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a. Abstract
The American shad (Alosa sapidissima) is a nonnative anadromous herring in the Columbia-Snake River System and has been present in the Pacific Northwest since their introduction in the late 1700’s.  Currently between one and two million adult shad pass upstream through the Bonneville Dam fish ladders each year.  The effects of shad abundance and distribution on native species are little known although shad may compete for space and resources with juvenile salmonids and may interfere with adult salmonid passage in the ladders.  Spent adult shad can seriously impact summertime hydroacoustic sampling of juvenile salmonids at dams because they are so abundant by July that their echo traces obscure those of the smolts.

Ultrasonic pulses ranging from 25 kHz to at least 200 kHz in fundamental frequency have been found to stimulate American shad and fish of closely related species (Alosine river herrings and menhaden) and pulsed sound from 115 kHz to at least 200 kHz have been found to be strongly repellant to members of the genus Alosa.  These sounds are much higher than the highest hearing of any other fishes, including salmonids.

We seek to build on work that has been done in the eastern United States and elsewhere to evaluate and develop pulsed ultrasound to direct the movement of American shad adults near the two fish ladders and at the sluiceway at The Dalles Dam in 2003.  The purpose is to evaluate the potential for ultrasound as a tool to control shad movements near dams.  

b. Technical and/or scientific background


The American shad has become an important component in the Columbia-Snake River Basin fauna, although the nature of shad effects on salmonid ecology remain largely unexplored (McCabe et al. 1983).  Shad interference in upstream passage at Priest Rapids Dam has been suggested and a pilot study involving shad control with 200 kHz ultrasound was conducted (Kumagai et al. 1999).  That very brief (two day) project left several unresolved issues, including the possibility of habituation, but it did show that up migrating American shad could be redistributed in an operating fish ladder and that the salmonids present did not respond to the sound.  Salmon are not especially adapted for high frequency hearing and are known to be insensitive to sounds higher than about 150 Hz (Knudsen et al. 1992 and 1994, Wubbels et al. 1993).  The only study exploring the effect of ultrasonic pulses on salmonids (Facey et al. 1977) confirmed that the fish were not sensitive to the sounds that were tested.

The possibility of using sensory stimuli as effective and economical means to control fish distributions near hydropower and other industrial sites has long enticed fisheries and engineering professionals (reviewed in Popper and Carlson 1998).  Although fish have a wide array of sensory modalities with which they perceive and navigate their environments (Atema et al. 1988), sound is very appealing for several reasons.  Fish are known to be able to perceive and respond to a wide range of hydromechanical stimuli, including propagated pressure waves (sound), hydrostatic pressures, and viscous disturbances via their inner ears and lateral line systems (Fay and Popper 1999).  Sound can be produced at high amplitudes in infinitely varying combinations of characteristics in the time and frequency domains.  Unlike light, sound propagates well regardless of water clarity.  Unlike odors and other chemical stimuli, sound travels rapidly regardless of current.  Sound is environmentally benign and is safer and more tractable in salt water than are electric fields.  Unfortunately the efforts of workers to reduce entrainment and impingement at water intakes or otherwise redistributed fish over long time periods using sound have largely proved unsuccessful (Popper and Carlson, 1998) with the notable exception of repulsion of river herrings (of the genus Alosa) with ultrasonic pulsed sound (Popper and Carlson 1998; Schilt in press), which has proved effective in a number of applications.


Until recently no fish was thought to hear any sounds higher than several kilohertz (kHz, thousands of cycles/sec) in frequency (Fay 1988, Popper et al. 1988, Schellart and Popper 1992, Fay and Popper 1999).  The only known exception is several species of the river herrings (genus Alosa) and possibly species of closely related genera.  This exception is especially remarkable in that it extends the highest known hearing range of any fish by two orders of magnitude to well above that known for most mammals, excepting echo locating marine mammals and bats.  For the last several years, evidence has accumulated that these fishes can perceive and are repelled by short-duration sinusoidal ultrasonic (higher than the human auditory maximum, about 20 kHz) clicks ranging from just over 100 kHz to at least as high as 200 kHz, fundamental frequency.


Ultrasonic sensitivity in a river herring was discovered by Dr. Boyd Kynard when, in 1982, he was hydroacoustically sampling down running (spent) adult American shad (A. sapidissima) in a canal associated with Holyoke Dam on the Connecticut River, MA.  The system he was using sampled with 161.9 kHz fundamental frequency and he noticed that shad were avoiding the beam.  Subsequent work at the site indicated that the sound field was effective at temporarily concentrating down running adults but that they would finally pass through or perhaps under the beam.  Up running (pre spawning) shad were more successfully concentrated by the sound, such that only one of 113 reported encounters of shad schools with the beam resulted in passage (Kynard and O’Leary 1990).


In 1989 net pen experiments were carried out on the upper Savannah River, GA (Nestler et al. 1992) in which captive adult blueback herring (A. aestivalis) were found to have statistically significant avoidance responses over fairly short (to 15 min.) time durations.  Results with free ranging blueback herring, monitored hydroacoustically in J. Strom Thurman Reservoir, demonstrated a reduction in fish abundance with the ultrasound stimulus on as compared with off.  Ultrasonic repulsion of blueback herring is part of an integrated system to reduce fish entrainment at Richard B. Russell Dam, a COE project on the upper Savannah River (Nestler et al. 1995; Ploskey et al. 1995).


Concurrent with the work in the Southeast, the New York Power Authority and Sonalysts, Inc. developed ultrasonic systems to repel alewife (A. pseudoharengus) from cooling water intakes at thermal power stations.  Dunning et al. (1992) and Ross et al. (1993, 1996) report successful repulsion of alewife in net pen experiments in a quarry and from intakes to James A. Fitzpatrick Nuclear Power Plant on Lake Ontario, respectively.

The repulsive effect of short sinusoidal pulses from about 100 kHz to at least 200 kHz has been reported in Alosine fishes other than the North American river herrings.  Gregory (2000) reports that the Twaite shad (A. fallax) were so impeded by the side-looking 200 kHz hydroacoustic beam that he was using to sample up migrating Atlantic salmon (Salmo salar) that he found it necessary to interrupt his sampling at intervals in order to let the shad up migration proceed.  There was no evidence that the salmon were effected by the sound.

Prompted by the industrial work, Mann et al. (1997) conducted laboratory psychoacoustic experiments involving classical conditioning of cardiac response to verify that young of the year American shad could indeed perceive pulsed sounds up to 180 kHz, the highest frequency that their equipment could produce.  Subsequently Mann et al. (1998) refined their previous experiments and determined that American shad have a bimodal audiogram.  The lower sensitivity range is similar to that found by Enger (1967) with highest sensitivity between 0.2 and 0.8 kHz (with a threshold near 100 dB re 1 μPa), declining above 1.6 kHz to very poor sensitivity (threshold over 160 dB re 1 μPa) between 3.3 and 12.5 kHz.  From 25 to 100 kHz, the highest frequency tested, thresholds were again lower (near 147 dB re 1 μPa), although still much higher than those for frequencies below 1 kHz.  Mann et al. (1998) also tested “simulated dolphin echolocation clicks” to demonstrate the possibility that ultrasound sensitivity evolved as a predator avoidance adaptation in these anadromous herrings, a notion first introduced by Nestler et al. (1992) and subsequently expanded by Alstrup (1999).

 The range of fish species that are sensitive to ultrasonic pulsed sound is unknown.  The only species that has been implicated by laboratory experiments that is not one of the clupeoid fishes (herrings, anchovies, and allies; figure 1) is the cod (Gadus mordhua, Alstrup and Møhl 1993), which produced classically conditioned bradycardia in response to very high amplitude (194.4 dB re 1 μPa) 38 kHz pulses.  Recently Mann et al. (2001) have recorded auditory brainstem responses to ultrasonic clicks up to 180 kHz fundamental frequency (again their equipment’s maximum frequency) from not only American shad but the closely related (also in the Clupeid subfamily Alosinae) gulf menhaden (Brevootia patronus), a near shore marine and estuarine species.  There was no measurable response to sounds higher than four kHz fundamental frequency in the other Clupeoids that they tested, including the slightly more distantly related (Family Clupeidae, subfamily Clupeinae) scaled sardine (Harengula jaguanda) and Spanish sardine (Sardinella aurita) or the more distantly related (Family Engraulidae) bay anchovy (Anchoa mitchilli).  This suggests that the Alosine species may be exclusively or especially sensitive to ultrasonic pulses.
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Figure 1. Graph of hearing ranges of several Clupeiforme species, based on auditory brainstem response and cardiac response (behavior) for American shad (Mann et al. 2001).  Figure from the website of Dr. Arthur Popper at the University of Maryland (http://www.life.umd.edu/biology/popperlab/) used with permission.

In net pen experiments with blueback herring Schilt (unpublished data) found that pulsed sounds of 118 kHz produced immediate aversion, the fish swimming immediately away from the direction of the sound source, with a variety of pulse durations and duty cycles.  Continuous wave stimulus produced only a small twitch at onset and for the remained of the hour-long treatments the fish distributions were not different from those of control treatments.  This suggests that the some aspect of the transient or sound envelope may enable perception or localization or motivate aversion.  Experiments by Mann et al. (1998) used five second ultrasonic “tones” that ramped up and down for a half second each at onset and at offset, respectively.  Mann et al. (2001) used “tone pips” that were Hanning window gated.  Both of these methods would reduce or eliminate transient bandwidth spreading but the responses (conditioned bradycardia and auditory brainstem response) indicate perception or otic input to the central nervous system, respectively.  The  mechanism of transduction remains unknown, although it is reasonable to suspect that it involves the gas-filled otic bulla system that is unique to the clupeomorph fishes (Blaxter et al. 1981).  The specific sound transduction mechanism remains unknown, as does the means of source location (Schilt and Escher in press).

In the summer of 2001 an ad hoc test of the response of American shad was conducted in a channel that is a part of the adult fish handling facility at Bonneville Dam Powerhouse 2.  The new DIDSON (Dual-Frequency Identification Sonar) acoustic camera was also being tested for its efficacy in a very restricted and otherwise acoustically challenging environment.  These tests were very brief but indicated not only that the DIDSON performed very well but that the Ultrasound pulsed (200 kHz hydroacoustic signal) was a very effective shad repellant, at least in the short term (Figure 2).
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Figure 2. DIDSON (Dual-Frequency Identification SONAR) Images of American shad schooling in a raceway at Bonneville Dam in 2001.  Images show sequence of events when 200 KHz sound is off (far left image) to 200 KHz ultra-sound on (middle image) to continuous ultra-sound (right image).  Shad were schooling and are shown as the white-streaks in the image, the white-line present in all images is the wall of the fish ladder.  There were approximately 40 shad in the left image, ten shad in the middle image and no shad in the final image.  These images were acquired to confirm the DIDSON’s performance in confined space.  Total elapsed tome < 2 seconds. 

c. Rationale and significance to Regional Programs

NWPPC’s 1994 Fish and Wildlife System Goal of “a healthy Columbia River Basin, one that supports both human settlement and the long term sustain ability of native fish and wildlife species in native habitats where possible, while recognizing that where impacts have irrevocably changed the ecosystem, we must protect and enhance the ecosystems that remain. To implement this goal the program will deal with the Columbia River as a system; will protect, mitigate and enhance fish and wildlife while assuring an adequate, efficient, economical and reliable power supply; and will be consistent with the activities of the fish agencies and tribes.”

No clear management action has been established to address the increases in the American shad population or to fund research to investigate interspecies competition in the Columbia-Snake River system and the Columbia River estuary.  The cumulative effects of delay in fish ladders of threatened or endangered stocks of salmon are unknown but may be significant. The potential of shad effects on salmonid recovery also exist in the form of juvenile shad competition for food resources with late migrating smolts and the provisioning of smolt predators after the smolt passage season.  Our study will seek to establish the necessary tools and methods that will aid in any future management action that is developed for the American shad population including controlling shad access to upstream passage and facilitating faster passage of shad in ladders.  Excluding spent adult shad from hydroacoustic samples at surface bypass site will enable the continued collection of surface passage data into the summer shad down migration at weirs, sluiceways.  If our efforts at manipulating American shad are successful they could also be used to enhance a commercial shad fishery, should such be deemed appropriate.

d. Relationships to other projects 

The purpose of this project is simply to provide a tool by which Basin managers can control the distribution of an invasive species for the protection of threatened and endangered native species, the facilitation of upstream passage by natives, and potentially the augmentation of a shad fishery.  There is a lower level of hydroacoustic effort planned for 2003 than has been the case recently and so hydroacoustic equipment that is owned by the USAE Portland District is likely to be available.  Since spent American shad can seriously compromise hydroacoustic sampling of salmon smolts in July (Ploskey et al. 2001) a tool to exclude spent American shad from hydroacoustic samples would provide an important benefit for the summertime hydroacoustic sampling of smolt passage at surface passage sites.  Such sites include the planned Bonneville Dam Second Powerhouse Corner Collector, sluiceways, and other current and future surface passage sites. 

e. Proposal objectives, tasks and methods
Objectives 

We propose to test the efficacy of pulsed ultrasound at three different places at The Dalles Dam in 2003.

1. At the fish ladder on the Washington shore we will attempt to exclude up migrating American shad from the fish ladder entrance for two day time blocks with one day being a sound on treatment and the other will be a sound off control treatment.  Treatment order will be independently randomized for each block.  The Washington shore ladder was chosen primarily because it has only a single entrance to protect with the ultrasound but also because it is a simpler design with weirs in the turn pools so that shad, which tend to hold in turn pools, may pass more quickly through the ladder than they do in more complex ladders.  We will analyze underwater videotaped data as well as relying on the ladder counts.

2. At the Oregon shore ladder we will attempt to use pulsed ultrasound to move shad out of the top of the ladder where they congregate and sometimes pass by the counting window a second and third time.  This problem may contribute to the fact that annual counts of up migrating American Shad are typically higher at The Dalles Dam than at Bonneville Dam (USAE 2000).  We will attempt to move American shad out of the ladder exit and on up river so that they cannot return to the ladder.  Treatments will be arranged as at the Washington shore fish ladder.  We will analyze underwater videotaped data as well as relying on the ladder counts and compare ultrasound on treatments and ultrasound off controls.

3. Finally, at The Dalles Dam sluiceway entrance, we will attempt to exclude spent American shad from the zone in front of the entrance.  Again we will compare ultrasound on treatments and ultrasound off controls in independently randomized 2-day blocks and compare fish counts from 420 kHz hydroacoustics sampling, which has no effect on shad behavior (Schilt, unpublished data).

The objective of our study will be to determine the response of American Shad to ultra-sound in The Dalles Dam fish ladder so that methods may be developed that either exclude shad from fish ladders altogether or that enable us to quickly move shad through sections of a fish ladder or through the entire fish ladder in a predictable manner.  The accomplishment of such objectives would enable fishery and facility managers to manage in favor of other fish species that may be impeded by the overcrowding of ladders during the peak of shad runs and to have a tools for management actions to aid in restricting movement of American shad to specific areas at hydroelectric dams.

 and 

Tasks and Methods 


Due to the time constraints imposed by the American shad timing run the experiments at all three sites (the two fish ladders and the sluiceway) will have to be carried on consecutively and so three separate sound production systems will be needed.

Objective 1-  Excluding American Shad from the Washington shore fish ladder.  Sound sources will be mounted so as to project out from the entrance of the Washington shore fish ladder.  The sound sources will be operated on and of for one day each in two day blocks.  Fish entering the Washington shore fish ladder will be recorded on videotape by underwater cameras and numbers of American shad entering the ladder will be compared between sound on treatment days and sound off control days by a paired t-test.  Video recording will be carried on throughout the daylight hours when shad are moving and video data will be subsampled for analysis.  The Washington shore ladder passes only about one tenth of all American shad that pass The Dalles Dam and so shad abundance should be manageable and shad that may hold downstream of the entrance should not interfere with the deeper migrating salmonids.

Objective 2-  Moving American shad away from the upstream exit of the Oregon shore fish ladder.  Sound sources will be placed just above the top of the ladder and aimed so as to drive the American shad on upstream along the Oregon shore so that they cannot reenter and hold in the exit section.  Again videotape data will be collected and analyzed in a manner similar to that in Objective 1, above.  Daily fish counts from the Oregon side ladder will also be used.  If we are successful we expect that our sound on treatment days will have significantly fewer American shad counted as moving downstream in the ladder than do our sound off control days.

Objective 3-  Excluding American shad from hydroacoustic sampling beams at the ice and trash sluiceway entrance.  We will set up a pair of 420 kHz split-beam hydroacoustic sampling transducers to monitor the volume just upstream of the ice and trash sluiceway entrance.  We will mount our lower frequency sound sources to project upstream of the sluiceway entrance to protect our hydroacoustic sampling volumes from the American shad’s entrance.  Again we will conduct repulsive sound on treatments and sound off controls in two day randomized pairs and compare numbers of hydroacoustic fish traces passing through the beams.

At all three sites we will collect data with the DIDSON acoustic camera to document the repulsive effect of the sound, passage without the sound, and especially the sound’s onset.  An added benefit of using the DIDSON near the fish ladders and at the sluiceway will be the exploration of our ability to differentiate American shad from salmonids using the acoustic camera’s data.

f. Facilities and equipment

Hydroacoustic sampling and analysis equipment and programs, videotaping and analysis equipment, and computers are in hand although they are owned by the USAE Portland District.  Office space for PNNL and MEVATEC exists under the same auspices in North Bonneville, WA.  GSA and personally owned vehicles will be used and no animals will be captured, maintained, or harmed in this project.
Strategies for ultrasound generation equipment are being explored.

g. References

References (Part B:  Scientific Citations).

Alstrup, J. (1999) Ultrasound detection in fish- a parallel to the sonar-mediated detection of bats by ultrasound-sensitive insects.  Comparative Biochemistry and Physiology Part A. 124: 19-27.

Alstrup, J. and B. Møhl (1993) Detection of intense ultrasound by the cod Gadus morhua.  Journal of Experimental Biology 182: 71-80.

Atema, J., R.R. Fay, A.N. Popper, and W.N. Tavolga (1988) The Sensory Biology of Aquatic Animals.  Springer-Verlag, New York.

Blaxter, J.B.S., E.J. Denton, and J.A.B. Gray (1981) Acousicolateralis system in clupeid fishes.  In: Hearing and Sound Communication in Fishes.  Springer-Verlag, New York.  W.N. Tavolga, A.N. Popper, and R.R. Fay (eds.) 39-59.

Dunning, D.J., Q.E. Ross, P. Geoghegan, J.J. Reichle, J.K. Manezes, and J.K. Watson (1992)  Alewifes avoid high-frequency sound. North American Journal of Fisheries Management 12: 407-416.

Enger, P. (1967) Hearing in herring.  Comparative Biochemistry and Physiology 22: 527-538.

Fay, R.R. (1988). Hearing in Vertebrates: A Psychophysics Handbook.  Hill-Fay Associates, Winnetka, IL.  621 pp.

Facey, D.E, J.D. McLeave, and G.E. Doyon (1977) Responses of Atlantic Salmon Parr to Output of Pulsed Ultrasonic Transmitters.  Trans. Am. Fish. Soc. 106: 489-496.

Fay, R.R., and A.N. Popper (1999). Comparative Hearing: Fish and Amphibians.  Springer Handbook of Auditory Research 11, Springer-Verlag, New York. 438 pp.

Gregory, J. (2000).  An appraisal of hydroacoustic techniques for monitoring the spawning migration of shad in the R.Wye.  Environment Agency (UK) R&D Technical Report W226.

Knudsen, F.R., P.S. Enger, and O. Sand (1992).  Awareness Reactions and Avoidance Responses to Sound in Juvenile Atlantic Salmon, Salmo salar L.  Journal of Fish Biology 40: 523-534.

Knudsen, F.R., P.S. Enger, and O. Sand (1994).  Avoidance Responses to Low Frequency Sound in Downstream Migrating Salmon Smolt, Salmo salar.  Jour. Fish Biol. 45: 227-233.

Kumagai, K.K., P.A. Nealson, and S.V. Johnson (1999) Hydroacoustic Evaluation of American Shad Behavior to an Acoustic Deterrent in the Priest Rapids Dam Fish Ladder, 1998.  Report prepared for Public Utility District No, 2 of Grant County, WA. by Hydroacoustic Technology, Inc., Seattle, WA.

Kynard, B. and J. O’Leary (1990).  Behavioral guidance of adult American shad using underwater AC electrical and acoustic fields.  Proceedings of the International Symposium on Fishways ’90 in Gifu, Japan, October 8-10, 1990. 131-135.

Mann, D.A., Z. Lu, and A.N. Popper (1997). A clupeid fish can detect ultrasound. Nature 389: 341.

Mann, D.A., Z. Lu, M.C. Hastings, and A.N. Popper (1998).  Detection of ultrasonic tones and simulated dolphin echolocation clicks by a teleost fish, the American shad (Alosa sapissima). Journal of the Acoustical Society of America 104: 562-568.

Mann, D.A., D.M. Higgs, W.N. Tavolga, M.J. Souza, and A.N. Popper (2001). Ultrasound detection by clupeiforme fishes.  Journal of the Acoustical Society of America 109 (6). 3048-3054.

McCabe, G.T., W.D. Muir, R.L. Emmett, and J.T. Durkin (1983)  Interrelationships between juvenile salmonids and nonsalmonid fish in the Columbia River Estuary.  Fish. Bull. 81(4): 815-826.

Nestler, J.M.. G.R. Ploskey, J. Pickens, J. Menezes, and C. Schilt (1992). Responses of Blueback herring to high frequency sound and implications for reducing entrainment at hydropower dams, North American Journal of Fisheries Management 12: 667-683.

Nestler, J.M.. G.R. Ploskey, G. Weeks, and T. Schneider (1995). Development of an operational, full-scale fish protection system at a major pumped-storage hydropower dam. “Waterpower ‘95”, Proceedings of the International Conference on Hydropower. San Francisco, CA.  American Society of Civil Engineers. 152-161.

Ploskey, G., J. Nestler, G. Weeks, and C. Schilt (1995).  Evaluation of an integrated fish protection system. “Waterpower ‘95”, Proceedings of the International Conference on Hydropower. San Francisco, CA.  American Society of Civil Engineers. 162-171.

Ploskey, G. R., P. N. Johnson, C. R. Schilt, W.T. Nagy, L. R. Lawrence, D. S. Patterson, and J.R. Skalski 2001.  Hydroacoustic Evaluation of the Bonneville PH1 Prototype Surface Collector in 1999.  Technical Report ERDC/EL TR-01-01, U.S. Army Engineer Research and Development Center, Vicksburg, MS.

Popper. A.N. and T.J. Carlson (1998).  Application of sound and other stimuli to control fish behavior.  Transactions of the American Fisheries Society vol. 127, number 5: 673-707.

Popper, A.N., P.H. Rogers and M. Cox (1988). Role of the fish ear in sound processing In: Sensory Biology of Aquatic Animals.  J. Atema, R.R. Fay, A.N. Popper, and W.N. Tavolga, eds. Springer-Verlag, New York.  pp. 687-710.

Ross, Q.E., D.J. Dunning, R. Thorne, J.K. Menezes, G.W. Tiller, and J.K. Watson (1993). Response of alewives to high-frequency sound at a power plant intake on Lake Ontario.  North American Journal of Fisheries Management 13: 291-303.

Ross, Q.E., D.J. Dunning, J.K. Menezes, M.J. Kenna, Jr., and G.W. Tiller (1996). Reducing impingement of alewives with high-frequency sound at a power plant intake on Lake Ontario,  North American Journal of Fisheries Management 16: 548-559. 

Schellart, N.A.M. and A.N. Popper (1992).  Functional aspects of the evolution of the auditory system of actinopterygian fish.  In: The Evolutionary Biology of Hearing.  D.B. Webster, R.R. Fay, and A.N. Popper (eds.) Springer-Verlag, New York. 295-322.

Schilt, C.R. (In Press). Natural history in an unnatural environment.  Bioacoustics.  Vol. 12.

Schilt, C.R. and C. W. Escher (In Press). Potential means of ultrasound source localization in herring. Bioacoustics. Vol. 12.

USAE (2000) Annual Fish Passage Report, Columbia and Snake Rivers for Salmon, Steelhead, and Shad.  North Pacific Division, U.S. Army Corps of Engineers Districts, Portland and Walla Walla. 

Wubbles, R.J., A.B.A. Kroese, and N.A.M. Schellart (1993).  Response Properties of Lateral Line and Auditory Units in the Medulla Oblongata of the Rainbow Trout (Oncorhynchus mykiss).  J. Exp. Biol. 179: 77-92.

Section 4. Key personnel

Derrek M Faber, Scientist

Expertise: Acoustic telemetry and field measurement of physical phenomena including sound recording and analysis.

Duties- Equipment preparation and deployment, data collection and analysis, interpretation, and reporting.

EDUCATION: 

B.S. Fishery Biology, Colorado State University, Fort Collins, 1996

CURRENT EMPLOYMENT AND RESPONSIBILITIES

Derrek Faber serves as a scientist for Pacific Northwest National Laboratory.  His professional experience includes basic and applied research with emphasis in fishery science, biology and management.  Current areas of research include the behavior of juvenile salmonids in the forebays of Columbia River basin dams and how their behavior is linked to environmental variables such as flow attributes, gas super-saturation, and dam operations.  In recent years Mr. Faber has investigated exposure of juvenile salmonids to gas super-saturation using remotely operated vehicles (ROV’s) mounted with fishery hydroacoustics at McNary Reservoir.  Research has included evaluation of prototype surface collection facilities at Lower Granite, Cowlitz Falls, and Bonneville Dams.  During the evaluations Acoustic Doppler Current Profiler (ADCP) technologies were used in conjunction with fishery hydroacoustics.  Three-Dimensional acoustic tracking technologies were also implemented by Mr. Faber to better understand juvenile salmon behavior in relation to their hydraulic environment.  For this effort juvenile salmon tracks were integrated with Computational Fluid Dynamic (CFD) models available for Bonneville Dam, and Lower Granite Dam.  His research helped to better understand the performance of those prototype surface bypass facilities.  
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