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PROJECT SUMMARY

RESEARCH SUMMARY
The goal of this research is to document the effects of a very low intensity electric array—designed to deter marine mammal predation on ESA-listed and other fishes below Bonneville Dam—on the migratory behavior of various fishes passing the dam via the upstream migrant tunnel (UMT) near Powerhouse 2.  These would mostly include upstream migrating adult salmonids (Oncorhynchus spp.), Pacific lampreys (Lampetra tridentata), and perhaps other fishes.  This work is a continuation of previous hatchery and laboratory studies designed to test small-scale versions of the array, fish behavior, and injury.  The results of this study should be useful for deciding about whether to install a full-size electrical array in the lower Columbia River to minimize predation on upstream migrating fishes by marine pinnipeds.  

STUDY OBJECTIVES

Objective 1.  Assess the effects of a low intensity electrical array on the rate of movement and behavior of upstream migrating adult salmonids in the UMT.   

Objective 2.  Assess the effects of a low intensity electrical array on the rate of movement and behavior of upstream migrating adult Pacific lampreys in the UMT.  
BACKGROUND AND JUSTIFICATION

Predation by pinnipeds, such as California sea lions (Zalophus californianus), Pacific harbor seals (Phoca vitulina), and Stellar sea lions (Eumetopias jubatus) on returning adult Pacific salmon in the Columbia River basin has become an increasing concern for fishery managers trying to conserve and restore threatened and endangered salmonid runs.  As a result, Smith-Root Incorporated (SRI; Vancouver, Washington) has proposed a demonstration project to evaluate the potential of an electrical array to deter marine mammals (SRI 2007).  The objective of their work is to develop, deploy and evaluate a passive, integrated electric and sonar array that selectively inhibits upstream marine mammal movements and predation, without injuring pinnipeds or affecting anadromous fish migrations.  However, before such a device could be placed in the field, concerns by regional fishery managers about the potential effects of such a device on the migratory behavior of or injury to Pacific salmon, steelhead (O. mykiss), lampreys, and white sturgeon (Acipenser transmontanus) needed to be addressed.  
Recently, we completed hatchery and laboratory evaluations of small-scale versions of an array on the behavior and potential for injury to adult steelhead and Pacific lampreys (Mesa and Copeland 2009).  Briefly, we found that steelhead successfully passed over a small array in a hatchery raceway when it was energized to minimal levels known to deter sea lions in laboratory tests (i.e., a surface voltage gradient of 0.6 V/cm, a pulse width [PW] of 0.4 ms, and a pulse frequency [PF] of 2 Hz).  However, when surface voltage gradients were increased to a range of 0.8 – 1.1 V/cm, the passage of steelhead over the array was reduced by 13 – 33%.  Finally, exposing steelhead to 850 V, a surface voltage gradient of 1.9 V/cm, 0.4 ms PW, and 2 Hz resulted in no significant injuries.  For lampreys, their swimming behavior and rate of passage through a small array in an oval flume were not significantly impacted when exposed to 0.6 or 1.35 V/cm at the surface, 0.4 ms PW, and 2 Hz.  However, when voltage gradient and pulse rate were increased to 1.8 V/cm and 5 ms, the mean passage rate of lampreys over the array declined by 80%.  Similar work by Ostrand et al. (2008) showed that large white sturgeon may experience altered behavior and mortality if exposed to the array under continuous operation and that these effects would be reduced if the array were operated intermittently.  They concluded that the location of a field-based array should be thoroughly studied and aspects of intermittent operation of the array be refined.  
Although the results described above provide some initial insight into the behavioral responses of fish that may encounter a low intensity electric barrier in the field, more work is needed.  Questions remain, for example, about extending results from laboratory experiments to conditions in the field, including our use of hatchery fish and scaled-down, prototype arrays, and the relevance of the electrical conditions experienced by our fish.  Although electric field modeling done recently by SRI indicates that the milder electrical conditions we tested would be similar to those in a field-based array and that the more severe conditions would be rare, we remain concerned about the large size of the array proposed for installation below Bonneville Dam on the Columbia River and its true electrical characteristics.  Although Mesa and Copeland (2009) stated that a complete understanding of fish behavior in response to the array may be tenable only after careful in-situ testing of a full-scale apparatus, it seems prudent to conduct some tests at a scale in between laboratory and full field deployment.  Thus, the research described here is designed to test the effects of a somewhat larger array placed within the UMT on the migratory behavior of adult salmonids and Pacific lampreys.  These tests will be much different and provide more ecological realism than previous studies because: (1) the array will be longer, so fish will have to swim a greater distance (perhaps up to 12 m, or 40 feet) through an energized volume of flowing water; (2) the test fish used will be feral, free-swimming, motivated adult fishes that have already ascended the Cascades Island fish ladder and most of the UMT; (3) water velocities in the UMT will be similar to those in many areas of the river; and (4) no manipulation, holding, or handling of test fish will be required.  Conducting tests of a moderately-sized electrical array in the UMT is a logical “next step” towards the possible installation of a field-based array in the Columbia River below Bonneville Dam.  
For this study plan, we outline methods for experiments designed to assess the influence of a low intensity electrical array placed in the UMT at Bonneville Dam on the upstream migratory behavior of adult salmonids and Pacific lampreys.  We plan on using a combination of DIDSON acoustic camera technology combined with in-situ PIT tag interrogation systems to describe the behavior of fish as they approach the array, enter it, and migrate past it.  We will compare fish behavior during blocks of time when the array is on or off, focusing initially on spring Chinook salmon O. tshawytscha, Pacific lampreys, and summer steelhead.  We will refine our sampling based on the periodicity of certain runs of fish and their diel movement through fishways.  In the end, results from this study should provide more realistic, requisite background information for deciding whether to design, build, deploy, and operate a large-scale, field-based electrical array.  
OBJECTIVES AND METHODS

Objective 1.  Assess the effects of a low intensity electrical array on the rate of movement and behavior of upstream migrating adult salmonids in the UMT.

We will test the effects of the array on the movement and behavior of adult salmonids migrating up the UMT at Bonneville Dam from April through June, 2010.  Most of the work described below will take place after installation of the array in the UMT.  For details on the design and installation of the array, see Burger et al. (2009).  

Task 1.1.  Install flat-plate, PIT tag detection antennas downstream, within, and upstream of the array and build detection systems.  

This work will take place at the same time the array is being installed, when the UMT is partially de-watered.  We will anchor to the bottom of the UMT three arrays of 3 antennas each, one 3-4 m downstream of the array, one near the center of the array, and one 3-4 m upstream of the array.  A full-duplex, multiplexing transceiver (e.g., FS1001M Biomark, Boise, ID) will be connected to each array, a personal computer, and a power supply.  The transceiver will send power to the antennas, which in turn will generate an electrical field.  When a PIT tagged fish passes within the read range of the antenna, the transceiver will record the unique tag code, date, time, and antenna number.  The transceivers will be downloaded automatically twice a day to the computer.  All electronics will be housed in a trailer located near the UMT.  Data collection, purpose, and analysis will be described below.  
Task 1.2.  Deploy a DIDSON camera within the UMT downstream of the array.


We will obtain a DIDSON camera, capable of imaging from distances of 35-80 m, from our laboratory, our colleagues at SRI or the USFWS, or by leasing one.  We plan on testing our own camera in the UMT during late September 2009, to evaluate field of view, possible locations, and the influence of bubbles and turbulence.  However, based on previous work by us, we are confident that the DIDSON camera will have high efficacy in the UMT.  The camera will be deployed just below the surface of the water and positioned downstream of the array (looking upstream) so we can view 3-4 m up and downstream of it and within the entire array itself.  This would be a maximum distance of about 20 m.  Based on recent site visits by us, we will probably have to deploy the camera on an aluminum sled that will be floated downstream within the closed area of the UMT.  Once the camera is in position, it will be anchored in place with a series of ropes and pulleys.  Although the camera will be viewing upstream, our field of view will be from overhead.  Thus, we will be able to see fish approaching the array, swimming through it, and leaving.  We will measure key locations in the UMT and in our field of view so we can know the precise location of a fish as it migrates upstream.  Again, all electronics for the DIDSON system will be housed in a nearby trailer.  
Task 1.3.  Monitor the migration of spring Chinook salmon, and other fishes, during April-June, 2010.  

Once the PIT tag detection and DIDSON systems are in place and have been tested, we will commence with experiments designed to monitor the behavior of fish swimming through the array when it is on or off.  We will expose fish from the run-at-large—both with and without PIT tags—to different electrical conditions in a randomized block design as they move through the UMT.  To start, there will be eight treatments fish will be exposed to (Table 1).  For the first set of tests, we will only change voltage gradient and keep PW and PF static.  The voltage gradients proposed span the range of those used during our tests with steelhead (Mesa and Copeland 2009) and represent nominal conditions known to deter captive sea lions, conditions that resulted in a 33% reduction in steelhead passage over an array, and a couple of conditions in between these extremes.  For the second series of tests, we will vary PW only and keep voltage gradient and PF at nominal levels known to deter sea lions.  We will use the results from these two experiments to decide whether further testing is necessary using different combinations of electrical variables.  
Tests will begin in April and continue until the end of May (about 8 weeks)—spanning the bulk of the run of spring Chinook salmon.  We will test three treatments per day, four days per week, for a total of twelve tests conducted each week.  We will randomize the testing of all treatments each week, so that each will be tested at least once and some twice.  We will continue this randomization process for 8 weeks until each treatment has been replicated about 12 times.  For each test, we will first monitor fish traveling through the array for 0.5 h, collecting information on the rate of passage (number of fish/h), the time of passage from entry to exit (s), and any behavioral observations (e.g., fish stopping, turning around, etc.).  After the initial 0.5 h control period, we will energize the array with the selected test conditions (using soft start technology exclusively) and continue monitoring for another 0.5 h.  Thus, each test—comprised of a control and treatment period—will require 1 h.  Of particular interest will be the first few seconds after the array is energized—we will be monitoring the responses of fish inside the array as well as those that are approaching it.  During a test, the array will be energized for the entire 0.5 h test period.  After a test is complete, we will wait 2 h before starting another.  We chose 0.5 h time blocks because of the tremendous amount of data collected by the DIDSON camera system, the time required to view and analyze such videos, and our ability to conduct three tests in a day.  We are aware that 0.5 h time blocks may be insufficient for data collection because too few fish may be moving through the UMT and will adjust our test durations if needed.  We may also need to establish some criteria for the number of fish to be present for a test to be valid.  We will discuss this issue with colleagues and fish managers as this proposal develops.  
The PIT tag systems installed in the UMT will serve as a secondary data collection method that focuses on the behavior of individual fish—something that we cannot do reliably with the DIDSON camera.  Based on queries of the PTAGIS database, we know that from several hundred to over a thousand PIT-tagged spring Chinook salmon migrate up the Cascades Island fishway, enter the UMT, and exit via the Washington shore fishway.  Monitoring these PIT-tagged fish as they approach the array and swim through it will provide more precise information on passage timing and behavior for individual fish.  We will collect the same information as mentioned before for the DIDSON, including number of fish passing the array, the time required to pass, and any behavioral anomalies we can deduce from interrogation histories (fish hesitating or stopping or fish turning around and moving downstream).  
Table 1.  Conditions proposed for testing (i.e., the treatments) the effects of a low-intensity electrical array on the passage and behavior of adult salmonids and Pacific lampreys in the UMT at Bonneville Dam, 2010.  

Treatment

Voltage

Pulse


Pulse

number

gradient (V/cm)
width (ms)

frequency (Hz)

1


0.6


0.4


2

2


0.8


0.4


2

3


1.0


0.4


2

4


1.2


0.4


2

5


0.6


1.9


2

6


0.6


3.4


2

7


0.6


5.0


2

8 (control)

0


0


0
Task 1.4.  Analyze video and PIT tag interrogation data and write research report.


All videos will be viewed and we will record the number of fish that swam through the array when it was on or off.  For each treatment, we will pool the data from the replicate tests and calculate an overall mean number of fish that moved past the array per half-hour.  We will compare frequencies between treatment and control fish using a χ2 goodness of fit test to a random model.  That is, if the array has no effect, the rate of movement of fish in the different treatments should be the same.  Using DIDSON and PIT-tag interrogation data, we will estimate the time required for fish to swim through the array when it was off and on.  Again, we will pool the data from all replicates of a treatment and compare mean transit times between groups using two-sample t-tests.  Any behavioral anomalies, such as fish stopping, hesitating, or turning around when approaching or swimming through the array, will be recorded and collated for all tests.  Results will be incorporated into a draft report of research.  
Objective 2.  Assess the effects of a low intensity electrical array on the rate of movement and behavior of upstream migrating adult Pacific lampreys in the UMT.

In contrast to adult salmonids, we cannot estimate how many lampreys may be using the UMT for passing Bonneville Dam.  We do know that most lampreys pass the dam from about mid-June to mid-August and they usually pass at night, from about 2000 h to 0500 h.  Regardless, we anticipate far fewer lampreys passing through the UMT than salmonids and we will probably have to increase the duration of our video sessions.  For now, we propose to double the duration of our tests to 2 h—that is, one hour for a control period and a second hour for treatment conditions.  Because we know so little about lamprey passage through the UMT, this work, at least initially, will have to be somewhat exploratory and adaptive.  We will test the same treatments and collect the same data as described earlier but will conduct our tests at night during the diel peak of lamprey passage.  Data analysis and report writing will be as described in Task 1.4. 
SCHEDULE AND PRODUCTS

We plan on some initial testing of a DIDSON system in late September or early October, 2009.  Planning for the experiments, including equipment purchases, refinement of methods and analysis, and some on-site set up, will occur during the late fall and winter, 2009-2010.  We will install PIT-tag antennas when the UMT will be partially dewatered during the winter.  Testing would begin in mid-April and continue through the end of July.  Data analysis and report writing will commence during the late summer and extend into the fall, 2010.  Results from this study will be disseminated in the form of annual reports of research, oral presentations and briefings, and peer-reviewed journal publications.
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