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a. Abstract 
Estuarine and tidal wetland habitats are considered important nursery zones for anadromous salmonids.  They are structurally complex, highly productive, dynamic, and diverse.  They are particularly important for juvenile salmon as they provide critical habitat for foraging, physiological transition, and refuge functions for out migration.  One component of these habitats that has been recognized as potentially important but studied very little to date, is subtidal large woody debris (LWD).  We are proposing a pilot study to evaluate the use of side scan sonar as a tool for mapping subtidal LWD.  To our knowledge, there have been no formal assessments of the quantity, type and location of subtidal LWD, partially due to inherent difficulties of subtidal mapping in general. Side scan sonar has been successfully used to map other underwater features in saltwater and freshwater with high resolution and clarity.  The sonar will be ground-truthed with underwater video, and protocols for “types” and densities” of LWD will be developed.  The georeferenced subtidal data will be coupled with upland habitat classification data in a GIS format to demonstrate a continuum of habitat features.  We will also investigate the feasibility of using a Dual-frequency Identification Sonar (DIDSON) acoustic camera to assess fish distribution at sites with LWD.  The DIDSON camera can capture near-video-quality images and is not affected by low light or turbid conditions.  Data will be collected over a range of tidal stages, day/night periods and several seasons.  Fish distribution patterns will be spatially linked to distributions of LWD in a GIS framework.  If success is demonstrated, these tools will provide a mechanism for defining a little understood, yet important habitat refuge (i.e. LWD) for juvenile salmon, and can be used in developing effective restoration scenarios in the future.    
b. Technical and/or scientific background

Studies done in a number of systems, including the Columbia River, have clearly indicated the importance of estuarine and tidal wetland habitats as nursery zones for anadromous salmonids (Healey 1982; Levings et al. 1989; Simenstad and Cordell 2000).  Juvenile salmonids move along the shallows of estuaries during their emigration to the sea, and may be found in these habitats throughout the year depending on species, stock, and life-history stage (Emmett et al. 1991; Spence et al. 1996).  Shallow estuarine habitats are structurally complex, highly productive, dynamic, and diverse.  As such, they provide a mosaic of habitats that provide critical foraging, physiological transition, and refuge functions to outmigrating juvenile salmonids
In a recent paper that provides an important compilation and synthesis of historic scientific studies on salmon use of the Columbia River estuary, Bottom et al. (2001a) summarize the interactive estuarine factors leading to salmon declines in the Columbia River.  They also place special emphasis on describing fundamental research needs that are critical to evaluating links between juvenile salmon and estuarine conditions.  Chief among these needs is an understanding of specific (especially shallow-water) estuarine habitats used during rearing and out migration through the estuary.  Historic changes in mainstem and tributary shallow water and floodplain habitats (caused by diking, filling, dredging, and dredged material disposal) affect habitat opportunity for salmon, yet are poorly documented or understood.  Likewise, impact assessments associated with these activities have usually focused on localized impacts rather than changes in habitat opportunity or capacity at a landscape scale.  They recommend that physical measurements and modeling should be used to assess the effects of bathymetric change, flow regulation, and alternative restoration designs on habitat opportunity for juvenile salmon.

Physically complex habitat features such as large woody debris (stumps, drift logs, tree root masses) are a natural component of Pacific Northwest floodplain estuaries and shorelines, and provide a variety of opportunities to juvenile salmon (Maser and Sedell 1994; Cedarholm et al. 2000).  These complex habitat features, especially when located within low-energy, productive rearing habitats and low-water refugia (subtidal channels and basins), are likely to be exceedingly important transition points for juvenile salmon during estuarine migration (Simenstad and Cordell 2000).  For example, observations of salmonid behavior and abundance in microhabitats within the Campbell River Estuary showed that fish often concentrated and fed in shear regions near bank margins (i.e., mouths of sloughs) and behind shallow subtidal habitat features (e.g., LWD) (Macdonald et al. 1987).  Rocks and fallen trees adjacent to the main flow were of particular value as refugia, reducing current velocity and creating back-eddies that trap potential prey.  In highly modified systems where shallow water and floodplain habitats (including tidal sloughs and marshes) have been filled or diked, these subtidal habitat features may be particularly important.  Although the role of LWD has been well documented for fish in freshwater systems, relatively few analogous studies have been conducted in estuarine systems, due in part to the difficulties in locating or sampling these habitats using conventional means.
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We feel that innovative tools such as side scan sonar can be used for assessing an important estuarine habitat feature (i.e. large woody debris).  Side scan sonar is generally used for imaging objects over large areas of underwater habitat.  It is a towed system that propagates an acoustic beam 90 degrees from the vessel path, out to each side.  The roughness of the benthic habitat and any objects laying upon it, reflect some of the incident sound energy back to the sonar.  These signals are amplified and sent to a data processor and can provide a near real-time display as data is collected.  The produced images are highly accurate and can be used to delineate small objects (< 10 cm).  Typically, side scan sonar has been used for shipwreck location, downed aircaft or vessel searches, lost cargo, etc.  We have successfully used side scan sonar for a marine shallow water habitat mapping effort in Puget Sound (Woodruff et. al., 2001), delineating eelgrass, piers, pilings, and substrate changes.  The instrument was towed in water as shallow as 1 meter, and data collected up to the shoreline (60 meters each side).  An example from this study relevant to our proposed effort here, shows a sonar image of logs, timber and other debris (Figure 1).  

Figure 2 shows an example of a large woody debris pile, dock, piling and boulder from the same study.  All imagery is geo-referenced and can therefore be incorporated into GIS software.  

We propose to test the feasibility of another innovative tool, a Dual Frequency Identification Sonar (DIDSON) acoustic camera (Figure 3).  The DIDSON camera was originally designed by the Applied Physics Laboratory (APL) at the University of Washington for the Space and Naval Warfare Systems Center harbor surveillance program (Belcher et. al. 1999).  The DIDSON can detect objects out to 48 m and provide near-video-quality grayscale images to identify objects out to 8 meters. The DIDSON uses an acoustic lens and was designed to bridge the gap between existing sonar and optical systems.  Traditional sonar can detect acoustic targets at long ranges, and optical systems such as video can record fish movement in clear water, but are limited by low light or high turbidity. The high resolution and fast frame rate allow the DIDSON to substitute for video systems in turbid or low light level conditions.  A near photographic image clarity is possible because the field of view is composed of 48 or 96 different beams depending on the degree field of view.   The Corps of Engineers recently funded Battelle to use the DIDSON to observe fish behavior at the Dalles Dam to determine the effectiveness of J-occlusion plates in guiding fish away from turbines (Moursund et al., 2002).  [image: image3.jpg]


The DIDSON sonar was able to document smolts entrained by the occlusion plates as well as track fish close to a structure.  An example of a still image recorded from acoustic video is shown in Figure 4.        
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Existing programs are characterizing and quantifying the current aerial distribution of emergent marsh habitats and other physical attributes (e.g., tidal channel geomorphology) using aerial hyperspectral imagery (Lower Columbia River Estuary Partnership [LCREP]-generated GIS maps) and real-time water measurements (OGI CORIE stations).  This information is being used in ongoing studies that are determining patterns of fish habitat use and growth opportunity, especially within a landscape context and relative to restoration and protection efforts (Bottom et al. 2001b).  However, shallow subtidal habitat features, including LWD, have not been mapped or quantified, nor have they been characterized relative to patterns of juvenile Pacific salmon use.  The state of the knowledge on the ecological role of woody debris, especially for salmonids, in northwest estuaries is poor.  Assessments of the response of salmonids to decreases or increases in woody debris are, therefore, largely conjecture.  In this pilot project, we are proposing to test the feasibility of several technologies that could streamline LWD data collection and aid in understanding the ecological role of LWD to salmon. We will demonstrate and assess the use of two sonar technologies that, if successful, could go a long way toward filling these data gaps.  We are proposing to map subtidal LWD using side scan sonar, and assess fish distribution and abundance near LWD using a DIDSON acoustic camera.  We will then demonstrate that this data can be merged with existing GIS habitat classification coverages for emergent marsh other habitat types to provide a continuum of coverage from subtidal to upland. This information could be used to help establish criteria for restoration efforts in the future.

c. Rationale and significance to Regional Programs

This pilot project addresses a potentially critical habitat type that has not been studied to date.  Hence it has relevance to the Northwest Power Planning Council’s Fish and Wildlife Program (NPPC 2000), the National Marine Fisheries Service’s Biological Opinion (NMFS 2000) and the subbasin summary (Marriott et al. 2001).  Since regional salmon recovery programs call for improving habitat conditions in the estuary, it is critical to inventory and assess specific habitats, such as LWD, and their ecological significance to juvenile salmon.  This project furthers the goals of the Council’s 2000 Fish and Wildlife Program, “Wherever feasible, this program will be accomplished by protecting and restoring the natural ecological functions, habitats, and biological diversity of the Columbia River Basin.”  Section III.A.2 emphasizes that the program’s approach to restoring naturally functioning ecosystems be habitat-based.  As such, LWD in the estuary is an important component to any planned estuarine habitat improvement.  In addition, the National Marine Fisheries Service (NMFS) (NMFS 2000) RPA 158 calls on the Corps and BPA to “…seek funding and develop an action plan to rapidly inventory estuarine habitat…”. The subbasin summary for the Columbia Estuary Province (Marriott et al. 2001) recognizes the ecological importance of LWD and recommends habitat improvement projects using LWD.  In summary, this project will demonstrate tools that, if successful, will quickly and accurately inventory an important habitat feature and help assess the ecological role of LWD to salmon.

d. Relationships to other projects 
This project complements a NMFS monitoring program currently being supported by the U.S. Army Corps of Engineers, “Estuarine habitat and juvenile salmon – Current and historic linkages in the lower Columbia River estuary”.  That program is defining essential fish habitat for juvenile salmon (where are juveniles in the tidally influenced lower river estuary), what habitat features provide needed refugia from predators (on a larger scale than LWD), and the links between habitat features and performance of juvenile salmon.  We will align our field effort with this program in terms of site location (Cathlamet Bay) and timing of data collection.  In addition, our data will be merged with CASI hyperspectral imagery and other habitat classification data that has been collected by LCREP.  This will help define critical restoration projects put forth by LCREP, as well as establishing criteria for restoration efforts in the future.

e. Proposal objectives, tasks and methods
Objectives 

Objective 1.  Develop field plan and engage partner involvement

The primary goal of this project is to test the feasibility of innovative technologies that would benefit the research and resource management community in the lower Columbia Estuary in future years.  It is, therefore, important to involve all interested parties at the beginning of this study to optimize the field effort and coordinate with other complementary research programs.

Task a.  Conduct planning workshop

A one day workshop/meeting will be held with scientists from Battelle and partnering programs.  Invited participants would include representatives from: LCREP, NMFS, WDF&W, OGI and BPA. Potential agenda topics include:


( Assessment of state of knowledge regarding juvenile salmon use of LWD.

( selection of representative subtidal habitat survey sites within the Columbia River estuary

( Coordinate timing of our surveys with other planned field efforts, particularly juvenile salmon transect monitoring
( Coordinate merging of subtidal LWD data with upland habitat classification data (issues of site selection, formatting, final product development)

Task b.  Develop sampling plan

Based on the results of the workshop, a well-defined sampling plan will be developed. Reviews by partnering agencies would be incorporated into the final design. Contingency plans will allow for testing and modification of field equipment as necessary.  Details of preliminary sampling plan strategies are discussed in Objectives 2 and 3.     

Objective 2.  Conduct field study for sonar mapping of LWD


Task a.  Mobilize and test side scan sonar equipment


Prior to conducting LWD mapping in the estuary, we will mobilize and test all field equipment from our research vessel,, the R/V Strait Science, at our laboratory located on Sequim Bay in Washington.  A GeoAcoustics LTD dual-frequency, side scan sonar system (100/410 kHz), will be coupled to a Trimble dGPS Pathfinder Pro XRS, which can then generate real-time geo-referenced mosaics of benthic features on board the vessel.  Based on the sampling plan design, survey tracklines will be developed in HYPACK Hydrographic Survey Software, based on current topographic, hydrographic, and other available maps.  This will allow us to predetermine a sonar-survey grid that can be easily modified in the field based on conditions encountered.

Task b.  Conduct pilot scale mapping of LWD in lower Columbia Estuary
We have tentatively selected the Cathlamet Bay region as our general study area (Figure 5), based on discussions with fisheries scientists working in the lower Columbia estuary.  Cathlamet Bay is considered a critical staging area and transition zone for juvenile salmon, where they first encounter and must acclimate to salt water.  There are a variety of habitats considered important to juveniles including main channels, channel margins, dendritic channels, back sloughs, shallow water sandy areas, emergent wetland and forested wetland locations.  We will concentrate on selecting sites that are amenable to the logistics of towed instrumentation.  We will seek advice from experts with “local knowledge” of the area and likely will include in our study area the main channel, channel margins, sloughs, and other areas that are accessible.  Depending on the width of the channels and sloughs, we will collect survey data along tracklines following the contour of the channel margins.  We are able to tow in water as shallow as 1 m.  The “side-looking” nature of the sonar will allow us to map to the shoreline in most cases.  Although our primary aim is to map LWD, other benthic features with an acoustic signature that are present will be mapped as well (e.g. change in substrate texture, submerged aquatic vegetation). This data could prove useful to the overall understanding of salmon-habitat linkages as well.
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The LWD mapping component will be conducted in the spring with a single field effort.  Based on our past sonar mapping efforts, we anticipate collecting approximately 75-100 swath kilometers of data. The DIDSON fish assessment component will also be conducted during this field trip, with an additional trip in the summer (see Objective 3, Task a).  The side scan sonar will be ground-truthed using an underwater video system to conduct spot checks, or drops, at specific locations with known LWD content.  We will use this to confirm the identity and characteristics of the “type” of LWD and other habitat features such as sediment and vegetation. Any fish observed will be noted as well. The underwater camera consists of a custom built aluminum tow sled with a vertical stabilizer and bottom skids to protect the camera system.  The video camera is capable of high resolution at low light levels (0.45 LUX), with a wide angle lens.  The camera is mounted in a plexiglass housing and oriented in an “oblique-looking” direction, which captures the landscape perspective of benthic features.

Objective 3.  Conduct field study to assess fish distribution in relation to LWD.


Task a. Assess feasibility of DIDSON acoustic camera for determining fish distribution


We are proposing to use the DIDSON acoustic camera to assess fish distribution and behavior in areas of LWD.  As stated earlier, this camera has the ability to collect near video-quality underwater images in areas of low light or turbid conditions.  We will work with the developers of the camera (UW APL) to obtain the best configuration for assessing fish distributions.  We anticipate mounting the camera off the side of our vessel and anchoring near sites for extended periods of time. Based on the sample plan (developed in Objective 1) we will collect data to answer a variety of questions related to fish utilization of LWD.  Data will be collected at variety of LWD sites, collected during daylight and nighttime, at various depths and tidal cycles.  Data will be quantified based on abundance, time, location, and behavior.  The camera cannot discern species directly, however ground-truthing efforts employed in Task b may address some of those issues.  Data will be collected in the spring (as part of the sonar mapping effort) and also in the summer.  It is thought that the mainstem and distributary channel margins are used more heavily by larger yearling (“stream type”) migrants in the spring, that tend to migrate quickly through the estuary to the ocean.  Whereas, the smaller subyearling (“ocean type”) salmon often rear in estuaries for extended periods in emergent wetlands, sloughs and other backwaters.  Our field plan will be designed to examine this issue.  We will not, however examine the issues of fish distribution in areas of no woody debris. This question could be examined in future studies if the DIDSON camera proves useful for LWD.   


Task b.  Independent verification of fish abundance and species identification
We will pair the DIDSON camera with our underwater video system to verify abundance and identify fish species and life history stages where possible.  We will also conduct diver surveys to address these questions.  Scientific divers (SCUBA) will collect underwater video using a Riptide video system-housing unit with a Sony CCD-TR930 Hi 8mm camcorder.  This is a self-contained and highly mobile unit that allows divers to record underwater video in a variety of habitats that are traditionally unavailable by remote camera systems.  Depending on water clarity, we expect to be able to differentiate between larger yearling (“stream-type”) salmon migrants, including hatchery fish, small subyearling (“ocean type”) salmon and other predator and forage fish species.  Quantifiable survey methods (e.g. set observation times) will be developed for estimating relative fish densities and documenting behavior.  Data will be stratified over high and low tidal stages and collected during the spring and summer field seasons.

Objective 4.  Assess utility of side scan sonar and DIDSON camera, and develop protocols for broader use in the estuary.


Task a.  Develop LWD classifications

Side scan sonar mosaics (seamless coverage) will be imported into GIS software and LWD polygon classifications developed and delineated.  Classifications may include but are not limited to:

(  “densities” of LWD (e.g. sparse, moderate, or dense)

(  type of debris (e.g. root balls, logs, piles of debris, etc…) 

These can be further partitioned by depth in the water column and size of the debris.  Methods will be developed to standardize the techniques of classification.  The geo-referenced video data will be used to verify the sonar data, especially the type of debris.  It will also be used to verify habitat information, such as substrate type or vegetation present.  


Task b.  Merge subtidal maps with upland habitat classification maps

An important component of the development of these mapping products, is the ability to merge our data with other GIS data such as the LCREP emergent/forested wetland classifications.  We will merge the LWD data collected with the appropriate GIS layers and clearly outline the methods developed for this as part of the protocol development.  


Task c. Develop mapping protocol based on pilot project data

A final report will be produced and will include:

(  an assessment of the utility of side scan sonar for mapping LWD, and the DIDSON camera for examining fish distribution

( a preliminary evaluation of the fish distribution data based on the DIDSON, underwater video, diver surveys, and data collected from other related  projects in Cathlamet Bay

(  map products including LWD, fish distribution in relation to LWD, and merged subtidal/upland GIS layers


(  protocol for future mapping efforts in the Columbia River estuary and other regions


Tasks and Methods 

(Incorporated with objectives above.)

f. Facilities and equipment
The field work for this project will be conducted using Battelle Marine Sciences Laboratory 28’ research vessel, the R/V Strait Science. This vessel has been used for other mapping projects and is equipped with up-to-date navigation and safety equipment.  Data will be analyzed at the Battelle MSL and Battelle/PNNL Richland facilities.  In addition, the following equipment (descriptions in other sections of this proposal) will be used on this project:

GeoAcoustics LTD dual-frequency side scan sonar system


Owned by Battelle/PNNL

HYPACK Navigation Survey Software







Owned by Battelle/PNNL

SCUBA video system











Owned by Battelle/PNNL

Towed Underwater Video System 








Owned by Battelle/PNNL

Trimble dGPS Pathfinder Pro XRS








Owned by Battelle/PNNL

DIDSON Acoustic Camera










Subcontract with UW APL 

                                                                                                            for equipment use, training

Red Hen Video Software (upgrade for our towed video system)

Purchased by this project
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Name:  RONALD M. THOM

Title:  Senior Research Scientist V
Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

A.S., Natural Sciences, Long Beach City College, 1969

B.S., Biological Sciences, California State College, Dominguez Hills, 1971

M.S., Marine Algal Ecology, California State University, Long Beach, 1976

Ph.D., Fisheries, University of Washington, 1978

Expertise:

Dr. Ron Thom has over 30 years of professional experience as an algologist, wetlands ecologist, and fisheries biologist.  Dr. Thom's research includes benthic primary production; the effects of pollution on nearshore marine; habitat construction and restoration of marine and estuarine systems; effects of climate change on estuarine systems; and ecology of fisheries resources in nearshore systems.   

Responsibilities:  

Dr. Thom is overall Program Manager for the Washington State Department of Transportation Marine Biology Program, which has been ongoing since 1995.  This project was selected by the Federal Highway Administration for the “Environmental Excellence Award” for its evaluation of the effects of ferry terminals and conditions of light, depth, and disturbance on eelgrass.  Dr. Thom participates in the assessment of the effects of the deepening of the navigation channel in the Columbia River estuary.  He is developing a conceptual model of the estuary and an adaptive management program for restoration activities.  Dr. Thom is currently a member of the King County Nearshore Technical Committee, which is providing technical guidance to the Central Puget Sound Watershed Forum and WRIAs 8 and 9.  The Committee is looking at nearshore habitat and endangered species recovery issues and recommending studies of the nearshore environment to determine needed nearshore preservation, acquisition, and restoration projects.  In addition, Dr Thom also serves on the Nearshore PRISM working group.  This working group is providing research directions through the University of Washington for nearshore systems in Puget Sound.  Dr. Thom developed a training module for agency planners in which an adaptive approach to planning and management is used in restoration programs.  He has provided training on the planning, implementation and monitoring of coastal restoration projects to a wide variety of groups including NOAA scientists, Corps of Engineers planners, and New York State resource agency personnel. 

Previous Employment

1990 – present:
Staff Scientist - Battelle 

1982 – 1990:

Fisheries Biologist - University of Washington 

1980 – 1982:

Fisheries Biologist - U.S. Corps of Engineers 

1978 – 1980:

Fisheries Biologist - University of Washington 

1971 – 1974:

Biologist- Los Angeles County 
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Shreffler, D.K., R.M. Thom, A.B. Borde, W.W. Gardiner.  1999.  Impacts of ferry terminals on migrating juvenile salmon:  Preliminary findings of diving and light surveys.  PNWD-2454.  Prepared for Washington State Department of transportation, by Battelle Marine Sciences Laboratory, Sequim, Washington.

Shreffler, D.K., C.A. Simenstad, and R.M. Thom.  1992.  Foraging by juvenile salmon in a restored estuarine wetland.  Estuaries 15:204-213.
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Name:  DANA L. WOODRUFF

Title:  Senior Research Scientist IV

Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

Ph.D., Environmental Sciences, University of North Carolina, Chapel Hill, NC, 1996

M.S., Environmental Microbiology, University of North Carolina, Chapel Hill, NC, 1992

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

Expertise:

Dr. Dana L. Woodruff specializes in remote sensing of coastal and estuarine waters, including nearshore mapping techniques and assessment of harmful algal blooms using satellite imagery. 

Responsibilities:  

Dr. Dana Woodruff's recent programs have involved using side-scan sonar and underwater videography to map benthic nearshore habitats in Puget Sound.  As Program Manager for the King County Nearshore Mapping Study, she coordinated field and data processing activities to create GIS maps of approx. 28 km of shoreline along Puget Sound, which included benthic surface sediment types, submerged aquatic vegetation, estimates of area covered by habitat and sediment types, and locations of fish and sessile benthic invertebrates.  She recently served as Program Manager for the evaluations of the environmental impacts of ferry wake erosion on eelgrass beds in Rich Passage, Washington, which utilized WSDOT aerial photography and Battelle dive surveys to assess the health of selected eelgrass beds.  She was also Program Manager for the design and development of a compact, lightweight bio-optical/environmental monitoring buoy, a device created for the collection of ground-truth measurements for calibration of ocean-color satellites and sensors in coastal waters, and for providing real-time monitoring capabilities of turbidity plumes, phytoplankton blooms, sewage outfall plumes, and other point and non-point source events.  Dr. Woodruff has been involved with the Olympic Region Harmful Algal Bloom (ORHAB) working group since its inception and is responsible for satellite imagery acquisition and interpretation – SeaWiFS (ocean color) and AVHRR (thermal) as part of the NOAA ORHAB monitoring program.  She is also currently participating in coastal calibration research as part of the MTI (Multispectral Thermal Imager) Users Group.  
Previous Employment

1999 – present:
Senior Research Scientist, Battelle Marine Sciences Laboratory, Sequim, WA

1996 – 1998:
Postdoctoral Research Associate, National Research Council, NOAA, National Marine Fisheries Service, Beaufort, NC

1997 – 1998:

NOAA CoastWatch Program Southeast Regional Manager, NOAA-NMFS, Beaufort, NC 

1988 – 1996:

Student appointment, Ecologist, NOAA-NMFS, Beaufort, NC

1976 – 1988:

Technical Specialist, Battelle Marine Sciences Laboratory, Sequim, WA

Publications:

Woodruff, D.L., N.R. Evans, B.M. Hickey, A. MacFadyen, and V.L. Trainer.  2002.  Use of SeaWiFS and AVHRR to characterize movement of Pacific Northwest Coast harmful algal blooms.  In Seventh International Conference on Remote Sensing for Marine and Coastal Environments, Miami, Florida, 20-22 May.
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Woodruff, D.L., A.B. Borde, J.A. Southard, G.D. Williams, and R.M. Thom. 2001.  Assessment of eelgrass (Zostera marina) presence and condition in Rich Passage during summer 2000. PNWD-3091.  Prepared for the Washington State Department of Transportation by Battelle Marine Sciences Laboratory, Sequim, Washington.

Woodruff D.L., P.J. Farley, A.B. Borde, J.A. Southard, and R.M. Thom. 2000.  King County nearshore habitat mapping data report: Picnic Point to Shilshole Bay Marina.  PNNL-13396.  Prepared for King County Department of Natural Resources by Battelle Marine Sciences Laboratory, Sequim, Washington.
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Name:  GREG D. WILLIAMS

Title:  Senior Research Scientist III

Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

M.S. Fisheries Biology, University of Washington, School of Fisheries & Oceanography, Seattle, WA, 1994

B.S. Biology, Washington and Lee University, Lexington, VA, 1989

Certifications:  National Association of Underwater Instructors (NAUI) Advanced diver; Professional Association of Dive Instructors (PADI) Openwater SCUBA Diver, April 1990

Expertise:

Greg Williams has a strong background in fisheries, estuarine and nearshore marine science, and restoration ecology.  He has over 10 years experience as a research diver.  

Responsibilities:  

Mr. Williams' research interests are directed toward understanding the functional attributes of natural marsh/nearshore marine systems, especially to juvenile life history stages of various fish species, and how to restore and monitor these attributes over the long term.  Mr. Williams' current projects involve developing and critically examining marsh restoration plans and monitoring protocols, and monitoring eelgrass restoration projects, including an analysis and synthesis of historic eelgrass restoration data (e.g., Clinton ferry terminal, Eagle Harbor).  He is also conducting assessments of benthic and rocky marine habitats, including geoduck, rockfish, benthic invertebrate, and macroalgae surveys (e.g., Hood Canal Bridge, Clinton ferry terminal).  Recent fisheries studies involve examining the behavior of outmigrating juvenile salmonids past shoreline structures (e.g., ferry terminals) and developing field protocols for assessing successful juvenile salmonid passage through retrofitted culverts, both of which are for the Washington State Department of Transportation.  In addition, Mr. Williams is addressing issues relative to shoreline armoring, more specifically, developing monitoring studies to assess the effects of shoreline modifications/armoring techniques on various taxa (vegetation, fish, epibenthos, benthos), and conducting literature surveys and paper studies of the Puget Sound nearshore ecosystem. 

Previous Employment

1999 – present: 
Battelle Marine Sciences Laboratory, Senior Research Scientist / Fisheries Biologist

10/94 – 1999:

Pacific Estuarine Research Lab., San Diego State University, San Diego, CA

6/94 – 9/94:

WA State Department of Fish & Wildlife, Marine Fish Division, Puget Sound, WA

2/93; 1/94:

Caribbean Marine Research Center, NOAA, Lee Stocking Island, Bahamas

1991 – 1994:

School of Fisheries and Oceanography, University of Washington, Seattle, WA

Publications:

Thom, R.M., G.D. Williams, A.B. Borde, J.A. Southard, S.L. Blanton, and J. Cordell. 2001.  Habitat mitigation monitoring at the Clinton ferry terminal, Whidbey Island.  PNWD-3116.  Prepared for the Washington State Department of Transportation by Battelle Marine Sciences Laboratory, Sequim, Washington, and the University of Washington, Seattle, Washington.

Williams, G.D., N.R. Evans, J.A. Southard, and W.H. Pearson. 2001.  Assessing Juvenile Salmonid Passage Through Culverts: Field Research in Support of Protocol Development.  PNNL-13708. Prepared for the Washington State Department of Transportation by Pacific Northwest National Laboratory, Richland, Washington; Battelle Marine Sciences Laboratory, Sequim, Washington.

Williams, G.D., J.A. Southard, S.L. Blanton, and R.M. Thom. 2001. Findings of Subtidal Dive Resource Surveys: Anchor Cable BN, Hood Canal Bridge. PNWD-3100.  Prepared for the Washington State Department of Transportation by Battelle Marine Sciences Laboratory, Sequim, Washington.

Williams, G.D., and R.M. Thom.  2001.  Development of Guidelines for Aquatic Habitat Protection and Restoration: Marine and Estuarine Shoreline Modification Issues.  PNWD-3087.  Prepared for the Washington State Department of Transportation, Washington Department of Fish and Wildlife, and the Washington Department of Ecology, by Battelle Marine Sciences Laboratory, Sequim, Washington.

Williams, G.D., R.M. Thom, J.E. Starkes, J.S. Brennan, J.P. Houghton, D. Woodruff, P.L. Striplin, M. Miller, M. Pedersen,  A. Skillman, R. Kropp, A. Borde, C. Freeland, K. McArthur, V. Fagerness, S. Blanton, and L. Blackmore.  2001.  Reconnaissance assessment of the state of the nearshore ecosystem: Eastern shore of central Puget Sound, including Vashon and Maury Islands (WRIAs 8 and 9).  J.S. Brennan, Editor.  Report prepared for King County Department of Natural Resources, Seattle, Washington. 353 pp.  

Name:  GARY JOHNSON 

Title:  Senior Research Scientist III

Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

M.S. Biological Oceanography, Oregon State University, 1981

B.A. Mathematics and Marine Biology, University of California at Berkeley, 1976

Expertise:  

Endangered salmonids, hydroacoustics, and juvenile salmon migration.

Responsibilities:  

Mr. Johnson has over 18 years experience in using hydroacoustics to study fish passage at dams and has performed hydroacoustic evaluations at power plants across the nation. He served as a fisheries biologist for the Bonneville Power Administration (BPA) before being hired at Battelle in 1994, where his work focused on the prototype surface flow bypass at Lower Granite Dam.  Mr. Johnson was a co-manager on projects involving the syntheses of hydroacoustic data from the forebays of Bonneville (1995-1998) and Lower Granite (1989-1995) dams.  He was also co-manager on major hydroacoustic studies involving the evaluation of the prototype surface bypass and collector (SBC) at the Lower Granite Dam, for which his area of emphasis was estimation of fish passage rates at the SBC, spillway, and turbine intakes, including fish guided and unguided by the extended-length bar screens.   Mr. Johnson was the technical manager for hydroacoustic monitoring and evaluation studies during the development of the surface flow bypass system at the Wells Dam from 1983 – 1992, which is arguably the most efficient smolt bypass in the basin.  Mr. Johnson has recently returned to Battelle and is currently serving out of Battle Ground, Washington, where he is in close proximity to clients in the lower Columbia River and Columbia River estuary regions.

Previous Employment

2001 - present:
Senior Research Scientist, Battelle Marine Sciences Laboratory, Battle Ground, WA

1998 - 2001: 

Senior Research Scientist, BioAnalysts, Inc., Battle Ground, WA

1994 - 1998: 

Battelle Memorial Institute, Richland, WA

1992 - 1994: 

Fisheries Biologist, Bonneville Power Administration, Portland, OR

1982 - 1992:

Manager, Technical Services, BioSonics, Inc., Seattle, WA

Publications:

Johnson, G.E., N.S. Adams, R.L. Johnson, D. W. Rondorf, D.D. Dauble, and T.Y. Barila.  2000.  Evaluation of the prototype surface bypass for salmonid smolts in spring 1996 and 1997 at Lower Granite Dam on the Snake River, Washington. Trans. Amer. Fish. Soc. 129:381-397.

Skalski, J.R., G.E. Johnson, C.M. Sullivan, E. Kudera, and M.W. Erho. 1996.  Statistical evaluation of turbine bypass efficiency at Wells Dam on the Columbia River, Washington.  Can. J. Fish. Aquatic Sci. 53(10): 2188-2198.

Johnson, G.E., J.R. Skalski,. and D.J. Degan.  1994.  Statistical precision of hydroacoustic sampling of fish entrainment at hydroelectric facilities.  N. Amer. J. Fish. Man. 14(2): 323-333.

Thorne, R. and G. Johnson.  1993.  A review of hydroacoustic studies for estimation of salmonid downriver migration past hydroelectric facilities on the Columbia and Snake rivers in the 1980s.  Reviews in Fisheries Science 1: 27-56.

Johnson, G.E., C.M Sullivan, and M.W. Erho.  1992.  Hydroacoustic studies for developing a smolt bypass system at Wells Dam.  Fisheries Research 14: 221-237.

Name:  JOHN A. SOUTHARD

Title:  Research Scientist I; MSL Dive Officer

Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

B.S., Environmental Policy and Assessment, Western Washington University Huxley Environmental College, Bellingham, WA, 1998

SCUBA Certifications

Professional Association of Dive Instructors (PADI) Open Water Diver; Buoyancy Proficiency



Technical Diving International (TDI) Advanced Nitrox; Advanced Trimix Diver; Decompression Diver; Extended Range Diver; Instructor; TDI Instructor ratings through Mixed Gas—certified to instruct to depths of 300 feet; National Association of Underwater Instructors (NAUI) Instructor; Rescue Diver, Nitrox Instructor; Advanced Diver 

Expertise:  

John Southard, MSL Dive Officer, has a strong background in fisheries, wildlife, ecology, and environmental policy and assessment.  He is experienced at underwater species identification and underwater surveys using a variety of methods, including lines, quadrats, and linear count methods.  He has been a certified SCUBA diver since 1993.

Responsibilities:  

Mr. Southard analyzed all underwater videography data and was instrumental in the nearshore substrate habitat classification analysis and fish and macroinvertebrate identification study in conjunction with side-scan sonar mapping of Puget Sound for King County.  For the Clinton Habitat Monitoring project for the Washington State Department of Transportation (WSDOT), Mr. Southard has been in charge of all diving operations, and participated in efforts involving eelgrass transplanting, quantitative and qualitative monitoring, and transplant site delineation, light monitoring attenuation and data collection, and other studies involving fish and macroinvertebrates.  He currently serves as Project Manager for the Fish Passage Study for WSDOT involving upstream movement of newly emerged Coho salmon fry and is assisting in the development of a field protocol for assessing juvenile salmonid fish passage through culverts. 

Previous Employment

1999 - present:
Research Scientist, Battelle Marine Sciences Laboratory, Sequim, WA

1997 - 1999: 

Manager, Instructor, Sound Dive Center, Port Angeles, WA

1995 - 1998: 

Fisheries/Wildlife Field Biologist, Olympic National Park, Port Angeles, WA

1992 - 1993:

WDFW Biological Technician (YCC), Port Angles, WA

Publications:

Miller, M.C., R.M. Thom, G.D. Williams, J.A. Southard, S.L. Blanton, and L.K. O'Rourke. 2001. Effects of shoreline hardening and shoreline protection features on fish utilization and behavior, Washaway Beach, Washington.  PNNL-13635.   Prepared for the Washington State Department of Transportation by Battelle Marine Sciences Laboratory, Sequim, Washington; Pacific Northwest National Laboratory, Richland, Washington.
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Southard, J.A., G.D. Williams, R.M. Thom, S.L. Blanton, and A.B. Borde.  2001.  Eelgrass Restoration at West Eagle Harbor. Phase II: Monitoring and Evaluation.  PNWD-3097.  Prepared for the Washington State Department of Transportation by Battelle Marine Sciences Laboratory, Sequim, Washington.
Southard, J.A., D.L. Woodruff, A.B. Borde, P.J. Farley, G.D. Williams, R.M. Thom, D. MacLellan, and R. Shuman.  2001.  PNNL-SA-34667.  Fish distribution in submerged shallow water habitats using underwater videography in Puget Sound.  In Puget Sound Research 2001 Proceedings -- The Puget Sound/Georgia Basin Ecosystem: Status, Stressors, and the Road to Recovery.  Bellevue, Washington, February 12-14, 2001.
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Name:  AMY B. BORDE

Title:  Research Scientist II

Employer:  Battelle Marine Sciences Laboratory

Education / Certifications 

BS, Biology, University of New Mexico, 1990

BS, Environmental Policy and Assessment, Western Washington University, 1995

Expertise:

Wetland ecology, restoration, and the application of GIS technologies in the mapping of nearshore habitats

Responsibilities:  

Current research has involved the use of side-scan sonar and GIS for mapping subtidal habitats and bathymetry in Puget Sound and the Strait of Juan de Fuca.  In a recent program for King County, Ms. Borde employed GIS to incorporate videography and side-scan data to make maps illustrating substrate types, eelgrass and other vegetation, and distribution of fish populations. She has also used GIS for comparing historical habitats with existing conditions, identifying the aerial extent of eelgrass meadows and wetlands, and locating specific areas for future long-term studies in the Pacific Northwest Coastal Ecosystems Regional Study (PNCERS).  Ms. Borde has also participated in numerous programs involving the 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 wetland mitigation banking issues and the evaluation of compensatory methods of mitigating wetland losses to be used in the development of EPA guidance documents; she is currently working on a program to assess ecological functions of isolated wetlands for EPA regulatory development.

Previous Employment:  NA
Publications:

Borde, A.B., R.M. Thom, and S. Rumrill.  2001.  Annual variability in eelgrass abundance and biomass in Willapa Bay, Washington and Coos Bay, Oregon.  PNWD-SA-5601.  Results of Pacific Northwest Coastal Ecosystem Regional Study, presented at the Pacific Estuarine Research Society (PERS) Meeting, May 17, 2001, Tacoma, Washington.
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Name:  RUSS MOURSUND

Title:  Research Scientist

Employer:  Battelle Pacific Northwest Division

Education / Certifications 

M.S. Marine Resource Management, Oregon State University, 1996.

B.S. Biology, Oregon State University, 1991.

Expertise:

Environmental impacts of hydroelectric dams, fish passage evaluation technology, hydroacoustic system design and deployment for fisheries assessments.

Responsibilities:  

Mr. Moursund’s current research involves the application of advanced technologies to fish passage research.  This has included novel applications for the Dual-frequency Identification Sonar (DIDSON) for fisheries.  This “acoustic camera” is being used in fish passage research at mainstem Columbia River hydroelectric dams for the U.S. Army Corps of Engineers.  Other research for improving the passage success of juvenile Pacific lamprey extensively used infrared-sensitive optical camera systems both in the laboratory and in the field.  Laboratory simulation of the intake bar screens, later validated with in situ observations, showed that juvenile lamprey were susceptible to impingement and injury at the intakes.  The U.S. Army Corps of Engineers has subsequently made engineering modifications based on that research.  Fish passage research at The Dalles Dam and John Day Dam have focused on evaluating a new surface bypass structure in place and on optimizing dam operations, respectively.  These large run-of-the-river hydroelectric dams are monitored with a combination of single- and split-beam hydraocoustic equipment.  Mr. Moursund’s involvement with the acoustic tagging evaluation of the surface collector at Bonneville Dam was primarily instrumentation and computer programming applied to systems automation and data analyses.  Along that vein, as part of the U.S. Department of Energy’s Advanced Hydropower Turbine System Team, Mr. Moursund deployed and collected laser doppler anemometry equiopment to collect hydraulics data in the laboratory.  This hydraulic data was merged with fish injury data to provide information on fish injury rates related to hydraulic shear.

Previous Employment

1998 - present: 
Research Scientist, Pacific Northwest National Laboratory, Richland, WA

1997 - 1998:

Graduate Research Fellow, Associated Western Universities, Richland, WA

1994 - 1996:

College of Oceanic and Atmospheric Sciences, Oregon State University, Corvallis, OR

1993 - 1994:

Biological Science Technician, U.S. Army Corps of Engineers, Cascade Locks, OR

1992 - 1993:

Experimental Biology Aide, Oregon Department of Fish and Wildlife, Newport, OR

1991 - 1992:

Research Assistant, Oregon State University, Corvallis, OR
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Name:  BRUCE SUTHERLAND

Title:  Program Scientist for Lower Columbia River National Estuary Program
Employer:  Oregon Department of Environmental Quality
Education / Certifications 

B.S., University of Washington,  Biological Oceanography, 1969

M.S., Oregon State University, Marine Resource Management, 1983
Expertise:

Resource management; strategy development for habitat restoration and long-term monitoring programs; ESA issues
Responsibilities:
Mr. Bruce Sutherland serves as a Program Scientist for the Lower Columbia River National Estuary Program, where his responsibilities include developing and implementing a long-term aquatic ecosystem monitoring strategy for the lower Columbia River; developing a set of environmental indicators to track trends in the river health; and developing a habitat protection and restoration strategy.

Previous Employment

1992 - 1995:
Washington Office of Marine Safety:  Policy and Planning Division Director.
Responsibilities included managing the Policy and Planning Division responsible for developing agency policies, procedures and rules designed to promote maritime safety and prevent oil spills in marine waters. 

1975 - 1992:
Oregon Dept. of Environmental Quality:




4/90 - 4/92:  Principal Environmental Analyst/Oil Spill Program Coordinator.

Supervised the development and implementation of Oregon’s oil spill prevention and response program including the development of new rules and policies on response, program fees, contingency plan standards, and damage assessment.




4/89 - 4/90:  Senior Environmental Analyst/Non-Point Source Specialist.

Developed inter-agency agreements to implement states non-point source water quality management plan.




10/85 - 4/89:  Senior Environmental Analyst/SARA Title III Program Coordinator.

Coordinated implementation of SARA Title III program and lead development of legislatively mandated statewide hazardous materials emergency response plan.




2/75 - 10/85:  Aquatic Biologist.

Planned, supervised and conducted comprehensive biological studies to determine the effects of pollutants on aquatic life.

Figure 1.  Side scan sonar image of large logs and other debris.





Figure 2.  Side-scan sonar image depicting large woody debris pile, dock, piling, and boulder.





Figure 3.  DIDSON acoustic camera.





Figure 4.  DIDSON image frame of two fish in San Diego Bay (~50cm each).
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Figure 5.  Cathlamet Bay region in the Columbia River estuary.
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