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ISRP concern/question:
“Reviewers are concerned, however, that the project’s goals may be unrealizable and therefore, the large investment planned for FY08 (the funding for the capital improvement costs of purchase and installation of underwater strobe lights on Dworshak Dam) may be unwise.”
“Reviewers wonder if sponsors are familiar with the survey in Whitney et al., 1997 (see, Council document 1997-1, www.nwcouncil.org/library/1997/97-15.htm) that concluded strobe lights have not been effective in guiding fish away from turbine intakes or spill bays anywhere?” “That work suggests that the expensive strobe light component in this fisheries management plan is inappropriate.” “In response, please explain your basis for concluding that underwater strobe lights will be effective at Dworshak Dam.”
Project Sponsor (IDFG) response:
We have familiarized ourselves with the survey in Whitney et. al. (1997), particularly with regard to the effectiveness of lights as fish deterrent devices. As the ISRP reviewers suggest, Whitney et. al. summarizes the results from several studies (3) revealing either inconclusive or ineffectiveness of lights at guiding fish. However, we did note that this reference’s first citation (Mighetto and Ebel, 1995) cites an older study by Fields (1966), which makes no mention of strobe lights. In addition, Fields’ study and the other two studies cited (Hays and Truscott, 1986; Gessel et al., 1990) all worked on guiding anadromous salmonid juveniles not resident kokanee. Gessel et. al. worked with Mercury Vapor lights, not strobe lights, and there may have been site- or dam-specific factors that may have influenced the effectiveness of strobe lights in the Hays and Truscott study. It is our feeling that Whitney et al. (1997) is not a proof that kokanee cannot be repelled by strobe lights, nor is it proof that the new types of strobe light equipment (that were not available in 1997) would not be effective at repelling various species of fish.
The Whitney et. al. survey is by no means a thorough summary of fish guidance technologies, especially strobe lights. A more recent and thorough survey of deterrent technologies research is summarized in the American Fisheries Society, Symposium 26 (C. C. Coutant, 2003). This symposium also includes the results of our successful off-site testing of strobe lights, which shows kokanee are particularly sensitive to the lights (Maiolie et al. 2001). Although there are other examples of studies where no fish deterrence affect was found, there are also many studies that have found strobe lights to be quite effective. Reviewing the available literature on strobe lights has lead us to realize that a fish’s response to strobe lights may be both species and site specific.
Strobe lights have achieved good success at moving fish in a number of different studies. Patrick (1982) found strobe lights worked well to divert alewife. Patrick (1980) found that American eels strongly avoided strobe lights with no behavioral adaptation over a 48 hour period. Nemeth and Anderson (1992) found that juvenile coho and chinook salmon avoided strobe lights. At the York Haven Hydroelectric Project on the Susquehanna River, American shad were “strongly and consistently” repelled from the turbine intakes (Winchell et al. 1994). Ploskey and Johnson (1997) found that strobe lights elicited consistent displacement of juvenile salmonids both vertically and horizontally. Field experiments at the Seton Hydro-Electric station in British Columbia tested the response of sockeye smolts to strobe lights at a current velocity approaching 1 m/sec. Strobe lights were found to be 56% effective at guiding downstream migrating fish (McKinley and Patrick 1986). The U.S. Army Corps of Engineers conducted tests with strobe lights at the Hiram M. Chittenden Locks in Seattle during 1998. They found that smolt entrainment into the locks was reduced 87% when the strobe lights were turned on, in spite of water velocities of 5.5 ft/sec (Johnson et al. 1998). And most recently in 2001, Johnson et. al. (2005) found similar results at Hiram M. Chittenden Locks in Seattle with 75% reduction in entrainment of anadromous salmonids. Most importantly, our Idaho Fish and Game Dworshak Research Project personnel have been testing the effectiveness of strobe lights at deterring fish over the last 9 years and we’ve found consistently promising results.
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In 1997, we conducted off-site studies in lakes with high densities of kokanee to investigate the effectiveness of underwater strobe lights at repelling wild, free-ranging kokanee. Results were very encouraging. Flash rates of 300 to 450 flashes/minute were highly successful at repelling kokanee in excess of 30 m (Maiolie et al. 1999a). Kokanee also did not become accustomed to the lights, nor move closer to them, even after a whole night of operating the lights in the same location (Maiolie et al. 1999b). We tested the lights over shallow water (25 m) and deep water (300 m). Strobe lights worked equally well in both situations. We also found that strobe lights worked particularly well during winter, which is the season of our highest entrainment losses. Tests during February 1998 documented that kokanee were repelled more than 100 m by the lights (Maiolie et. al. 2001).

The next part of our study included testing of strobe lights on-site. During 2000, a floating research platform was built upstream of Dworshak Dam, which housed the strobe light gear and propane generator (Stark and Maiolie, 2002). Testing in 2001 was conducted on Dworshak Reservoir to examine how strobe lights affect fish that are in a current of water and are schooled near the dam for a period of several months. Results indicated that kokanee were repelled from the area in front of the turbines under low flow conditions (Figure 3). Kokanee were moved to depths of over 70 m, which was well below the depth of the turbine intakes, and fish densities were reduced by 88% (p=0.009) when strobe lights were turned on (Maiolie and Stark, 2003).

Testing in 2002 progressed to testing in front of an operating reservoir outlet. Strobe lights reduced fish densities in front of the reservoir outlet by 66%, and again no tendency to fish habituation was apparent (Stark and Maiolie, 2005). During 2003, strobe light effectiveness testing was performed with two light systems each in front of simultaneously discharging turbine units. Fish counts and densities were reduced 90% and 87% respectively when strobe lights were on, and these reductions were statistically significant at p=0.012 and p=0.008 probability levels respectively. All of our above mentioned tests were conducted using Flash Technology’s underwater strobe lights, which were designed specifically to deter fish entrainment. These are exceedingly bright strobe lights with a flash rate optimized to cause fish avoidance. Such equipment was not available for studies in the 1990’s.
Therefore, we feel this project’s goals could be realized. Underwater strobe lights have been proven effective on kokanee and been shown to work on-site at the Dworshak Dam intakes. We ask that the ISRP take these comments into consideration in their next review. Regardless of the outcome of this project, we thank the ISRP for their efforts to improve the scientific basis of mitigation projects.
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Figure 1.	Echogram of fish locations around an array of flashing strobe lights.  Lights are positioned directly in front of an operating turbine on Dworshak Dam.  Note the dispersion of fish near the strobe lights.
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