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STUDY SUMMARY


A. GOALS

The USACE has recently implemented or plans to implement modifications to fishways and operations at lower Columbia River dams in an effort to improve passage conditions for adult Pacific lamprey.  During winter 2016-2017 USACE installed a lamprey passage system (LPS) with two ramps extending into the Bonneville Dam Washington-Shore Fishway (WSF) downstream of the adult count station and upstream from the upstream migrant tunnel (UMT, hereafter CS-UMT LPS) and modified the water supply to the BON Washington-Shore North Downstream Entrance Lamprey Flume System (NDE LFS).  Past modifications to operations have included reduction of fishway entrance velocities at nighttime at some locations.  Implementation of reduced nighttime velocities is planned at BON Bradford Island fishway entrances in 2018 pending study results.  The goal of this research is to: 1) evaluate Pacific lamprey behavior and use of the structures and effects of reduced nighttime velocities; and 2) monitor post-passage migration behavior and success through the lower Federal Columbia River Power System (FCRPS).  

B. OBJECTIVES  The work here addresses Objectives 2-4 in the FY2018 Research Summary, renumbered here as Objectives 1-3.

Objective 1. Use HD-PIT and radio-telemetry (RT), LPS counting systems, and visual inspections of rest boxes to evaluate performance of new LPS structures and the NDE Lamprey Flume System (LFS) at BON WA-Shore Ladder. Analyses will: 

a. Estimate LPS and LFS collection efficiency, escapement, and relative route use. Estimate the fraction of tagged adults that are able to find, enter, and pass each route (e.g., fish ladders vs. lamprey passage structures). 
b. Identify potential passage problems within the new CS LPS segments. Describe behavioral patterns to inform future designs or modifications. 
c. Evaluate behavior of lamprey in the vicinity of new LPS collector ramps, including estimation of lamprey collection efficiency (# collected vs. # encountering the ramps). 
d. Investigate effects of exercise history (i.e., fatigue) on lamprey swimming performance and passage using an experimental flume in the Bonneville Adult Fish Facility (BON AFF) coupled with monitoring of adult lamprey swimming in the WA-Shore serpentine weir section using accelerometer biotelemetry. 

Objective 2. Use radio-telemetry (RT) to evaluate the response of adult lamprey to reduced nighttime entrance velocities at BON Bradford Island fishway entrances. 

Objective 3. Evaluate overall FCRPS passage performance and fate of adult lamprey. 

a. Use Radiotelemetry (BON, TDA, JDA) data, HD-PIT data (FCRPS dam fishway exits with HD-PIT stations), LPS counts, and visual counts to estimate total escapement, dam-to-dam conversion, relative fishway route use (including all LPSs), passage times, and fallback events of adult lamprey. Compare 2018 results with previous results. 
b. In collaboration with regional partners, document tributary use and use of fishways at non-Corps operated dams (e.g. Priest Rapids, Wanapum, etc.) by HD-PIT tagged adult lamprey. 


C. METHODS

Objective 1:  Adult lamprey will be collected at Bonneville Dam, tagged (radio- and/or HD-PIT) and released downstream.  Movements will be monitored at an array of radiotelemetry and HD-PIT antennas installed at Bonneville, The Dalles, and John Day dams similar to those used in previous studies (e.g., Keefer et al. 2012; 2013b; 2015) augmented with new monitoring sites, including HD-PIT antennas in the Bonneville UMT channel. We propose to tag up to 1200 lamprey with HD-PIT tags in 2018 at Bonneville Dam.  Up to 600 of these would be double-tagged with radio transmitters, depending on selection of final target sample size and lamprey abundance.  Arrays of radio- and HD-PIT receivers at Bonneville Dam fishway entrances and exits and additional detectors that are integrated into each LPS will allow calculation of overall lamprey passage times, passage efficiency, and route selection.  HD-PIT readers and radio antennas installed at upstream dams and some tributaries will also be used to calculate lamprey passage times and conversion rates between dams.  We propose to continue flume swimming trials in the AFF experimental flume, coupled with biotelemetry of a smaller sample of adults tagged with accelerometer biotelemetry tags and released to the Washington-Shore Fishway, with the objective of testing a fatigue-failure hypothesis.  

Objective 2:  We propose to monitor adult lamprey behavior during a randomized block experiment manipulating fishway entrance velocities at the Bradford Island fishway, as previously conducted at BON Powerhouse 2 (PH2, Johnson et al. 2012).  Radiotelemetry data from lamprey tagged in Objective 1 will be used test for treatment effects. 

Objective 3:  Radio- and PIT-telemetry data collected in Objective 1 will be used to estimate passage metrics through the FCRPS and rates will be compared to results from previous years (e.g., Keefer et al. 2012; 2015) to evaluate trends in passage rates while controlling for environmental variation insomuch as possible.  

D. RELEVANCE
The proposed work is relevant to implementation of the USACE Pacific Lamprey Passage Improvements Draft Implementation Plan: 2008-2018, which was developed in response to the September 2008 Memorandum of Agreement (MOA) between USACE, USFWS and Accord Tribes.  Specific MOAs include Adult Lamprey MOAs 1, 4, 5, and 6 with emphasis on MOA 1 (determine adult lamprey passage effectiveness in the FCRPS using telemetry).



PROJECT DESCRIPTION

A. BACKGROUND

Declining abundance of adult Pacific lampreys (Entophenus tridentatus) in the Columbia River highlights the need to document juvenile and adult passage at dams (e.g., Close et al. 2002; Moser et al. 2002; Keefer et al. 2013a; Hess et al. 2014; Clemens et al. 2017) as well as other factors that may limit lamprey productivity in the system.  Pacific lampreys are anadromous and must pass up to eight or nine dams and reservoirs, four each in the lower Columbia and Snake Rivers and five in the mid-Columbia River, to reach some upstream spawning areas historically used by the species.  Impeding passage of lampreys below dams may subject them to increased predation pressure and other sources of mortality.  Difficult passage conditions at dams may also impede recruitment to upstream populations (Moser et al. 2002; Keefer et al. 2009b, 2012; Hess et al. 2014; Clemens et al. 2017).  

Recent analyses have identified the serpentine weir sections of the fishways at Bonneville Dam as areas of difficult passage.  Approximately one-fifth to nearly one-third of radio-tagged lamprey that was detected reaching the serpentine weirs failed to pass (Keefer et al. 2013b; 2014).  Passage improvements in these locations are likely to provide some of the highest overall benefit to passing lamprey upstream relative to improved passage in other locations (Keefer et al. 2013b; 2014) because of the large number of adults that reach the sites and low passage rate.  Additionally, improved passage would likely reduce complex and poorly understood milling behavior in the area that contributes to enumeration (counting) uncertainty in these locations (e.g., Clabough et al. 2012).  

The development and installation of Lamprey Passage Systems (LPS; Moser et al. 2011; Corbett et al. 2015) in fishways provides a strategy to bypass areas of difficult passage for lamprey.  During winter 2016-2017, the USACE installed an LPS with two ramps upstream of the UMT and downstream of the count station in the BON Washington-shore fishway (CS LPS).  The two new ramps connect to an existing LPS with entrances in the Make-Up Water Supply Channel (MUWS LPS) adjacent to the count station to the fishway exit.  Lamprey may also enter the MUWS LPS on one of two MUWS ramps attached on opposite sides of the AWS channel and then traverse a series of ramps, rest boxes and horizontal runs prior to exiting into the fishway above the serpentine weir section (Moser et al. 2011; Figure 1).  The new CS LPS extension adds a pair of similar ramps to downstream of the count station and entrance to the AWS.  The new ramps join the CS LPS to the MUWS LPS and share the same exit (Figure 2).  A primary aim of the proposed research is to evaluate lamprey behavior and use of the new CS LPS.

	Both radiotelemetry studies and fishway experiments (Keefer et al. 2009b; 2010; 2011; Kirk et al. 2016) have demonstrated that adult lamprey have difficulty entering fishways and passing high-velocity sites.  Radiotelemetry studies at Bonneville Dam have indicated that lamprey entrance efficiency was particularly low at the North Downstream Entrance (NDE) to the Washington-Shore fishway (Moser et al. 2005; Johnson et al. 2009a, 2009b).  Over several study years, less than 40% of the lamprey that approached this entrance successfully entered the fishway (Moser et al. 2005).  Consequently, improving passage at this entrance should result in higher overall lamprey passage at Bonneville Dam (Keefer et al. 2013b).  While reduced Washington-Shore fishway entrance velocities at night improved lamprey passage efficiency at the entrances (Johnson et al. 2012), results indicated additional modifications are needed because many fish subsequently turned around inside collection channels or in the junction pool transition area.  

	In 2010, a prototype lamprey flume system (LFS) to collect lamprey was designed for the Washington-shore fishway North Downstream Entrance (NDE) at Bonneville Dam.  Design elements for this structure were drawn from experience with the AWS LPS collectors and from behavioral observations in the experimental lamprey fishway.  The collection system terminates at 37’ elevation in an LPS that allows lamprey to volitionally pass through a series of ramps and rest boxes to the deck level (60’ elevation).   The Washington-shore NDE structure was installed in winter 2012-2013.  Full assessment of passage behavior at the structure has been hindered because entrained air in the water supply has prevented operation at designed flow rates.  Modifications made during 2016-2017 should allow operation and testing at higher flows in 2018. 

The USACE plans to evaluate potential benefit to lamprey of reduced nighttime velocities at Bradford Island (BI) fishway entrances in 2018.  We propose to use a radio-tagged sample of adult Pacific lamprey to assess if reduced velocities at the BI fishway also increase lamprey entrance and passage efficiency using a randomized block experiment, as in Johnson et al. (2012).  
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Figure 1:  Paired LPS ramps in the MUWS channel at Bonneville Dam.
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Figure 2:  Location of new CS LPS ramp installation at the Washington-Shore Fishway at Bonneville Dam.  Upper image provides expanded detailed view of the modified area downstream of the count station and serpentine weirs (show in lower image).  The new CS LPS connects to the existing MUWS LPS near the LPS exit.  (Figure modified from USACE drawings.)  

The primary approach for all objectives will be a combination of radio- and PIT-telemetry.  Radio- and HD-PIT telemetry monitoring has been conducted with development of each structural improvement for lamprey passage (e.g., Clabough et al. 2011; Keefer et al. 2012).  Radiotelemetry has been used to estimate a wide range of passage behaviors and metrics, while HD-PIT monitoring allows longer term monitoring (e.g., overwinter), lower tag burden, and lower expense per tagged lamprey.  We also propose to conduct concurrent radio- and HD-PIT telemetry monitoring in 2018 to evaluate structural modifications, monitor movement into tributaries, and provide samples for estimation of reach conversion and survival through the FCRPS.  Data from HD-PIT systems (including those operated at upstream dams) have been used to estimate passage efficiency and passage rates between dams (Keefer et al. 2009b; 2012; 2015).  They have also been used to assist evaluation of the relative use of fishways and LPS structures at Bonneville Dam (Moser et al. 2011; Corbett et al. 2015).  HD-PIT antennas have been integrated into these designs to allow for evaluation of structure collection and passage efficiency and the time lamprey spend in each area.  In addition, HD-PIT antennas located at fishway exits allow evaluation of route selection and successful upstream movement of lamprey that use different routes.  Flume experiments will compliment the tagging studies by experimentally testing an emerging hypothesis for adult lamprey passage failure.  


B. OBJECTIVES  

Objective 1. Use HD-PIT and radio-telemetry (RT), LPS counting systems, and visual inspections of rest boxes to evaluate performance of new LPS structures and the NDE Lamprey Flume System (LFS) at BON WA-Shore Ladder. Analyses will: 

a. Estimate LPS and LFS collection efficiency, escapement, and relative route use. Estimate the fraction of tagged adults that are able to find, enter, and pass each route (e.g., fish ladders vs. lamprey passage structures). 
b. Identify potential passage problems within the new CS LPS segments. Describe behavioral patterns to inform future designs or modifications. 
c. Evaluate behavior of lamprey in the vicinity of new LPS collector ramps, including estimation of lamprey collection efficiency (# collected vs. # encountering the ramps). 
d. Investigate effects of exercise history (i.e., fatigue) on lamprey swimming performance and passage using an experimental flume in the Bonneville Adult Fish Facility (BON AFF) coupled with monitoring of adult lamprey swimming in the WA-Shore serpentine weir section using accelerometer biotelemetry. 

Objective 2. Use radio-telemetry (RT) to evaluate the response of adult lamprey to reduced nighttime entrance velocities at BON Bradford Island fishway entrances. 

Objective 3. Evaluate overall FCRPS passage performance and fate of adult lamprey. 

a. Use Radiotelemetry (BON, TDA, JDA) data, HD-PIT data (FCRPS dam fishway exits with dual-reader PIT stations), LPS counts, and visual counts to estimate total escapement, dam-to-dam conversion, relative fishway route use (including all LPSs), passage times, and fallback events of adult lamprey. Compare 2018 results with previous results. 
b. In collaboration with regional partners, document tributary use and use of fishways at non-Corps operated dams (e.g. Priest Rapids, Wanapum, etc.) by HD-PIT tagged adult lamprey. 


C. METHODS

Adult lamprey will be collected at the BON Adult Fish Facility (AFF), anesthetized, tagged, held for recovery and released downstream as in previous years (e.g., Keefer et al. 2015).  Similar approaches would be used in 2018 and 2019.  We propose to tag up to 1200 adult lamprey with HD-PIT tags (a subsample of 50% would be double-tagged with radio+HD-PIT tags; see below), depending on lamprey abundance, not to exceed 2% of total annual lamprey count.  Tagged samples will be randomly selected from the lampreys collected in passive traps at Bonneville Dam (i.e., the samples should be representative of fish that enter the fishways and reach trapping sites).  HD-PIT tags (4 mm × 32 mm, 0.8 g) and radio transmitters (8 mm × 18 mm, 2.1 g in air) will be surgically implanted in all fish following existing protocols (e.g., Johnson et al. 2012).  Tag burdens should rarely exceed ~1% of body weight; lamprey weights in previous study years have averaged >460 g, with minimum weights ~250 g (Keefer et al. 2012, 2015).    

Tagging will be approximately proportional to the run and we will monitor daily lamprey using the Bonneville Dam adult counts , LPS counts, night counts (from video, if collected).  We will use a lamprey run size forecasting tool based on date and water temperature (Keefer et al. 2009a) to ensure that the 2% limit is not exceeded.  As in previous years, data on tagging rate will be made available to regional managers on a semi-weekly basis.	
	Movements of tagged fish will be monitored using an array of fixed-site radiotelemetry monitoring stations and a separate array of HD-PIT antenna sites at dams and some tributaries (Boggs and Caudill 2016; Appendix 1 provides a preliminary list of proposed sites for 2018).  Primary monitoring locations will include tailraces, fishway entrances, transition areas, and fishway exits at BON, TDA, and JDA. Radiotelemetry will be used to estimate passage times, passage efficiency, behavior, and patterns of fishway use.  
 
Sample size will depend on size of the run (less than 2% of lamprey count), finalization of monitoring questions, and desired statistical resolution.  Annual sample sizes during recent radiotelemetry studies (2007-2014) have ranged from 312 to 599 lampreys per year and we recommend that final samples size in 2018 fall within this range.  A minimum sample size of ~50 is needed for estimation of ratio-based passage metrics such as fishway entrance and dam passage efficiency.  Table 1 provides estimates of the expected tagged sample that would reach specific locations based on rates observed in prior years.   




     Table 1:  Number of expected adult Pacific lamprey detections by site and number of adults released.  Data from 2010 radiotelemetry results except JDA North Fishway approaches, which are from 2002. PH1 = Powerhouse 1; PH2 = Powerhouse 2; CI = Cascades Island; BI = Bradford Island
	
	
	2014
	

	
	
	Observed
	Expected with Nreleased

	
	
	Proportion
	200
	300
	400
	500
	600

	BON
	Approach
	0.518
	104
	156
	207
	259
	311

	PH2+CI
	Reach count area
	0.362
	72
	109
	145
	181
	217

	
	Pass
	0.252
	50
	76
	101
	126
	151

	
	
	
	
	
	
	
	

	BON
	Approach
	0.338
	68
	102
	135
	169
	203

	PH1+B1
	Enter
	0.223
	45
	67
	89
	112
	134

	
	Pass
	0.108
	22
	33
	43
	54
	65

	
	
	
	
	
	
	
	

	TDA
	Approach
	0.262
	52
	79
	105
	131
	157

	
	Enter
	0.185
	37
	56
	74
	93
	111

	
	Pass
	0.123
	25
	37
	49
	62
	74

	
	
	
	
	
	
	
	

	JDA
	Approach
	0.080
	16
	24
	32
	40
	48

	all
	Enter
	0.077
	15
	23
	31
	38
	46

	
	Pass
	0.067
	13
	20
	27
	33
	40

	
	
	
	
	
	
	
	

	JDA
	Approach
	0.043
	9
	13
	17
	22
	26

	North
	Enter
	0.040
	8
	12
	16
	20
	24

	
	Pass
	0.032
	6
	10
	13
	16
	19




Several key metrics estimated from radiotelemetry data will be used to evaluate the passage at modified locations.  Collection efficiency at the CS LPS, MUWS LPS, and NDE LFS will be calculated as the number entering the LPS/number passing each structure (noting that estimation for the MUWS LPS is challenging because spatial resolution of radiotelemetry does not fully allow discrimination of lamprey in the MUWS from the main ladder).  The proportion passing each route and passage times will also be compared to results from previous years to evaluate effectiveness of the new modifications.  Passage time through the serpentine weir section will be compared to times in previous years to evaluate effects of new lamprey orifices on lamprey passage rate of this section.  Movement patterns will be examined to characterize general behaviors, and to identify bottlenecks and response of lamprey to the CS LPS and other modifications. 

The NDE LFS features a series of ramps and rest boxes that allow lamprey to move vertically to the deck elevation where they can be trapped, counted, and hauled upstream from the dam.  Quantitatively estimating the “success” of the LFS/LPS will require analysis at multiple scales because the introduction of the LFS/LPS can be viewed as a fifth and independent route which lamprey may select at BON PH2 (in addition to the north downstream, north upstream, south upstream, and south downstream entrances).  Consequently, “success” will likely have to be evaluated at multiple levels.  We will use a set of metrics developed in previous studies (e.g., Clabough et al. 2011; 2015) including attraction and entrance efficiency, net passage rates (entrance to exit ratios), passage times, and total passage numbers by route (e.g., ratio of LFS/LPS passage to other routes).  We view entrance efficiency (number entering / number approaching) before and after the modification as a key metric for evaluating the local effects of the modifications, and passage efficiency in the lower fishway (number passing the transition area / number approaching fishway entrance) as a key metric for evaluating the potential overall impact of the modifications on lamprey passage success.

We propose to monitor lamprey passage at Bradford Island Fishway entrances during a randomized block experiment where nighttime entrance velocity is held at the standard daytime velocity (control, ~8 ft/s; ‘Off’ in Table 2) or at reduced velocity (~4 ft/s, ‘ON’).  The key monitoring metrics will include entrance rate, exit rate, net entrance rate each night, and overall dam passage rate under the two treatments. Analysis of variance will be used to test for treatment effects if adequate sample size is available, as in Johnson et al. (2012).  Alternatively, time-to-event analyses will be used to estimate the relative passage rates while controlling for environmental variation through time (including treatment condition because individual fish cannot be restricted to single treatment conditions; see Caudill et al. (2007) for an example.  

     Table 2: Example treatment schedule for a randomized block experiment manipulating entrance velocities at Bradford Island Fishway entrances.  Treatment and control nights would be assigned within each 2-day block.  An experimental period from the beginning of June through the end of September would provide approximately 61 treatment blocks.
	Date
	Treatment
	Date
	Treatment

	1-June
	ON 1
	…..continuing…..
	…..continuing…..

	2-June
	OFF
	23-Sept
	OFF

	3-June
	ON 2
	24-Sept
	ON 58

	4-June
	OFF
	25-Sept
	OFF

	5-June
	ON 3
	26-Sept
	ON 59

	6-June
	OFF
	27-Sept
	ON 60

	7-June
	ON 4
	28-Sept
	OFF

	8-June
	OFF
	29-Sept
	ON 61

	…..continuing…..
	…..continuing…..
	30-Sept
	OFF



Flume testing:  

We propose to continue a series of flume experiments in the BON AFF using adult lamprey collected at Bonneville Dam to refine our mechanistic understanding of lamprey swimming and passage requirements.  The methods will be modified from Keefer et al. (2010) and Kirk et al. (2016; 2017) using a modified design in the BON AFF experimental flume.  Results from Kirk et al. (2016; 2017) indicate that most lamprey traverse vertical slot weirs at velocities encountered in the serpentine weir section (e.g., ~8 ft/s).  Several lines of evidence suggest lamprey passage failure is related to swimming physiology and inability to adequately recover between bouts of burst swimming.  Specifically we hypothesize some combination of initial physiologic condition, prior recent swimming history, encountered environmental history and a fatigue threshold likely induce turnaround behaviors and passage failure near the BON fishway exits.  Kirk et al. (2016; 2017) conducted tests in the AFF using a single flume and observed high efficiency whereas fish passing the serpentine weirs must pass as may as 15 weirs and exhibit low efficiency.  Thus, we propose to conduct a series of experiments testing lamprey passage success in an experimental flume with respect to fatigue status.  Lamprey treatment groups will be established with controls and fatigue treatments.  Treatment groups will be swum in a swim chamber at a fixed velocity (e.g., Mesa et al. 2003) and for a fixed duration (but not to full exhaustion) prior to a swimming trial in the experimental flume.  Post-swimming respiration rate and ventilation recovery time will be recorded prior to swimming trials in the experimental flume. Separate trials will establish the relationship between physiological measures (e.g., acidosis caused by anaerobic swimming) and ventilation rate and recovery rate in an effort to develop a non-invasive metric of physiological condition and to guide specific fatigue treatment levels.  If initial swim capacity limits passage success in an area with multiple challenges such as the serpentine weirs, we predict that the probability of passage of the experimental flume will decline within each fatigue treatment for adults with longer recovery time and higher ventilation rates in initial assessments.  We also expect longer swimming durations prior to the experimental challenge will result in lower success rate.

Adults will be collected and PIT-tagged as described above, held overnight for recovery, used in swimming trials, and then released at Stevenson WA to continue upstream migration (alternately, lampreys may be available for Tribal translocation efforts).  Behavior and passage success in the flume will be evaluated using optical video cameras and PIT-tag detections. The selection and finalization of treatments will be coordinated with USACE Biologists and will depend on management priorities and the number of trials that can be conducted. 

We propose to couple the above observations with biotelemetry observations of lamprey swimming behavior using recently developed RT-accelerometer tags (RT-Accel).  We have been testing the ability of a new Lotek tag to quantify adult steelhead spawning behavior using a tag that transmits location as well as an integrated measure of recent acceleration (i.e., tail beat frequency).  Based on telemetry records validated with simultaneous video observations, the tags provide an activity budget for individual steelhead and can clearly distinguish redd digging from typical swimming or holding behaviors (Fuchs and Caudill, unpublished).  We propose to use a modified tag for lamprey to 1) validate that the telemetry signal corresponds to swimming rate and activity level using video observation in the AFF flume; and 2) implant tags into adult lamprey released into the upper WA shore fishway.  The latter sample would be monitored for swimming behavior/activity budgets, particularly rate and duration of vigorous swimming activity.  We predict that adults exhibiting repeated bouts of rapid, vigorous swimming in the lower serpentine weirs will be less likely to successfully exit the dam.  We propose to tag and release a sample of 30 fish with the RT-Accel tags.
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Figure 4:  Experimental flume at BON AFF (under construction in photo).  The experimental vertical slot weir has two HD-PIT antennas. The experimental challenges will use the 36” slot length, ~2.4 m/sec (~8 ft/sec) bulk velocity, and upstream turbulence wall as described in Kirk et al. (2016). 


D. TIMELINE AND SCOPE OF WORK

	
	Start
	End

	
	
	

	Installation of Radio-telemetry sites (BON, TDA, JDA)
	Nov 2017
	April 2018

	Testing of radio telemetry sites
	April 2018
	April 2018

	HD-PIT and Radio-tagging, BON (2018 & 2019, ea. Year)
	1 May
	30 Sept

	Radiotelemetry monitoring 
	1 May 2018
	1 December 2019

	Radiotelemetry database management
	1 May 2018
	1 February 2020

	 
	 
	 

	AFF Flume Trials (2018)
	1 May 
	30 Sept

	
	 
	 

	Project Reporting
	 
	 

	Oral Presentation to USACE, Year 1 prelim findings 
	
	Dec 2018

	Draft 2018 Annual Report
	
	31 March 2019

	Final 2018 Annual Report
	
	30 Sept 2019


E.  FACILITIES AND EQUIPMENT

	Provided by UI
	Dates

	Laptops and equipment for AFF data collection and HD-PIT tagging
	5/1-10/1

	Flume materials and instrumentation                                                                         

	

	
	

	
Provided by USACE
	Dates

	
Crane support at BON and JDA for installing RT, HD-PIT antennas and crane support for LPS and trapping installations
	TBD


	Access to BON AFF and AFF experimental flume
	5/1-10/1

	Radio- and HD-PIT tags 
	By 15 May 2018



F. IMPACTS OF STUDY ON CORPS PROJECTS AND OTHER ACTIVITIES


	Division or district USACE personnel will be needed to provide technical review of research proposed for 2018.

	Assistance from project personnel will be required as follows:

1.   Provide access to BON fishways during the in-water work period for inspection and installation of radiotelemetry (RT) and HD-PIT antennas.
2.   Provide access to dewatered fishways at TDA and JDA to allow inspection of RT and HD-PIT antennas.
3.  Provide access to BON, TDA, and JDA for installation of HD-PIT electronics, including provision of AC power at HD-PIT antenna sites.  
4.   Provide access and crane support for installation of RT antennas if needed.

Biological Effects

Procedures for trapping and tagging lamprey at Bonneville Dam will be similar to those used in prior years.  Fish will be collected using AFF lamprey traps during night only, pending replacement/repair.  Alternative trap locations may include LPS/LFS structures if AFF trapping is not feasible. The trap box is hoisted from the bypass ladder adjacent to the Washington-shore fishway and fish are transferred into a river water-filled plastic tank.  The fish are then anesthetized, measured, and weighed.  No fish will be held for longer than 48 hours.  Re-captured fish will be released into the Columbia River at Stevenson, WA. We expect little to no mortality from the marking and release operations.

TECHNOLOGY TRANSFER

Information and analyses from this study will be provided regularly to managers via reports and verbal presentations.  Information that is appropriate will be published in peer-reviewed technical journals.  Special efforts will be made to provide information to managers as needed.  Specific deliverables include presentation of research results via oral presentation to USACE representatives in December 2018, submission of a draft final report by 31 March, 2019 and submission of a revised final report by 30 September, 2019.
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Appendix 1.  Locations where tagged Pacific lamprey were monitored with HD-PIT and radiotelemetry antennas in 2014.  Sites in bold are proposed for monitoring in 2018.  Note that ladders at McNary Dam and the Snake River dams would be monitored using existing antennas with dual (HD and FD PIT) readers in 2018.  

Table 1.  Half-duplex PIT tag interrogation sites (antennas) used by UI/NMFS to monitor lamprey passage at lower Columbia and Snake River dams in 2014.  Note: additional HD monitoring sites were operated at Priest Rapids, Wanapum, Rock Island, and Rocky Reach dams (Public Utility Districts) and in Hood River, Fifteenmile Creek, Deschutes River, Warm Springs River, and Shitike Creek (CTWSRO).  
	Site 
	Location
	Number of antenna(s)

	Bonneville Dam
	PH 1, Bradford Island lamprey bypass
	4

	
	PH 1, Bradford Island exit
	1

	
	PH 2, WA-shore entrance
	4

	
	PH 2, WA-shore ladder
	4

	
	PH 2, WA-shore exit
	1

	
	PH 2, WA-shore lamprey bypass
	2

	
	PH2, WA-shore lamprey refuge boxes
PH2, WA-shore UMT (New, 2018)
	2
2

	
	Cascades Island entrance
	1

	
	Cascades Island lamprey bypass
	2

	
	Cascades Island flow-control
	1

	
	
	

	The Dalles Dam
	Below East ladder count window
	4

	
	East ladder exit (above count window)1
	4

	
	North ladder exit
	3

	
	
	

	John Day Dam
	South fish ladder trap near count station
South ladder exit
	1
1

	
	North ladder entrance
North ladder exit
	4
2

	
	
	

	McNary Dam
	South-shore transition pool / ladder
	4

	
	South-shore exit
	3

	
	South-shore juvenile channel near exit
	2

	
	North-shore transition pool / ladder
	4

	
	North-shore exit
	1

	
	
	

	Ice Harbor Dam
	South-shore entrance
	2

	
	South-shore transition pool / ladder
	4

	
	South-shore exit
	1

	
	North-shore transition pool / ladder
	4

	
	North-shore exit
	4

	
	
	

	L. Monumental Dam
	North-shore ladder
	4

	
	North-shore exit
	2

	
	South-shore ladder
	4

	
	South-shore exit
	2

	
	
	

	Lower Granite Dam
	Ladder
	4

	
	Ladder exit
	2

	
	
	

	Priest Rapids Dam
	East ladder exit
	3

	
	West ladder exit
	3





Table 2.  Radiotelemetry antenna sites used to monitor lamprey passage at Columbia and Snake River dams, in reservoirs, and in tributaries in 2014.  
	
	
	Antenna(s)

	Site
	Location
	Type
	Number

	Bonneville Dam
	Tailrace
	Aerial
	2

	
	PH 1, South-shore entrance
	Underwater
	2

	
	PH 1, North-shore entrance
	Underwater
	3

	
	PH 1, A-Branch transition area
	Underwater
	3

	
	PH 1, A- and B-Branch junction pool
	Underwater
	5

	
	PH 1, Bradford Island makeup water channel
	Underwater
	3

	
	PH 1, Bradford Island exit
	Underwater
	1

	
	B-Branch entrance
	Underwater
	5

	
	B-Branch transition pool
	Underwater
	3

	
	Cascades Island entrance
	Underwater
	2

	
	Cascades Island transition area
	Underwater
	4

	
	Cascades Island makeup water channel
	Underwater
	5

	
	PH 2, South-shore entrances
	Underwater
	6

	
	PH 2, North-shore entrances
	Underwater
	6

	
	PH 2, WA-shore transition area
	Underwater
	5

	
	PH 2, WA-shore ladder and turnpool
	Underwater
	4

	
	PH 2, WA-shore ladder / UMT channel pool
	Underwater
	1

	
	PH 2, WA-shore ladder makeup water channel
	Underwater
	3

	
	PH 2, WA-shore counting window
	Underwater
	6

	
	PH 2, WA-shore ladder exit
	Underwater
	1

	
	
	
	

	The Dalles Dam
	Tailrace
	Aerial
	2

	
	South spillway entrance
	Underwater
	3

	
	Powerhouse entrances
	Underwater
	4

	
	Ice/Trash sluiceway outfall
	Aerial
	1

	
	East ladder entrance
	Underwater
	3

	
	East ladder entrance
	Aerial
	2

	
	East ladder transition area
	Underwater
	5

	
	East ladder exit
	Underwater
	1

	
	East powerhouse forebay 
	Aerial
	1

	
	North ladder entrance
	Underwater
	1

	
	North ladder entrance
	Aerial
	1

	
	North ladder entrance / transition area
	Underwater
	5

	
	North ladder exit
	Underwater
	1

	
	North spillway forebay 
	Aerial
	1

	
	
	
	

	John Day Dam
	Tailrace
	Aerial
	2

	
	South-shore entrance 
	Underwater
	4

	
	South-shore transition area
	Underwater
	6

	
	North powerhouse entrance
	Underwater
	5

	
	South ladder exit
	Underwater
	1

	
	North ladder entrance / transition area
	Underwater
	6

	
	North ladder exit
	Underwater
	1

	
	North spillway tailrace
	Aerial
	1

	
	South spillway tailrace
	Aerial
	1

	
	South powerhouse tailrace
	Aerial
	1

	
	Juvenile fish outfall
	Aerial
	2

	
	Powerhouse forebay
	Aerial
	1

	   
	Spillway forebay
	Aerial
	2
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