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Section 3. Project Description

a. Abstract

In addressing situations affecting salmon under the Endangered Species Act, the Bonneville Power Administration is committed to supporting offsite habitat enhancements undertaken by others.  Thousands of culverts in the Northwest block juvenile salmonids from thousands of miles of habitat.  The Pacific Northwest National Laboratory has undertaken a program to address the hydraulic and behavioral issues associated with juvenile salmonid fish passage through culverts.  The program is conducted in partnership with Washington State Department of Transportation, Washington Department of Fish and Wildlife, Alaska Department of Transportation, California Department of Transportation, and Oregon Department of Transportation.  The program uses full-scale models of culvert systems within a test bed to measure the hydraulic conditions and turbulence associated with various culvert designs under various slopes and flows and then to relate these measurements to quantitative measures of fish passage.  Under the overall goal to develop new and retrofitted culvert designs, this proposal focuses on essential elements in assessing culvert designs in test beds and in the field.  Such culvert evaluations need to separate fish motivation from fish capability.  The specific objective of the proposed work is to test hypotheses concerning the cues that elicit upstream movement by juvenile salmonids.  The cues to be tested are associated with light/dark patterns, water flow, temperature, chemoreception, disturbance, predation, fish density, and social facilitation.  The cues that prove to elicit upstream movement will then be used in the larger program (beyond the scope proposed here) to develop new and retrofit culvert designs and to enhance field assessment protocols based on observations of tagged and released fish.  The proposed work is innovative in that it integrates with, builds upon, and contributes to an existing comprehensive program that is the first attempt to combine a full-scale experimental system with sophisticated hydraulic and quantitative behavioral measurements.

b. Technical and/or scientific background

The Endangered Species Act (ESA) underscores the need to address situations that may affect salmon and salmon habitats.  The Bonneville Power Administration (BPA) is committed to supporting offsite habitat enhancement measures undertaken by other Federal, state, Tribal, and local agencies (RPA Action 152 NMFS 2000 BO).  Culverts can block upstream passage of fish and other aquatic organisms, and such blockage denies the access that fish need to crucial rearing and feeding habitats (National Academy of Sciences 1996, GAO 2001).  Considerable effort is being undertaken by a variety of agencies and organizations at all levels to enhance fish passage through culverts.

Extensive research and engineering has helped bring about enhancement of the passage of returning adult salmon (Copstead et al. 1998, Kahler and Quinn 1998, Moore et al. 1999).  Mathematical models are used to guide culvert design for adult fish [e.g. FishXing from the U.S. Forest Service, (USFS 2000)].  However, recent research has revealed substantial upstream movement by juvenile salmonids (Kahler and Quinn 1998, Kahler et al. 2001), and the need to pass this life stage has made the problem even larger in scope.  

The Washington State Department of Transportation (WSDOT) Workshop on Juvenile Fish Passage in 1997 called for a literature review on fish passage through culverts.  The subsequent review by Kahler and Quinn (1998) reported on movements of juvenile and resident adult salmonids, salmonid passage abilities and swimming performance, and pertinent aspects of culvert hydraulics.  The review concluded that upstream movement by juvenile salmonids is substantial and was observed in nearly all studies designed to detect it.  Upstream movement was observed in all species, age classes, and seasons but varied substantially by drainage.  Returning adult salmon show the most obvious upstream movement; however, the absence of spawning adults does not mean that other life history stages do not utilize a particular stream.  For example, coho salmon fry generally spend 18 months rearing in freshwater before migrating downstream to marine waters.  Coho fry dispersal occurs in the spring.  Spring upstream movements by coho juveniles can be more prevalent than downstream movements and can range from several meters to several kilometers.  Upstream movements by coho juveniles in summer can also be extensive with distances from several meters to tens of kilometers.  Substantial upstream movements occur from late fall to early winter as coho juveniles redistribute to winter-rearing areas.  The cues and environmental factors associated with these upstream movements are poorly understood.  However, motivating factors postulated to be involved include avoiding extreme water temperatures, avoiding poor substrate, moving to low velocity habitats after hatching in the spring, moving out of degrading habitat in the summer, moving to over-wintering habitat in the fall, and avoiding high turbidity (Table 1).  Kahler and Quinn (1998) concluded that the conditions optimal for culvert passage by juvenile salmonids are not well understood and must be determined.  

______________________________________________________________________________

Table 1.  Possible Environmental Factors and Cues Motivating and Influencing Upstream Movement of Juvenile Salmonids

______________________________________________________________________________

· Possible environmental factors motivating and influencing upstream movement
· Avoiding extreme water temperatures
· Avoiding poor substrate

· Moving to low velocity habitats after hatching in the spring

· Moving from degrading habitat in the summer (e.g., Low DO, High Temperature)

· Moving to over-wintering habitat in the fall

· Avoiding high turbidity

· Avoiding predation

· Moving from high density areas (from competition or occupied territorities)

· Moving to feeding areas

· Possible cues providing triggers and orientation

· Abrupt changes in flow characteristics

· Changes in water temperature

· Changes in turbidity

· Chemosensory cues for prey (food sources), conspecifics, or “habitat”

· Light and dark patterns

______________________________________________________________________________
The problem extends to tens of thousands of culverts in the State of Washington alone, and many are determined to be blocking juvenile salmonids from thousands of miles of habitat.  Washington State Department of Transportation (WSDOT) alone has over 500 barriers out of 1,585 culverts that block an estimated 3,000 miles of habitat.  Over 150 of these WSDOT culverts that are barriers are in the Columbia River Basin.  The U.S. Forest Service (USFS) in Washington and Oregon estimates there are between 6,000 and 9,000 culverts on their lands and 80% are barriers.  Within the Columbia River Basin then, there are probably thousands of culverts under a variety of jurisdictions that await effective retrofitting to provide juvenile fish passage.  Completed retrofits to 36 WSDOT culverts cost approximately $5.7 million and increased access to about 212 km of linear length of habitat (Johnson et al. 2000).

The need is to accurately assess the passability of existing culverts and to develop designs for new culverts and for retrofits to existing culverts that are too steep, smooth, and turbulent for small fish to negotiate.  The effectiveness of current efforts to repair and retrofit culverts is simply not known because there is little or no monitoring (GAO 2001).  Also, assessing fish passage through culverts needs new techniques that are practical, effective, and based on sound scientific observational procedures.

Determining appropriate hydraulic and fish passage designs for new and retrofitted culverts is important before installation and good understanding of the strengths and weaknesses of particular designs can support decisions related to cost and environmental implications for any institution involved in retrofitting culverts to enhance habitat access.  The optimal conditions for culvert passage by juvenile salmonids are not well understood and are a key area upon which WSDOT has decided to focus its research efforts.  In partnership with WSDOT, Washington Department of Fish and Wildlife (WDFW), Alaska Department of Transportation (AlaskaDOT), California Department of Transportation (CalTrans), and Oregon Department of Transportation (ODOT), the Pacific Northwest National Laboratory (PNNL) has undertaken a phased program to address the hydraulic and behavioral issues associated with juvenile salmonid fish passage through culvert systems.  The program addresses the testing and assessment of culvert designs, along with associated measurements of hydraulic conditions and fish behavior, occurring in full-scale physical models of culvert systems deployed in an experimental test bed (Figure 1).  Experiments in the test bed will measure the hydraulic conditions (velocity, turbulence, and water depth) associated with various culvert designs under various slopes and flow regimes and then relate these measures to repeatable, quantitative measures of fish passage success.  In addition to direct turbulence measurements, the program will apply advanced, transient 3D computational fluid dynamics (CFD) models to simulate the turbulent flow conditions within the culvert environment.  These simulations will be used in conjunction with the Acoustic Doppler Velocimeter (ADV) measurements to provide additional spatial and temporal details of the turbulent flow features near the corrugated boundary of the culvert (Figure 2).  This proposal addresses the overall goal to develop new and retrofitted culvert designs, but focuses on several essential elements in the development of innovative techniques for assessing culvert designs in experimental test beds and in the field.

Simulating actual full-scale culvert hydraulics is a complex undertaking.  First, hydraulic effects cannot be scaled down and still generate natural responses from fish.  The study by Powers et al. (1997) demonstrates why it is important to work at full scale to obtain appropriate results when behavior related to fish size interacts with the size patterns of culvert structures.  Second, the quantity of water required to create the 2- to 3-fps velocities believed to be limiting to fish passage in culverts ranges up to 5 to 20 cubic feet per second (cfs) of water flow with culverts ranging in diameter from 2 to 6 feet.  The larger culvert sizes and flows are needed to provide adequate depth over the culvert bed and to create hydraulic conditions that are not wholly affected by the culvert walls.  This is a considerable volume of water flow to maintain for the 30 to 60 minutes that the fish require to traverse culvert lengths of 30 to 40 feet (times estimated from Powers et al. 1997).  The scale and water supply issues have already been addressed in the design and site selection of the WSDOT experimental test bed (Pearson et al. 2001).  
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Figure 1.  Test Bed for Evaluation of Passage of Juvenile Salmon through Culverts Designed by the Pacific Northwest National Laboratory and Montgomery Watson Harza for the Washington State Department of Transportation.

Figure 2.  An Example Visualization of Model Output for Water Flow in a Corrugated Steel Culvert.

To properly evaluate passage in experimental settings, the effects of behavioral motivation need to be separated from the swimming capabilities and adaptive behaviors of the fish.  This proposal aims to test hypotheses concerning motivational triggers and cues.  To develop these hypotheses, we have used the conceptual model of juvenile fish passage of Pearson et al. (2001), which is summarized immediately below 

Conceptual Model Of Juvenile Fish Passage 

An initial step in the design of the WSDOT culvert evaluation program was the development of a conceptual model for the passage of juvenile salmonids through culverts.  This preliminary conceptual model of fish passage emerged primarily from analysis of Powers et al. (1997), Kahler and Quinn (1998), WDFW (1998), Reeve (1999) and Kane et al (2000).  Also, the conceptual model benefited from work by Byrant (1981), Taylor and McPhail (1985), and Kane et al (1989) on juvenile salmonid swimming abilities.  Most recently, Powers et al. (1997) in a temporary test culvert and Kane et al. (2000) in the field found that juvenile fish use low velocity zones to pass upstream in culverts.  Powers et al. (1997) found that when water velocity increased above 0.4 feet per second (fps), juvenile salmon switched to a low velocity zone next to the culvert wall and just below the water surface.  The maximum velocity in this zone that permitted successful juvenile fish passage was at or below 2 fps.  Increased turbulence limited the maximum velocity at which juvenile fish can pass the culvert.  Powers et al. (1997) surmised that the rough culvert walls reduced the velocity barrier but replaced it with a turbulence barrier to small fish.  Also, fish size influenced behavioral response to turbulence and to culvert structures.  Powers et al. (1997) urged more research on turbulence and other culvert characteristics that determine successful fish passage.

A basic premise of the conceptual model is that fish pass culverts with flow at higher mean velocities than their swimming performance indicates because they utilize low velocity pathways and adaptive behaviors to accomplish the passage.  Two major factors determine the occurrence of upstream passage:

· Motivation.  Environmental factors and cues provide the ultimate and proximate determinants of upstream movement.
· Capability and Behavior.  Once motivated to move upstream, the capabilities and adaptive behaviors of the fish interact with the culvert physical structure and hydraulic conditions to determine the success of passage.
A variety of possible environmental factors have been hypothesized for motivating and influencing upstream movement (Table 1).  There are several possible cues providing triggers and orientation in upstream movement (Table 1).  

The conceptual model suggests that, once juvenile fish are motivated to move upstream, successful passage of the culvert is determined by interactions between the swimming abilities, adaptive behaviors, and stamina (i.e., endurance, time to fatigue) of the fish and the nature of the low velocity and low turbulence pathway(s) within the culvert system.  The physical structure and the patterns of velocities, turbulence, and resting areas within the culvert system determine the nature of the passage corridor.  Adaptive behaviors utilized in culvert passage may include:

· Using burst speed (darting speed) to enter the downstream end of the culvert (outlet)

· Using low velocity/low turbulence pathways (e.g., boundary layer) to move up the barrel of the culvert

· Using prolonged swimming ability (cruising speed) to move up the culvert

· OR at high water velocities, using holding or resting areas (e.g., corrugations or other low velocity areas)

· Using prolonged or burst speed to move through high velocity areas from resting area to resting area

· Using turbulent cells as an aid to accelerate upstream

· Using burst speed (darting speed) to exit upstream end of the culvert (inlet)

· Jumping.

Thus, passage of the culvert is determined by interactions between the swimming abilities and energy reserves of the fish and the pattern of velocities, turbulence, and resting areas in the culvert system.  Although the conceptual model provides insight into the mechanism of upstream passage, it is not complete enough to fully assess all the behavioral, environmental, and hydraulic issues influencing fish passage success.  Switches among behavioral strategies related to fish size that allow for successful passage through these culverts also need to be understood.  The triggering factors and their quantitative thresholds need to be determined.

The conceptual model above is at a basic stage.  To guide culvert design, attempts have been made to develop mathematical models that incorporate fish swimming abilities and endurance plus hydraulic properties of culverts (Powers and Orsborn 1985 as cited in Reeve 1999, Behlke et al. 1991, 1993 as cited in Moore et al. 1999, USFS 2000).  Unfortunately, to convert the conceptual model to a mathematical model requires a better understanding of the relationships among the determinants plus empirical data to provide values for the model parameters.  The experimental work necessary to obtain this understanding and data remains to be done for juvenile fish.  Such research needs to be in a full-scale physical model where both the fish behavior and the hydraulics can be well characterized in controlled experiments.

Retrofitting all culverts that do not pass juvenile salmonids, as part of stream habitat restoration under the Endangered Species Act throughout the Pacific Coast region, will be an extremely expensive undertaking.  Although the testing envisioned in the WSDOT Culvert Test Bed Program discussed here will provide information to support culvert designs that are optimized for juvenile fish passage, field evaluation of installed designs will also need to be performed.  The work proposed here aims to aid the development of innovative techniques that can be used in the field to assess the effectiveness of new and retrofit culvert designs in passing juvenile fish.

c. Rationale and significance to regional programs

The Bonneville Power Administration (BPA) is committed to supporting offsite habitat enhancement measures undertaken by other Federal, state, Tribal, and local agencies (RPA Action 152 NMFS 2000 BO).  The proposed project enables BPA to leverage its funding as indicated in RPA Action 152 by participation in a joint effort with WSDOT and its numerous partners.  The proposed work is an important element in the development of new and innovative techniques for developing optimal designs for new and retrofit culverts for juvenile fish passage.  Furthermore, the proposed work is essential to development of field techniques for the assessment of existing and future culvert installations and retrofits.  

The proposed work directly supports the Habitat Strategy Objectives of the Northwest Power Planning Council’s Fish and Wildlife Program by providing critical tests of hypotheses that, in turn, enable development of tools to produce new and retrofit culvert designs and to assess quantitatively how effectively those designs pass juvenile salmon to critical upstream habitat.  The proposed work also directly addresses the need identified in Section 9.6.2.1 of the NMFS Biological Opinion (NMFS 2000) to provide remedies for in-stream obstructions and diversions that interfere with or harm listed anadromous species.

The proposed work offers several distinct advantages:

· The proposed work is innovative in that it integrates with, builds upon, and contributes to an existing comprehensive program that is the first attempt to combine a full-scale experimental system together with sophisticated hydraulic measurements and quantitative behavioral measurements of fish passage success.

· Controlled trials can be conducted within an appropriate statistical design.

· Conduct of trials can occur in shorter time and more systematically than is possible with field installations and evaluations.

· Coupling behavioral and hydraulic data enables development of predictive numerical models for culvert hydraulics and fish passage.

· Results of the proposed work enhance not only the design of new and retrofitted culverts but also empirical measurements in field evaluations of the effectiveness of such designs

· The proposed work provides key information to a larger existing program that promises to yield engineering principles concerning fish-friendly culvert designs that can be applied to the Columbia River Watershed.

· Elevates culvert designs and culvert evaluation protocols to a higher level more firmly grounded in scientific experimentation and observation

d. Relationships to other projects
The proposed work both rests upon and contributes to the WSDOT Culvert Testing Program for Juvenile Salmonid Passage.  The experiments will be conducted in the WSDOT experimental test bed (Figure 1) scheduled for installation beginning late spring 2002 at the WDFW Skookumchuck Fish Hatchery near Tenino, Washington.  The outputs of the proposed work will be useful not only to WSDOT/WDFW and their partners but also to other federal, state, tribal, and local agencies engaged in improving access by juvenile salmonids to critical upstream habitat.

Members of the project team participate in advisory and coordination roles with other fish passage work throughout the Pacific Coast Region.  The proposed work will be coordinated with other current and future field and laboratory efforts in the region.

e. Proposal objectives, tasks and methods
Objectives

In order to conduct experimental work in a test bed to develop new and retrofit designs or to conduct enhanced field assessments of fish passage through culverts, the experimental protocols need to be able to separate motivation of fish to traverse the culvert from the fish’s capability to move into, through, and out of the culvert.  Within the overall goal of enhancing passage of juvenile fish through culverts, the specific objective of the proposed work is to test hypotheses concerning the cues that elicit upstream movement by juvenile salmonids.  The cues that prove to elicit upstream movement will then be used in larger programs (beyond the scope of work proposed here) to develop new and retrofit culvert designs and to develop field assessment protocols based on observations of tagged and released fish.

The several hypotheses concerning the cues that could motivate upstream movement by juvenile salmonids include the following:  

· Different phototactic stimuli (e.g. light/dark patterns within the culvert, intense light) can elicit or inhibit upstream movement through and out of culverts.

· Abrupt changes in water flow and/or water temperature can elicit upstream movement.

· Chemosensory responses to prey odors or other water-borne stimuli can alter locomotory behavior and distribution with the culvert.

· Physical disturbance, e.g. noise or other mechanical stimuli, can elicit upstream movement.

· Sign stimuli of predators, e.g., silhouette of great blue heron, can elicit upstream movement.

· Fish density can act through increased aggression or increased social facilitation to elicit upstream movement.

Some cues might be more effective triggers under certain conditions, e.g., at dawn or dusk.  Some effort will be devoted to assessing any temporal patterns in sensitivity to cues.

Tasks and Methods
General Approach:  To test the hypotheses listed in the objectives, the general approach will be to conduct experimental trials in the WSDOT test bed (Figure 1) of specific cues presented under a varying conditions and contexts.  Juvenile coho salmon will be the test subjects.  Distinct tests may be required each for spring and fall coho juvenile migrants.  Hydraulic conditions (average current, maximum current, turbulence, flow, boundary conditions) will be characterized with an Acoustic Doppler Velocimeter (ADV) mounted on a traversing frame that enables fine-scale measurements in three dimensions.  Behavioral observations will be observed directly and through time-lapse underwater video.  Quantitative behavioral measures of the extent of fish passage success will be standardized and applied to the trials.  The quantitative measures will be used to select appropriate cues or suite of cues for the tests of passage capability, which are not part of this proposal.

Task Structure.  To fulfill the objective of testing hypotheses concerning cues, five tasks will conduct trials with separate suites of cues as follows:

1. Light Patterns

2. Water Flow and Temperature

3. Chemosensory Cues

4. Disturbance and Predation Cues

5. Fish Density and Social Facilitation

The order of the tasks is the approximate order of priority in which to test the cues based on their presumed influence on orientation within the culvert.  For example, the effects of light need to be understood before testing the other cues.

Task 1.  Light Patterns.  This task will determine whether light/dark patterns and intense light elicit or inhibit upstream movement.  During the experiments of Powers et al. (1997), the investigators observed juvenile coho salmon spending more time in the shaded rather than lighted portions of the temporary experimental culvert (Powers, P., 2001, Personal communication).  Trials will be conducted with the different portions of the culvert system lighted or shaded.  To determine whether intense light elicits upstream movement, the downstream end of the culvert system will be subjected to bright light.  To determine whether intense light inhibits fish exiting from the upstream end, separate trials will be conducted with the upstream headwater tank lighted and shaded.  

Task 2.  Water Flow and Temperature.  This task determines whether abrupt changes in water flow or water temperature elicit upstream movement.  Powers et al. (1997) observed that juvenile salmon responded to abrupt increases in water flow by moving upstream.  Also, it is possible that temperature differences of the introduced water influenced the response.  The WSDOT Test Bed is specifically designed to provide fine control of water flow and fine-scale measurements of flow and other hydraulic characteristics.  In the test bed, we shall observe the responses of juvenile coho salmon in changes in water flow and water temperature presented separately and in combination.  

Task 3.  Chemosensory cues.  This task determines whether chemosensory cues elicit upstream movement.  Chemosensory cues have long been known to elicit and guide fish movement (Pearson et al. 1980, Lokkeberg et al. 1995), and egg odor was used to elicit upstream movement of juvenile salmonids through culverts in the field experiments of Kane et al. (2000).  Experimental trials will assess whether food extracts introduced into different locations in the culvert system can be used to elicit and guide upstream movement into, through, and out of the culvert system.

Task 4.  Disturbance and Predation Cues.  This task determines whether stimuli from physical disturbance (e.g. noise or vibration) or predation (e.g. predator silhouettes) elicit upstream movement.  Loud abrupt sounds are known to elicit startle responses and avoidance movements in fish (Pearson et al. 1992).  Recognition of predators or simulated predators in hatchery fish can be enhanced through visual presentation of predator stimuli (Olla and Davis 1989, Olla et al. 1994).  Sound and predator stimuli will be presented to the fish to assess whether the elicited avoidance behavior will induce and maintain upstream movement.

Task 5.  Fish Density and Social Facilitation.  This task determines how fish density and social interactions elicit or influence upstream movement.  In moving upstream through culverts, juvenile salmonids use the corrugations as resting areas (Powers et al. 1997, Kane et al. 2000), and increasing fish density may lead to some fish being “washed out” of the culvert.  Ryer and Olla (1992, 1996, 1998) have experimentally demonstrated the role of social factors in feeding behavior and predator avoidance in salmonids.  If social facilitation of upstream movement occurs, there may be a minimum number of fish as a necessary condition for upstream movement.  Fish behavior in the test bed will be observed with different numbers of fish in the system to assess the influence of social interactions on upstream movement.

f. Facilities and equipment
The major facilities and equipment needed for this project include the following

Test Bed




Provided by WSDOT

Hatchery facilities 



Provided by WDFW

Juvenile coho salmon



Provided by WDFW

Acoustic Doppler Velocimeter


Provided by WSDOT and tuned by PNNL

Underwater video system


Partially from WSDOT, partially from this







BPA project

Lights and light control system


Provided by this BPA project

Light meters




Provided by this BPA project

Water heater and delivery system

Provided by this BPA project

Chemosensory cue delivery system

Provided by this BPA project

g. References

Bryant, M.D.  1981.  Evaluation of a small diameter baffled culvert for passing juvenile salmonids.  Research Note.  No.  PNW-384.  U.S. Department of Agriculture, Forest Service, Pacific Northwest Forest and Range Experiment Station.  

Copstead, R.L., K. Moore, T. Ledwith and M. Furniss.  1998.  Water/road interaction: An annotated bibliography. Water/road interactions technology series. USDA Forest Service, Technology and Development Program.  (http://www.stream.fs.fed.us/water-road)

GAO.  2001.  Restoring Fish Passage Through Culverts on Forest Service and BLM Lands in Oregon and Washington Could Take Decades.  U.S. General Accounting Office Report.  GAO-02-136.

Johnson, G., S. Cierebel-Kanzler, and L. Cowan.  2000.  Fish Passage Program, WSDOT Fish Passage Barrier Removal Program, Progress Performance Report.  Submitted to Washington State Department of Transportation from the Habitat Program of the Washington Department of Fish and Wildlife.  49pp.

Kahler, Thomas M., and Thomas P.  Quinn.  1998.  Juvenile and Resident Salmonid Movement and Passage through Culverts.  Final Report WA-RD 457.1 to the Washington State Department of Transportation, Olympia, Washington from The University of Washington, Seattle, Washington.

Kahler , T.M., P. Roni, and T.P. Quinn.  2001. Summer movement and growth of juvenile anadromous salmonids in small western Washington streams.  Can. J. Fish Aquat. Sci.  58:1947-1956.

Kane, D.L., C.E. Behlke, D.L.  Basketfield, R.E. Gieck, R.F. McLean, and M.D. Travis.  1989.  Hydrology, hydraulics and fish passage performance of Arctic grayling (Thymallus arcticus) at Fish Creek, Denali Highway near Cantwell, Alaska.  Final Report.  No.  FHWA-AK-RD-89-03.  State of Alaska Department of Transportation and Public Facilities, Research Section.

Kane, D.L., C.E. Belke, R.E. Gieck, and R.F. McLean.  2000.  Juvenile Fish Passage Through Culverts in Alaska:  A Field Study.  Report Number INE/WERC 00.05.  Water and Environmental Research Cemnter, University of Alaska, Fairbanks, Alaska.

Lokkeberg, S, B.L. Olla, W.H. Pearson and M.W. Davis.  1995.  "Behavioural responses of sablefish, Anoplopoma fimbria, to bait odor."  J. Fish Biol. 46:142-155.

Moore, K., M. Furniss, S. Firor, and M. Love.  1999.  Fish Passage Through Culverts:  An Annotated Bibliography.  Six Rivers National Forest Watershed Interactions Team, Eureka, CA.  http://www.stream.fs.fed.us/fishxing
Olla, B.L., M.W. Davis, and C.H. Ryer.  1994.  Behavioural deficits in hatchery-reared fish: potential effects on survival following release.  Aquaculture and Fisheries Management 25 (Suppl. 1):19-34.

Pearson, WH, MC Richmond, and J Schafer. 2001.  "Culvert Testing Program for Juvenile Salmonid Passage." PNNL-SA-34744, Presented at International Conference on Ecology and Transportation, Keystone, Colorado, September 27-28, 2001.  Prepared by Battelle Marine Sciences Laboratory, Sequim, Washington; Pacific Northwest National Laboratory, Richland, Washington; and Washington State Department of Transportation, Olympia, Washington.

Pearson, W.H., J.R. Skalski, and C.I. Malme.  1992.  "Effects of Sounds from a Geophysical Survey Device on the Behavior of Captive Rockfish (Sebastes spp)."  Can. J. Fish. Aquat. Sci. 49:1343-1356.

Pearson, W.H., S.E. Miller, and B.L. Olla.  1980.  "Chemoreception in the Food Searching and Feeding Behavior in the Red Hake, Urophycis chuss." J. Exp. Mar. Biol. Ecol., 48:139‑150.

Powers, P.D., K. Bates, T. Burns, B. Gowen, and R. Whitney.  1997.  Culvert hydraulics related to upstream juvenile salmon passage.  Technical Report, Washington Department of Fish and Wildlife.  Olympia, Washington.

Reeve, R.  1999.  Biological Elements of Fish Passage at Roadway Stream Crossings.  Culvert Fish Passage Improvement Training for the State of Oregon Department of Transportation. January-April, 1999.

Ryer, C.H. and B.L. Olla.  1992.  Social mechanisms facilitating exploitation of spatially variable ephemeral food patches in a pelagic marine fish.  Animal Behaviour 44:69-74.

Ryer, C.H. and B.L. Olla.  1996.  Social behavior of juvenile chum salmon, Oncorhynchus keta, under risk of predation: the influence of food distribution.  Environmental Biology of Fishes 45:75-83.

Ryer, C.H. and B.L. Olla.  1998.  Shifting the balance between foraging and predator avoidance: the importance of food distribution for a schooling pelagic forager.  Environmental Biology of Fishes 52:467-475.

Taylor, E.B. and J.D.  McPhail.  1985.  Variation in Burst and Prolonged Swimming Performance among British Columbia Populations of Coho Salmon, Oncorhynchus kisutch.  Can. J. Fish. Aquat. Sci.  42: 2029-2033.

U.S. Forest Service.  2000.  FishXing.  http://www.strea.fs.fed.us/fishxing/index.html
WDFW (Washington Department of Fish and Wildlife).  1998.  Fish Passage Barrier Assessment and Prioritization Manual.  Washington Department of Fish and Wildlife, Habitat and Lands Service.

Section 4. Key personnel

The principal investigator will be Dr. Walter H. Pearson of PNNL’s Marine Sciences Laboratory in Sequim, Washington.  Dr. Pearson has extensive experience in fish behavior and is currently the technical leader of the WSDOT Culvert Test Bed program.  Dr. Pearson developed the conceptual model of juvenile fish passage used in design of the test bed.  Dr. Marshall Richmond of PNNL will supervise the measurements of hydraulic conditions.  Scientific and technical personnel from PNNL will participate in conducting the proposed experiments.  

There are two technical advisors to the project.  Mr. Ken Bates of the Washington Department of Fish and Wildlife will advise on hydraulics and fish behavior.  Mr. Bates is a well-recognized expert in fish passage through culverts and was lead author of the WDFW guidance document on culvert design for fish passage.  Mr. Bori L. Olla of the Hatfield Marine Science Center of Oregon State University will advise on design of the behavioral experiments.  Mr. Olla led the Fish Behavior Group of the National Marine Fisheries Service and is well-versed in the experimental study of cues and triggers in fish behavior.  

Mr. Paul Wagner, Biology and Wildlife Manager for the WSDOT Environmental Affairs Office, and Mr. James Toohey, Program Manager for Environmental Research for the WSDOT Research Office, will act as WSDOT liaisons to the project.  Mr. Wagner and Mr.Toohey serve as technical monitor and project manager, respectively, for the WSDOT Culvert Testing Program for Juvenile Salmonid Passage.

WALTER H. PEARSON


Staff Scientist


Battelle Marine Sciences Laboratory


1529 West Sequim Bay Road


Sequim, Washington 98382

360-681-3661


Walter.Pearson@pnl.gov
EDUCATION

B.S.
Biology, Bates College, Lewiston, Maine    
1967


M.S.  
Biological Sciences, University of Alaska  
1970


Ph.D. 
Oceanography, Oregon State University       
1977

CURRENT POSITION
After assignments in academia and aboard, Dr. Walter H. Pearson returned to Battelle’s Marine Sciences Laboratory (MSL) in September 2000.  Serving as a Staff Scientist (Grade V), he is responsible for research on fisheries and fish behavior.  His current projects assess the effects of petroleum hydrocarbons on marine organisms and commercial fisheries resources.  He also leads programs addressing behavioral aspects of fish passage through engineered structures.  

SCIENTIFIC AND RESEARCH MANAGEMENT EXPERIENCE 

Dr. Pearson's primary area of expertise is the study of the effects of pollution and human activities on the behavior and ecology of fish and shellfish.  His recent experience has been in leading large multidisciplinary, multi-organizational studies to assess natural resource damages to fishery resources and marine environments.  Before coming to Battelle in the late 1970’s, Dr. Pearson had training and experience in oceanography as well as the behavioral ecology of marine organisms.  At Battelle, his applied research emphasized the ecological and behavioral effects of oil pollution and other human activities on marine fish and invertebrates, whereas his basic research has emphasized the role played by chemoreception in the behavior and ecology of marine organisms.  He studied the effects of petroleum on chemoreception in Pacific salmon.  He led field and laboratory studies of the effects of four oil spills, including a major study of the Exxon Valdez Oil Spill and two spills in the Gulf Region.  Other applied research included entailing two field experimental studies on the potential effects of sounds from geophysical survey operations on commercial fish and crab.  At Western Washington University, Dr. Pearson successfully established an innovative educational program that trained displaced timber workers in environmental policy and assessment.  

SELECTED PROJECT EXPERIENCE

Currently active projects that Dr. Pearson leads at Battelle include:

Culvert Testing Program for Juvenile Salmonid Passage:  Dr. Pearson leads this phased program sponsored by the Washington State Department of Transportation.  The program will use a specially fabricated test bed to identify the culvert designs and hydraulic conditions that allow upstream passage of juvenile salmonids at different life stages.  Dr. Pearson leads a team of fisheries biologists, hydrologists, hydraulic engineers, instrumentation specialists, and civil engineers.  

Assessment of Current Status of Pacific Herring in Prince William Sound:  Sponsored by ExxonMobil, Dr. Pearson is the Technical Leader of studies to assess the recent and current status of Pacific herring in Prince William Sound and to assess the state of knowledge concerning the effects of petroleum hydrocarbons and other environmental factors on herring and salmon.

Some completed programs that Dr. Pearson led at Battelle include the following:

Identification of Natural Resource Damage Assessment Studies for Chinook Salmon:  Dr. Pearson was the Technical Leader for this study sponsored by the Washington Department of Fish and Wildlife.  The study supported Washington State's Oil Spill Response Team by identifying the assessment studies that are scientifically valid and legally defensible. 

Analyses of the Condition of Prince William Sound Herring in 1993 and 1994:  Dr. Pearson was Technical Leader of this study for Exxon Company, U.S.A. that examined the condition and disease status of herring from Prince William Sound.  In 1993, the herring spawning biomass was substantially below its predicted level and disease symptoms from the Viral Hemorrhagic Septicemia (VHS) virus were observed.  Dr. Pearson led a team of fisheries biologists, environmental toxicologists, chemists, statisticians, and disease specialists in examining the mechanisms behind the observed population changes.

Effects of Petroleum Contaminated Waterways on the Spawning Migration of Pacific Salmon:  Dr. Pearson was Project Manager of this study sponsored by the National Oceanographic and Atmospheric Administration (NOAA) to determine how petroleum contamination might impair chemoreception and migratory behaviors in salmon.  Laboratory experiments determined the chemosensory detection threshold for oil and the effects of oil exposure on detection of biologically relevant cues.

Oil Effects on Spawning Behavior and Reproduction in Pacific Herring:  Dr. Pearson was Principal Investigator of an American Petroleum Institute (API) sponsored study of the effects of petroleum on hatching success and spawning behavior in Pacific herring, Clupea harengus pallasi.  He successfully induced spawning in laboratory‑held herring when others had failed.  For this study, he used a statistically rigorous experimental design to separate effects of parentage from those of oil exposure in the laboratory culture of herring eggs. 

Effects of Sounds from Offshore Acoustic Seismic Surveys on Commercial Fisheries:  Dr. Pearson was Technical Leader of this study sponsored by the Minerals Management Service (MMS) to determine whether sounds from offshore oil exploration activities impact the commercial setline fisheries for California rockfish.  The study involved an in situ behavioral experiment to determine how sounds from a seismic survey device affect fish behavior.  The results of the behavioral experiment were used to design subsequent field experiments assessing the effects of sounds from a seismic survey device on catch per unit effort (CPUE).  In this project, Dr. Pearson coordinated the activities of the specialists in acoustic signal processing.

Some completed programs to which Dr. Pearson was a major contributor are the following:

Sound as a Fish Guidance Technique:  Dr. Pearson was a Technical Contributor to this study sponsored by the Bonneville Power Administration.  The study examined how sound can be used to guide fish away from water intakes in hydroelectric dams.

OTHER PREVIOUS EXPERIENCE AT BATTELLE
Upon first coming to Battelle, Dr. Pearson studied the role of chemoreception in the behavioral ecology of marine organisms including the effects of petroleum hydrocarbons on chemoreception and feeding behavior.  He measured the ability of several marine organisms to detect both chemical food cues and petroleum hydrocarbons.  As part of two cooperative research programs with NOAA, National Marine Fisheries Service, he examined the avoidance and other behavioral responses of the blue crab, Callinectes sapidus, the Dungeness crab, Cancer magister, and a fish, the red hake, Urophycis chuss, to oiled sediment.  He also determined the extent of chemosensory impairment in the Dungeness crab by petroleum and its recovery.  He did basic research on fish behavior and chemoreception in the hake.  He developed techniques for field and laboratory comparisons of the effects of contaminated sediment on predation of buried prey by Dungeness crab.  For polychaete worms and clams, he has studied the effects of contaminated sediment on behaviors that influence predator-prey relationships.  He also studied how oiled sediment influences the burrowing behavior of the sand lance, Ammodytes hexapterus.
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Ph.D.,  Civil and Environmental Engineering, University of Iowa, 1987


M.S.,  Civil and Environmental Engineering, Washington State University, 1983


B.S.,  Civil and Environmental Engineering, Washington State University, 1982

PROFESSIONAL EXPERIENCE

Dr. Richmond is a Chief Engineer in the Hydrology Group. His professional experience includes basic and applied research, university teaching, and project management. His principal areas of expertise are in the development and application of computational models of hydrodynamics, sediment transport, and contaminant transport in environmental systems, computational fluid dynamics (CFD), physical modeling of hydraulic structures, fisheries engineering, and turbulence modeling in CFD. Dr. Richmond is the developer of the MASS1 (Modular Aquatic Simulation System) one-dimensional and MASS2 two-dimensional hydrodynamics and water quality computer models. He is the co-developer of an individual model for fish called FINS (Fish Individual-based Numerical Simulator).  He is currently leading the development of a three-dimensional CFD model for environmental systems. Selected experience includes the following:

Three-Dimensional CFD Modeling at The Bonneville Project – A team lead by Dr. Richmond is applying a CFD model to simulate turbulent flow conditions for fish bypass systems at Bonneville Dam for the Corps of Engineers. The goal of the project is to develop improved fish passage systems by linking hydraulic information and with fish behavior. A key aspect of the project is the close integration between the CFD and fisheries biology teams in developing and executing the research program.

Simulation of Free-Surface Hydrodynamics at The Bonneville and Dalles Projects – The purpose of these projects are to develop and apply computational fluid dynamics (CFD) models that simulate the rapidly varying free-surface flow conditions and fish behavior in the areas immediately downstream of these hydroelectric dams. The areas simulated comprise the turbine draft tube, tailrace, spillway, and stilling basin. Flows in these areas, especially the spillway and stilling basin, are three-dimensional with large surface waves and turbulence. This CFD capability is currently being applied to the Bonneville and The Dalles Dams on the Columbia River.

System Assessment Capability for the U.S. Department of Energy Hanford Site. The Hanford Site has initiated an effort to assess the cumulative long-term effects of Hanford-derived contaminants to the Columbia River and the region after the site closes.  To conduct this assessment, the site is in the process of developing the necessary tools and supporting data.  The computational capability for performing an initial assessment is known as the System Assessment Capability (SAC Rev. 0). As part of SAC, Dr. Richmond enhanced the MASS2 two-dimensional river and water quality model to simulate chemical and radionuclide contaminants. MASS2 was enhanced to include the capability to simulate sediment transport, sediment-contaminant interaction (using Kd’s), sediment-sorbed contaminant transport, and contaminant transport within the riverbed sediment layer.  
Unsteady Flow Modeling in the Columbia River Basin – The one-dimensional MASS1 model developed by Dr. Richmond is being used to simulate flow and water quality in the Columbia River Basin. Studies include water temperatures and  impacts of Priest Rapids Dam operations on the Hanford Reach of the Columbia River. Linkage to fisheries issues includes simulating water elevations and temperatures using MASS1 and using that information in conjunction with field studies to assess the effects of power peaking on fish stranding in the Hanford Reach.

Water Temperature and Sediment Transport in the Lower Snake River – As part of an effort to protect and enhance salmon populations in the Snake River, the Corps of Engineers is considering an option to return the river to pre-dam conditions. Dr. Richmond leading an assessment of water temperature and sediment transport for the natural river option using the MASS1 and MASS2 models. A key feature of the work is the development of a probabilistic analysis framework to allow decision makers to view the model results in the context of the historical hydrologic record.

Columbia Basin Unsteady Flow, Water Temperature, and Dissolved Gas Transport Modeling - Dr. Richmond is leading a team that is developing and applying unsteady flow, water temperature, and dissolved gas transport models (1-D MASS1 and 2-D MASS2) to the Lower Columbia and Snake River Systems for the Corps of Engineers Walla Walla and Portland Districts. The model have been used to simulate system-wide dissolved gas levels in response to hourly operations (power generation and spill) at main-stem dams. The FINS individual fish model is being used to assess the exposure and mortality effects of dissolved gas on salmonid populations in these studies. Currently, full three-dimensional flow and water temperature simulations are being conducted for the Lower Snake River using the EFDC (Environmental Fluid Dynamics Code) model.

Surface Runoff and Contaminant Transport in Watersheds - In support of studies at the Los Alamos National Laboratory (LANL) and DOE Pantex Plant, Dr. Richmond was a key contributor to the development and application of a hydrology-sediment-contaminant transport model for ephemeral streams. The model was used to estimate the amount of depleted Uranium transported from the LANL facility to the Rio Grande River and groundwater recharge beneath earth stormwater drainage ditches at the Pantex Plant.

Hydraulic and Contaminant Transport Modeling of Rivers - Since 1988, Dr. Richmond has been leading studies of the transport and fate of radioactive and non-radioactive contaminants in the Columbia River for the U.S. Department of Energy. Simulations of radionuclide transport have been used in the Hanford Environmental Dose Reconstruction Study (HEDR). In a similar study, sponsored by the Office of Naval Research, he has modeled the transport and fate of radionuclides in the Ob and Yenisey rivers of the Former Soviet Union. Most recently, the MASS1 model is being used to aid in the design of wide-area radionuclide monitoring networks in river systems for a IAEA project.
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