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PART 2 of 2. Narrative

Title
:  Locate chum and fall chinook salmon and redds in deep and turbid water using an acoustic camera

Section 3. Project description

Provide project detail for headings a through g. 

a. Abstract

Chum and fall chinook salmon that spawn below Bonneville Dam encounter spawning conditions that change with discharge and tidal variations.  To describe the spawning habitat that these fish select, it is necessary to collect data when fish are on, or digging, redds.  Traditional methods using underwater video cameras or divers are limited by visibility, safety, logistical constraints, fright response of fish, and cost in the case of divers.   A critical need arises when attempting to determine water velocities when fish are on redds because velocities fluctuate with flows, especially during power peaking.  This project will use a newly available acoustic camera to overcome these problems to search for adult salmon and redds in the Ives Island area below Bonneville Dam.  The Dual-Frequency Identification Sonar (DIDSON) acoustic camera was developed by the Applied Physics Laboratory at the University of Washington for the Space and Naval Warfare Systems Center.   DIDSON is now commercially available and operates underwater using sound to produce near-video quality images.  Because of this, it can produce images in water with zero visibility.  It has a range of 40 feet, a resolution of 1 inch, and 29( field of view.  DIDSON will be used to locate spawning fish so that subsequent water velocity and habitat data can be collected at fish locations.  This data will be used to develop a model to predict fish habitat use at selected flows at a larger spatial scale.  This project will also increase the accuracy of redd counts in the Ives Island spawning area, and will also be useful in documenting the occurrence of spawning below the other lower Columbia River dams.

b. Technical and/or scientific background

This project specifically addresses the current lack of accurate habitat data for chum and fall chinook salmon spawning below Bonneville Dam in deep or turbid waters.  During 1994-97, limited spawning ground surveys were conducted in the area around Ives and Pierce Islands located about 2 miles below Bonneville Dam (Hymer 1997).  From these surveys, it was determined that self-sustaining populations of fall chinook and chum salmon spawned in this area from mid October through early December.  In 1998, a study was initiated (project 99-003) to more fully evaluate the spawning and rearing of chum and fall chinook salmon in this area as well as below McNary, John Day, and The Dalles dams.

The third objective of study 99-003 seeks to evaluate the amount of suitable spawning habitat available at different flows.  This is important because fluctuating flows due to power peaking operations at Bonneville Dam changes water velocities and depths in spawning areas, may dewater redds, or block access to prime spawning areas.  Complicating this are tidal and downstream tributary influences that also change water elevations in the area.  Once again, changing spawning conditions, such as changes in nose velocities and water depths, may be negatively affecting spawning success.  These changing conditions also make it difficult to determine what conditions redds were constructed under if habitat data is not collected when fish are on redds.  Poor empirical data precludes any accurate determination of habitat preferences and prediction at a larger spatial scale (e.g., the whole Ives Island area).  Prediction at this scale is necessary to determine the effects of different flows on suitable spawning velocities and depths.

One means of collecting accurate habitat data is to observe fish on redds, determine their behavior, and then collect physical habitat information.  Traditional means of accomplishing this include using divers (Connor et al. 1993; Groves 1993), or more commonly, underwater video cameras (Groves and Garcia 1998; Dauble et al. 1999; Garcia et al. 1994).  These techniques may work well in clear water, but are ineffective when water turbidity exceeds 4 Nephelometric Turbidity Units (A.P. Garcia, U.S. Fish and Wildlife Service, personal communication).  Visibility during November, the time of peak spawning at Ives Island, is typically only 3-5 feet.  This necessitates using underwater cameras, which only have a 2-4 ft field of view at this visibility.  This small field of view often results in moving fish off redds before they can be observed for any length of time, and is a limitation of underwater video cameras (Dauble et al. 1999).  We propose to use an acoustic camera to overcome these problems.

The Dual-Frequency Identification Sonar (DIDSON) acoustic camera was developed by the Applied Physics Laboratory at the University of Washington for the Space and Naval Warfare Systems Center as part of their harbor surveillance program.  DIDSON is used by the U.S. Navy to detect swimmer intruders and mines attached to the bottom of ships, and produces high-definition images of near-video quality (Figure 1, Movie 1).  Until recently, DIDSON was only available to the U.S. Navy, but is now available commercially although at this writing, only two  have been purchased by other federal, state, or private entities.
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Movie 1.  (To view this movie, double click anywhere on the box.)  This clip was taken with an earlier version of DIDSON, called LIMIS, and shows a fish swimming in Puget Sound.  The image, which is oriented on its side, shows a fish swimming about 4 feet from the camera.  Note the definition of fish’s fins, swimming motion, and objects on the bottom that include rocks and sections of pipe.  Also note the shadow of the fish that is cast on the bottom.  (This clip was provided courtesy of the Applied Physics Laboratory at the University of Washington).  [If you cannot view this movie, you may need to download media-playing software.  If so, go to the following address http://www.microsoft.com/downloads/search.asp and choose “Windows Media Player” from the Product menu for your operating system.  Click “Find It” and then the download title to begin downloading.]

The DIDSON camera operates underwater and can be mounted on a remotely operated vehicle (ROV), a stationary platform, or can be adapted for hand-held use.  DIDSON measures 30 cm long by 20.5 cm high by 17.5 cm wide and weighs only 12 lbs.  A cable connects it to a topside laptop computer or VCR for image recording and range finding.  DIDSON operates by simultaneously transmitting and receiving sets of sound beams, which are focused using acoustic lenses (Belcher et al. 1999).  Images are built in sequences of sets, or ping cycles.  DIDSON has two operating modes.  The first is a 1.0 MHz detection mode that uses four sets to build an image with 48 beams that are 0.6( apart from each other in the horizontal plane.  Images can be constructed of objects 79 feet away from the camera at a resolution of 2 inches.  The identification mode operates at 1.8 MHz and uses eight sets to build an image with 96 beams that are 0.3( apart from each other in the horizontal plane.  This results in a higher definition image that can be collected out to a distance of 40 feet from the camera with a resolution of 1 inch.  This operating range will allow fish to be detected and observed at distances much greater than those capable with underwater light cameras and will not frighten fish.  DIDSON’s effective search range and efficiency will also be much greater than that of underwater light cameras.  DIDSON has autofocus capability and a range finder to determine the distance of imaged objects and also has the ability to measure the size of imaged objects, which will be useful in measuring fish and substrate sizes.  Because images are formed using sound, DIDSON can image in zero-visibility water and is not affected by turbulence (E.O. Belcher, Applied Physics Laboratory, personal communication).  This makes it well suited for use in the Ives Island area and below other mainstem dams and rivers to search for salmon and redds, and should have other fishery applications in the Columbia River basin as well.

c. Rationale and significance to Regional Programs

The Northwest Power Planning Council’s Independent Scientific Advisory Board and the salmon managers have placed a high priority on the protection and enhancement of naturally spawning chum and fall chinook salmon in the mainstem Columbia River.  Recovery of ESA-listed chum and fall chinook salmon that spawn at Ives Island below Bonneville Dam depends on striking a balance between power peaking operations and maintaining suitable spawning velocities and depths.  This balance relies on first determining the microhabitat selections of spawning fish under flows that are constantly changing, which is the focus of this project.  This will then allow the prediction of available habitat at a larger spatial scale under different flow scenarios.  The available habitat will be compared to that available under the minimum flow of 125 kcfs called for by the 2000 Draft Biological Opinion to protect chum salmon.  This project will enable fishery managers to weigh flow alternatives against the amount of spawning habitat gained or lost for chum and fall chinook salmon.  

Information produced by this project will be used to determine at what flows the amount of spawning habitat is maximized, thereby resulting in a direct increase in the number of fish that can spawn in the area, which should increase the production of juvenile fish. This will help meet the goal of the NWPPC Fish and Wildlife Program, which is to enhance weak stocks and increase salmon numbers.  The information from this project will be useful to the stock rebuilding efforts that BPA and the fishery managers are directed to do under Program measure 7.5D (Columbia River Chum Salmon).  Our second and third objectives, which pertain to defining fish selection of spawning habitat, directly relates to Program measure 7.1C (Collection of Population Status, Life History, and Other Data on Wild and Naturally Spawning Populations).  Information on the mainstem spawning habitat and behavior of Tule fall chinook and chum salmon is virtually nonexistent.  This project will add to our existing knowledge, and will be made available to the public via StreamNet (Program measure 3.3.A.2: Coordinated Information System).

d. Relationships to other projects 

The proposed project is directly linked to BPA project 99-003 “Evaluate spawning of fall chinook and chum salmon just below the four lowermost Columbia River mainstem dams.”  The third objective of this study will answer the question, “How many spawning salmon can the Ives Island area below Bonneville Dam support at different flows and tides?”  The USGS is leading the effort to answer this question for project 99-003 by conducting a GIS-based analysis that uses physical habitat measures in conjunction with predictive logistic regression models.  What is currently missing is an accurate assessment of the water velocities and other habitat variables selected by spawning chum and fall chinook salmon at the redd level, which is needed to develop the logistic models that will allow prediction of available habitat at a large spatial scale (the entire Ives Island study area).  The proposed innovative project will significantly increase our ability to collect the highest precision spawning habitat use and nonuse data required by project 99-003.  Project 99-003 has collected bathymetry and substrate data from the entire area from the Bonneville Dam tailrace to Warrendale, and will use a two-dimensional hydraulic model to estimate water velocities and depths at a range of different flows.  The proposed innovative project will contribute to the following products: predicting the amount (hectares), quality (high probability of use), and location of spawning habitat in the Ives Island area at different flows (100-175 kcfs) and tidal stages so that fishery managers can best use scare water resources to maximize the benefit to ESA-listed fish.  In addition, the proposed use of the acoustic camera to find fish and redds will increase the accuracy of redd counts at Ives Island made under Objective 1 of project 99-003, and will result in more comprehensive redd surveys conducted below the other lower Columbia River dams where the water is deep and the visibility is poor.

The techniques developed by this project in using an acoustic camera to locate fish and redds, especially in deep and turbid water, will be generally applicable to any project conducting mainstem spawning work.  The proposed project is especially related to Project 9801003, which conducts fall chinook salmon spawning surveys in the Snake, Grand Ronde, and Imnaha rivers.  Conditions can become unsuitable for deepwater redd surveys in the Snake River when high flows from the Salmon and Imnaha rivers increase turbidity.  An acoustic camera would be well suited to these unfavorable conditions when traditional methods become ineffective, and would increase the accuracy of redd counts needed for ESA recovery efforts for this stock.

Finally, the acoustic camera techniques developed by this project will be useful to projects that require observing resident and anadromous fish behavior where the use of traditional light cameras is impractical.  

e. Proposal objectives, tasks and methods

Objectives
 

The goal of this project is to protect and enhance the spawning population of ESA-listed chum and fall chinook salmon in the Ives Island area below Bonneville Dam.  As previously stated, we propose to use innovative technology (an acoustic camera) to determine the habitat variables selected by actively spawning fish to ultimately determine how much available spawning habitat exists at Ives Island at different flows.  The project goal will be met with the following objectives:

Objective 1.  Develop the best method of deployment of an acoustic camera from a boat.

This objective should be completed by August, 2001.  Results will be summarized in a technical report and a peer-reviewed journal article.

Objective 2.  Measure the physical habitat conditions selected by actively spawning chum and

                     fall chinook salmon below Bonneville Dam.
The null hypothesis for this objective is that fish do not have specific spawning requirements.  This hypothesis will be tested using logistic regression analysis (Hosmer and Lemeshow 1989) of habitat use and nonuse data to determine the probability that a fish will use a spawning location based on the physical habitat found there.  The hypothesis will be accepted if no univariate or multivariate model is found that is better than the constant-only model (Hosmer and Lemeshow 1989).  Otherwise, if variables important to the presence of spawning fish are found, the hypothesis will be rejected.  The products from this objective will be an identification of the variables that are important to spawning chum and fall chinook salmon at Ives Island, and logistic regression models that can be used to predict the probability of fish using spawning habitats given measures of that habitat.  The USGS is leading this effort under Project 99-003.  This objective should be completed by January, 2002.  Results will be summarized in a technical report and a peer-reviewed journal article. 

Objective 3.  Search for salmon and redds below other lower Columbia River dams.
The Washington Department of Fish and Wildlife is currently tasked with searching for redds below the lower Columbia River dams under project 99-003.  However, their searches below The Dalles, John Day, and McNary dams are limited to observations made from the bow of a boat in 3-5 ft of water, and no searches in deeper water are being made.  The DIDSON camera we propose to use is perfectly suited to assisting project 99-003 in making more comprehensive redd searches below these dams.  This Objective will be completed by December, 2001, and results will be reported jointly with the WDFW in a technical report.


Tasks and Methods
 

Objective 1.

Task 1.a – Purchase DIDSON acoustic camera. 

It takes 5-6 months to manufacture the DIDSON camera.  Immediately after funding is secured, a camera will be purchased so as to take delivery by August 1, 2001.  This will allow adequate time for testing and deployment before the fall spawning season, which begins during the end of September for ESA-listed Tule fall chinook salmon.

Task 1.b – Deploy DIDSON from a boat and for hand-held use.

Fabricate a bracket for mounting and deploying the DIDSON camera from either the side or bow of a 21’ jet boat.  Incorporate remotely operated pan and tilt camera control in the mounting system.  Develop a hand-held bracket for deployment in shallow-water situations.

Task 1.c – Conduct calibration tests and develop protocols for use.

Test the detection and identification ranges of DIDSON by placing 6, 12, and 24-inch long sections of 2-inch PVC pipe at 12-inch intervals from the camera out to a distance where the objects cannot be detected.  The camera resolution will be tested at each distance interval using two 12-inch long sections of 2-inch PVC pipe.  This will be done in both the horizontal and vertical plane by beginning with the two sections of pipe widely separated and slowly moving them toward each other until the image of the two pipes cannot be resolved.  At this point the distance between the two objects will be measured.  To determine if DIDSON is capable of imaging redds, artificial redds will be constructed before the spawning season at Ives Island for testing.  The best camera angle, distance, and redd aspect will be determined for optimal redd imaging.

Objective 2.

Task 2.a – Conduct weekly spawning surveys from the end of September through early December at Ives Island.

Spawning areas identified from past WDFW surveys will be searched for spawning fish and redds.  When a fish is located, its behavior will be observed for 15 minutes to determine if it is actively digging or holding over a redd.  If this behavior is observed, habitat measures will be collected adjacent to the redd, otherwise the search will proceed in an upstream direction to locate another fish.

Task 2.b – Collect physical habitat data associated with spawning fish and also in nonspawning areas.

For fish and redds identified in Task 2.1, the following physical habitat data will be collected: nose velocity, mean column velocity, depth, dominant substrate size, percent fines, and a GPS location.  Lateral slope and distance to a hydraulic control will be derived in GIS by Project 99-003.  To collect nonuse data, other areas will be searched that have not been used in the past by spawning fish.  Transects will be established perpendicular to the flow and searched for the presence of fish and redds.  Transects will be placed to capture a range of water velocity, depth and substrate combinations.  If no fish or redds are seen, habitat data will be collected at five random points along each transect.  The target sample sizes for each species will be 100 habitat use and 100 habitat nonuse samples during the spawning season.  This will be adequate for project 99-003 to develop logistic regression models.

Task 2.c – Relate spawning site selection to physical habitat variables.

This task will be conducted by the proposer under project 99-003, but brief methods are described here to provide context.  The data collected in Task 2.2 will be analyzed using logistic regression, which produces a probability of an event occurring – in this case, presence of a spawning fish.  The advantages of logistic regression are that both continuous and categorical data can be considered and the assumptions are not as rigorous as with other techniques, such as discriminant analysis.  The final logistic regression model will be evaluated using a jack-knife procedure with the original data, and also with an independent data set collected in previous years.

Objective 3.

Task 3.a – Assist the Washington Department of Fish and Wildlife with redd searches below The Dalles, John Day, and McNary dams using the DIDSON acoustic camera.  

These searches are currently being conducted by WDFW under project 99-003, but do not involve the use of any underwater cameras.  Since searches are made by an observer on the bow of a boat, they are only effective to a depth equal to the limit of visibility (3-5 ft).  We will use DIDSON to search areas deeper than 5 ft concurrent with WDFW surveys.  We will coordinate with WDFW to identify potential spawning areas based on suitable depth, velocity, and substrate.  Transects will be laid out through each area perpendicular to the current, the number of which will depend on the size of the area and will not be less than 10.  A real-time differential GPS will be used to navigate along transects during searches, and the location and number of any fish and redds will be recorded, as well as fish behavior.

f. Facilities and equipment

The Columbia River Research Laboratory is equipped with all of the resources necessary to carry out this project.  Each person employed by this project has computer and the necessary software to complete data reduction, storage, and complex statistical analyses.  In addition, we have a state-of-the-art GIS computer system and software at the lab.  As for field activities, this project has all the boats, vehicles, and capital equipment necessary to collect data for field-related tasks.

The primary piece of special equipment that this project will need to purchase is the DIDSON acoustic camera.  As mentioned earlier, no other entity, except for the U.S. Navy, currently owns a DIDSON acoustic camera.  Because of the limited market, the current price is $80,000 and would be higher if the Navy had not borne the research and development costs.  The proposed project is about using this state-of-the-art technology to answer spawning habitat-related questions to better manage ESA-listed stocks.  Its cost is justified given the benefit that will be derived and the other applications that this equipment will have in the basin.
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Section 4. Key personnel

Principal Investigator:
Kenneth F. Tiffan

Research Fisheries Biologist, 0.5 FTE

Education:

Master of Science—1992; Colorado State University; degree in Fishery Biology

Bachelor of Science—1987; Colorado State University; degree in Fishery Biology
Employment:

1992 to Present—Research Fisheries Biologist for the Biological Resources Division (USGS).  Conducting research on fall chinook salmon in the Snake and Columbia rivers.

Current Responsibilities:

Responsible for oversight of research conducted by BRD employees including radio telemetry, bioenergetics, habitat/GIS studies, and predation, and coordination of BRD and USFWS research.  Responsible for editing annual project reports, budgeting, and obtaining necessary fish collection permits.

Proposed responsibilities:

Kenneth Tiffan will lead this project and supervise subordinate employees.  He will be responsible for study design, operation of DIDSON, data analysis, project administration, and final report and journal article preparation.

Expertise:

Kenneth Tiffan has over 8 years as a fishery biologist focusing on Snake and Columbia river fall chinook salmon research.  Areas of expertise include fall chinook salmon physiology, field and laboratory investigations of migratory behavior, quantifying habitat use, and bioenergetics.  His knowledge of political and administrative processes help keep these impediments from hindering project operations and accomplishments.

Work Products:

—Tiffan, K.F., D.W. Rondorf, and P.G. Wagner.  2000.  Physiological development and migratory behavior of subyearling fall chinook salmon in the Columbia River.  North American Journal of Fisheries Management 20:28-40.

—Tiffan, K.F., D.W. Rondorf, R.D. Garland, and P.A. Verhey.  In press.  Identification of juvenile fall versus spring chinook salmon migrating through the lower Snake River base on body morphology.  Transactions of the American Fisheries Society.

—Garland, R.D., D.W. Rondorf, K.F. Tiffan, and L.O. Key.  In review.  Subyearling fall chinook salmon use of shoreline riprap habitats in a reservoir of the Columbia River.  North American Journal of Fisheries Management.

—Connor, W.P., T.C. Bjornn, R.K. Steinhorst, H.L. Burge, A.R. Marshall, H.L. Blankenship, and K.F. Tiffan.  In review.  Run composition and life history attributes of wild subyearling chinook salmon passing a Snake River dam.  Northwest Science.

—Coauthored and edited seven annual BPA project reports for project 91-029.

Figure 1. Three sample images taken with an earlier version of DIDSON called LIMIS. The left image shows a limpet mine on the hull of a ship 7 feet from the sonar. The center image shows two hands. The right image shows an intake on the hull of a ship. The intake is approximately 46 cm in diameter and is 9 feet from the sonar. The left and right images were taken in Chesapeake Bay in water with 15-cm visibility.  (Images provided courtesy of the Applied Physics Laboratory at the University of Washington.)
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