for juvenile salmon, Dungeness crab and other fish and wildlife. Eelgrass is the most widespread species among approximately 60 seagrass species world wide (Green and Short 2003). Its critical importance to fish and wildlife species is extremely well documented in the northwest as well as many other regions (Phillips 1984, Thom 1987). Juvenile salmonids are commonly observed associated with eelgrass meadows, and prey sought by juvenile salmon are in great abundance in these meadows (Thom et al. 1989).  In addition, meadows may produce and trap detritus important for salmonid production (Sherwood et al. 1990).  Because of its critical importance to estuarine ecosystems, eelgrass receives special protection within most coastal states.  Enhancement of the distribution and abundance of eelgrass is generally cited as a primary goal for restoration of large ecosystems including the Chesapeake Bay, Puget Sound and San Francisco Bay.  Within the Columbia River basin’s mainstem amendments, wetland enhancement is recommended within key strategies for habitat enhancement (Northwest Power and Conservation Council, 2003).  
Environmental factors necessary for eelgrass health and distribution
Eelgrass distribution and health is limited by several environmental factors such as sufficient light, sufficient wetting, water current conditions and suitable salinity ranges.  Its lower depth limit is determined by sufficient light for photosynthesis (Phillips 1984, Thom et al. 1998) and its upper limit by desiccation.  Therefore, ranges where eelgrass are found depend on individual estuarine conditions.  Salinity also limits this species.  Usually found in estuaries, eelgrass relies on a saline environment and health is usually the best in estuarine waters with a combination of fresh and saline water.  Finally, strong water currents may uproot eelgrass.  Successful eelgrass colonization past usually occurs in areas without strong currents.  Based on our research on the factors controlling the growth of eelgrass, we strongly suspect that salinity, water clarity and current velocities are probably the major environmental factors controlling the distribution in the estuary (Thom et al. 1998, Thom et al. 2003). 
Eelgrass distribution may be limited by poor seed dispersal
We have observed eelgrass and at least one other submerged aquatic macrophyte (Ruppia maritima) in the outer Columbia River estuary. Although not mapped, additional anecdotal observations indicate that eelgrass distribution is presently limited to isolated areas in the outer estuary.  Historical data suggests that prior to human influence, submerged aquatic vegetation was much more predominant within the Columbia River estuary (Sherwood et al. 1990).  While direct human burial, diking and flooding is thought to have eliminated much of the original submerged aquatic vegetation beds (Sherwood et al. 1990), we would expect that with time new eelgrass plants would colonize new areas.    However, for eelgrass colonization to occur in new sites, water currents must be capable of dispersing eelgrass seeds to new locations.   Because of the river-dominated nature of the estuary, flow regulation and other activities may not have created conditions conducive to the spread of eelgrass. Substrata within the estuary is comprised of unvegetated mudflats and sand flats, and, although highly suitable for eelgrass, offers little refuge and sparse food resources for fish, crabs, and other aquatic species.

Based on our research and that by others in northwest systems, we suspect that the transport of seeds to new sites suitable for colonization and growth of eelgrass has limited eelgrass spread to all suitable locations. Seed production is typically low in Northwest estuaries (Thom et al. 2003), and this fact severely limits spread.  In addition, the dominant surface water seaward flow in the Columbia probably reduces the probability of colonization, as the floating flowering shoots with ripe seeds are on average transported out of the estuary, rather than into the estuary. Thus we strongly suspect that up-estuary colonization has been limited by low seed production, coupled with random and unsuccessful dispersal. 

We propose to evaluate the ability to transplant eelgrass into areas beyond its present distribution, and thereby enhance the distribution of eelgrass in the estuary. We have conducted successful eelgrass plantings in the Northwest and other regions since the mid-1980’s (e.g., Thom 1990).  We have found that the key to successful recruitment, long-term persistence and expansion of the planted bed are suitable site conditions.  In order to predict where conditions are suitable for eelgrass, we will couple a set of tools and methods, as well as data on the growth requirements for eelgrass (Phillips 1984, Thom et al. 1998, Thom et al. in prep.). These tools and methods integrate remote sensing, numerical modeling, and a geo-referenced video mapping system (Red Hen) into an innovative GIS-based model to examine suitable areas for restoration.  These tools will supplement on-site assessment for the experimental plantings.  
Seasonal turbidity values affecting eelgrass production can be acquired through remotely sensed data
The Columbia River estuary can often contain high concentrations of suspended organic and inorganic material due to river discharge and wind and wave resuspension (Sherwood et al. 1990).  This can directly affect many water column properties and processes including the productivity of submerged aquatic vegetation such as eelgrass (Dennison et al. 1993).  However the distribution of suspended sediments can be highly variable in coastal environments, varying over time and space (Miller and McKee 2004).  While in-situ sampling can resolve specific questions at a unique place and time, it is time consuming and costly to address these questions over the broader spectrum continuum.  

A number of studies have demonstrated that remotely sensed data can provide synoptic coverage over various time scales (Stumpf and Pennock 1989, Woodruff et al. 1998, Miller and McKee 2004, Warrick et al. 2004).  However the routine use of remote sensed imagery for monitoring sediment dynamics has been limited due to accessibility of data, and the lower spatial resolution (1 km) of most sensors that have a relatively frequent repeat coverage (daily).  In addition, in order to obtain the most accurate relationship between satellite reflectance data and some measure of turbidity, in-situ samples of turbidity need to be collected from a specific region of interest in order to develop a robust relationship of remotely acquired turbidity information.  An experimental turbidity product has been available from remotely sensed data acquisitions for the west cost for several years. It is based on an algorithm of the diffuse attenuation coefficient of light, K(490), developed for the SeaWiFS satellite sensor (Mueller 2000), and modified for the Moderate-resolution Imaging Spectroradiometer (MODIS) instrument on board the EOS spacecraft, Aqua.  The product is available free of charge from http://coastwatch.pfel.noaa.gov/coastwatch/CWBrowser.jsp for the Columbia River estuary region.  It is available on a daily basis (cloud-free dependent), and as a 3, 8 or 14 day composite.  An example of an 8 day composite product is shown below in Figure 1.
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Figure 1.  An 8 day composite of a MODIS turbidity product, K490, for the Columbia River estuary in April 2007.

Coupling in-situ and remotely sensed data will provide the necessary information to determine if sufficient light is available in selected area of the Columbia River estuary to support growth of eelgrass.
Salinity and water currents affecting eelgrass production can be modeled
Physical processes in estuaries are dynamic and complex due to variation in temporal and spatial scales of multiple forcing functions.  Beside biological factors, growth and distribution of eelgrass is also strongly affected by physical process in the estuaries.  Physical properties of relevance to eelgrass growth and die-off include tidal elevations, salinity, and velocity distribution, turbidity, sediment and nutrient loading, etc.  Therefore, understanding and obtaining detailed information on these quantities at potential pilot sites are critical to the success of this project.  The Columbia River freshwater plume travels over a long distance off the coast during high flow conditions during ebb tides.  During the flood tide, and low flow conditions, salinity intrusion can occur as upstream as RM 37.  As a result, salinity varies over a wide range in the Columbia River estuary.  Tidal elevations and currents in the estuary are complex because of the presence of multiple intertidal channels and islands.  It is difficult to extrapolate the distribution these physical quantities from measured data sets.  For this project, the proposed approach to developing detailed information on the distribution of physical properties in Columbia River estuary is to use numerical model predictions based on an existing model developed by Oregon Graduate Institute of Science and Technology (OGI), Oregon Health & Science University.  The 3D hydrodynamic model developed by OGI is a component of a pilot environmental observation and forecasting system for the Columbia River (CORIE).  The model domain covers a large domain from Bonneville Dam to the continental shelf.  It predicts water surface elevations, three-dimensional salinity, and velocities, as well as wetting and drying processes in the Columbia River.  OGI will be the sub-contractor to provide modeling technical support and deliver model results to PNNL at desired temporal and spatial scales and flow conditions.

Site selection for eelgrass enhancement can be conducted with GIS
In the past decade, geographic information systems (GIS) have gained popularity with natural resource managers, not only as a systematic way to document physical and biological features, but also to examine the spatial relationships and trends among them.  One useful application is the use of GIS in decision support tools to prioritize natural resource decisions.  We have developed and applied GIS analysis in the Columbia River estuary to evaluate restoration potential of sites based on environmental controlling factors such as turbidity, salinity and water velocity along with environmental and anthropogenic stressors such as diking and dredging (Evans et al. 2005) and have applied similar methodology within Bainbridge Island, WA (Williams et al. 2002) and Jefferson County, WA, and are currently involved with a region wide project in the Gulf of Mexico and in Kitsap County, WA. 

Through a GIS analysis, we utilize data from a variety of sources: remote sensing, field collections, numerical models, and spatially overlay data products produced in the prior steps.  In this case, we will apply field knowledge of suitable ranges for turbidity, salinity and current velocity to weight the suitability of potential sites for restoration, thus scoring sites with higher restoration potential.  Geo-referenced video will be used to identify environmental stressors.  

Examination of crab use in enhanced sites is possible
Functional benefits of an enhanced or restored eelgrass bed include nursery, feeding and refuge space, not only for juvenile salmonids but other aquatic species as well.  An assessment of the functional improvement of habitat will be carried out by examining the Dungeness crab use of the sites.  The Columbia River estuary serves as an important nursery for the commercially important Dungeness crab, Cancer magister (Emmett and Durgin 1985; Armstrong et al. 2003). However, estuarine habitat types provide unequal benefit for vulnerable crab life stages. Settling larvae and juvenile crabs strongly prefer areas of structural complexity, such as eelgrass beds and shell hash, over unstructured substrate (Fernandez et al. 1993; McMillan et al. 1995). Predation by a variety of fish and invertebrates, including conspecifics, is extremely high in habitats that lack adequate cover (Fernandez et al. 1993).  As crabs grow larger, they tend to leave areas of structural complexity and reside in shallow subtidal areas, from where they forage in intertidal zones during nighttime high water periods (Holtsman et al. 2006).  Many crabs eventually migrate from the estuary to the ocean and can form an important component of the regional crab fishery (Armstrong et al 2003). In the Columbia River, salinity also effects crab distribution and behavior, as crabs become inactive at salinities < 15 ppt (McGraw et al. 1999).  This link between ontogeny and habitat preference indicates critical habitat for young of the year crab may be limiting in the in the CRE, since bivalve shell deposits are rare and eelgrass beds are of limited extent.  Thus, one potential benefit of an eelgrass enhancement project is an increase in crab larval settlement and juvenile survival in eelgrass over the surrounding unvegetated substrate. 

C. Rationale and significance to the Council’s Fish and Wildlife Program
The study is germane to the three main Columbia River regional fish and wildlife restoration programs. 
Northwest Power and Conservation Council’s Fish and Wildlife Program and Lower Columbia River and Estuary Subbasin Plans

The Columbia Basin Fish and Wildlife Program (NPCC 2000) calls for consideration of estuarine and ocean conditions in implementation of the Program.  This policy was supported by the Independent Scientific Advisory Board (Bisson et al. 2000).  Also, the FY02-FY04 provincial solicitation process for the CRE resulted in several millions of dollars of habitat restoration and monitoring projects in the CRE.

The Mainstem Lower Columbia River and Columbia River Estuary Subbasin Plan (LCREP and LCFRB 2004) includes the following working hypothesis (from Table ES1-2) that are relevant to our proposed study:

E.H12 “Habitat restoration efforts are capable of significantly improving conditions for fish and wildlife species in the Columbia River estuary and lower mainstem.”

In 2006, the NPCC released the Columbia River Basin Research Plan (NPCC 2006).  This plan lists key management questions, including the following (p. 44): “What is the ecological importance of the Columbia River estuary [defined to be the reach from Bonneville Dam to the mouth] and oceanic plume to the viability and recovery of salmonid populations in the Columbia Basin?”  And, one of the research priority questions (p. 49 is: “Which estuarine habitat types should have the highest priority for restoration?”

In conclusion, our study will further the goals and objectives of the NPCC’s Fish and Wildlife Program and the CRE Subbasin Plans by providing basic scientific data on eelgrass enhancement that managers could use to prioritize habitat restoration projects to implement the CRE Subbasin Plans and to mitigate for the effects of the federal hydrosystem.  

NOAA Fisheries/Action Agencies’ ESA Consultation on Federal Columbia River Power System Operations

The NOAA Fisheries’ Biological Opinion on Operation of the FCRPS (NOAA 2004) identified lower Columbia River habitats as important to the continued existence of listed salmonids.  BPA (2005) provide guidance on key management and subordinate questions in a matrix structure for RME.  With respect to the LCRE, the study is applicable to the following management question (p. 9-11): “What are the limiting factors or threats in the estuary preventing the achievement of desired habitat, fish, or wildlife performance objectives…?”  In conclusion, the study will further the ESA-related goals and objectives of NOAA Fisheries and the Action Agencies by specifically identifying a method to enhance production of listed salmonids.

U.S. Army Corps of Engineers’ Research, Restoration, and Channel Improvement Programs in the LCRE

The USACE (Corps) conducts research on fish passage at its eight mainstem dams on the lower Snake and Columbia rivers under the auspices of the Anadromous Fish Evaluation Program (AFEP) and funded through the Columbia River Fish Mitigation Project.  The purpose of this research program is to identify and implement means to improve the survival of juvenile and adult salmonids migrating through the hydrosystem.  This program also covers research in the LCRE under a special provision of a Water Resources Development Act (WRDA).  

Various other WRDAs authorize the Corps to restore aquatic habitats.  Section 1135 of WRDA 1986 and Section 206 of WRDA 1996 provide the authority to modify existing Corps projects and non-Corps projects, respectively, to restore the environment.  Section 536 of WRDA 2000 provides authority for the Corps to carry out ecosystem restoration projects in the LCRE.  Section 306 of WRDA 1990 authorizes a General Investigations Study to develop environmental restoration in the LCRE.

The USACE Portland District is undertaking the Columbia River Channel Improvement Project to deepen the river between Portland and the ocean to pass deep draft cargo vessels.  This project includes research on juvenile salmon stranding (see more details in Section D) related to ship passage in the LCRE and restoration project monitoring.  

The study will further the goals and objectives of the USACE by providing basic scientific data on habitat usage by subyearling salmon in the tidal freshwater reach that USACE managers could use to further justify and prioritize habitat restoration projects related to Water Resource Development Acts and the Channel Improvement Project.

 D. Relationships to other projects

Our proposed project compliments and leverages off of several habitat restoration programs in the Columbia River estuary.  In addition, the program utilizes data, experimental and field study information as well as models developed by us and others both in the estuary and for Puget Sound, and outer coast estuaries in Washington and Oregon. In general, restoration of eelgrass is viewed as highly beneficial to estuarine systems in support of a vast array of species. Eelgrass represents perhaps the most relevant habitat in support of juvenile salmon in the landscape of the extreme lower portion of the river.  It is the last nearshore vegetated habitat encountered by juvenile salmon before they enter the sea.  In addition, the habitat is highly valuable as nursery habitat for juvenile Dungeness crab (e.g., Thom 1987). 

Lower Columbia River Estuary Partnership  Habitat restoration efforts supported by the Estuary Partnership focus on tidal emergent marshes and swamps in the lower river and tidally-influenced portions of tributaries to the river. These habitat types are largely targeting juvenile salmon through improvement of quality and access to tidal wetlands. Partnership funding for restoration largely comes from BPA and NOAA, with smaller amounts from public and private entities.  The Partnership prioritizes restoration projects using a system that evaluates the level of ecosystem function change, the size of the site and the probability of the site working relative to the goals.  This system is set up for the entire estuary.  They have developed a full coverage of the shoreline conditions for the estuary using a geo-referenced video system (Red Hen) such that video clips of the shoreline can be viewed and analyzed in conjunction with other spatial datasets and imagery.  This valuable information allows for qualitative assessment of local conditions for further detection of stressors that need to be alleviated prior to restoration.  Further, they are establishing a set of reference site conditions against which restoration project success can be evaluated.  Finally, their habitat monitoring program, now under development, will provide information on annual variation in habitat conditions which is critical to understanding annual variation in restored habitat conditions.  These studies will together provide information on the major factors controlling the spatial patterns and temporal dynamics of the structure of tidal habitats in the estuary. The proposed work in the lower estuary on eelgrass is directly relevant to the Partnerships goals and will leverage the use of the prioritization system, the video assessments, and funding from other sources.      
U.S. Army Corps of Engineers. USACE is presently funding three relevant major environmental programs in the estuary covering salmonid use of habitats (EST-P-02-02), acoustic tracking of juvenile movement patterns (EST-P-02-01), and the cumulative effects of multiple restoration projects on the ecosystem (EST-P-02-04).  All of these programs provide key data on how best and where to restore the estuary.  This proposed eelgrass project will provide information on use of eelgrass by crabs as well as provide an approach to assessing site for restoration. 

Columbia Land Trust, Ducks Unlimited, CREST and other Non-governmental Organizations. These organizations are actively pursuing conservation and restoration in the lower estuary.  They either purchase property that is presently healthy and functioning within the estuary, or purchase land and restore hydrological connections to facilitate habitat recovery and fish use. The eelgrass project proposed here provides yet another source of information on locations that may be appropriate to conserve and restore. 

E. Proposal objectives, work elements, methods, and monitoring and evaluation
1. Objective: Enhance eelgrass habitat in selected sites

A. Sub-objective: Identify areas fit for eelgrass enhancement


Work element: Produce Inventory or Assessment - Identify sites within the Lower Columbia River Estuary with suitable salinity levels and currents for eelgrass growth

Start and End Dates: 1/15/2008 – 2/15/2008
Methods:   To help assess suitable salinity, water levels and current conditions in the lower Columbia River estuary, we propose to analyze results from a multi-year 3D simulation database generated as part of OGI’s CORIE project. We will subcontract to OGI to conduct the analysis using the best quality-controlled database available at the time the work begins; currently they have a 7-year database from 1999 to 2005. Results of their analysis will be presented as spatial data, suitable for import into a GIS. The analysis will present an assessment of model uncertainty. 

Specifically, we will use the following products and import:

1. Map depicting the spatial resolution of our computational grid;

2. Climatologic statistics of water elevation and bottom salinity for:
a. high and low tides

b. spring and neap tides

c. each month

d. each season

e. each year

f. high- and low-flow periods

3. Time histories at selected locations; 

4. Correlation plots relating water elevation and bottom salinity to river discharge.
5. Document processing and analysis steps.
Work element: Produce Inventory or Assessment - Identify areas with sufficient light for eelgrass growth

Start and End Dates: 1/15/2008 – 2/15/2008
Methods:  To assess areas where there is sufficient light for eelgrass growth, we propose using series composites for MODIS K490 turbidity product coupled with additional in-situ K-PAR data collected at a limited set of stations in the Columbia River estuary during the growing season for eelgrass. The in-situ light sensors will provide information at the necessary wavelengths of light for growth of eelgrass at specific sites, as well as providing information on temporal variability.  The satellite imagery will provide information on a much greater spatial scale with composited temporal information.  These two datasets are complementary and will provide the necessary information to determine if sufficient light is available in selected areas of the Columbia River estuary where eelgrass is not present to support eelgrass growth.  Specifically, steps include:

1.  Acquisition of K-PAR data at limited sites in the Columbia River estuary through field work and in-situ sensor data acquisition.

2.  Acquisition of MODIS K490 imagery
3.  Data correlation and compositing to summarize light regime in a geospatial coverage 
4.  Documentation of methodology and creation of FGDC compliant metadata for final geospatial coverage.
Work element:   Produce Inventory of Assessment - Identify environmental stressors which will impact site suitability

Start and End Dates:  1/15/2008 – 4/15/2008
Methods:  We will use geo-referenced video of the shoreline provided by LCREP of shoreline in conjunction with a GIS to identify areas where structures or other environmental stressors will limit the success of eelgrass restoration or enhancement. 
Products for this task include:
· Shapefile from representing points of interest from geo-referenced video with attributes that describes environmental stressors/structures in the specific areas of interest.  FGDC compliant metadata will be created for shapefile

Work element:  Identify and select projects - Select sites for eelgrass enhancement based on a GIS spatial assessment of previously identified environmental controlling factors and stressors

Start and End Dates: 1/15/2008 – 5/15/2008
Methods: Using ArcInfo 9.2 with Spatial Analyst (ESRI, Redlands, CA), we will incorporate datasets developed in previous steps: Salinity, water level, currents, and turbidity as well as environmental stressors into a GIS indexed overlay raster model to prioritize areas based on environmental controlling factors and stressors.   Uncertainty will be addressed in prioritization weighting. Model will be documented and preserved either as an exportable GIS tool or within a written document.
Products for this task include:

· Geospatial dataset with the ranking/scoring of potential enhancement/restoration sites based on environmental controlling factors and environmental stressors. 
· Documentation of processes leading to creation of dataset

· FGDC compliant metadata for dataset
B. Sub-objective: Enhance eelgrass habitat in selected areas
Work element: Create, Restore, and/or Enhance Wetland – Plant eelgrass in 5 selected sites


Start and End Dates: 4/15/2008 – 7/15/2008

Methods: Five sites will be selected for experimental planting.  At each of the five sites, a qualitative assessment of pre-enhancement conditions will be carried out.  A 10 meter by 10 meter plot will be planted with adult eelgrass transplants.  The adult plants will be harvested from a nearby site in the Columbia River estuary within two days of the planting effort.  No more than 10% of the plants will be taken from a harvest area according to Washington State Department of Natural Resources recommendations.  The plants will be kept cool and wet until transplanted at the sites.  A planting method which has been employed successfully in numerous locations throughout the US will be used to transplant the plants.  Roughly 2000 plants will be planted at each site in a checkerboard pattern throughout the 10m x 10m plot.  Divers and/or ground field crews will be used to complete the transplant effort.
C. RM&E Sub-objective: Evaluate eelgrass enhancement

Work element:  Collect/Generate/Validate Field and Lab Data – Monitor eelgrass enhancement sites

Start and End Dates: 4/15/2009 – 5/15/2009

Methods: One monitoring effort will be conducted by divers/and or field personnel in early spring the following year to determine the status of the transplants after the winter storms.  Eelgrass presence and sample density will be recorded for each site and later recorded in a spreadsheet.  
Products for this task include:

· Monitoring data such as presence and density of eelgrass at enhancement site 

· Data will be subject to PNNL’s QA process.
Work element: Collect/Generate/Validate field and Lab Data – Monitor and compare crab use in experimental plots


Start and End Dates:  5/15/2008 – 5/15/2009
Methods: We propose to monitor and compare crab use in three habitat types: natural eelgrass meadows, eelgrass transplant areas, and unvegetated substrate in the Columbia River estuary. Experimental plots will be sampled over time to access how trajectories of habitat use between natural and transplanted areas converge. We hypothesize juvenile crab densities will be highest in natural meadows and lowest on bare substrate, and that crab densities will increase as eelgrass becomes established in the transplant patches. Further, we predict overall crab distribution will track mean salinity patterns. 

Juvenile crabs up to 50 mm carapace width (instars I-V) will be targeted with baited live traps modified to retain the smallest instars (Holtsman et al. 2006). Replicate traps will be placed within the three habitat types, nested within spatial zones defined by salinity. On each sampling period, traps will be deployed at low tide and retrieved 24 h later. Dungeness crabs recruit to estuarine nursery areas primarily from April-June (Roegner et al., In Press). Sampling will be initiated in April and conclude in October at 2 week to 1 month intervals. Response variables include time series of crab abundance and mean size in each habitat type.
Work element: Analyze/Interpret Data – Evaluate site selection methodology and monitoring results


Start and End Dates:  4/15/2009 – 6/15/2009

Methods:  Results from monitoring projects will be compiled and evaluated both as to individual success of enhancement project as well as correlation with other project results. Initial site selection model will be evaluated as to utility in selecting sites   Final eelgrass density and distribution from monitoring element will be assessed in three ways:

1) Success of enhancement project.  Final success of enhancement plots will be assessed as to plant presence/absence and density.  
2) Correlation with crab eelgrass use.  Crab use of enhanced habitat will be compared with eelgrass enhancement success rates.

3) Utility of spatial model for site selection.  Correlation of eelgrass enhancement success with the derived salinity, turbidity and currents datasets as well as site selection model results will be examined.  If remotely sensed data and numerical models can be used to approximate in-situ values to select sites for restoration, these methods can be applied in other areas in the Columbia River and the Pacific Northwest.  In this step we will examine the effectiveness of the GIS model through eelgrass enhancement success rates.
End results will be presented in final report which will also be submitted to a peer-reviewed journal.
Work element:  Produce/Submit Scientific Finding Report – Submit final report


Start and End Dates: 4/15/2009 – 6/15/2009

Methods:  A formal report summarizing methods, results, and discussion of eelgrass enhancement as well as site selection techniques will be submitted upon completion of the project.

In addition, a short write-up for the public will be placed on LCREP’s interactive map for restoration sites within the Lower Columbia Estuary.  Spatial datasets and models will be also available through a link on LCREP’s site.  All datasets and models will be subject to PNNL’s QA process and will be distributed with FGDC compliant metadata.  
F. Facilities and equipment 

The Pacific Northwest National Laboratory’s Marine Science Lab located in Sequim, WA offers exceptional facilities and equipment for this project.  The lab is home to the PNNL marine lab’s scientific dive team.  These researchers have dive equipment, two research vessels, and access to one of two government vehicles for transportation.  In addition, we have turbidity sensors for deployment.  Not only is there sufficient office space and personal computers, but there is also field equipment such as field ready laptop computers, GPS units, digital cameras and video cameras which may be used to assist in data collection and monitoring.  

Supplies purchased for this project will include air for divers, fuel for boat, as well as maintenance and installation materials for turbidity sensor(s).
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H. Key personnel
Dr. Ron Thom, Principal Investigator, PNNL

Chaeli Judd, Project Manager, PNNL

Dr. Dana Woodruff, Key Task Manager, PNNL
Amy Borde, Key Task Manager and Technician, PNNL

Dr. Curtis Roegner, Key Subcontractor, NOAA
Dr. Antonia Batista, Key Subcontractor, OGI
RONALD MARK THOM

Dr. Ronald Thom, who leads the Coastal Assessment and Restoration technical group at the Battelle Marine Sciences Laboratory in Sequim, Washington, has over 35 years of experience as an estuarine and coastal ecologist, and fisheries biologist. He will serve as the PI for this project, with a FTE of 3% 
Dr. Thom's research is applied to marine and estuarine systems and includes habitat construction and restoration; adaptive management of restored systems; effects of pollution; benthic primary production; climate change; invasive species; and ecology of fisheries resources. Dr. Thom serves as an Affiliate Associate Professor, School of Aquatic and Fisheries Sciences, University of Washington, and as an Adjunct Professor for Western Washington University Huxley Environmental Studies program. 
A.S.
Natural Sciences, Long Beach City College (1969), B.A. Biological Sciences, California State University, Dominguez Hills (1971), M.S. Marine Algal Ecology, California State University, Long Beach (1976), Ph.D. Fisheries, University of Washington (1978)

SELECTED RECENT RELEVANT RESEARCH EXPERIENCE
· Cumulative Effects of Multiple Habitat Restoration Projects on the Columbia River Estuary Ecosystem (U. S. Army Corps of Engineers, Portland District; 2004-present). 

· Adaptive Management Framework for Habitat Restoration in the Columbia River Estuary (Lower Columbia River Estuary Partnership; 2006-present). 

· Restoration of Eelgrass in Narragansett Bay, Rhode Island (U.S. Navy; 2005-2006). 

· NOAA National Guidance Document of Salt Marsh Restoration (NOAA Restoration Center, 2005-ongoing). 
· A National Framework for Risk Analysis for Ecological Restoration Projects in the U.S. (U.S. Army Corps of Engineers, 2001-2005). 
· Lower Columbia River Restoration Prioritization Framework (Lower Columbia River Estuary Partnership, 2004-2006). 

· Monitoring Protocols for Salmon Habitat Restoration Projects in the Lower Columbia River and Estuary (U. S. Army Corps of Engineers, Portland District, 2004-ongoing). 

· Lower Columbia River Ecosystem Health Indicators (U.S. Environmental Protection Agency; 12/03 - present).. 
· WSDOT Marine Biology Programs (Washington State Department of Transportation; 1994 - present)

FIVE SELECTED RELEVANT PUBLICATIONS
Long, WL, and RM Thom. 2001. "Part III. Seagrass Habitat Conservation. Chapter 21. Improving seagrass habitat quality."  In Global Seagrass Research Methods; eds. FT Short, RG Coles, and CA Short; pp. 407-424.  PNWD-SA-5555.  Published by Elsevier Science, New York, NY.

Wyllie-Echeverria, S., R.M. Thom.  1994.  Managing Seagrass Systems in Western North America.  Alaska Sea Grant College Program, University of Alaska Fairbanks, Fairbanks, Alaska.

Thom RM, GD Williams, and HL Diefenderfer.  2005.  "Balancing the Need to Develop Coastal Areas with the Desire for an Ecologically Functioning Coastal Environment: Is Net Ecosystem Improvement Possible?"  Restoration Ecology 13(1):193-203. 

Thom RM, GD Williams, AB Borde, JA Southard, SL Sargeant, DL Woodruff, JC Laufle, and S Glasoe.  2005.  "Adaptively Addressing Uncertainty in Estuarine and Near Coastal Restoration Projects."  Journal of Coastal Research. JCR 40(Special Issue):94-108. 

Thom RM, AB Borde, S Rumrill, DL Woodruff, GD Williams, JA Southard, and SL Sargeant.  2003.  "Factors Influencing Spatial and Annual Variability in Eelgrass (Zostera marina L.) Meadows in Willapa Bay, Washington, and Coos Bay, Oregon, Estuaries."  Estuaries 26(4B):1117-1129. 
CHAELI JUDD

Chaeli Judd is a Research Scientist in GIS at PNNL’s  Marine Science Laboratory.  She will serve as the Project Manager and GIS Analyst with a FTE of 14%.  

Her work has been focused on natural resource management analysis and decision making through GIS analysis. Previously, she worked as a GIS / Remote Sensing Analyst for CICORE where she researched GIS modeling and image classification techniques for near-shore and estuarine environments.   
EDUCATION

MS
Natural Resources-GIS, Humboldt State University




 2006

BS
International Agricultural Development, University of California, Davis

 1998

SELECT RESEARCH EXPERIENCE

· GIS Modeling of Coastal Processes

Ms. Judd has used GIS models and spatial statistics to predict and describe coastal processes and prioritize management decisions.  These models have been used to model bathymetry, water level, and prioritize restoration.  She is currently involved as the GIS analyst in two projects to use GIS analyses to prioritize restoration decisions

· Mapping submerged and emerged wetland species

Research has focused discrimination between local salt marsh species and submerged aquatic vegetation with CIR, LIDAR and hyperspectral imagery.    Ms. Judd carried out the image analysis and field work for this project.  Results of this study provide viable techniques to both monitor the invasive Spartina species as well as  identifying submerged aquatic vegetation types 

Five Most Relevant Projects/Publications

· Jefferson and Kitsap County Shoreline Ecosystem Function and Stressor Prioritization (2006 – present)  Ms. Judd has served as the GIS analyst for two GIS based restoration prioritization projects which use geospatial data to score shoreline site functionality and anthropogenic stress based on a multiscale, multicriteria analysis.  She is currently working on methods to streamline manual calculations within a GIS interface
· Gulf of Mexico Regional Collaboratory – Decision Support Systems for Seagrass Restoration (2006-present) Ms. Judd is acting as the Marine Sciences Laboratory GIS lead in this Gulf of Mexico project which aims to prioritize restoration sites for seagrasses and SAVs based on decision support tools.
Diefenderfer H, KL Sobocinski, RM Thom, CW May, SS Southard, AB Borde, C Judd, J Vavrinec, III, and NK Sather.  2006.  Multi-Scale Restoration Prioritization for Local and Regional Shoreline Master Programs: A Case Study from Jefferson County, Washington.  PNWD-3762.  Prepared for Jefferson County, Department of Community Development by Battelle, Pacific Northwest Division, Richland, WA.

Judd C and S Steinberg. 2007.  Mapping Submerged Eelgrass: Using multi-range spectral feature fitting to map submerged eelgrass in a turbid estuary.   ASPRS National Conference Proceedings, May 2007, Tampa, FL.

Judd C, and S Steinberg.  2007.  "Mapping Salt Marsh Vegetation Using Aerial Hyperspectral Imagery and Linear Unmixing in Humboldt Bay, California."  Presented by Chaeli Judd (Invited Speaker) at ASPRS 2007 National Conference, Tampa, FL on May 11, 2007.  PNNL-SA-55109.

DANA L. WOODRUFF

Dr. Dana L. Woodruff specializes in remote sensing of coastal and estuarine waters, with an emphasis on nearshore habitat mapping and remote estimation of water clarity using satellite and aerial platforms.  She will serve as a project lead for turbidity detection component with a FTE of 4 %

She is currently the task manager for a littoral characterization component of the Coastal Environmental Effects MASINT program at PNNL.  She is also the co-PI of a NOAA ECOHAB grant to understand the uptake, transfer, and release of the harmful algal bloom toxin domoic acid in Pacific Northwest shellfish.  Related to this, she led the satellite imagery acquisition and interpretation component of the Olympic Region Harmful Algal Bloom (ORHAB) monitoring program since its formation in 2000.   Dr. Woodruff’s recent work has also included developing and improving methods for mapping nearshore habitat mapping.  These include the use of side-scan sonar and underwater video to map nearshore habitat and features.  

EDUCATION

Ph.D.   Environmental Sciences 1996, University of North Carolina, Chapel Hill, NC.   Dissertation: Water Clarity of the Neuse River- Pamlico Sound Estuary, North Carolina: In-situ and Remote Spectral Characterization.

M.S. 
Environmental Microbiology 1992, University of North Carolina.  Thesis: Clostridium perfringens as a Sewage Indicator in Coastal Sediments:  Development of an Alternative Analytical Method.  


B.S.
Marine Sciences, 1976, Western Washington University, Bellingham, WA

MOST RELEVANT PROJECTS AND PUBLICATIONS:
· Coastal Environmental Effects Program: 2004-ongoing Dr. Woodruff is the lead for the Littoral Characterization task as part of an on-going PNNL-managed MASINT program for ONR.  The task involves the use of multiple aerial and underwater platforms to develop methodologies for improving the accuracy  of identifying, measuring and visualizing features in the nearshore zone.  
· Development of Bio-Optical/Environmental Monitoring Buoy:1999-2000  Dr. Woodruff was the Project Manager for the development and design of a compact, lightweight bio-optical/environmental monitoring buoy for deployment in coastal, estuarine or inland waters.  This multi-purpose buoy allowed collection of ground-truth measurements for calibration in coastal waters of ocean-color satellites and sensors and provide real-time monitoring capabilities of turbidity plumes, phytoplankton blooms, sewage outfall plumes, and other point and non-point source events.
· Water Clarity of the Neuse River – Pamlico Sound Estuary, North Carolina:  In-situ and Remote Spectral Characterization: 1994-1996  In this program for NOAA, Dr. Woodruff evaluated Advanced Very High Resolution Radiometer (AVHRR) satellite imagery as a potential data source for monitoring turbidity, measured as a light attenuation coefficient Kd, in Pamlico Sound and the Neuse River and Pamlico River estuaries in North Carolina.  Concurrent data sets of AVHRR imagery and in-situ water quality parameters were collected for algorithm development.  As part of algorithm evaluations, measurements of absorption and scattering coefficients, subsurface spectral reflectance profiles, and partial coefficients of Kd were determined for optically active components (e.g., phytoplankton, dissolved organic matter, and total suspended sediments).
Thom RM, GD Williams, AB Borde, JA Southard, SL Sargeant, DL Woodruff, JC Laufle, and S Glasoe.  2005.  "Adaptively Addressing Uncertainty in Estuarine and Near Coastal Restoration Projects."  Journal of Coastal Research. JCR 40(Special Issue):94-108. 

Woodruff, D.L., R.P. Stumpf, J.A. Scope and H.W. Paerl.  1999.  Remote estimation of water clarity in Pamlico Sound, North Carolina.  Remote Sensing of Environment 68(1):41-52(APR 1999).
AMY B. BORDE

Amy Borde specializes in wetland ecology and restoration. Recent research has included assessment of eelgrass meadows in Puget Sound and Northwest coastal estuaries; the development of innovative methods for propagating and transplanting seagrass; the assessment of areas proposed for mitigation; evaluation of mitigation methods; and the use of adaptive management principles in monitoring programs.  Ms. Borde has recently been involved in national studies on innovative coastal habitat restoration, the ecological functions and societal values of isolated wetlands, and issues related to wetland mitigation banks.  

She will serve as a key technical lead in the actual eelgrass site enhancement through plant transplant and monitoring with a FTE of 10%.

EDUCATION

BS
Biology, University of New Mexico





1990

BS
Environmental Policy and Assessment, Western Washington University

1995

FIVE RELEVANT PROJECTS AND PUBLICATIONS
· NOAA Coastal Services Center Habitat Restoration Characterization:  This issue-based characterization was conducted for NOAA CSC for use on their website.  The information is intended for use by resource managers interested in conducting coastal habitat restoration.  The content focused on a systematic approach to planning and conducting habitat restoration and a national review of innovative and successful restoration projects and programs.  Ms. Borde was the project manager and conducted the national review.

· Washington State Department of Transportation Marine Biology Program: This program includes a series of marine biological studies such as inventories, restoration, monitoring, diver surveys, and permit coordination.

· Eagle Harbor Eelgrass Restoration: This project involved a site and sediment evaluation for potential eelgrass restoration and eventual development of a restoration plan.  Ms. Borde participated in initial field investigations to examine the site; surveys of water property characteristics of temperature, salinity, dissolved oxygen, and light attenuation over the site.  Additionally, she conducted growth experiments on eelgrass planted in sediment from the site and assisted in transplanting eelgrass at the site in six experimental plots spread over a depth range.  Ms. Borde aided in the placement of the eelgrass transplant site using GIS to determine the best location based on the required size, sediment characteristics, and bathymetry.

· Clinton Ferry Terminal Expansion Project: Ms. Borde assisted in developing innovative techniques for eelgrass transplanting, and participated in planting, monitoring, mapping, and reporting as part of the mitigation plan for terminal expansion at the Clinton Ferry Terminal. 
PUBLICATIONS

Thom RM, GD Williams, AB Borde, JA Southard, SL Sargeant, DL Woodruff, JC Laufle, and S Glasoe.  2005.  "Adaptively Addressing Uncertainty in Estuarine and Near Coastal Restoration Projects."  Journal of Coastal Research. JCR 40(Special Issue):94-108. 

Borde AB, RM Thom, and S Rumrill.  2003.  "Geospatial Habitat Analysis in Pacific Northwest Coastal Estuaries."  PNWD-SA-5811.  Estuaries 26(4B):1104-1116.  
CURTIS ROEGNER
Dr. Curtis Roegner is a Research Fishery Biologist with NOAA Fisheries.  Dr. Roegner’s research has focused on mechanisms controlling invertebrate recruitment and phytoplankton abundance, with current research focusing on juvenile salmonid habitat in the lower Columbia River estuary.  NOAA Fisheries will be a subcontract with Dr. Roegner being the lead of the subcontract for the crab use study of eelgrass beds with an estimated 8% FTE.
EDUCATION

PhD  

Dalhousie University  




1996
MS   

Virginia Institute of Marine Science  


1990
FIVE RELEVANT PUBLICATIONS:
Roegner, G. C., D. L. Bottom, A. M. Baptista, J. Burke, S. A. Hinton, D. A. Jay, C. A. Simenstad, E. Casillas, K. K. Jones. 2004. Estuarine habitat and juvenile salmon: current and historical linkages in the lower Columbia River and estuary, 2002. Report of Research by Fish Ecology Division, Northwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic and Atmospheric Administration to the U.S. Army Corps of Engineers, Portland District, Contract W66QKZ20374382, vi, 62 p.

Roegner, G. C., D. A. Armstrong, B. M. Hickey, A. Shanks. 2003. Ocean Distribution of Dungeness Crab Megalopae and Recruitment Patterns to Estuaries in Southern Washington State. Estuaries, 26:1058-1070.

Ruesink, J. L., G. C. Roegner, B. R. Dumbauld, J. A. Newton, D. A. Armstrong. 2003. Contributions of Coastal and Watershed Energy Sources to Secondary Production in a Northeastern Pacific Estuary. Estuaries, 26:1079-1093.

Roegner, G. C., B. M. Hickey, J. A. Newton, A. Shanks, D. A. Armstrong. 2002. Wind-induced plume and bloom intrusions into Willapa Bay, Washington. Limnology and Oceanography, 47:1033-1042.

Roegner, G. C., A. Shanks. 2001. Import of coastally-derived chlorophyll a to South Slough, Oregon. Estuaries, 24(2):244-256.
ANTONIO BATISTA

Dr. Antonio Batista and others at OGI will serve as subcontractors, summarizing results from current modeling efforts for water currents and salinity within a GIS format.  The FTE for OGI is approximately 6%.
Professional Preparation

1987
Doctor of Philosophy, Civil Engineering, Massachusetts Institute of Technology, Cambridge, MA

1986
Especialista em Hidráulica Maritima (Specialist in Maritime Hydraulics), Laboratório Nacional de Engenharia Civil (LNEC), Lisboa, Portugal

1984
Master of Science, Civil Engineering, Massachusetts Institute of Technology, Cambridge, MA

1978
Engenheiro Civil, Academia Militar, Lisboa, Portugal

Appointments

s. 2006
Director, NSF Science and Technology Center for Coastal Margin Observation and Prediction (CMOP), OGI-OHSU

s. 1999
Professor (joint appointment), Department of Computer Science and Electrical Engineering (formerly Computer Science and Engineering), OGI-OHSU

s. 1998
Professor, Department of Environmental and Biomolecular Systems (formerly Environmental Science and Engineering), OGI-OHSU

2000-2006
Head, Department of Environmental and Biomolecular Systems, OGI-OHSU

1991-2006
Director, Center for Coastal and Land-Margin Research (CCALMR), OGI-OHSU

1993-1998
Associate Professor, Department of Environmental Science and Engineering, OGI

1987-1993
Assistant Professor, Department of Environmental Science and Engineering, OGI

1979-1987
Researcher, Estuaries Division, Hydraulics Department, Laboratório Nacional de Engenharia Civil (LNEC), Lisboa, Portugal

1979-1980
Visiting Engineer, Laboratoire National d’Hydraulique, Chatou, France

FIVE RELEVANT PUBLICATIONS:
Baptista, A.M., 2006. CORIE: the first decade of a coastal-margin collaborative observatory. Oceans'06, Marine Technology Society/IEEE, Boston, MA.

Baptista, A.M., Y.L. Zhang, A. Chawla, M.A. Zulauf, C. Seaton, E.P. Myers, J. Kindle, M. Wilkin, M. Burla and P.J Turner, 2005. A cross-scale model for 3D baroclinic circulation in estuary-plume-shelf systems: II. Application to the Columbia River. Continental Shelf Research, 25, 935-972.

Zhang, Y.L., A.M. Baptista and E.P Myers, 2004. A cross-scale model for 3D baroclinic circulation in estuary-plume-shelf systems: I. Formulation and skill assessment. Continental Shelf Research, 24, 2187-2214.

Howe, B., D. Maier and A.M. Baptista, 2004. A language for spatial data manipulation. Journal of Environmental Informatics 2 (2), 23-27.

Archer, C., A.M. Baptista, and T.K. Leen, 2003. Fault detection for salinity sensors in the Columbia estuary. Water Resources Research, 39 (3), 1060, doi:10.1029/2002WR001376.
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