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Northwestern Division – U.S. Army Corps of Engineers 
ANADROMOUS FISH EVALUATION PROGRAM 


FY-2012 Detailed Statement of Work 
 


I. Basic Information 
 


a. Project Title:  Underwater Video Monitoring of Adult Fish Ladder Modifications to 
Improve Adult Pacific Lamprey Passage at McNary, Ice Harbor, and Lower Monumental 
Dams, 2012. 


b. Study Code: LMP-W-12-1 
c. Anticipated Duration: 1 January 2012 through 1 June 2013 
d. Date of Submission: 5 August 2011 
e. Fish Program Feature:  CRFM Project Identifier:  SYS 118738; Tribal Fish Accord 


 
II. Project Summary 


 
a. Purpose Background and Scope: The purpose of this study is to use underwater video, 


DIDSON, and/or other non-invasive technologies to count and observe adult salmonids 
and Pacific lampreys, Entosphenus tridentatus, in the fish ladders at McNary, Ice Harbor, 
and Lower Monumental Dams on the Columbia and Snake rivers.  The primary goal of 
this work is to estimate the numbers of adult lamprey passing behind the picketed lead 
gates at count stations and to develop escapement estimates of the total number of 
lamprey passing McNary, Ice Harbor Dams. A second goal is to ensure that new lamprey 
orifices being installed at Ice Harbor and Lower Monumental Dam do not delay or harm 
migrating ESA listed salmon and steelhead.  Video monitoring will be used to determine 
if salmon and steelhead attempt to pass the lamprey orifices or are attracted to and 
thus delay passage or incur injury as a result of attempted passage.  This work will help 
to monitor and evaluate adult Pacific Lamprey passage success at Dams upstream of Ice 
Harbor, on the Lower Snake River. 


 
Over the last several years, the numbers of adult lampreys returning to the Columbia 
and Snake Rivers has declined substantially.  Regional lamprey workgroups have 
identified a need for better counting methods for adult lampreys passing fishways 
(designed for salmon passage) at hydropower dams, as critical for understanding 
population trends.  Additionally, dewatered fish ladder inspections have documented 
potential adult lamprey passage problem locations in the fishways at McNary, Ice 
Harbor, and Lower Monumental Dams.  As a result of inspections, picketed lead gates 
adjacent to fish counting stations are being elevated 1.5 inches to allow for lower 
velocity passage routes for migrating lampreys.  If raising the picketed leads provides an 
easier, more desirable route of passage, less adult lamprey will be counted during 
daytime observations and nighttime count window video recordings.  By providing 
additional passage routes for migrating lamprey, we have a need to identify new 
technologies and methodologies to enumerate the numbers of lamprey passing through 
these routes as they are currently un-monitored.  All means of counting adult lamprey 
need to be incorporated together to obtain more accurate dam passage estimates for 
population trend monitoring.  


 
Furthermore, salmon orifices built into the vertical slot fishway weirs are not located on 
the fishway floor (orifices can be up to several feet above the fishway floor) and are 
likely more difficult for lamprey to pass due to high water velocities and poor 
attachment points.  For that reason the Walla Walla District Corps of Engineers is 
planning to make some modifications to the North and South fish ladders at Ice Harbor 
and Lower Monumental Dams with the intent of improving upstream lamprey passage 
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(reduce delay and increase ladder passage success).  Modifications include installing 
lamprey orifices into the vertical slot weirs of the upper fish ladders (North and South) 
at Ice Harbor and Lower Monumental Dams.  Lamprey orifices will be cut through the 
concrete weir walls at 10 locations: 5 in the North Ladder, 5 in the south ladder at Ice 
Harbor Dam.  The lamprey orifices planned at the Lower Monumental fish ladders will 
consist of 12 locations: 6 in each ladder.  Orifices will be offset 12 – 24 inches from the 
fish ladder walls, flush with the floor and lined with stainless steel inserts which will be 
grouted and bolted in place. Lamprey orifice dimensions will be 2.5 inches tall by 16 
inches wide, will have rounded edges (4 inch radius) on the sides and the top of the 
orifice and will be flush with the floor of the ladder. The floor of the orifice will be 
smoothed to aid in Lamprey attachment for passage through these structures. Post 
construction, video monitoring will be used to determine if salmon and steelhead 
attempt to pass the lamprey orifices or are attracted to and thus delay passage or incur 
injury as a result of attempted passage.  


 
 


Period of Performance for all Objectives: 
Field Work:  Contract Award through end of October, 2012 
Data Analysis and Reporting:  July, 2012 through May, 2013 


 
III. Objectives/Questions to Be Addressed:  


 
Objective 1:  


Evaluate the behavior of lamprey in and around the picketed lead gates at fish count stations at both 
fishways at McNary and Ice Harbor Dams (4 count stations) using underwater video, DIDSON, or other 
non-invasive technologies. This will be a second year of monitoring the picketed lead gates. 


Questions to be addressed under Objective 1: 
1.) Are adult lamprey passing under the picketed lead gates that have been elevated 1 -1/2 inches 


off-sill from the fishway floor? 
2.) How many adult lampreys use the picketed lead gates as a passage route to bypass the count 


window slot at each fish ladder during the migration season (monthly and seasonally)?   
3.) What is the fallback rate through the count window slot after passage through the picketed 


leads? 
4.) Can total ladder escapement numbers be estimated from underwater video observations, 


DIDSON, or other non-invasive technologies in the pool between downstream and upstream 
picketed lead gates?  


5.) Are adult sockeye salmon passing (or attempting to pass) under the picketed lead gates? 
 


Objective 2: 
Estimate total escapement for each fish ladder and for each Dam at McNary and Ice Harbor using 
underwater video, DIDSON, or other non-invasive technologies. 
 


Questions to be addressed under Objective 2: 
1.) Where is the best location to monitor and estimate fishway escapement (picketed leads, upper 


most weir, fishway exit or other location)?  
2.) What is the total number of lamprey exiting the fishways (escapement) at McNary and Ice 


Harbor Dams?   
3.) What are fallback and re-ascension rates for each ladder at the selected monitoring location to 


estimate ladder escapement?   
Notes:  
 Adult salmon, steelhead and lamprey are currently counted at Columbia and Snake River Dams 
for 16 hours a day from 0400 to 2000 hours for daytime counts. Video recording at the count windows 
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occurs at night at McNary dam from 2000-0400 hours.  These tapes are then reviewed later to enumerate 
lamprey and other salmon passing the counting station during the nighttime hours.  
 


Objective 3: 
Evaluate the behavior of lamprey in and around the South Shore Fishway entrance at McNary Dam using 
underwater video, DIDSON, or other non-invasive technologies. In 2011 a mobile camera mounting 
structure was installed and tested at McNary Dam South Shore Fishway entrance.  The camera structure 
allows flexibility in viewing various angles and depths at the fishway entrance. One of the operations 
under consideration for 2012 includes elevation the entrance weirs off sill by 16 inches.  Physical 
modeling of this operation shows promise for adding a “deep slot” attraction flow to the SFE2 entrance at 
McNary Dam and may aid in adult Pacific Lamprey finding and entering this fishway.  This deep slot 
operation does pose the following questions and appropriate monitoring will be required to ensure this 
operation does not delay or cause problems for adult salmon and steelhead entering this fishway. 
 


Questions to be addressed under Objective 3: 
1.) Are adult lamprey finding and passing through the deep slot entrance provided by raising the 


weir ? 
2.) Are salmon and steelhead attracted to the deep slot lamprey entrance flow? 
3.) Do salmon attempt to pass the deep slot entrance flow? 
4.) How much time do salmon and steelhead spend investigating the deep slot entrance flow? 
5.) Do salmon incur injury as a result of attempted passage through the deep slot entrance 


flow? 
6.) What is the extent of the injury? 


 
 


Objective 4: 
Video Monitor adult salmon, steelhead and lamprey behavior in the immediate vicinity of the lamprey 
orifices at the North and South Shore fish ladders at Ice Harbor and Lower Monumental Dams.  Install 
eight (8) very low light capable underwater video cameras (with red LED or infrared lighting sources only if 
necessary based on the technology of low light video cameras) to monitor the first 2 downstream 
modified weirs at the North and South fish ladder at Ice Harbor and Lower Monumental (8 cameras per 
project).  Additionally, install two (2) very low light capable underwater video cameras to monitor Ice 
Harbor North ladder weir wall 438 lamprey orifice and planned raised orifice flume.   Cameras will be 
positioned to maximize the capture of underwater video of fish behavior in the immediate vicinity 
(upstream and downstream side) of the new lamprey orifices.   
 


Questions to be addressed under Objective 4: 
1.) Are lamprey attracted to the lamprey orifice flow? 
2.) Do lamprey successfully pass through the orifices? 
3.) Are salmon and steelhead attracted to the lamprey orifice flow? 
4.) Do salmon attempt to pass the lamprey orifices? 
5.) How much time to salmon and steelhead spend investigating lamprey orifices. 
6.) Do salmon incur injury as a result of attempted passage through the lamprey orifices? 
7.) What is the extent of the injury? 


 
 
Notes: Video monitoring will be used to determine if salmon and steelhead attempt to pass the lamprey 
orifices or are attracted to and thus delay passage or incur injury as a result of attempted passage.  Video 
monitoring will also be utilized to observe the behavior of adult lamprey as they pass the new lamprey 
orifices. Migrating salmonids to be monitored include Spring Chinook, Summer Chinook, Sockeye, Fall 
Chinook, and Steelhead. 
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Intensity of video monitoring will be based on the fish runs at Ice Harbor Dam with the highest intensity 
focused on the following factors: 


a.) Early portion of the spring Chinook salmon run 
b.) Peak of the spring Chinook salmon run 
c.) Early portion of the summer Chinook salmon run 
d.) Peak porting of the summer Chinook salmon run 
e.) Early portion of the Fall Chinook run 
f.) Peak portion of the Fall Chinook run 
g.) Early portion of the Steelhead run 
h.) Peak porting of the Steelhead run 
i.) During times of shad passage and salmon and steelhead passage (during times of mixed 


species runs) 
j.) During the early, middle, and late lamprey runs (focuses on the peak lamprey run). 


 
 


Objective 5: 
Provide video observations and summary statistics from Objective 4 to the Corps POC in near real time as 
possible. The purpose of this objective is to be able to disseminate information to fish managers as quickly 
as possible during the migration season.  Turnaround time for the contractor from live video recording to 
providing the Corps POC with a copy of the video is 3-4 DAYS.  For example:  if a salmon is video recorded 
interacting with a lamprey orifice on the 15th of May at 9:00 am,  a copy of this video will be made 
available to the Corps POC by early afternoon on the 18th of May so the video can be presented to the 
regional fish manages as soon as possible.  The Corps isn’t looking to get copies of video (or video record 
every salmon passing these weirs) for every salmon caught on film, but will be relying on the contractor to 
review all video recordings, create summary statistics, and create representative video summaries for 
presentation to the Corps POC.  The intent is to look for salmon passage problems as a result of installing 
the new lamprey orifices.   
 
For All Objectives: 
 
Cameras and/or associated equipment will be installed during the winter ladder dewatered maintenance 
period, and during or following lamprey orifice construction completion (this will be coordinated with the 
Corps). Video cables and hardware will be mounted in a manner as to not impede fish passage or cause 
harm to migrating salmon, steelhead, or lamprey; placement of camera power supply and associated 
cables will be coordinated with McNary, Ice Harbor, and Lower Monumental Dams and Walla Walla 
District fish biologists during installation.   
 
Video cameras types and manufacturers will be discussed with the POC before the contractor purchases 
the equipment to ensure adequate nighttime video recording capabilities.  Market research indicates 
there are newer cameras available that can film under very low light conditions (10-4 lux), potentially 
without light sources. Camera placement and orientation within the fishway will be coordinated with the 
POC and the McNary, Ice Harbor, and Lower Monumental Dam fish biologists. Video cables and hardware 
will be mounted in a manner as to not impede fish passage or cause harm to migrating fish; placement of 
camera power supply and associated cables will be coordinated with the POC and the Project fish 
biologists.  
 


 
Fish Ladder Dewatering Schedules: 


 
MCNARY DAM - Washington Shore Fishway 


1. Dewater the WA fish ladder from February 1 to February 28 for maintenance.   
2. Re-water the fish ladder on February 28. 


 







 -5- 


MCNARY DAM - Oregon Shore Fishway 
1. Dewater the fish ladder from January 3 to January 31 for maintenance.  
2. Re-water the fish ladder on January 31.   


 
ICE HARBOR DAM - North Shore Fishway 


1. Dewater the fish ladder from January 3 – January 14 for maintenance. 
2. Re-water the fish ladder on January 14 


 
ICE HARBOR DAM - South Shore Fishway 


1. Dewater the fish ladder from January 15 – February 25. 
2. Re-water the fish ladder on February 25. 


 
LOWER MONUMENTAL DAM - North Shore Fishway 


1. Dewater the fish ladder from January 5 - 28 for maintenance. 
2. Re-water the fish ladder on January 28. 


 
LOWER MONUMENTAL DAM - South Shore Fishway 


1. Dewater the fish ladder from February 2 – February 28 for maintenance. 
2. Re-water the fish ladder on February 28. 
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FINAL PROPOSAL 
SUBMITTED TO THE U.S. ARMY CORPS OF ENGINEERS  


ANADROMOUS FISH EVALUATION PROGRAM 
2012 PROJECT YEAR 


I.  Basic Information 
A. Title 


Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


B. Project Leaders 
G. R. Ploskey  
Pacific Northwest National Laboratory 
P.O. Box 241, North Bonneville, WA 98639 
509-427-9500 
Email: Gene.Ploskey@pnnl.gov  
 
M. A. Weiland 
Pacific Northwest National Laboratory 
P.O. Box 241, North Bonneville, WA 98639 
509-427-5923 
Email: Mark.Weiland@pnnl.gov  
 
T. J. Carlson 
Pacific Northwest National Laboratory 
620 SW 6th Avenue, Suite 810 
Portland, Oregon 97204 
503-417-7562 
Email:  Thomas.Carlson@pnnl.gov  


C. Study Codes 
BPS-W-12-2 (1B) for McNary Dam and SPE-P-08-3 


D. Anticipated Duration 
September 1, 2011 to June 30, 2013 


E. Date of Submission 
July 22, 2011 (Preliminary) 


October 4, 2011 (Final) 
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II.  Project Summary 
A. Project Goal(s) 


The goal of this integrated study is to evaluate the overall performance of structural and operational 
improvements designed to benefit juvenile salmonids by estimating dam passage survival and associated 
metrics for yearling and subyearling Chinook salmon and steelhead.  Metrics will be estimated for two 
dams in spring and four dams in summer 2012 and will be compared with performance standards 
specified in the 2008 Federal Columbia River Power System Biological Opinion (FCRPS BiOp) and the 
2008 Columbia River Fish Accords.  The study sites will include McNary Dam (MCN) and John Day 
Dam (JDA) in spring and MCN, JDA, The Dalles Dam (TDA), and Bonneville Dam (BON) in summer 
2012.  


B. Objectives 
Objectives for BiOp/Fish Accords performance evaluations for each dam are as follows:   


BiOp/Fish Accords 


To evaluate performance at Lower Columbia River (LCR) dams as specified in the 2008 FCRPS 
BiOp and the 2008 Columbia River Fish Accords, five performance measures will be estimated:   


1. Dam passage survival.(a)  Performance(b) should be >96% survival for spring stocks (i.e., yearling 
Chinook salmon and steelhead) and >93% survival for summer stocks (i.e., subyearling Chinook 
salmon).  Survival should be estimated with a standard error (SE) <1.5%. 


2. Spill passage efficiency.(c) 
3. Forebay residence time.(d) 
4. Tailrace egress time.(e) 
5. Forebay-to-tailrace survival.(f) 


Additional Metrics and Tasks 


6. Fish passage efficiency also will be estimated.  
7. The implementation plan will be updated to reflect 2012 procedures and protocols. 


                                                   
(a) Dam passage survival is defined as survival from the upstream face of the dam to a standardized reference point 


in the tailrace. 
(b) Performance as defined in the 2008 FCRPS BiOp, Section 6.0. 
(c) The 2008 Fish Accords define spill passage efficiency as the fraction of fish passing a dam via the spillway and 


surface flow outlets, except at Bonneville Dam, where the Accords excluded passage through the powerhouse 1 
sluiceway. 


(d) Forebay residence time is defined as the time of first detection on the forebay entrance array until the time of 
last detection on the dam-face array. 


(e) Tailrace egress time is defined as the time of last detection on the dam-face array until the time of last detection 
on the array at the downstream tailrace boundary.   


(f) Forebay-to-tailrace survival is defined as survival from the forebay entrance array to the tailrace egress array. 
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C. Methods 
We propose to conduct the 2012 BiOp compliance tests at two LCR dams in spring and at four LCR 


dams in summer.  Each season’s study will be designed and conducted as a single, integrated unit.  
Integrating activities across elements will permit significant economies of scale not available if planning 
and implementation were conducted independently for separate Anadromous Fish Evaluation Program 
(AFEP) projects.  The proposal has a top-down structure wherein the experimental design determines the 
major components to implement the BiOp/Accords measures, including the number of tagged fish to be 
released, release locations and schedule, the location for receiving arrays at dam faces and in the river, the 
requirements for data to meet analysis model needs, and the format and schedule for presentation of 
results.   


The Juvenile Salmon Acoustic Telemetry System (JSATS) consists of surgical implantation of 
JSATS micro-acoustic transmitters and passive integrated transponder (PIT) tags, cabled time-
synchronized and autonomous acoustic detection systems, and data management and processing 
applications.  The choice of JSATS as an active tag method for estimating juvenile salmonid survival is 
driven mostly by the relatively small size of tags and the high detection probabilities of arrays of 
underwater listening devices (>98% at dam-face arrays; >95% at arrays above BON and about 90% on 
arrays below BON).  JSATS acoustic tags will transmit at 3 pulses per second; will have median size 
≤12.02 mm long, 5.21 mm wide, 3.72 mm thick; and will weigh ≤439 mg in air.  Tag size was reduced 
significantly between 2007 and 2008 studies, and smaller tags hold promise for reducing tag effects that 
are common to most tagging studies.   


The proposed two-dam study for spring 2012 and four-dam study for summer 2012 will be based on a 
customized experimental design adapted from Skalski (2009), which was developed for three consecutive 
dams on the LCR (JDA, TDA, and BON).  The basic design involves estimating the survival of virtual 
releases of fish known to have passed through a dam relative to a paired-release-survival estimate for fish 
released at two locations in the downstream tailwater.  The single-release survival estimate for fish that 
passed through a dam (S1) divided by the quotient of the paired reference release survival estimates (S2/S3) 
will provide an unbiased estimate of dam passage survival.  Replication of this basic design for two dams 
(MCN and JDA) and two stocks of fish in spring will require fish releases at five locations, the 
deployment and servicing of two time-synchronized, dam-face arrays at each dam, and the deployment 
and servicing of seven arrays of autonomous underwater listening devices called nodes.  In summer 2012, 
replication of the basic design for four dams (MCN, JDA, TDA, and BON) will require fish releases at 
nine locations, and deployment and servicing of eight dam-face arrays (two at each dam) and 14 arrays of 
autonomous nodes.  With the release of an adequate number of fish at appropriate times and locations to 
allow for mixing in common tailwaters and high detection probabilities on dam-face and autonomous 
arrays, the basic design will provide unbiased estimates of dam passage survival with precision that meets 
BiOp requirements (SE <0.015).   


Estimation of spill passage efficiency, forebay residence time, tailrace egress time, and forebay to 
tailwater survival, as stipulated in the 2008 Columbia River Fish Accords, requires the addition of forebay 
entrance arrays and tailrace exit arrays at each dam.  In addition, unbiased estimates of spill passage 
efficiency, as defined by the Fish Accords, requires detection of fish in each forebay and an assignment of 
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a route of passage as powerhouse, spillway, or powerhouse surface flow outlet (SFO; if present), based on 
detections on two independent dam-face arrays.  With the addition of forebay entrance and tailrace exit 
arrays at each dam, the enhanced experimental design can yield all of the estimates required by the 2008 
Fish Accords.  The number of fish passing through turbines will be estimated by subtracting acoustic 
estimates of powerhouse SFO passage (if applicable) and PIT-tag detection estimates of juvenile bypass 
system (JBS) passage (if applicable) from acoustic estimates of total powerhouse passage.  The formula 
for calculating turbine passage will differ slightly among dams because MCN and JDA have no 
powerhouse SFOs and TDA has no JBS.  Fish passage efficiency will be estimated as the proportion of 
fish passing through non-turbine routes. 


Estimates of required sample sizes dictate the need to release 6200 yearling Chinook salmon and 
6200 juvenile steelhead alive in spring (12,400 total) and 11,200 live subyearling Chinook salmon in 
summer to ensure meeting precision requirements specified in the BiOp (i.e., SE <0.015).  Dead fish will 
be tagged and released in the tailrace below each dam to verify that dead fish are not detected on arrays of 
autonomous nodes used to estimate survival.  An additional 240 acoustic tags will be required for 
implantation in dead fish destined for tailrace releases and at least 200 more will be needed for spring and 
summer tag-life studies.  Therefore, a total of 24,040 acoustic tags will be needed for the BiOp studies 
described in this proposal.      


Fish will be selected for tagging from run-of-river fish sampled in the JDA Smolt Monitoring Facility 
(SMF).  Damage or infection will be noted by members of the tagging crew and surgeons.  Surgeon 
effects will be determined by comparing the condition of small samples of tagged and untagged fish held 
for 7 days and by assessing the condition of a sample of tagged fish recaptured at the BON SMF.  The 
fish are recaptured using the sort-by-code system and will have been in the river from 1 to 15 days.  
Length frequencies and the condition of tagged and untagged fish also will be compared to assess how 
representative tagged individuals are of the run at large.  Fish will be collected in the morning, held 
overnight, implanted with PIT and JSATS acoustic tags, and held another 24–36 hours before they are 
released.  Teams will keep a running tally of the few fish that happen to die after surgery.  Those fish will 
be used for dead-fish releases in tailraces below study dams, and additional fish will have to be 
intentionally sacrificed to meet required sample sizes for tagged dead fish (about 40 per study dam each 
season). 


All fish will be collected and tagged at the JDA SMF and transported by truck to release sites.  
Collecting fish from a single source will eliminate fish source bias, and having the same surgeons 
contributing similar numbers of fish to sets of fish releases will minimize surgeon bias.  Routes of travel 
will be adjusted so that transport times will be similar for each release in a pair of reference releases for 
each dam.  There will be five release sites in spring (R1 to R5) and nine in summer (R1 to R9).  Release 
locations, followed in parentheses by the site name, river kilometer (rkm), and fish transport time from 
the JDA SMF are as follows:  Port Kelley, Washington (R1; CR501; 1.8 h); MCN tailrace (R2; CR468; 
1.7 h); Boardman, Oregon (R3; CR430; 1.7 h); JDA tailrace (R4; CR346; 0.6 h); Celilo, Oregon, (R5; 
CR325; 0.6 h); TDA tailrace (R6; CR307; 1.1 h); Hood River, Oregon, (R7; CR275; 1.1 h); BON tailrace 
(R8; CR233; 2.5 h); and Knapp, Washington, (R9; CR158; 2.5 h).  The process of transporting and 
releasing fish will be standardized as much as possible.  This includes equipment and oxygen and 
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temperature monitoring systems.  Successive releases of fish at sites downstream of Port Kelley, 
Washington (CR501), will be delayed by expected travel times through all upstream reaches so that 
treatment fish passing through dams mix with fish in reference releases in common downstream tailraces 
and tailwaters.  One half of the release sequences that begin at Port Kelley will begin at 1000 h and the 
other half will begin at 2200 h so that day and night detections are represented in pooled seasonal 
estimates of dam passage survival for each fish stock and project.  At each release site, fish will be 
released at five locations along a line transect across the river.   


In 2012, we plan to strategically deploy double arrays of underwater listening devices at four LCR 
dams and arrays of autonomous nodes at seven cross sections of the LCR in spring and at 14 cross 
sections in summer.  Array names will be a concatenation of "CR" for Columbia River, and a three-digit 
number indicating the nearest whole rkm upstream from the mouth of the Columbia at the Pacific Ocean.  
Arrays located on dam faces also will have the letter "a" or "b" added as a suffix to the name to designate 
each of two independent groups of hydrophones that will be used to calculate the detection efficiency of a 
combined dam-face array using the Lincoln/Petersen single mark-recapture model (Seber 1982:59-70).  In 
spring, arrays will be located at the MCN forebay (CR472); MCN dam face (CR470a and CR470b); 
MCN tailrace (CR468); Boardman, Oregon (CR435); JDA forebay (CR351); JDA dam face (CR349a and 
CR349b); JDA tailrace (CR346); Celilo, Oregon (CR325); TDA dam face (CR309a and CR309b); Hood 
River, Oregon (CR275); and BON (CR234a CR234b).  In summer, additional arrays will be located in the 
TDA forebay (CR311), TDA tailrace (CR307), BON forebay (CR236), BON tailrace (CR233), and near 
Knapp (CR158), Kalama (CR113), and Oak Point (CR086), Washington.  


Arrays of underwater listening devices serve several different purposes.  Detections on forebay 
entrance arrays are used to regroup fish to form virtual releases for estimating forebay to tailrace survival 
and the first detection of each fish is used as a starting time for calculating forebay residence time and 
project passage time.  Detections on dam-face arrays are used to regroup fish to form virtual releases for 
estimating dam passage survival and to track fish passing into the powerhouse, spillway, and powerhouse 
SFOs (if present).  The time of last detection on the dam-face arrays provides the end time for calculating 
forebay residence time and the starting time for calculating tailrace egress time.  Tailrace egress arrays 
sample fish that passed through the dam and provide the time of last detection for calculating project 
passage time and tailrace egress time.  Survival detection arrays include dam-face arrays and arrays that 
are not associated with the forebay or tailrace of dams.  Forebay entrance and survival detection arrays 
will be densely populated to maximize detection efficiencies so that estimates of dam-passage survival 
and forebay-to-tailrace survival are based on as many fish detections as possible.   


Forebay entrance and tailrace exit arrays will be located at the extent of hydraulic influence of each 
dam.  The distance of forebay entrance arrays upstream from spillways will be about 2 km for MCN, 
1.14 km for JDA, 2.24 km for TDA, and 1.85 km for BON.  Tailrace egress arrays will be located 
downstream about 2 km from MCN, 3 km from JDA, 2 km from TDA, and 1 km from BON. 


Cabled, time-synchronized hydrophones will be deployed at two elevations on every pier at spill bays 
and turbines, including skeleton bays.  Extra hydrophones may be deployed near SFOs (if present) or at 
the ends of the spillway or powerhouse to improve detection in those areas.  We expect to deploy 21 
acquisition systems and 80 hydrophones at MCN, 22 systems and 86 hydrophones at JDA, 21 systems 
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and 84 hydrophones at TDA, and 23 systems and 85 hydrophones at BON.  PIT-tag detections in the JBS 
will be used to identify JBS-passed fish, and acoustic tags tracked passing into turbines that fail to be PIT 
detected will be assigned to turbine passage.  Spill-passage efficiency will be estimated as the proportion 
of fish passing the dam via the spillway (the traditional estimate) and as the proportion passing by the 
spillway and select surface-flow outlets, as identified in the Fish Accords.  Experience suggests that 
detection efficiencies of dam-face arrays will be very close to 100%.   


Findings for purposes of the BiOp and Fish Accords will be described in detail in BiOp reports for 
each dam.  The BiOp reports will be concise but will include all information required to assess the 
validity of results.  The intent is to report bullet-proof data, meaning that tag-life corrections will have 
been made, tagger effects accounted for, diagnostics performed and passed, assumptions tested and 
passed, and all quality assurance/quality control (QA/QC) steps completed.  These reports will not include 
detailed estimates of route-specific passage and survival, but those data will have been collected and can 
be analyzed and reported, if the regional managers decide that such an analysis is warranted. 


D. Relevance to the 2010 NOAA Fisheries Supplemental Biological Opinion for Operation 
of the Federal Columbia River Power System (FCRPS) and/or the Columbia Basin Fish 
Accords 
During 2012, the Portland and Walla Walla Districts intend to obtain data on biological performance 


measures mandated in the 2008 BiOp on operation of the FCRPS and the Memorandum of Agreement 
between the lower river treaty tribes and the Action Agencies, called the Fish Accords.  The FCRPS BiOp 
contains a Reasonable and Prudent Alternative (RPA) that includes actions calling for measurements of 
juvenile salmonid survival (RPA 52.1 and 58.1) and habitat usage (RPA 61.1 and 61.3) in the lower 
Columbia River and estuary.  These RPAs are being addressed as part of the federal research, monitoring, 
and evaluation (RME) effort for the FCRPS BiOp.  Most importantly, the FCRPS BiOp includes 
performance standards for juvenile salmonid survival in the FCRPS that the Portland District must 
compare its measurements against, as follows (excerpted from RME Strategy 2 of the RPA): 


Juvenile Dam Passage Performance Standards -- The Action Agencies juvenile performance 
standards are an average across Snake River and Lower Columbia River dams of 96% dam passage 
survival for spring Chinook and steelhead and 93% dam passage survival for subyearling Chinook 
salmon.  Dam passage survival is defined as survival from the upstream face of the dam to a 
standardized reference point in the tailrace. 


The Memorandum of Agreement between the Three Lower River Tribes and the Action Agencies, 
called the “Fish Accords,” contain three requirements relevant to the 2012 survival studies (excerpted 
from MOA Attachment A): 


Dam Passage Survival Performance Standard -- meet 96% dam passage survival for yearling 
Chinook and steelhead and 93% for subyearling Chinook and achievement of the standard is based 
on two years of empirical survival data... 


Spill Passage Efficiency and Delay Metrics -- Spill passage efficiency (SPE) and delay metrics under 
current spill conditions…are not expected to be degraded (“no backsliding”) with installation of new 
fish passage facilities at the dams… 
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Future Research, Monitoring and Evaluation -- The Action Agencies’ dam survival studies for 
purposes of determining juvenile dam passage performance will also collect information on SPE, 
BRZ to BRZ survival and delay as well as other distribution and survival information.  SPE and delay 
metrics will be considered in the performance check-ins or with COP updates, but not as principal or 
priority metrics over dam survival performance standards.  Once a dam meets the survival 
performance standard, SPE and delay metrics may be monitored coincidentally with dam passage 
survival testing. 


Fish Population Status Monitoring -- The Action Agencies will enhance existing fish population 
status monitoring performed by fish management agencies.  This is to include the monitoring of 
juvenile fish migrations at mainstem hydroelectric dams using smolt monitoring and the PIT-tag 
detection systems.    


Juvenile In-river Survival Performance Metric -- The FCRPS Action Agencies will annually measure 
the survival of in-river migrating fish and compare these numbers with COMPASS model estimates 
based on the conditions experienced and the expected benefits of completed hydro actions (SCA, In-
river Juvenile Survival Appendix). 


Monitor and Evaluate Migration Characteristics and River Condition -- The Action Agencies will 
monitor and evaluate the following biological and physical attributes of anadromous fish species 
migrating through the FCRPS on an annual basis: Monitor and document the condition (e.g., 
descaling and injury) of smolts at all dams with JBS systems, identify potential problems, and 
evaluate implemented solutions. 


III.  Project Description 
A. Background 
i. Problem Description 


Over the past 25 years, extensive work has been done to improve juvenile fish passage and survival at 
LCR dams.  The current need is to evaluate the influence improvements at each of these dams has on fish 
survival and metrics relative to BiOp and Fish Accord standards.  Progress at dams has entailed structural 
and operational improvements designed to benefit juvenile salmonid passage while minimizing impacts 
on power production as much as possible.  For example, extensive work has been done on in-turbine 
screen systems and JBS facilities at MCN, JDA, and BON; numerous spill-level evaluations have been 
conducted at all four dams; and prototype top-spill weirs (TSWs) have been installed and evaluated as 
ways to improve juvenile fish passage performance and survival at MCN (Adams and Counihan 2009; 
Adams and Liedtke 2010; Adams and Evans, In Review)).  Two TSWs also were installed at the JDA 
spillway and thoroughly evaluated in 2008 (Weiland et al. 2009).  At TDA, sluiceway operations were 
investigated in 2005 (Johnson et al. 2006) and a flow-diversion wall in the spillway stilling basin was 
completed in spring 2010.  At BON, an SFO was refurbished at powerhouse 2 (B2); a behavioral 
guidance structure was deployed in the B2 forebay, evaluated for several years, and removed; spillway 
flow deflectors and spill patterns have been studied; and the powerhouse 1 (B1) sluiceway was 
reconfigured.  The 2008 BiOp called for performance standards and required the U.S. Army Corps of 
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Engineers (Corps or USACE) to collect data on juvenile salmonid survival rates to compare to the BiOp 
standards starting in 2011.  In 2010, the first official BiOp survival study was conducted at TDA, and 
three BiOp compliance tests were conducted at JDA, TDA, and BON in spring 2011.  The summer 3-dam 
study for 2011 was cancelled because of exceptionally high river discharge.  


In the past, route-specific survival studies were often conducted to evaluate the performance of 
structural or operational improvements at specific routes.  In 2012, compliance testing will be streamlined 
to provide specific pass or fail answers using a highly prescribed study format.  Data for determining 
route-specific passage and survival will still be collected in case there is a need to know why a dam might 
have failed a compliance evaluation, but such detail will not be routinely included in BiOp study reports.  
If the regional managers decide that route-specific information is required to determine why a standard 
was not met, they can fund further analyses as needed.  Route-specific survival information may be 
critical to test structures or operations and identify new ways for improving dam-passage survival.   


ii. Literature Review   
Baseline biological data on fish distributions were summarized by Giorgi and Stevenson (1995) for 


JDA, TDA, and BON, by Anglea et al. (2001) for JDA; by Johnson et al. (2007) and Ploskey et al. (2001) 
for TDA; and by Ploskey et al. (2007) for BON.  During the early 2000s, fish passage proportions were 
most often estimated using fixed-aspect hydroacoustic or radio-telemetry methods, and survival estimates 
with active tags were based on detections of radio-tagged fish above and below the dams.   


The use of radio telemetry to estimate survival of tagged fish at JDA was evaluated and deemed 
feasible in 1999 (Counihan et al. 2002a).  Survival studies of smolt passage through JDA also were 
conducted in 2000 (Counihan et al. 2002b), 2002 (Counihan et al. 2006d), and 2003 (Counihan et al. 
2006e).  Reach survival was conducted from the release point above JDA to the JDA forebay and from 
the JDA dam face to the forebay of TDA (Counihan et al. 2002b and 2006a).  Survival studies were 
conducted at TDA in 2002 (Counihan et al. 2006d), 2004 (Counihan et al. 2006a), and 2005 (Counihan et 
al. 2006b).  Radio telemetry survival studies at BON were conducted in 2000 (Counihan et al. 2002b), 
2002 (Counihan et al. 2003), 2004 (Counihan et al. 2006f), and 2005 (Counihan et al. 2006g).    


Before 2006, acoustic telemetry had only been used twice on Portland District projects, once at BON 
(Faber et al. 2001) and once at TDA (Cash et al. 2005).  These studies focused on fish approach and 
passage.  The JSATS was designed to meet the needs of passage and survival studies for juvenile 
salmonids in the Columbia River basin, and it avoids many of the limitations of other telemetry systems.  
In 2006, non-route specific survival studies were conducted at JDA, TDA, and BON to assess the 
feasibility of using the JSATS for estimating dam passage survival.  In 2007, a JSATS acoustic telemetry 
survival study was conducted at the Bonneville spillway (Ploskey et al. 2008), and in 2008, a JSATS 
route-specific survival study was conducted at JDA, the BON spillway, and B2.  In 2009, JSATS route-
specific studies were conducted at JDA and B2.  The technology and tools for using JSATS are maturing 
thanks to significant advances with each year of study.  The dam-face arrays deployed at JDA in 2008 
detected over 99% of the tagged juvenile salmonids approaching the dam, and most approaching fish 
were successfully tracked.  Over 98% were assigned a route of passage with high confidence.  In 2009, 
the double array at JDA detection efficiency was 96.4% for yearling Chinook salmon smolts, 95.6% for 
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steelhead, and 97.9% for subyearling Chinook salmon smolts.  High detection efficiencies also were 
observed in survival studies conducted in 2010 and spring 2011.   


The U.S. Geological Survey used acoustic-telemetry methods to evaluate route-specific passage and 
survival of juvenile salmonids at MCN between 2004 and 2009 (Perry et al. 2006, 2007; Adams et al. 
2008; Adams and Counihan 2009; Adams and Liedtke 2010; Adams and Evans, In Review).  We made 
use of survival and detection probabilities in these reports to model sample sizes required to provide 
adequate precision for dam passage survival estimates.   


iii. Site Descriptions 
McNary Dam, located at Columbia River km 470, includes a navigation lock, a 399-m-long spillway 


with 22 vertical lift gates, and a 433-m-long powerhouse with 14 turbines (Figure 1).  Temporary 
spillway weirs were installed at the southern end of the spillway in previous years to improve juvenile 
fish-passage performance.  The spillway and powerhouse are aligned and are perpendicular to the river 
flow.  McNary Dam is operated by the Walla Walla District, USACE. 


 


Figure 1. Aerial Photograph of McNary Dam.  The Washington shore is on the left side of the picture 
(north) and the Oregon shore with the Smolt Monitoring Facility is on the right side (south). 


John Day Dam, located at Columbia River km 348, includes a navigation lock, a 374-m-long spillway 
with 20 bays.   The Portland District installed TSWs in spill bays 18 and 19 near the south end of the 
spillway from 2008 through 2011, and these structures improved juvenile salmonid passage performance.  
The 602-m-long powerhouse comprises 16 turbines and 4 skeleton bays that are adjacent to the spillway 
(Figure 2).  Standard-length submerged traveling screens are in all turbine units, and there is a full JBS 
terminating at a SMF located on the Oregon shore.   
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Figure 2. Aerial Photograph of John Day Dam from a Downstream Location.  The Washington shore is 


on the left side of the picture (north) and the Oregon shore upstream of the Smolt Monitoring 
Facility is on the right side (south). 


The Dalles Dam, located at rkm 309 is composed of a navigation lock, a spillway perpendicular to the 
main river channel, and a powerhouse parallel to the main river channel with non-overflow dams on each 
side (Figure 3).  The Dalles Dam is the only Portland District project that has the powerhouse running 
parallel instead of perpendicular to the main channel of the Columbia River.  The sluiceway at TDA is a 
functional surface flow bypass and the dam differs from BON and JDA in that it lacks in-turbine screens 
and a JBS.  Fortunately, spill passage efficiency at TDA is very high (e.g., 84–88% in spring and 71% in 
summer 2010; PNNL 2010; Skalski et al. 2010), particularly with a bulk north spill pattern that has been 
used in recent years.  In the winter of 2009, a wall was built between spill bays 8 and 9 to guide the spill 
flow, keeping fish away from known predator habitat.  


 
Figure 3. Aerial Photograph of The Dalles Dam.  River flow is from right to left. 


Bonneville Dam consists of several dam structures that together complete a span of the Columbia 
River between Oregon and Washington at rkm 235.1, about 65 km east of Portland, Oregon.  From the 
Oregon shore north toward Washington, the project is composed of a navigation lock, a 10-turbine-unit 
First Powerhouse (B1), Bradford Island, an 18-gate spillway, Cascades Island, and an 8-turbine-unit 
Second Powerhouse (B2; see Figure 4). 
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Figure 4. Aerial Photograph of Bonneville Dam.  B1 refers to Powerhouse 1 and B2 to Powerhouse 2.    


Primary fish passage routes include the spillway and two powerhouses; however, within each 
powerhouse, passage can be through SFOs, turbines, or the (JBS).  Smolts enter the JBS after 
encountering screens in the upper part of the turbine intakes.  Screens divert fish to gatewell slots where 
they pass through orifices opening into a bypass channel, which carries them to an outfall downstream of 
the dam.  The JBS at B1 was removed in 2004 because other routes were safer for fish.  In 2003, the ice-
trash sluiceway channel at B2 was modified and lengthened so that water was discharged downstream 
from the tip of Cascades Island in 2004 and thereafter.  The modified B2 sluiceway has since been 
referred to as the B2 Corner Collector (B2CC).  All modifications were specifically designed to maximize 
non-turbine passage and survival of juvenile salmonids.   


B. Objectives 
Objectives for BiOp/Fish Accords performance evaluations for each dam are as follows:   


BiOp/Fish Accords To evaluate performance at LCR dams as specified in the 2008 FCRPS BiOp and 
the 2008 Columbia River Fish Accords, five performance measures will be estimated:   


1. Dam-passage survival.  Performance should be >96% survival for spring stocks (i.e., yearling 
Chinook salmon and steelhead) and >93% survival for summer stocks (i.e., subyearling Chinook 
salmon).  Survival should be estimated with a standard error (SE) <1.5%. 


2. Spill passage efficiency.     
3. Forebay residence time.  
4. Tailrace egress time.   
5. Forebay-to-tailrace survival. 


Additional Metrics and Tasks 


6. Fish passage efficiency also will be estimated.  
7. The implementation plan will be updated to reflect 2012 procedures and protocols. 







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


12 


C. Methods 
All of the methods proposed for use in this study have a sound scientific basis and have been 


rigorously evaluated in previous JSATS studies or by other experts outside the basin.  There are no 
methods, algorithms, or processes that have not or cannot be independently evaluated.  


i. Experimental Design 
The following material is excerpted from the executive summary in the Statistical Design for the 


Lower Columbia River Acoustic-Tag Investigations of Dam Passage Survival and Associated Metrics 
submitted by Dr. J.R. Skalski to B. Eppard on May 19, 2009.   


In order to isolate dam passage survival, a modification of the classic release–recapture design will be 
employed (Figure 5).  Using hydrophone arrays at the face of the dam, tagged fish known to have passed 
the dam will be used to construct a “virtual” release group.  This release group will be used to estimate 
survival through the dam and a segment of the river downstream based on the single release-recapture 
model.  The downstream survival detection arrays will be located to minimize the prospect of false 
positive detections of fish that die during dam passage.  A sequential paired release below the dam will 
then be used to estimate the survival between the tailrace and this first downstream detection array.  The 
quotient of the single-release estimate (S1) divided by the paired-reference-release survival estimate 
(S2/S3) will provide an unbiased estimate of dam passage survival. 


The release-recapture model will benefit from several design aspects, helping to assure reliable 
estimates of dam passage survival.  First, by using upstream releases, a representative group of tagged 
fish arriving and passing through the dam can be constructed using a set of forebay hydrophone arrays.  
Second, the first survival detection site can be placed sufficiently far downstream in order to avoid false 
positive detections from dead tagged fish carried downriver after passing through the dam.  Finally, a 
paired release of comparably tagged and handled fish can be used to estimate survival in the reach 
between the dam tailrace and the first detection array.  This estimate of reach survival is then used to 
adjust the initial survival estimate through the dam for the extended downstream array location used in 
avoiding dead tagged fish detections.  This virtual/paired-release design will avoid potential sources of 
bias better than any other study design option. 


The survival study of LCR dams will be coordinated as one integrated investigation based upon the 
study designs outlined for spring (Figure 6) and summer (Figure 7) 2012.  In spring, a total of five 
different release sites, two virtual releases of fish, four dam-face arrays, and seven autonomous node 
arrays will be used to generate estimates of dam passage performance and survival for MCN and JDA 
(Figure 6).  Cabled arrays at TDA and BON must be deployed in early spring to assure that they will be 
functional for the summer studies at those dams.  These arrays will be used to estimate survival of fish 
passing MCN and JDA because they have very high detection rates for JSATS tagged fish.  This also will 
keep the 2012 design for JDA consistent with 2010 and 2011 studies.  In summer, a total of nine different 
release sites, four virtual releases of fish regrouped at four dam-face arrays, and 14 autonomous node 
arrays will be used to generate estimates of dam passage performance and survival for the four LCR dams 
(Figure 7).   
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Figure 5. Study Design Diagram for a Single Dam.  The diagram shows three fish release sites as blue 
circles (R1 to R3), forebay entrance and tailrace exit arrays as single solid lines, the two 
independent dam-face arrays that will be used to regroup fish to form a virtual release (V1) as 
closely spaced dashed lines, and four downstream survival detection arrays as single dashed 
lines. 


All fish will be collected and tagged at the JDA SMF in both spring and summer so that all fish are 
from a single source and are tagged by the same teams of surgeons throughout the study.  The JDA SMF 
at rkm 348 is centrally located to provide a single source for distributing tagged fish between the most 
upstream site at Port Kelley (CR501) and the most downstream site at Knapp (CR158) near Vancouver, 
Washington.  Individual surgeons will contribute similar numbers of fish to releases, and this will be 
important for minimizing any systematic bias associated with having multiple surgeons.  Having a single 
tagging site will allow for better control of surgeon rotations and contributions of fish to various release 
sites than could be achieved at multiple tagging sites. 
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Figure 6. Diagram of the Spring BiOp/Fish Accord Compliance Evaluations at Two LCR Dams.  Arrays 
at John Day Dam, The Dalles Dam, and Bonneville Dam will serve as the respective primary, 
secondary, and tertiary survival detection arrays for fish passing through McNary Dam.  
Arrays at The Dalles Dam, Hood River, and Bonneville Dam will serve as the respective 
primary, secondary, and tertiary survival detection arrays for fish passing John Day Dam.  
Five fish release sites (R1-R5) and two virtual releases sites (V1 and V2) are depicted, along 
with two independent dam-face detection arrays (double dashed lines), autonomous survival 
detection arrays (single dashed lines) and travel time detection arrays (single solid lines in 
forebays and tailraces).  
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Figure 7. Diagram for the Summer BiOp Compliance Evaluations at Four LCR Dams.  Nine fish release 
sites (R1–R9) and four virtual release sites (V1-V4) are depicted, along with two independent 
dam-face detection arrays (double dashed lines), autonomous survival detection arrays (single 
dashed lines) and travel time detection arrays in forebays and tailraces (single solid lines).   
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The process of transporting and releasing fish will be standardized as much as possible.  Every truck 
and trailer will be equipped with an oxygen tank and oxygen distribution system.  Dissolved oxygen and 
temperature will be monitored continuously during transport, and oxygen flow increased if necessary.  In 
summer, ice may be hauled and added as needed to keep temperatures from increasing more than 2°C.  
Successive releases of fish at sites downstream of Port Kelley, Washington, at CR501, will be delayed by 
expected travel times for fish passing through successive reaches so that treatment fish passing through 
dams mix with fish reference releases in downstream tailraces and tailwaters.  One half of the release 
sequences that begin at Port Kelley will begin at 1000 h and the other half will begin at 2200 h so that day 
and night detections are represented in pooled seasonal estimates of dam passage survival for each fish 
stock and project.  At each release site, fish will be released by boat at five locations along a line transect 
across the river.   


Routes of travel will be adjusted so that transport times will be very similar for each release in a pair 
of reference releases.  Transport times from the JDA SMF to various release sites are listed in Table 1. 


Table 1. Transport Times from the JDA SMF to Various Release Sites.  The route of shortest transport 
within each pair of references releases was lengthened to equalize transport times for each pair.  


 
Season 


JDA SMF to  
Release Site 


Drive Time 
(h) 


Spring and Summer Port Kelley, WA (CR501) 1.8 


Spring and Summer MCN Tailrace (CR468) 1.4 


Spring and Summer Boardman, OR (CR430) 1.4 


Spring and Summer JDA Tailrace (CR346) 0.6 


Spring and Summer Celilo, Oregon (CR325) 0.6 


Summer TDA Tailrace (CR307) 1.1 


Summer Hood River, OR (CR275) 1.1 


Summer BON Tailrace (CR233) 2.5 


Summer Knapp, WA (CR158) 2.5 


We used the Sample Size Model version 2.0.8 for a virtual paired-release study design to estimate 
numbers of fish that would need to be released (Table 2) to achieve an expected standard error <0.015 for 
dam-passage survival estimates.  Sample size calculations for the precision of the survival studies is 
consistent with methods presented by Cochran (1977:75-76, 77-78), Thompson (1992:31-32), Snedecor 
and Cochran ( 1989:58), Williams et al. (2002:64), and Levy and Lemeshow (1999:70-74).  We based 
input survival estimates on published rates, and used the lower end of published estimates of detection 
probabilities.   
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Table 2. Proposed Numbers of Fish to be Released at Five Sites in Spring and Nine Sites in Summer.  
Spring stocks include juvenile steelhead and yearling Chinook salmon smolts, and the 
summer stock includes subyearling Chinook salmon smolts.


Release 
Location Rkm Name 


Each 
Spring 
Stock 


Summer 
Stock 


Port Kelley 501 R1 2200 3000 


MCN Tailrace 470 R2 1200 1500 


Boardman, OR 435 R3 1200 1500 


JDA Tailrace 346 R4 800 800 


Celilo, OR 325 R5 800 800 


TDA Tailrace 307 R6 
 


800 


Hood River, OR 275 R7 
 


800 


BON Tailrace 233 R8 
 


1000 


Knapp, WA 158 R9 
 


1000 


Total / Stock     6200 11200 


ii. Equipment 
The acoustic-telemetry equipment for the 2012 USACE Portland District survival studies will consist 


of acoustic transmitters (tags) for surgical implantation in fish, dam-face arrays of hydrophones, and 
arrays of autonomous nodes (Figure 8).  Supporting equipment, such as trolley pipes and acoustic 
releases, will be required to deploy and retrieve the equipment, depending on the type of array.  In brief, 
an acoustic signal emitted by a transmitter implanted in a test fish is received at an underwater 
hydrophone and sent to a digital signal processor in a computer where the waveform is detected, decoded, 
and output to a storage device.  


Transmitters 


Acoustic transmitters proposed for this study will be about 12.04 mm long, 5.27 mm wide, 3.74 mm 
thick (Figure 9), and will weigh no more than about 0.45 g.  Fish collected at JDA will be implanted with 
tags that have a nominal transmission rate of 1 pulse every 3 seconds (3-s tags).  Each pulse from a 
JSATS tag contains a complex phase-encoded signal that uniquely identifies the transmitting tag without 
a purposeful variation in pulse duration.  Based on previous tag-life studies, nominal tag life should be 
about 30 days for the 3-s tags. 
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Figure 8.  Acoustic Telemetry System 


 


 


Figure 9. A Ruler Scale (Top), the JSATS Acoustic Micro-Transmitter (by ATS; Center), and a PIT Tag 
(Destron-Fearing Model TX1411ST; Bottom) 


Dam-Face Arrays 


A modular JSATS cabled receiver consists of software, a computer, multi-function electronic cards 
including a global positioning system (GPS) receiver, a signal conditioning interface, four hydrophones, 
and four cables (Weiland et al. 2011).  In the following sections, the “Modular JSATS Cabled Receiver” 
will be referred to as a dam-face receiver.  


Dam-face elements, with the exception of hydrophones with unique characteristics and the software 
that controls computer function and signal processing, are off-the-shelf items.  The software that controls 
computer function and signal processing is the property of the Corps and is made available by the Corps 


Transmitter


Signal 
Processor = 
Detector+ 
Decoder


Hydrophone


Autonomous Receiver 1


Output 
File to 
Flash 
Card


Receiver
(signal 


conditioning & 
amplification)


Hydrophone


Battery


Hydrophone


Hydrophone


Computer 
Digital Signal 
Processing 


Card 
(waveform 
detector)


Decoder 
Software


Dam-Face Array


Signal 
Processor = 
Detector+ 
Decoder


Hydrophone


Autonomous Receiver 2


Output 
File to 
Flash 
CardBattery


Autonomous Array       


Output 
File to hard 


Drive


Hydrophone







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


19 


as needed.  After competitive procurement of dam-face elements, processing and GPS cards are installed 
in the specified JSATS host computer following manufacturer instructions, then Corps-provided software 
is installed.  Dam-face receiver integration is completed by connection of the signal condition interface 
and hydrophones.  


The conditioned signal enters the signal-processing environment of the host computer where 
messages from JSATS transmitters are detected, decoded, and time stamped.  The user may choose to 
output the message, time of arrival (TOA), and the message waveform.  In most cases, only the decoded 
message and the TOA of the message will be required to meet study objectives.  JSATS transmitter 
message detection and decoding take place in “real time” as the conditioned output from the signal 
conditioning interface are input to the host computer signal-processing environment.  Figure 10 shows the 
sequence of signal processing that occurs for each hydrophone input channel.  The current processing 
sequence provides the option to store candidate message waveforms as well as decoded tag codes and 
TOA data. 


 


Figure 10.  Flow Chart Depicting Flow of Data for the JSATS Cabled Receiver 


Autonomous Node Receivers 


An autonomous node receiver (AN; Figure 11) is a self-contained, battery-powered receiver that 
captures messages transmitted by acoustic micro-transmitters implanted in juvenile salmon.  The AN was 
designed for deployment throughout the Columbia and Snake river system where cabled receivers are 
either impractical or unsuitable (McMichael et al. 2010).  The targeted application is detection of juvenile 
salmonids implanted with JSATS micro-transmitters and decoding of received micro-transmitter 
messages.  Valid decodes along with their TOAs provide data to estimate juvenile fish survival and 
observations of behavior.  Decoded transmitter messages are stored within the node and recovered when 
the node is serviced.  Researchers filter acquired data to separate false positive decoded messages from 
valid decoded messages, and they perform other analyses of the acquired data to assure its validity for 
intended purposes. 
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iii. Deployment 


The locations of autonomous and cabled array systems were dictated primarily by the locations of 
dams, forebay and tailrace hydraulic influence, and professional opinion about desirable distances 
between fish release locations and detection arrays to avoid dead fish detections.  Precise locations of 
autonomous arrays were influenced secondarily by the morphometry of channel cross sections to 
maximize the performance of autonomous node receivers.  Deep narrow cross sections were preferred 
over wide and shallow ones to maximize tag detectability.  Locations of fish releases, arrays of 
autonomous nodes, and dam-face arrays are shown in Figure 12 for the spring study and in Figure 13 for 
the summer study.   


Node Top 


 


Figure 11.  Typical Autonomous Node Package 
(Left) and the Top of the Autonomous Node 
(Right).  From top to bottom, the package includes 
the autonomous node, which is about 4 ft long, 
float line rigging, a 3-ft-long acoustic release, and 
an anchor.  This configuration is typically 
deployed upstream of the estuary.  The package 
deployed near the mouth of the Columbia River 
typically has more anchor line and a much heavier 
anchor.  The top of the autonomous node houses 
the digital and analogue board sets, a pressure 
sensor, and a CF card slot.  A hydrophone is 
located on the upper surface.  Lithium batteries 
that last about 1 month go in the bottom of the 
node housing and provide ballast.  The node top 
and bottom are screwed together to compress an o-
ring and create a waterproof seal. 
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Figure 12. Map Showing Sites of Fish Releases, Dam-Face Arrays, and Autonomous Node Arrays for 
Spring 2012.  There will be five fish release sites (flags), seven arrays of autonomous nodes 
(red squares) and four double arrays of cabled hydrophones at four dams (white bars).  
Columbia River (CR) km upstream of the river mouth and the Pacific Ocean is listed after 
each site label. 


 


 
Figure 13. Map Showing Sites of Fish Releases, Dam-Face Arrays, and Autonomous Node Arrays for 


Summer 2012.  There will be nine fish release sites (flags), 14 arrays of autonomous nodes 
(red squares) and four double arrays of cabled hydrophones at four dams (white bars).  
Columbia River (CR) km upstream of the river mouth and the Pacific Ocean is listed after 
each site label. 


Dam-Face Arrays 


The deployment of cabled forebay arrays in 2012 (Figures 14–17) will be similar to highly successful 
deployments in the JDA forebay from 2008 through 2011, at the TDA forebay in 2010 and 2011, and at 
the BON forebays in 2010 and 2011.  The double arrays had combined detection efficiency estimates that 
were essentially 100% for every major passage route through each dam.    
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Figure 14. Google Earth Image of McNary Dam (MCN) Showing Locations of Underwater Listening 
Devices.  Yellow icons show locations of slotted pipes on every pier adjacent to spill bays 
and turbines.  Exact elevations of deployed hydrophones will be determined after a thorough 
evaluation of the acoustic environment in the forebay.  Each pipe will receive two trolleys for 
deploying one deep and one shallow hydrophone at each pier.  Blue icons at the ends of the 
dam indicate locations of single hydrophone deployments to detect fish approaching from the 
north or south shores.  Also shown as red squares are eight autonomous nodes in a forebay 
entrance array located about 2 km upstream from the dam (right side) and three autonomous 
nodes in a tailrace egress array located about 2 km downstream of the dam.   


 


Figure 15. Satellite Image of John Day Dam (Courtesy of Google Earth) Showing Hydrophone 
Deployment Locations at the Spillway and Powerhouse (Yellow and Blue Icons).  Spillway 
piers will have hydrophones deployed at two elevations:  1) 256 ft above mean sea level 
(MSL; 1 ft below minimum pool elevation of 257 ft and about 9.5 ft below the average pool 
elevation) and 2) 233 ft above MSL (about 30.5 ft deep relative to an average pool elevation).  
Locations on main piers between turbines also will have hydrophones at two elevations:   1) 
256 ft and  2) 169 ft above MSL.  Also shown as red squares, are eight autonomous nodes in 
a forebay entrance array (right) and four autonomous nodes in a tailrace egress array (left). 
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Figure 16. Satellite Image of The Dalles Dam (Courtesy of Google Earth) Showing Hydrophone 
Deployment Locations at the Spillway and Powerhouse (Yellow Icons).  Spillway piers will 
have hydrophones deployed at two elevations:  about 155 ft above MSL (3 ft below normal 
pool elevation) and 120 ft above MSL (about 38 ft deep at normal pool).  Main piers between 
powerhouse turbines also will have hydrophones at two elevations:  about 155 and 105 ft 
above MSL (about 3 and 53 ft deep, when the pool is at 158 ft above MSL).  The horizontal 
separation of hydrophones at the same elevation will be about 60 ft at the spillway and 90 ft at 
the powerhouse.  Also shown as red squares, are five autonomous nodes in a forebay entrance 
array (upper right) and three autonomous nodes in a tailrace egress array (lower left). 


 


Figure 17. Satellite Image of Bonneville Dam (Courtesy of Google Earth) Showing Hydrophone 
Deployment Locations at Powerhouse 2 (B2; top dam), the Spillway (middle dam), and 
Powerhouse 1 (B1; bottom dam).  Spillway piers will have hydrophones deployed at two 
elevations located about 64 ft above MSL(10 ft below normal pool elevation) and 40 ft above 
MSL (about 30 ft deep).  Main piers between turbines also will have hydrophones at two 
elevations: about 64 and 12 ft above MSL (about 10 and 62 ft deep, when the pool is at 74 ft 
above MSL).  Also shown as red squares, are four autonomous nodes in a forebay entrance 
array (upper right) and three autonomous nodes in a tailrace egress array (lower left). 
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Hydrophones in a 4-hydrophone system will alternate between shallow and deep deployments and 
will be interleaved with hydrophones from another system to provide redundancy and two independent 
arrays for assigning fish passage and estimating detection efficiency.  Figure 18 shows an example for 
hydrophones from two systems deployed at three adjacent turbines.  Deployment at three adjacent spill 
bays would have a similar pattern.   


 


Figure 18. Frontal View of Hydrophone Deployments at Three Turbines Showing a Saw-Tooth 
Sampling Pattern to Independently Assign the Location of Last Detection.  The circles denote 
the hydrophones of Array 1 and the triangles denote the hydrophones of Array 2. 


iv. Tag Life Assessment 


All tags for the spring season should be delivered prior to April 23, 2012, and tags from all 
manufacture dates will be randomly mixed prior to the use of any tags.  After mixing, 100 tags will be 
randomly selected for a spring tag-life assessment.  Similarly, all tags for summer should be delivered 
prior to the tagging of any fish during the summer tagging season (delivery required before June 7, 2012) 
and after mixing, 100 tags will be removed randomly for a summer tag-life assessment.  The possibility of 
acoustic-tag failure will depend on travel time relative to battery life.  A tag-life curve will be constructed 
for each set of 100 tags and compared to the cumulative percent of tags passing tertiary arrays 
downstream of each dam.  Time will be expressed as hours since tag activation.   


Acoustic tags in each tag-life study will be enclosed in water-filled black plastic bags and suspended 
from a rotating foam ring using cable ties within a 2-m-diameter fiberglass tank at the Pacific Northwest 
National Laboratory (PNNL) Aquatic Research Laboratory.  A small cut will be made on each bag to 
allow the ejection of air bubbles which accumulate over time inside the bag.  Flow-through river water 
will be delivered to the tank at a turnover rate sufficient to keep the foam ring rotating and maintain water 
temperature similar to river conditions.  Four hydrophones will be used to continuously monitor the 
transmission activity of suspended tags.  The four hydrophones will be cabled to a quad-channel receiver 
that will amplify all acoustic signals.  All acoustic signals will be acquired using JSATS Detector (2010 
Version) and decoded by the most recent version of the JSATS Decoder.  Post-processing will be 
performed using Taglife GUI (Version 2009.08.26).  Tags in each study will be monitored continuously 
until all tags fail.  The tag life of each tag will be expressed in hours since tag activation.   


v. Fish Tagging 
Acoustic tags will be surgically implanted in fish, and fish will be held for recovery as described 


below, prior to their being released.  Fish will be collected for this study in accordance with established 
permitting requirements using the sampling methods commonly employed at the JDA SMF. 
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Fish Collection 


All fish will be collected and tagged at the JDA SMF.  The JDA SMF receives fish passing through a 
JBS.  Sampled fish typically would be returned to the river in an outfall pipe emptying into fast water in 
the tailrace.  A small percentage of JBS-passed fish will be selected for inclusion in this survival study, 
and those fish will be held 2 days longer than their counterparts to allow time for surgical implantation of 
PIT and acoustic tags and recovery prior to release. 


Records will be kept on all smolts handled and collected (both target and non-target species) for 
accounting purposes for the scientific collection permit.  Collections will be conducted in conjunction 
with routine sampling at the JDA SMF to minimize the impacts of handling.  Surgical candidates 
collected from routine target sample sizes will be accounted for under permits issued to the monitoring 
facilities.  Additional fish required to meet research needs (beyond typical sampling goals) will be 
accounted for under separate federal and state permits. 


Pacific States Marine Fisheries Commission (PSMFC) staff sample fish from the JBS at JDA and 
anesthetize them using detailed methods described by Martinson et al. (2006).  PNNL staff will evaluate 
candidate fish for inclusion in the survival study using specific acceptance and rejection criteria listed 
below.  Individual fish are rejected to avoid violating the statistical design assumptions A1 and A4 (see 
section below), which state that individuals should be a representative sample from the population of 
inference, and that all tagged individuals alive at a sampling location have the same probability of 
surviving until the end of that event, respectively.  We recognize that fish condition can vary daily and 
between stocks, and a visual assessment of condition will be conducted during each fish collection event.  
We expect to reject no more than 1% of the fish over the sampling season.   


A fish is accepted if it 
• has an intact or clipped adipose fin  
• is tagged or is not tagged with wire-coded or elastomer tags 
• is ≥95-mm fork length 
• is a spring Chinook salmon or steelhead in spring or subyearling Chinook salmon in  summer. 


A fish is rejected if it 
• is a non-target species 
• shows signs of prior surgery (e.g.,  radio tags, sutures, or PIT-tag scars) 
• indicates positive readings when put through a PIT-tag reader 
• has inhibitory malformations (e.g., spinal deformities) 
• is moribund or emaciated 
• exhibits descaling greater than 20% on any one side 
• has physical injuries severe enough to impede performance, such as operculum damage (missing 


or folded over 75%); exophthalmia (popeye), and head or body injury (e.g., hemorrhages) 
• shows evidence of infections or parasites (Figure 19), such as fungus (infection on the body 


surface); columnaris (saddleback, eroded fins, gill necrosis); bacterial gill disease (necrotic gills), 
bacterial kidney disease (yellow rimmed ulcers, open lesions on the body or fins, edema).  
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Figure 19. Examples of Severe Body Damage or Signs of Infection.  A:  congestion; B and C:  descaling 


greater than 20%, indications of internal infection, possible hemorrhaging, and fungus. 


Using the data sheet below (Figure 20), PNNL staff will record the date, their name, site ID (i.e., 
location of tagging), project name, and the number of fish being rejected using hash marks under 
designated maladies.  For fish with multiple maladies, they will note the most prominent injury and 
record any additional injuries in the “Comments” section.  There should only be one hash mark recorded 
in the column “Number Rejected” for each fish rejected, so that the number of fish may be accurately 
represented (as opposed to number of reasons for rejection).  If the actual malady is not listed on the data 
sheet, it will be added to comments at the bottom of the page.  After each collection session, the percent 
rejected will be calculated and recorded for the day.  If a physical anomaly/malady is observed in more 
than 5% of the sorting table sample, the next day’s fish with that condition will be considered for 
collection.  Cumulative numbers rejected throughout each tagging season will be reported.     


 


Figure 20.  Example Data Sheet Used for the Recording of Fish Not Selected for Tagging 
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Tagging Procedures 
All surgical procedures will follow the USACE guidelines (2011).  Several steps will be used in the 
tagging process to minimize handling impacts.  Sterilization of surgical instruments will be continuous 
and emphasized.  Each surgeon will use at least six complete sets of instruments.  Until the Surgical 
Protocol Team for the Columbia Basin determines a basin-wide approach, used instruments will be placed 
in a 70% ethanol solution for at least 10 minutes.  All instruments will be rinsed in distilled water prior to 
their use during surgery.  This procedure reduces the introduction of bacteria and other harmful 
particulates into the incision and suture site.  A synthetic water conditioner (Poly-Aqua) will be liberally 
used on the surgical pad to minimize mucosal surface disruption during surgical procedures.     


All acoustic tags will be activated 1 day before tagging, while fish are randomly subsampled from the 
routine smolt-monitoring sample.  Fish will be placed in 511-L tanks with in-flowing and out-flowing 
river water and held overnight for tagging on the next day.  The use of routine smolt-monitoring samples 
should provide enough fish to meet the daily tagging quota except for occasionally near the beginning or 
at the end of a migration season when numbers in routine samples may be low.   


A team of 8 to 10 people will participate in the tagging process to reduce handling time from 
collection to post-surgery recovery.  On most days, all fish will be tagged within a 4- to 8-hour period, 
depending on the number of fish to be tagged.  The procedure starts with one person netting about five 
fish from holding tanks and transferring them to a 18.9-L capacity bucket with 10 L of fresh river water 
mixed with tricaine methanesulfonate at a concentration between 80 and 100 mg/L.  Fish will reach stage 
four anesthesia (Summerfelt and Smith 1990) prior to surgery and maintain that level throughout surgery.  
Anesthesia buckets will be refreshed regularly to maintain ±2 °C of current river temperatures.  
Anesthesia solutions will be either replaced or cooled with ice when temperatures increase more than 
2°C.  Individual anesthetized fish will be transferred into a 0.25-L plastic container of knockdown 
solution and handed to a second person who will measure its fork length (±1 mm) and weight (±0.1 g).  A 
digitizing board and electronic scale with serial connections to a computer will facilitate accurate 
recording of lengths, weights, and any fish condition or damages.  The person measuring and weighing 
fish will be stationed at the end of a line of four or five surgeons so that he or she can see who will be 
available to tag the next fish.  By design, surgeons will not know or be able to learn the future release 
location of the fish that they are tagging.  Each surgeon must contribute at least one fish to each bucket of 
five fish so that tagger effects are spread among all release buckets and sites.  The digitizing board will 
have buttons with the names of all surgeons so each fish can be rapidly assigned to the next available 
surgeon.  A third individual will scan PIT- and acoustic-tag codes into the computer, assign tags for a 
specific fish, and record fish species, run, and adipose fin status (clipped or unclipped).  After a fish is 
weighed and measured, it will be placed back into its plastic transfer container along with a colored cork 
matching the color of a piece of foam stationed above the 24.6-L transport bucket receiving fish.  The 
transfer container with fish, color coded cork, an acoustic tag, and a PIT tag will be handed to one of three 
or four surgeons for tag implantation.   


During surgery, each fish will be placed ventral side up and a gravity-fed anesthesia supply line will 
be placed into its mouth.  The dilution of this “maintenance” anesthesia will be 40 mg/L.  A 6- to 8-mm 
incision, using a surgical blade, will be made in the body cavity between the pelvic girdle and pectoral 
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fin.  A PIT tag will be inserted followed by an acoustic tag.  Both tags will be inserted toward the anterior 
end of the fish.  The incision will be closed using 5-0 Monocryl suture using a 1x1x1x1 suture knot, as 
recommended by the Surgical Protocol Committee for the USACE. 


After closing the incision, the surgeon will check to see whether the colored cork with the fish 
matches the color of a piece of foam set up near the transport bucket being filled.  The color relates only 
to the current bucket being filled and does not relate to future fish release locations.  If the colors are the 
same, the surgeon will place the tagged fish and colored cork into an opening in the top of a 76-mm 
diameter polyvinylchloride (PVC) pipe that will sluice the tagged fish and cork along the line of surgeon 
stations down to a dark 26.4-L transport bucket filled with aerated river water.  If the cork and foam 
colors are different, the surgeon will place the tagged fish directly into the next transport bucket to be 
filled.  At the end of the line of surgeons, another person will be responsible for closely observing and 
counting the number of fish and corks accumulating in the transport bucket.  This person also is 
responsible for letting surgeons know what transport bucket is currently being filled (verbally and by 
setting out a colored piece of foam), and for switching out transport buckets and colored foam indicators 
after each bucket has been filled to its quota (usually five fish).  When fish in transport buckets regain 
equilibrium, as indicated by vertical posture and active swimming, a lid will be added to the bucket, and it 
will be hand carried outside and placed in one of several large holding tanks with flowing river water.  
Fish will be held in these tanks for 18 to 24 hours. 


In spring, tagged fish will be released according to a specific schedule at five locations between Port 
Kelley, Washington (CR501), and Celilo, Oregon (CR325).  In summer, tagged fish will be released at 
nine locations between Port Kelley (CR501) and Knapp, Washington (CR158).  A specific number of fish 
must be tagged each day to meet the release requirements scheduled in Tables 3 and 4.  Tagging will 
focus on one species and one release destination at a time, but the tagging coordinator will randomize the 
work order and keep destinations a secret at all times.  Release numbers listed in Table 3 are for a single 
species, so those numbers must be doubled to account for all fish that must be transported in spring.  
Summer release numbers in Table 4 are specifically for subyearling Chinook salmon.  There will be 20 
series of releases each season, where a series is the temporal sequence of release from the most upstream 
release site to the most downstream site. 
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Table 3. Fish Release Schedule, Spring 2012.  Release series beginning at 1000 h are highlighted in 
yellow and those beginning at 2200 h are highlighted in gray.  
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Table 3.  (contd) 
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Table 3.  (contd) 
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Table 4. Fish Release Schedule, Summer 2012.  Release series beginning at 1000 h are highlighted in 
yellow and those beginning at 2200 h are highlighted in gray. 
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Table 4.  (contd) 
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Table 4.  (contd) 


 


Surgeon Training and In-Season Assessment 


Fish will be evaluated using external and internal examinations to assess condition and observe the 
presence and severity of injuries.  These data will be used to evaluate survival model assumptions, and to 
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monitor fish handling and tagging during execution of the project and following exposure of tagged fish 
to the river environment.  In addition, the fish sampling effort at MCN, JDA, and BON will document the 
variance in fish assessment between individuals selected for the survivorship models and the population-
at-large.  Fish assessment efforts provide the needed insurance that dam-passage survival assumptions are 
satisfied and indicate whether tagged fish have altered performance.  Fish assessment specifically 
addresses BiOp measures to monitor and evaluate the biological and physical characteristics of 
anadromous fish species migrating through the FCRPS and to control for biological variation in the field 
(RME Strategy 2, RPA Action 52-55).  The analyses will incorporate comparisons of length frequency 
distributions along with condition measures and injury observations of tagged and in-river fish to test the 
assumption of representativeness of tagged fish.  In-season assessment allows for adaptive acceptance 
criteria for fish selected for tagging to run of the river.    


Surgeons will note maladies and problems observed during surgery using a standardized list of likely 
condition observations and issues distilled from surgeon notes and condition studies in 2010 and 2011.  
Surgeons will be trained and have a quick reference guide to ensure that bias in note-taking between 
surgeons is eliminated.  Results will be entered into a computer daily and analyzed using custom 
processing software to provide timely feedback to surgeons to keep surgery as standardized and error free 
as possible as time since surgery training increases.  Post-season processing of surgeon notes combined 
with fate information for released fish will allow researchers to be better identify surgical problems that 
should preclude problem fish from being released in the future.     


Fish recollected in the sort-by-code system at the BON JMF will be examined along with associated 
surgeon notes to provide real-time feedback to surgeons in 2012.  This will allow for identifying and 
correcting any issues in the surgical process specific to a tagger.  For example, in 2011 surgeons were 
contacted when surgeon effects were disproportionate to other taggers and were verbally instructed how 
to improve practices going forward.  In 2012, this feedback loop will allow for real-time corrections as 
opposed to post-season identification of surgical problems. 


vi. Transport, Holding, and Release 
During transport, fish will be held in specially designed buckets.  Each transport buckets will have 


many 0.8-cm-diameter holes drilled through the upper half of its height and around its circumference.  
The location of holes in the upper half of the bucket will allow water to flow through each bucket when it 
is submerged in a large post-surgery holding tank with fresh river water flowing through it (Figure 21).  
The solid bottom half of a transport bucket provides a sanctuary that retains about 13 L of water so that 
fish are not dewatered when buckets are moved between the holding tank and the transportation tank.      


When fish regain equilibrium after surgery, the 24.6-L buckets will be covered with a fitted lid and 
hand carried outside to a larger holding tank with a continuous supply of river water (Figure 21).  Fish 
will be held for at least 18 hours prior to release in the river.  A sensor for monitoring water level, 
temperature, and dissolved oxygen will be installed and set up to automatically telephone staff if water-
quality conditions are undesirable for fish.  Alert limits will be set to a maximum of 21.0 °C and a 
minimum of 7 mg/L of oxygen.  The inside of tanks will be sectioned by aluminum or PVC pipe to keep 
buckets upright (see photo on right side of Figure 21). 
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Figure 21. Large Insulated Tanks for Holding Transport Buckets at the JDA SMF.  Holding tanks are 


plumbed to allow flowing river water to pass through the tanks, each of which holds a 
maximum of 36 transport buckets.  


The team will use insulated tanks that fit in the bed of a large pickup truck or on a trailer to transport 
fish from the JDA tagging site to release locations.  Fish buckets will be removed from the post-surgery 
holding tanks and loaded into the insulated tanks.  These tanks will have sufficient capacity when filled 
with river water to submerge 9 transport buckets to a depth of 14 inches.  A 2200 psi oxygen tank will be 
secured in the pickup bed or trailer, and a network of valves and plastic tubing will be hooked up to 
deliver oxygen to air stones in fish tanks.  The temperature and concentration of water in tanks will be 
monitored continuously with portable YSI meters from the time that fish are loaded until they are 
delivered to release sites.  The YSI meters and values controlling oxygen flow will be located inside the 
cab of the transport truck for ease of monitoring.  On hot days, ice will be transported in a small chest and 
will be added to tanks to keep water temperatures within 2 degrees of river temperature.   


Handling impacts and stress will be minimized during transport and release in several ways.  
Confinement stress will be minimized by limiting fish numbers (≤5) or densities (≤10 g/L) in each 
transport bucket.  This density limit falls within the lower density levels for transportation experiments.  
Transportation has been shown for most fishes to be stressful regardless of fish density (4–120g/L) and 
travel time (Speckler and Schreck 1980; Schreck et al. 1995; Iverson et al. 1998).  In long-term rearing 
situations, densities over about 7.8 g/L have been observed to limit salmonid growth (Erickson et al. 
1997; Wedemeyer 1997; Banks and LaMotte 2002).  Most transport buckets will be loaded with five fish, 
although the last bucket for a release site may have fewer than five.  All transport buckets will be a dark 
blue color to reduce stress associated with transporting fish in a small confined space.  Staff will be 
trained to gently handle transport buckets to avoid exposing fish to impacts or loud noises, including 
dropping the handle against the side of a bucket.  During load-up from post-surgical holding to transport 
vehicles, each insulated tank receiving transport buckets will be flushed with river water before it is 
loaded with fresh river water and fish transport buckets.  On boats, transport buckets will be shaded to 
reduce solar heating and an air pump will be used to deliver air through plastic tubing to air stones in each 
bucket.  Dissolved oxygen concentration and water temperature will be monitored in a subset of the 
buckets transported by boat. 


Tagged fish will be transported from the tagging site to release locations (Figures 12 and 13) 
according to a prescribed schedule (Tables 3 and 4) by prescribed routes.  Slips will be rented to keep 
rental boats on the water whenever possible to eliminate the need to trailer a boat while hauling fish.  Fish 
will be released by boat at five locations (numbered from 1 to 5) along a transect line across the river at 
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each release site.  On release boats, buckets will be opened to check fish condition, and all dead or dying 
fish will be scanned with a BioMark portable transceiver PIT-tag scanner so that identities are established 
and recorded.  Following established protocol, biologists will cut through gill arches of all dead fish, 
including any that must be euthanized to meet dead fish quotas.  These dead fish will be returned to the 
JDA tagging coordinator, who will schedule for the dead tagged fish to be released downstream of one of 
the dams being studied.  Analysts will later search for detections of dead fish on survival detection arrays 
to see if there was a violation of the assumption that tagged dead fish are not detected on downstream 
arrays used for estimating survival.    


Boat operators will use an onboard GPS to move the boat to specific coordinates and put the motor in 
neutral while a crew member lowers the transport bucket into the water and tips it so that fish can swim 
out.  The crew will record the location, bucket number, and time of release on standardized forms.  
Records will indicate release time to the nearest minute in Pacific Daylight Time.    


vii. Data Downloading 
Data accumulating on compact flash (CF) cards in autonomous nodes will be downloaded every 2 


weeks when rechargeable lithium batteries are replaced.  Autonomous nodes will be deployed before the 
first fish is released each season and will be deployed until all JSATS tag batteries should be dead, 
according to the tag-life study.  The first step in servicing a node is to trigger its acoustic release by 
entering a release-specific code into a transceiver that transmits an electrical signal to an underwater 
transducer.  The transducer then translates the electrical signal into code-specific acoustic transmissions to 
activate a release mechanism.  Upon surfacing, the autonomous node, rigging, and acoustic release will be 
retrieved by boat.  The next step is to dry the outside of the node with a towel, open it, connect a data 
cable to the processing board set while batteries are still connected, and record both node and GPS clock 
times (hh:mm:ss) to allow for subsequent calculation of a clock offset (node time minus GPS time) in 
seconds.  Next, the CF card is dismounted and ejected, and placed in a USB card reader so that comma-
separated-variable (CSV) data files can be copied from the card to a laptop computer.  The entire data file 
will be viewed in a text editor to verify that the autonomous node collected data throughout its 
deployment, records were continuous, and records included time stamps and tag detections.  If data near 
the end of the file include only 15-second time stamps and few or no tag detections and batteries were not 
drained, the node top will be replaced with a new one, and the faulty top will be sent to the manufacturer 
for repair.  The most common problem is damage to the hydrophone tip.  The CF card will not be erased 
and wiped until data on the laptop have been archived in two or more locations including one offsite 
location.  The CF card will be replaced with an empty wiped card every time nodes are retrieved.  
Batteries will be replaced within 18 days after node activation.   


Decoded data acquired by cabled arrays will accumulate in CSV files on acquisition computers for 
four cabled hydrophones and will be downloaded to a USB or SATA removable drive weekly, preferably 
by the same staff member.  Those data will be archived in at least two locations including one offsite 
location.  Each raw data archive file will be accompanied by a document that describes variable formats. 
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viii. Data Management and Analysis 
This section describes the raw data archive, methods for the three main stages of analysis (Figure 22), 


and a QA/QC plan.  Raw data from the collection efforts in the field will undergo several processing and 
analysis steps to produce survival estimates.  Standard, turnkey software based on existing programs is 
being developed for several of the stages.  This software will be distributed to analysts so that, for 
example, in Stage 1 all raw data are processed and filtered in exactly the same way to create standardized 
clean data sets that contain the date and time of every decoded tag reception meeting detection criteria.  
This program will expect variables in raw data files to adhere exactly to a prescribed format and will not 
function properly if formats deviate.  As part of Stage 2, analysts will track fish movements in forebays 
using data from dam-face arrays and assign a route of passage.  The analysts also will assign detection 
history codes (1 for detected and 0 for not detected) on each of two independent forebay arrays at each 
dam.  Also in Stage 2, clean data sets will be manipulated to create a single capture history for every tag 
released in 2012; i.e., a chronology of tag detections on every autonomous and cabled hydrophone array 
from the time a tagged fish is released until it dies or leaves the study area migrating toward the Pacific 
Ocean.  In Stage 3, capture histories will be analyzed to identify fish releases and arrays that will be used 
to estimate survival rates; a statistician will make tag-life-corrected estimates of dam passage survival and 
boat-restricted zone (BRZ)-to-BRZ passage survival.  Other estimates include forebay residence time and 
tailrace egress time.  


 
Figure 22.  General Data Flow and Analysis Stages 


Raw Data Archive 


Raw data files will be retained as part of an auditable record for the study.  There are three primary 
forms of raw data that will be acquired and archived: tagging data, cabled dam-face array data, and 
autonomous array data. 


Tagging data are acquired during the tagging process in CSV files.  Tagging data are merged with 
release data that are recorded on release forms as fish are released from boats.  Release data are entered 
into an electronic spreadsheet at the end of each day's release.  The common variables that allow tagging 
and release data sets to be merged are release site and bucket number.  Raw tagging and release data will 
be thoroughly proofed and archived in at least two locations, one of which will be offsite. 


Raw Data 
from Field


Detection
Data 


by Node 
by Tagged 


Fish


Stage 1:
Process, 
Filter and 


Merge


Tagged Fish 
Data


Capture 
Histories 
by Tagged 


Fish


Stage 2:
Data 


Sleuth, 
QA/QC 
Analysis


Stage 3:
Survival 
Analysis


Survival 
Estimates







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


39 


Cabled dam-face array data consist of raw waveforms that have a high probability of including tag 
codes based on signal-to-noise ratios.  Real-time decoder software will be running at the same time that 
detector software is identifying and saving waveform files.  Output from the decoder consists of comma 
separated variable files with decoded signals.  Systems accumulating CSV files will be checked twice 
daily to verify that everything is operating properly and that disk space is adequate, but data will only be 
downloaded weekly.  Samples of these files are carefully checked and all raw CSV files will be archived 
separately in at least two locations, one of which will be offsite.  


Autonomous node data contain a temporal CSV record of all decoded acoustic signals recorded on a 
CF card mounted inside an autonomous node.  Node deployment and retrieval data include variables like 
project ID, node serial number, NODE_ID, latitude, longitude, rkm, depth, deployment date and time, 
recovery date and time, clock offset, and comments.  Raw node data are carefully checked to confirm or 
adjust timekeeping.  Deployment and retrieval data are recorded by hand on field sheets, entered into a 
spreadsheet at the end of each day, and later merged with autonomous node data by using NODE_ID as a 
common variable.  Before merging, deployment and retrieval dates and times in field forms are cross 
checked against dates and times that the ambient pressure on nodes significantly increased or decreased.  
Pressure changes are detected by an on-board pressure sensor and recorded in the CF-card data stream.  
Rapid increases in pressure will occur as nodes are lowered to the river bottom, and rapid pressure 
reductions will occur as nodes rise from the bottom to the surface of the water.  These raw node files and 
deployment retrieval spreadsheets will be archived in at least two locations, one of which will be offsite.   


Analysis Methods 


Stage 1:  Filtering and Merging Raw Data to Detection Data Sets. 


Only a small fraction of decoded acoustic signals recorded on any single underwater listening device 
represents valid detections; i.e., they occur frequently enough and in a temporal pattern approximating the 
modal pulse repetition interval of a tag.  Most decoded signals are from ambient sounds in the 
environment (noise) and yield codes that do not match acoustic-tag codes that were released.  Some 
decoded signals will be false positive receptions of released codes, but they occur very infrequently by 
chance alone and practically never in a series of four or more hits with timing closely matching the 
expected pulse repetition rate of released tags.   


The tagging and release, autonomous node, and cabled hydrophone data sets will be subjected to QC 
checks, archived, filtered, reviewed in a second QC step, and merged to create a single clean detection 
data set and a forebay tracking data set (Figure 23).   
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Figure 23. Diagram of Stage 1 Data Flow from Acquisition through Production of Clean Data Sets.  


Clean data sets are suitable for enumerating capture histories for every acoustic tag (green 
box) or for 3-D tracking of forebay movements to assign routes of passage at dams.  


Steps for filtering raw data from individual autonomous node receivers to produce a clean detection 
data set (green box in Figure 23) are as follows: 


Receptions of JSATS tag codes within raw autonomous node data files are processed to produce a 
data set of accepted tag-detection events.  A single file is processed at a time, and no information about 
receptions at other nodes is used.  The following two filters are employed during processing: 


1. Multipath filter:  For data from each autonomous node, delete all tag-code receptions that occur 
within 0.156 seconds after an initial identical tag code reception under the assumption that closely 
lagging signals are multipath.  Initial code receptions are retained.  The delay of 0.156 seconds is the 
maximum acceptance window width for evaluating a pulse repetition interval (PRI) and is computed 
as 2(PRI_Window+12×PRI_Increment).  Both PRI_Window and PRI_Increment are currently set at 
0.006, which was chosen to be slightly larger than the potential rounding error in estimating PRI to 
two decimal places. 


2. PRI filter:  Retain only those series of receptions of a tag code (or “hits”) that are consistent with the 
pattern of transmissions from a properly functioning JSATS acoustic tag.  Each tag code is processed 
individually, and it is assumed that only a single tag will be transmitting that code at any given time.  
Each autonomous node data file is processed as follows: 
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a. For each hit, select the list of identical hits that follow within [(Nominal_PRI×1.3×12)+1] 
seconds, where Nominal_PRI is the nominal number of seconds between transmissions of the tag 
code (typically 3, 5, or 10 seconds).  Nominal_PRI will be 3 seconds in 2012 studies.  The list of 
Nominal_PRI by tag code must be available as an input and typically is obtained from the tag 
manufacturer. 


b. Compute a list of candidate PRIs as follows: 


 


where i is a counter that steps through the 12 possible PRI intervals that can fit between the initial 
hit and the end of the time window described in Step a.  Round each candidate PRI to the nearest 
hundredth of a second and exclude candidates < Nominal_PRI × 0.651 or > Nominal_PRI × 1.3.s 
from the list.  These coefficients were chosen to result in a range of candidate PRIs that do not 
include multiples of any other candidates in the list.  Avoiding exact multiples in the candidate 
PRI list simplifies the process of identifying a mode.   


c. Take the minimum mode of the list of candidate PRIs from Step b as the estimate of PRI to be 
used in building an event associated with the initial hit.  If no mode exists, select the minimum 
candidate PRI as the estimate of PRI. 


d. Add hits to the accepted list if their time interval from the initial hit falls within narrow bounds 
around even multiples of the estimated PRI from the initial hit.  An acceptance window for a hit 
is defined by:  


 
where PRI_Window = 0.006; PRI_Increment = 0.006, as described in Step 1; and i is the number 
of PRI intervals from the initial hit obtained by rounding ((TimeHit-TimeInitial Hit) / Estimated PRI) 
to the nearest integer. 


e. Create a detection event if at least four hits remain (the initial hit plus three or more accepted 
hits). 


f. Select the first hit after the initial hit as the new initial hit, and repeat Steps a through e above 
until all hits have been processed. 


g. Combine any two or more detection events that overlap in time into a single detection event. 


h. Repeat Steps a through g for each tag code. 


The output of this process is a data set of events that summarize accepted tag detections for all times 
and locations where nodes were operating.  Each unique event record includes a set of fields that indicate 
the ID of the fish, the first and last detection time for the event, the location of detection, and how many 
hits were detected within the event.  This data set is combined with accepted tag detections from the 
cabled arrays and PIT-tag detections for additional QA/QC analysis prior to survival analysis.   


One of the most important QC steps is to examine the chronology of detections of every tagged fish 
after its release to identify any detection sequences that deviate from the expected upstream to 
downstream progression through arrays in the river.  A single detection that occurs on an upstream array 
after detection of the same tag on downstream arrays may represent a false positive detection if the 
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upstream distance traveled is >5 km, separated by one or more dams, or the upstream travel time is too 
fast (>5 km/h) to be reasonable for a tagged smolt.  Such false positive detections are very rare 
(<0.015%), usually will have close to the minimum of four hits, and are deleted from the event data set 
before survival analysis.  Some anomalous upstream detection events are difficult to explain (e.g., 
duplicate tags or predation of tagged fish and subsequent upstream transport of a tag by a predator), but if 
anomalous detections occur at the end of the chronology of detections on multiple arrays, they are deleted 
from the event data set. 


Steps for filtering raw data from individual cabled hydrophones in dam-face arrays to produce the 
clean detection data set (green box in Figure 21) are described next.  


Receptions of JSATS tag codes within raw cabled hydrophone data files are processed to produce a 
data set of accepted tag detection events.  Detections from all hydrophones at a dam are combined for 
processing.  The following three filters are used: 


1. Multipath filter:  For data from each individual cabled hydrophone, delete all tag-code receptions that 
occur within 0.156 seconds after an initial identical tag code reception under the assumption that 
closely lagging signals are multipath.  Initial code receptions are retained.  The delay of 0.156 
seconds is the maximum acceptance window width for evaluating a pulse repetition interval (PRI) 
and is computed as 2(PRI_Window+12×PRI_Increment).  Both PRI_Window and PRI_Increment are 
currently set at 0.006, which was chosen to be slightly larger than the potential rounding error in 
estimating PRI to two decimal places. 


2. Multi-detection filter:  Retain receptions only if the same tag code was received at another 
hydrophone in the same array within 0.3 seconds because receptions on separate hydrophones within 
0.33 seconds (about 450 m of range) are likely from a single tag transmission. 


3. PRI filter.  Retain only those series of receptions of a tag code (or “messages”) that are consistent 
with the pattern of transmissions from a properly functioning JSATS acoustic tag.  Filtering rules are 
evaluated for each tag code individually, and it is assumed that only a single tag will be transmitting 
that code at any given time.  For the cabled system, the PRI filter operates on a message, which 
includes all receptions of the same transmission on multiple hydrophones within 0.3 seconds.  
Message time is defined as the earliest reception time across all hydrophones for that message.  
Detection requires that at least six messages are received with an appropriate time interval between 
the leading edges of successive messages.  The processing steps are as follows: 


a. For each message, select the list of messages that follow within [(Nominal_PRI×1.3×12)+1] 
seconds.  Nominal_PRI is the nominal number of seconds between transmissions of the tag code 
(typically 3, 5, or 10 s).  Nominal_PRI will be 3 seconds in 2012.  The list of Nominal_PRI by 
tag code must be available as an input and typically is obtained from a tag manufacturer. 


b. Compute a list of candidate PRIs as follows: 


 


where i is a counter that steps through the 12 possible PRI intervals that can fit between the initial 
message and the end of the time window described in Step a.  Round each candidate PRI to the 
nearest hundredth of a second and exclude candidate PRIs < Nominal_PRI × 0.651 or   > 
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Nominal_PRI × 1.3 from the list.  These coefficients were chosen to result in a range of candidate 
PRIs that do not include multiples of any other candidates in the list.  Avoiding exact multiples in 
the candidate PRI list simplifies the process of identifying a mode.   


c. Take the minimum mode of the list of candidate PRIs from Step b as the estimate of PRI to be 
used in building an event associated with the initial message.  If no mode exists, use the minimum 
candidate PRI as the estimate of PRI. 


d. Add messages to the accepted list if their time interval from the initial message falls within 
narrow bounds around even multiples of the estimated PRI from the initial message.  An 
acceptance window for a message is defined by: 


 
where PRI_Window = 0.006; PRI_Increment = 0.006, as described in Step 1;  and i is the number 
of PRI intervals from the initial message obtained by rounding ((TimeMessage-TimeInitial Message) / 
Estimated PRI) to the nearest integer. 


e. Create a detection event if at least six messages remain (the initial message plus five or more 
accepted messages). 


f. Select the first message after the initial message as the new initial message, and repeat Steps a 
through e above until all messages have been processed. 


g. Combine any two or more detection events that overlap in time into a single detection event. 


h. Repeat Steps a through g for each tag code 


The output of this process is a data set of events that summarizes accepted tag detections for all times 
and locations where hydrophones were operating.  Each unique event record includes a basic set of fields 
that indicate the ID of the fish, the first and last detection time for the event, the location of detection, and 
how many messages were detected within the event.  This list is combined with accepted tag detections 
from the autonomous arrays and PIT-tag detections for additional QA/QC analysis prior to survival 
analysis.  Additional fields capture specialized information, where available.  One such example is route 
of passage, which is assigned a value for those events that immediately precede passage at a dam based 
on spatial tracking of tagged fish movements to a location of last detection.  Multiple receptions of 
messages within an event can be used to triangulate successive tag positions relative to hydrophone 
locations.   


One of the most important QC steps is to examine the chronology of detections of every tagged fish 
on all arrays above and below the dam-face array to identify any detection sequences that deviate from 
the expected upstream to downstream progression through arrays in the river.  Except for possible 
detections on forebay entrance arrays after detection on a nearby dam-face array 1 to 3 km downstream, 
apparent upstream movements of tagged fish between arrays that are >5 km apart or separated by one or 
more dams are very rare (<0.015%) and probably represent false positive detections on the upstream 
array.  False positive detections usually will have close to the minimum number of messages and are 
deleted from the event data set before survival analysis.   
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Although route-of-passage assignments are not part of the detection data set, passage at a course scale 
(powerhouse, spillways) is required to estimate spill passage efficiency, as required by the Fish Accords.   


3-D Tracking Algorithms 


Acoustic tracking is a common technique that uses time-of-arrival-differences (TOADs) of coded 
signals at different hydrophone locations to calculate the location of a transmitting tag.  Usually, it 
requires a three-hydrophone array for two-dimensional (2-D) tracking and four-hydrophone array for 3-D 
tracking.  Most tracking in this study will be three dimensional.  Consider a transmitting source (tag) in a 
four-hydrophone array.  The boldface letters indicate matrices or vectors.  The source (S) and receiver (r) 
position vectors are defined as 
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The distance between transmitting source and receivers gives 
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Where c is the speed of sound, 0T  is the time of travel from the source to the reference receiver 
(receiver 0), and it is the TOAD between receiver i and the reference receiver.  With it  measured by the 
common clock, the source position vector and 0T  are the four unknowns to be solved by the four distance 
equations. 


There are several mathematical ways to obtain the exact solutions to the equations above (Watkins 
and Schevill 1972; Fang 1990; Spiesberger and Fristrup 1990; Juell and Westerberg 1993; Wahlberg et al. 
2001).  Wahlberg et al. (2001) applied a synthesis of the methods used by Watkins and Schevill (1971) 
and Spiesberger and Fristrup (1990).  It has the advantage of giving the same mathematical form for 2-D 
and 3-D array systems, and for both minimum number of receivers arrays and over-determined arrays.  
Assuming the first receiver is located at the origin of the coordinate system and subtracting eq. (2) for 
I = 0 from Eq. (2) for i = 1, 2 and 3, we obtain  
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Substitute Eq. (4) to the relationship 
2
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After 0T  is determined, source position (S) is then obtained by Eq. (4).  Note that there are two 
possible solutions for 0T .  If they are both complex, then there is no exact solution for the given 
configuration and TOADs.  A negative 0T  is nonphysical.  When there are two real, non-negative 
solutions, then both provide two possible locations for the source.  However, the solution indicating 
detection downstream of the dam-face array will not be physically possible, because all dam-face 
hydrophones will be installed on piers and will be baffled so that they can only detect tags approaching 
from upstream.   


However, an exact solution may not be available due to the nonlinearity of the four distance equations 
and uncertainties in exact sound speed, time measurements, and hydrophone locations.  In this case, it is 
necessary to consider it as an optimization problem and estimate the source location by minimizing the 
errors.  The most common methods are iterative Taylor-series methods or variant Newton-Gaussian 
methods, which linearize the equation using Taylor expansion and search for an approximate numerical 
solution iteratively by minimizing the least square error (Foy 1976).  Several other approaches have been 
developed:  Maximum likelihood (ML) algorithms (Chan and Ho 1994; Chan et al. 2006) that start from 
ML functions instead of linearizing the equations first and derive a close-form approximation; spherical 
interpolation approach (Torieri 1984); and the linear-correction approach of Cheung et al. (2004).  The 
codes for these approximation methods were developed but not applied for JDA 2008 study because of 
the high success rates of exact solvers. 


After the source location was obtained from 3-D tracking, a set of artificial TOADs ( 321 ,, ttt ′′′ ) and 0T ′  
was computed directly using the 3-D tracked source location for the given hydrophone locations and 
speed-of- sound.  The total time error was then defined as 
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The detailed steps for 3-D tracking are as follows: 


• Pool together all detections of the same signal from different hydrophones.  If more than four 
hydrophones detected the same tag signal, the four with the best geometry configuration for 3-D 
tracking are then selected (Wahlberg et al. 2001; Ehrenberg and Steig 2002).  Compute TOAD 
directly from detection time because all hydrophones were synchronized to a universal GPS clock 
with accuracy within 0.4 μs. 
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• Apply tracking solvers to estimate 3-D locations and output solutions that are physically possible 
and within the pre-specified T∆ (10 μs). 


• Apply order 3 median filtering (Lim 1990) for removing spurious locations and smoothing fish 
tracks. 


• Assign a route of passage based on the y component of the last tracked location (3-D-tracking 
method). 


• Assign a second set of passage routes based on the last two hydrophones at different piers 
detecting a fish (Last detection method).  For example, if the two hydrophones were at Pier 1 and 
Pier 2 of a powerhouse, then the passage route would be assigned to powerhouse Unit 1. 


• Compare the two sets of passage routes.  If the difference in passage route assignment for a fish 
differs by more than one spill bay or turbine, its trajectory (3-D-tracking) and detection history 
(last detection) are checked manually.  


Stage 2: Detection Data to Capture Histories  


An analyst will sort the detection data set by acoustic-tag code, array, and listening device; note and 
eliminate any observations for dead fish; and sum the number of observations within every valid detection 
event.  The analyst next will calculate the time of first detection on an autonomous array or the time of 
last detection on a cabled array, where a detection indicates four or more decodes on an autonomous node 
or six or more decodes on a cabled array within the specific time frames described above (see steps for 
filtering raw data from individual autonomous nodes or from individual cabled hydrophones).  The timing 
of these signal receptions also has to meet the detection specific timing criteria described above.  When 
the sum of acoustic-tag observations within the first detection event for node data or the last detection 
event for cabled data is four or more, a 1 is assigned to the associated array to indicate that a tag was 
detected.  Arrays that do not have a 1 assigned are assigned a 0 if the array was downstream of the release 
site and had the potential to detect the tag.  The resulting capture history data set will retain most tagging 
and release variables.  The age of each tag (time since activation) whenever it is detected can be 
calculated by subtracting the time of activation from the time of detection.  The resulting data set is 
suitable for tag-life-corrected survival analysis to estimate dam passage survival, BRZ-to-BRZ passage 
survival, and tailrace egress times.  The surgeon that implanted each tag is a variable that can be used to 
study tagger effects on survival. 


The capture history for cabled arrays is similar to that for autonomous nodes except that last detection 
times are used instead of first detection times, and detections are merged with data about dam passage 
routes and with PIT-tag detection data from the PIT-Tag Information System (PTAGIS).  The JBS PIT 
detections are used to reassign fish acoustically detected passing into turbines to the JBS route.     


Three additional data sets will be created and archived.  The purpose of these data sets is to 
temporally link each dam passage event with average dam operations data recorded for the integer hour 
that each fish passed a dam, route, or subroute.  These data sets can be queried at later dates to evaluate 
survival under different operational regimes at the dam or operations for routes or subroutes that might 
not have been evaluated in a specific study year.  
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Stage 3: Capture Histories to Survival Estimates 


Maximum likelihood estimation will be used to estimate dam passage survival and forebay to tailrace 
passage survival based on the virtual/paired-release design of Skalski (2009).  However, before the 
analyses can proceed, an analyst must first select fish releases and survival arrays to be used.  This will 
require an evaluation of differences in survival among release groups and sets of arrays to identify a set 
that does not violate, violates the fewest, or minimizes the extent of violations of model assumptions.  For 
example, if the survival of the most upstream releases of fish was lower than that of fish released further 
downstream, the upstream release probably should not be used for the analysis.  If dead fish were detected 
on the first array below a dam, then the analyst could select the next downstream array to be the primary 
array in a series of three arrays.  It might be advantageous to pool all arrays downstream of a secondary 
array if precision of survival estimates could be improved.  Array selection decisions rarely affect point 
estimates of survival but can have a significant effect on precision.  Minor violations of assumptions like 
mixing may be inconsequential to the validity of estimates.  The capture histories from all the replicate 
releases, both day and night, will be pooled for the tag-life corrected survival analysis.  This dam passage 
survival estimate for the season will be compared to the BiOp performance standards.   


One advantage of the proposed study design is that the number of fish in virtual releases at successive 
downstream dams should increase greatly due to the pooling of fish from multiple upstream release 
locations.  However, fish from different release locations will have spent different times in river, with 
different probabilities of tag failure.  A weighted average survival estimate for the virtual release will 
therefore be required of the form 
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where 1̂iS  = survival estimate in the forebay-to-reservoir reach for fish from the ith release 


location ( )1, ,i K=  ; 


 iR  = number of fish in virtual release group from the ith release location ( )1, ,i K=  ; 


 îf  = estimated probability of tag failure for fish from ith release location ( )1, ,i K=  . 


Correction for tag failure will follow the methods in Townsend et al. (2006) and will be extended to 
multiple release groups.  The equation above weights the survival estimate by the relative contribution


1
i.e., 
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∑  of each release location to the fish used in the virtual release group. 


Releases below the dam will be distinct groups of tagged fish and will not require corrections for 
multiple tag failure rates.  If travel times are relatively long compared to tag-failure times, a single 
correction for tag failure as presented by Townsend et al. (2006) will be applied to each of the 
downstream releases. 
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Asymptotic 95% confidence interval estimates for dam passage survival will be calculated as 


 ( )Dam Dam
ˆ ˆ1.96 VarS S± . 


Analysis methods for other metrics are described by Skalski (2009).   


ix. Quality Assurance and Control 
Quality assurance and control will be critical to successful implementation of the 2012 survival 


studies.  Besides standard QA/QC procedures, two of the main categories of QA/QC will be diagnostics 
and assumption testing.  Fulfilling these QA/QC examinations will help ensure robust results. 


Standard Procedures 


Numerous standard procedures and elements are involved with QA/QC, many of which were 
explained above as they arose in the context of implementation.  The QA/QC elements include the 
following: 


• Develop, peer-review, and finalize the experimental design. 


• Manage tag code space. 


• Optimize the design (specific 3-D locations of hydrophones) for the dam-face and autonomous 
arrays. 


• Perform detailed acceptance testing for procured equipment. 


• Train personnel. 


• Perform thorough system-checks of telemetry equipment. 


• Confirm hydrophone location estimates 


• Have a statistician visit and inspect the entire data collection and analysis process. 


• Document the percentage of fish tagged out of the total number handled. 


• Document the percentage of handling mortality. 


• Control for confounding biological factors in the field when possible. 


• Control for sorter bias while selecting fish for tagging. 


• Control for surgeon bias. 


• Treat all releases the same as much as possible logistically. 


• Archive raw data, including meta-data. 


• Institute formal PNNL version control and documentation for analysis software. 
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x. Data Diagnostics 
Data diagnostics, along with assumption testing (described in the next section), will ensure the data 


are ready for release to the region.  The diagnostic process will be structured and systematic.  Data 
diagnostics include the following topics:  detection history fidelity, run timing, fish length frequency 
distribution, condition indices, preliminary pseudo-real-time analysis, tagger effects, preliminary 
calculations of survival estimates by various factors, and preliminary determination of the capture history 
data set by two independent groups. 


Detection History Fidelity 


Detection histories for individual fish reflect their movement and survival through various reaches of 
the study area.  To ensure data quality is appropriate for survival modeling, these histories will be 
evaluated for apparent anomalies in the place and time of detection relative to release time or release 
location and in comparison to other times and places of detection.  Detection events inconsistent with 
release time or release location will be resolved by examining database entries on tag release and node 
deployment.  A sequence of detection events that suggest unreasonably rapid movement or movement 
across normally impassable barriers will be resolved by examining database entries on node deployments.  
Errors in information on node deployment or tag release will likely affect multiple individuals, and those 
multiple lines of evidence will sometimes reveal a clear path to resolving the anomaly.  Where no errors 
in node deployment or tag release are found, it will be necessary to remove the event or events that are 
most likely anomalous to restore the fidelity of the detection history.  The event or events with the fewest 
number of receptions relative to other events that create the spatial/temporal anomaly will have the 
greatest probability of occurring by chance, and will be removed.  These types of anomalies are very rare 
and indicate that current data-filtering steps are robust for removing false positive detections (data 
indicating that a tagged fish was present when it was not present).  For example, in spring 2009, we found 
only four such temporal/spatial anomalies out of about 68,000 detections on all deployed underwater 
listening devices.   


Run Timing 


To examine the representativeness of tagged fish, we will compare species-specific daily passage 
from smolt monitoring programs at MCN, JDA, and BON with the release dates for tagged fish.  The 
intent is to tag and release fish during the middle 80% of the outmigration for each species. 


Comparison of Fish Representativeness 


To further examine the representativeness of the tagged fish, we will compare length frequency 
distributions between the tagged fish and sampled fish at the JDA SMF.  Separate comparisons will be 
made for yearling Chinook salmon, subyearling Chinook salmon, and steelhead during the period that fish 
are being released.  The data will be reduced to cumulative frequency distributions and assessed visually.  
In addition, subsamples of SMF sampled fish and tagged fish will be examined to verify that the 
condition of tagged fish is similar to that of run-of-river fish.   
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Preliminary Pseudo-Real-Time Analysis 


Problems with data not evident in the field during collection can be revealed during data analysis.  
Therefore, it is important to perform trial analyses on data soon after data collection has commenced and 
periodically (every 2 weeks) thereafter.  This diagnostic step also provides analysts a jump-start on data 
analysis.   


Tagger Effects Analysis 


The thorough and systematic protocols for fish tagging are intended to minimize any tagger effect 
bias in the survival estimates.  A diagnostic to check for tagger effects will involve estimating survival by 
tagger by species.  Because fish will be allocated to taggers in a systematic random design, survival 
estimates should not differ among taggers if there is no tagger effect.  We will compare survival estimates 
for each stock and tagger using analysis of variance or another multiple comparison test recommended by 
the project statistician. 


Preliminary Calculations of Survival Estimates by Various Factors 


Analogous to tagger effects, other diagnostics will entail performing preliminary calculations of 
survival estimates separately by release group, reach, and release location.  The idea is to examine the 
survival results for abnormalities.  For example, if fish released at the JDA tailrace consistently had lower 
survivals than other release locations, it would suggest there might be an issue of some kind and lead to 
an examination of the release procedures for that site.   


Preliminary Determination of the Filtering Results and Capture History Data Sets by Two Independent 
Groups 


While much effort is being devoted to standardizing data analysis methods, there is an element of 
decision-making and interpretation on the part of the analyst.  Accordingly, three analysts will verify that 
detection data have been filtered consistently and that identical raw data sets produce identical final 
capture history data sets.  Their respective results will be compared and anomalies identified and 
reconciled.   


xi. Assumption Testing 
As explained in the Statistical Design for the Lower Columbia River Acoustic-Tag Investigations of 


Dam Passage Survival and Associated Metrics by Skalski (2009), the assumptions of the virtual/paired-
release model and tests of the assumptions are listed in Table 5. 


Table 5.  Assumptions of the Virtual/Paired-Release Model and Tests of the Assumptions 


Assumption Test 


A1.  Individuals marked for the study are a 
representative sample from the population of 
inference. 


Compare run timing distributions for the test fish versus the smolt 
monitoring data by species.  Compare fish size and other fitness 
measures between tagged fish and run-at-large. 


A2.  All sampling events are “instantaneous.”  
That is, sampling occurs over a negligible 
distance relative to the length of the intervals 
between sampling events. 


No test; the time a tagged fish spends at a sampling array is 
relatively brief compared to the time of travel between arrays. 
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Table 5.  (contd) 


A3.  The fate of each tagged individual is 
independent of the fate of all others. 


No test; commonly accepted as true in tagging studies. 


A4.  All tagged individuals alive at a sampling 
location have the same probability of 
surviving until the end of that event. 


Tests 2 and 3 of Burnham et al. (1987) can be used to assess 
whether upstream detection has an effect on downstream survival. 


A5.  All tagged individuals alive at a sampling 
location have the same probability of being 
detected on that event. 


No test; this assumption is satisfied by placing hydrophone arrays 
across the breadth of the river so that all fish, regardless of 
location, have the same probability of detection.  Lab-derived tag-
life and tag-expulsion data will be used to assess this assumption. 


A6.  All tags are correctly identified and the 
status of smolt (i.e., alive or dead), correctly 
assessed. 


Releases of dead tagged fish at the dams will be used to confirm 
the absence of false positive detections due to fish dying during 
dam passage but being detected downriver.  Furthermore, if dead 
fish are detected at the first detection array downstream of the 
dam, deployment of multiple additional arrays will allow 
flexibility to select arrays farther downstream to ensure this 
assumption is not violated.  In addition, because tag loss or failure 
would violate the assumption, we will perform laboratory tag-life 
assessments.   


A7.  Survival in the lower river segment of the 
first reach is conditionally independent of 
survival in the upper river segment. 


Comparison of survival estimates through the two downstream 
reaches formed by the three survival detection arrays for the three 
release groups can be used to help assess the validity of this 
assumption.  Laboratory tagging effects research using run-of-river 
untagged, PIT-only, and AT+PIT groups collected at the time of 
tagging and through the SbyC systems will be used to assess this 
assumption.  Survival by release location and river reach will be 
assessed to test for tagging effects. 


A8.  Releases 1V , 1R , and 2R  experience the 
same survival probabilities in the lower river 
segments they share in common. 


Chi-square tests of homogeneity can be used to test whether 


release groups 1V , 2R , and 3R  are mixed upon arrival at 
downriver detection sites.  Laboratory tagging effects research 
using run-of-river untagged, PIT-only, and AT+PIT groups 
collected at the time of tagging and through the SbyC systems will 
be used to assess this assumption.  Survival by release location and 
river reach will be assessed to test for tagging effects. 


A9.  The virtual release group is constructed 
of tagged fish known to have passed through 
the dam.  


A double-detection array in the forebay increases detection 
probabilities close to 1.0 and will be used to test for homogeneous 
detection rates. 


A10.  All fish arriving at the dam have an 
equal probability of inclusion in the virtual 
release group, independent of passage route 
through the dam. 


This assumption is met by having very high detection probabilities 
on dam-face arrays.  Thus, we will estimate array detection 
probabilities. 
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D. Limitations/Expected Difficulties 
There are several challenges in conducting a study of this scope: 


• The key to having tags and receiving systems that function to specifications is to have 
acquisitions start in 2011 and be completed the same year so that acceptance testing occurs, and 
there is time to identify manufacturing problems before the 2012 field season begins.     


• Logistics for releasing fish among locations need to be optimized to ensure that unstressed 
animals have experienced the same transport conditions and times and have the opportunity to 
mix in common tailwaters.  Choosing appropriate transport equipment, implementing precise 
schedules, and monitoring travel routes and times will be very important.   


E. Schedule 
The milestone schedule is as follows: 


1. Spring releases will occur from about 4/23 through 5/30, 2012. 


2. Acoustic monitoring of tags will run from 4/20 through about 8/10, 2012. 


3. Summer releases will occur from 6/9 through 7/19, 2012. 


4. We will provide written in-season progress reports every 2 weeks during the field season when 
fish are being released. 


5. All final spring data sets will be delivered to the Columbia Basin Research team in Seattle by July 
29, 2012. 


6. All final summer data sets will be delivered to the Columbia Basin Research team in Seattle by 
September 9, 2012. 


7. A draft BiOp report will be delivered for each dam and all runs of fish by November 5, 2012 (see 
Technology Transfer for a description).  Final reports will be due not later than December 15, 
2012. 


8. Results will be presented at the AFEP in December 2012. 


We are aware that the study design will be reviewed by various state and federal agencies, and is 
subject to the approval of the National Oceanic and Atmospheric Administration Fisheries under the 
Endangered Species Act (ESA).  We understand that this means that the study design may be modified 
prior to the start date.  We are prepared to be flexible.    


F. Facilities and Equipment 
This study will require 24,040 3-s JSATS acoustic tags and 23,840 PIT tags.  Hardware sufficient to 


outfit three dams and monitor associated river reaches was purchased in 2010 and is available for this 
study.  Equipment required to outfit McNary Dam and autonomous node arrays in the MCN forebay, 
tailrace, and at Boardman, Oregon, will need to be purchased.  The USACE will purchase tags, 
autonomous nodes, and cabled array systems (cables, hydrophones, amplifiers, digital signal processing 
cards, GPS cards, and computers). 
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We will performance test autonomous nodes and hydrophones, and if they are new and fail, we will 
send them back to the vendor for repair or replacement at the vendor’s expense.  If the nodes or 
hydrophones are used, we will send them back for repair at project expense.  


G. Impacts 
Fish will be obtained from the JDA SMF and using sort-by-code operations at BON.  A small 


percentage of fish (typically <0.1%) will die from handling and tagging, but those fish will be used to 
verify that primary arrays are far enough downstream to avoid detecting dead fish.  The acoustic 
frequencies transmitted in this study are above those that can be detected by or injure salmon.  
Hydrophones are designed without sharp edges and rigging, so they are unlikely to injure fish.  All 
necessary permits will be obtained from state and Federal agencies for the use of tags with ESA-listed 
species.  Fish collection, handling, holding, and transport will be done in accordance with PNNL 
Institutional Animal Care and Use Committee and federal Association for Assessment and Accreditation 
of Laboratory Animal Care procedures for animal care and humane treatment of vertebrate animals.   


There will be a large effort to install hydrophones and cables in pipes on every main pier at turbine 
bays and at every spill bay at each of the dams.  We will coordinate closely with the Corps personnel at 
each project to minimize our impact on dam maintenance activities and operations.    


We plan to coordinate closely with other studies to ensure that JSATS nodes are sampling 
continuously when fish with JSATS tags are passing through the study area.  We also will coordinate with 
other researchers to avoid conflicts. 


We will need hourly dam operations data for each turbine unit, spill bay, and sluiceway, as well as 
combined discharge for each powerhouse, spillway, and sluiceway and estimates of forebay elevation for 
every dam studied. 


H. Collaborative Arrangements and/or Sub-Contracts 
PNNL plans to subcontract with John Skalski, Columbia Basin Research, and the University of 


Washington for help with the study design, statistical estimation, and reporting.  PNNL also will 
subcontract with the Pacific States Marine Fisheries Commission for labor.   
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IV.  List of Key Personnel and Project Duties 


Name (Affiliation) Duties 


Tom Carlson (PNNL) Overall project manager 


Gene Ploskey (PNNL) Co-Project Manager; BON project oversight; data QA/QC and data transfer liaison 


Mark Weiland (PNNL) Co-Project Manager; JDA and MCN project oversight; cabled array data management 


Gary Johnson (PNNL)  TDA project oversight  


James Hughes (PNNL) JDA and TDA onsite project manager; scheduling 


Fenton Khan (PNNL) MCN onsite project manager  


Tyrell Monter (PSMFC) Surgeon trainer; lead surgeon 


Scott Carpenter (PSMFC) MCN cable array management; autonomous node servicing 


Darin Etherington 
(PSMFC) 


TDA cabled system management; autonomous node servicing 


Tyler Mitchell (PSMFC) JDA cabled system management; autonomous node servicing 


George Batten (PNNL) BON cabled system management; autonomous node servicing 


Ida Royer (PNNL) BON cabled system management; autonomous node servicing 


Jina Kim (PNNL)  Tag activation management; cabled array data processing  


Eric Fischer (PNNL) Tagging coordinator 


Matt Hennen (PNNL) Tagging coordinator 


Christa Woodley (PNNL) Surgeon training and surgical QA/QC, acoustic data flow QA/QC, tagged fish 
representativeness data acquisition 


Zhigun Deng (PNNL) 3-D tracking and route of passage determination; software development 


Donna Trott (PNNL) Autonomous node database management and processing 


Aaron Cushing (PSMFC) Federal and state take and transport permits; permit reporting; release (fish) manager 


Geoff McMichael (PNNL) Coordination between Snake River studies and LCR studies 


Kenneth Ham (PNNL) Code-space manager; Richland data processing manager 


John Skalski (CBR; UW) Project statistician 


V.  Technology Transfer 
Information acquired during the proposed work will be transferred in the form of written and oral 


research reports.  Presentations will be made at the Corps’ annual AFEP Review.  Technology transfer 
activities may also include presentation of research results at regional or national scientific and fisheries 
symposia, or publication of results in a scientific journal. 


The BiOp reports for each dam studied will be very concise but will be sufficient for readers to 
evaluate the reasonableness of assumptions and results (Table 6).  The data in BiOp reports will not be 
considered “preliminary and subject to change.”  The intent is to report “bullet-proof data”; this means 
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tag-life corrections will have been made, tagger effects accounted for, diagnostics performed and passed, 
assumptions tested and passed, and all QA/QC steps completed.  The reports will be used to inform the 
requirements for periodic Progress Reports and Comprehensive Reports for the BiOp.   


Table 6.  Features of the BiOp Reports 


Element BiOp Report 
Objectives Only those from the BiOp and Fish Accords 
Background Brief 
Methods Brief, but including QA/QC steps 
Results Dam passage survival; BRZ-to-BRZ survival; fish passage efficiency; spill passage efficiency; 


travel times (forebay residence, tailrace  egress, and project passage); no route-specific estimates 
Discussion Compliance/non-compliance, next steps 
Appendices None 


The Portland District will send the BiOp reports to the fisheries managers for review under the AFEP 
process.  In addition, the Portland District will use the information in these reports to inform the progress 
and comprehensive reports by the Federal Action Agencies to the National Marine Fisheries Service as 
required in the BiOp. 


Separate BiOp reports will be produced for each dam and will present results for all runs of fish 
studied in 2012.  The data from the study will also be presented at the AFEP Annual Review in December 
2012.  Presentations will be considered for overall performance relative to the BiOp and for each dam 
separately.   


VI.  Literature Cited 
Adams NS and TD Counihan (eds.).  2009.  Survival and Migration Behavior of Juvenile Salmonids at 


McNary Dam, 2007.  U. S. Geological Survey Report to the U.S. Army Corps of Engineers, Contract 
W68SBV70178419, Walla Walla, Washington. 


Adams NS and SD Evans.  In review.  Summary of Juvenile Salmonid Passage and Survival at McNary 
Dam:  Acoustic Telemetry Studies.  Report Series 2011, U.S. Geological Survey. 


Adams NS and TL Liedtke (eds.).  2010.  Juvenile Salmonid Survival, Passage, and Egress at McNary 
Dam during tests of temporary spillway weirs, 2009. U. S. Geological Survey Report to the U. S. 
Army Corps of Engineers, Contract W68SBV90070150, Walla Walla, Washington. 


Adams NS, JM Plumb, TW Hatton, EC Jones, NM Swyers, MD Sholtis, RE Reagan, and KM Cash.  
2008.  Survival and Migration Behavior of Juvenile Salmonids at McNary Dam, 2006.  Annual report 
of research by the U.S. Geological Survey to the U. S. Army Corps of Engineers, Walla Walla 
District, Report number 2006-W68SBV60478899, Walla Walla, Washington. 


Anglea S, T Poe, and A Giorgi.  2001.  Synthesis of Radio Telemetry, Hydroacoustic, and Survival 
Studies of Juvenile Salmon at John Day Dam.  Report prepared for the U.S. Army Corps of 
Engineers, Portland District, by Battelle–Pacific Northwest Division, Richland, Washington. 







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


56 


Banks JL and EM LaMotte.  2002.  “Effects of Four Density Levels on Tule Fall Chinook Salmon During 
Hatchery Rearing and After Release.”  North American Journal of Aquaculture 64:24-33. 


Burnham KP, DR Anderson, GC White, C Brownie, and KH Pollock.  1987.  “Design and analysis 
methods for fish survival estimates based on release-recapture.”  American Fisheries Society 
Monograph No. 5. 


Cash KM, DM Faber, TW Hatton, EC Jones, RJ Magie, NM Swyers, RK Burns, MD Sholtis, SA 
Zimmerman, JS Hughes, TL Gilbride, NS.Adams, and DW Rondorf.  2005.  Three-Dimensional 
Behavior and Passage of Juvenile Salmonids at The Dalles Dam, 2004.  Final Report by U.S. 
Geological Survey and Pacific Northwest National Laboratory, Richland, Washington, to the U.S. 
Army Corps of Engineers, Portland, Oregon. 


Chan YT and KC Ho.  1994.  “A simple and efficient estimator for hyperbolic location.”  IEEE Trans. 
Signal Process 42(8):1905–1915. 


Chan YT, HY Chin Hang, and P-c Ching.  2006.  “Exact and approximate maximum likelihood 
localization algorithms.”  IEEE Transactions on Vehicular Technology 55(1). 


Cheung K, HC So, WK Ma, and YT Chan.  2004.  “Least squares algorithms for time-of-arrival-based 
mobile location.”  IEEE Trans. Signal Process 52:1121–1128. 


Cochran WG.  1977.  Sampling Techniques.  Third edition.  John Wiley & Sons, New York. 


Counihan TD, JH Petersen, NS Adams, RS Shively, and HC Hansel.  2002a.  Feasibility of Extracting 
Survival Information from Radio-Telemetry Studies at the John Day Dam, 1999.  Annual Report of 
Research to the U.S. Army Corps of Engineers, Portland District, Portland, Oregon, USA. 


Counihan TD, JH Petersen, and KJ Felton.  2002b.  Survival Estimates of Migrant Juvenile Salmonids in 
the Columbia River from John Day Dam through Bonneville Dam Using Radio-Telemetry, 2000.  
Annual report prepared by U.S. Geological Survey, Cook, Washington, for the U.S. Army Corps of 
Engineers, Portland, Oregon. 


Counihan TD, GS Holmberg, and JH Petersen.  2003.  Survival Estimates of Migrant Juvenile Salmonids 
through Bonneville Dam Using Radio-Telemetry, 2002.  Annual Report prepared by the U.S. 
Geological Survey, Cook, Washington, for the U.S. Army Corps of Engineers, Portland District, 
Portland, Oregon.   


Counihan TD, KJ Felton, and JH Peterson.  2005.  Survival Estimates of Migrant Juvenile Salmonids 
Through John Day Dam Using Radio Telemetry, 2001.  Annual report prepared by U.S. Geological 
Survey, Cook, Washington, for the U.S. Army Corps of Engineers, Portland, Oregon. 


Counihan TD, GS Holmberg, and JH Petersen.  2006c.  Survival Estimates of Migrant Juvenile Salmonids 
in the Columbia River through John Day Dam using Radio Telemetry, 2002.  Annual report prepared 
by U.S. Geological Survey, Cook, Washington for the U.S. Army Corps of Engineers, Portland, 
Oregon. 


Counihan TD, GS Holmberg, CE Walker, and JM Hardiman.  2006d.  Survival Estimates of Migrant 
Juvenile Salmonids Through The Dalles Dam using Radiotelemetry, 2002.  Final Report of Research 







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


57 


prepared by the U.S. Geological Survey, Cook, Washington, for the U.S. Army Corps of Engineers, 
Portland, Oregon. 


Counihan TD, GS Holmberg, CE Walker, and JM Hardiman.  2006e.  Survival Estimates of Migrant 
Juvenile Salmonids in the Columbia River Through John Day Dam Using Radio-Telemetry, 2003.  
Annual Report by the U.S. Geological Survey, Columbia River Research Laboratory, Cook, 
Washington, for the U.S. Army Engineer District, Portland, Oregon.  


Counihan TD, J Hardiman, C Walker, A Puls, and G Holmberg.  2006f.  Survival Estimates of Migrant 
Juvenile Salmonids through Bonneville Dam using Radio Telemetry, 2004.  Annual Report by the 
U.S. Geological Survey, Columbia River Research Laboratory, Cook, Washington, for the U.S. Army 
Engineer District, Portland, Oregon.  


Counihan TD, J Hardiman, C Walker, A Puls, and G Holmberg.  2006g.  Survival Estimates of Migrant 
Juvenile Salmonids Through Bonneville Dam using Radio Telemetry, 2005.  Annual Report by the 
U.S. Geological Survey, Columbia River Research Laboratory, Cook, Washington, for the U.S. Army 
Engineer District, Portland, Oregon. 


Ehrenberg JE and TW Steig.  2002.  “A method for estimating the position accuracy of acoustic fish 
tags.”  ICES Journal of Marine Science 59:140-149. 


Erikson U, T Sigholt, and A Seland.  1997.  “Handling stress and water quality during live transportation 
and slaughter of Atlantic salmon (Salmo salar).”  Aquaculture 149:243–252. 


Faber DM, MA Weiland, RA Moursund, TJ Carlson, N Adams, and D Rondorf.  Evaluation of the Fish 
Passage Effectiveness of the Bonneville I Prototype Surface Collector using Three-Dimensional 
Ultrasonic Fish Tracking.  2001.  PNNL-13526, prepared for the U.S. Army Engineer District, 
Portland, Oregon, by Pacific Northwest National Laboratory, Richland, Washington. 


Fang BT.  1990.  “Simple solutions for hyperbolic and related position fixes.”  IEEE Trans. Aerosp. 
Electron. Syst. 26:748-753. 


FoyWH.  1976.  “Position-location solutions by Taylor-series estimation.”  IEEE Trans. Aerosp. Electron. 
Syst. AES-12:187-194. 


Giorgi AE and JR Stevenson.  1995.  A Review of Biological Investigations Describing Smolt Passage 
Behavior at Portland District Corps of Engineers’ Projects:  Implications to Surface Collection 
Systems.  Report prepared for the U.S. Army Corps of Engineers, Portland District, by BioAnaysts, 
Inc., Redmond, Washington. 


Iverson M, B Finstad, and K Nilssen.  1998.  “Recovery from Loading and Transport Stress in Atlantic 
Salmon (Salmo salar L.) Smolts.”  Aquaculture 168, 387-394. 


Johnson GE, F Khan, JB Hedgepeth, RP Mueller, CL Rakowski, MC Richmond, SL Sargeant, JA 
Serkowski, and JR Skalski.  2006.  Hydroacoustic Evaluation of Juvenile Salmonid Passage at The 
Dalles Dam Sluiceway, 2005.  PNNL-15540, final report submitted to the U.S. Army Corps of 
Engineers, Portland District, by Pacific Northwest National Laboratory, Richland, Washington.  







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


58 


Johnson G, J Beeman, I Duran, and A Puls.  2007.  Synthesis of Juvenile Salmonid Passage Studies at The 
Dalles Dam, Volume II: 2001-2005.  PNNL-16443, final report submitted to the U.S. Army Corps of 
Engineers Portland District by the Pacific Northwest National Laboratory, Richland, Washington and 
the U.S. Geological Survey, Cook, Washington.  


Juell J-E and H Westerberg.  1993.  “An ultrasonic telemetric system for automatic positioning of 
individual fish used to track Atlantic salmon (Salmo salar L.) in a sea cage.”  Aquacultural 
Engineering 12:1–18. 


Levy PS and S Lemeshow.  1999.  Sampling of Populations:  Methods and Applications.  Third edition.  
John Wiley & Sons, Inc., New York. 


Lim JS.  1990.  Two-Dimensional Signal and Image Processing.  Englewood Cliffs, New Jersey, Prentice 
Hall, pp. 469-476. 


Martinson R, G Kovalchuk, and D Ballinger.  2006.  Monitoring of Downstream Salmon and Steelhead at 
Federal Hydroelectric Facilities, 2005-2006 Annual Report.  Project No. 198712700, BPA Report 
DOE/BP-00022085-2, Bonneville Power Administration, Portland, Oregon. 


McMichael GA, MB Eppard, TJ Carlson, JA Carter, BD Ebberts, RS Brown, M Weiland, GR Ploskey, 
RA Harnish, and Z Daniel Deng.  2010.  “The Juvenile Salmon Acoustic Telemetry System: A New 
Tool.”  Fisheries 35(1):9-22.  


Perry RW, AC Braatz, SD Fielding, JN Lucchesi, JM Plumb, NS Adams, and DW Rondorf.  2006.  
Survival and Migration Behavior of Juvenile Salmonids at McNary Dam, 2004.  Final Report of 
Research by the U.S. Geological Survey to the U.S. Army Corps of Engineers, Walla Walla District, 
Contract W68SBV40271050, Walla Walla, Washington.  


Perry RW, AC Braatz, MS Novick, JL Lucchesi, GL Rutz, RC Koch, JS Schei, NS Adams, and DW 
Rondorf.  2007.  Survival and Migration Behavior of Juvenile Salmonids at McNary Dam, 2005.  
Final Report of Research by the U.S. Geological Survey to the U.S. Army Corps of Engineers, Walla 
Walla District, Contract W68SBV50407617, Walla Walla, Washington. 


Ploskey G, T Poe, A Giorgi, and G Johnson.  2001.  Synthesis of Radio Telemetry, Hydroacoustic, and 
Survival Studies of Juvenile Salmon at The Dalles Dam (1982-2000.  PNWD-3131, final report 
submitted to U.S. Army Corps of Engineers, Portland District, by Battelle–Pacific Northwest 
Division, Richland, Washington.  


Ploskey, GR, GE Johnson, AE Giorgi, RL Johnson, JR Stevenson, CR Schilt, PN Johnson, and 
DS Patterson.  2007. Synthesis of Biological Research on Juvenile Fish Passage and Survival at 
Bonneville Dam through 2005.  PNNL-15041, prepared for the U. S. Army Corps of Engineers, 
Portland District, Portland, Oregon, by Pacific Northwest National Laboratory, Richland, 
Washington. 


Ploskey GR, MA Weiland, JS Hughes, SR Zimmerman, RE Durham, ES Fischer, J Kim, RL Townsend, 
JR Skalski, RA Buchanan, and RL McComas.  2008.  Survival of Juvenile Chinook Salmon Passing 
the Bonneville Dam Spillway in 2007.  PNNL-18113, prepared for the U.S. Army Corps of Engineer 
District, Portland, Oregon, by Pacific Northwest National Laboratory, Richland, Washington. 







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


59 


PNNL.  2010.  Compliance Monitoring of Juvenile Yearling Chinook Salmon and Steelhead Survival and 
Passage at The Dalles Dam, Spring 2010.  PNNL-19819, prepared for the U. S. Army Corps of 
Engineer District, Portland, Oregon, by Pacific Northwest National Laboratory, Richland, 
Washington. 


Schreck CB, MS Fitzpatrick, and KP Currens.  1995.  “Management of Pacific salmon broodstocks.” In: 
Bromage N. and R Roberts (eds.), Broodstock and Egg and Larval Quality.  Blackwell Science Ltd., 
Oxford, pp. 197–219. 


Seber GAF.  1982.  The Estimation of Animal Abundance and Related Parameters.  Macmillan 
Publishing, New York, New York. 


Skalski JR.  2009.  Statistical Design for the Lower Columbia River Acoustic-Tag Investigations of Dam 
Passage Survival and Associated Metrics.  Study Design Document by the Columbia Basin Research 
School of Aquatic and Fishery Sciences, University of Washington, Seattle, for the U.S. Army 
Engineer District, Portland, Oregon. 


Skalski JR, GE Johnson, and TJ Carlson.  2010.  Compliance Monitoring of Juvenile Subyearling 
Chinook Salmon Survival and Passage at The Dalles Dam, Summer 2010.  PNNL-20042, prepared 
for the U.S. Army Corps of Engineer District, Portland, Oregon, by Pacific Northwest National 
Laboratory, Richland, Washington. 


Snedecor GW and WG Cochran.  1989.  Statistical Methods.  Eighth edition. Iowa State Press, Ames, 
Iowa. 


Specker JL, and CB Schreck.  1980.  “Stress responses to transportation and fitness for marine survival in 
coho salmon (Oncorhynchus kisutch) smolts.”  Canadian Journal of Fisheries and Aquatic Sciences 
37:765-769.  


Spiesberger JL and KM Fristrup.  1990.  “Passive location of calling animals and sensing of their acoustic 
environment using acoustic tomography.”  American Naturalist 135:107-153. 


Summerfelt RC and LS Smith.  1990.  “Anesthesia, surgery and related techniques.”  Pp. 213–272 in 
Schreck CB and PB Moyle (eds).  Methods for Fish Biology.  American Fisheries Society, Bethesda, 
Maryland.  


Thompson SK.  1992.  Sampling.  Wiley & Sons, New York. 


Torieri DJ.  1984.  “Statistical theory of passive location systems>”  IEEE Trans. Aerospace Electronic 
Systems 20:183-198. 


Townsend RL, JR Skalski, P Dillingham, and TW Steig.  2006.  “Correcting bias in survival estimation 
resulting from tag failure in acoustic and radio-telemetry studies.”  Journal of Agricultural Biology 
and Environmental Statistics 11:183-196. 


U.S. Army Corps of Engineers.  2011.  Surgical Protocols for Implanting JSATS Transmitters into 
Juvenile Salmonids for Studies Conducted for the U. S. Army Corps of Engineers.  Version 1.0. 
 USACE, Portland District, Portland, Oregon. 







AFEP 2012 Final Proposal: 
Juvenile Salmonid Dam Passage and Survival at Lower Columbia River Dams, 2012 


BPS-W-12-2 (1B) and SPE-P-08-3 
 


60 


Wahlberg M, B Mohl, and PT Madsen.  2001.  “Estimating source position accuracy of a large-aperture 
hydrophone array for bioacoustics.”  Journal of  Acoustics Soc. Am. 109(1):397-406. 


Watkins WA and WE Schevill.  1972.  ‘‘Sound source location by arrival times on a non-rigid three-
dimensional hydrophone array.’’  Deep-Sea Research 19:691-706. 


Wedemeyer GA.  1997.  “Effects of rearing conditions on the health and physiological quality of fish in 
intensive culture.”  In:  Iwama GK, AD Pickering, JP Sumpter, and CB Schreck (eds.), Fish Stress 
and Health in Aquaculture.  Soc. Exp. Biol. Semin. Ser. 62. Cambridge University Press, UK, pp. 35–
71. 


Weiland MA, GR Ploskey, JS Hughes, Z Deng, T Fu, TJ Monter, GE Johnson, F Khan, MC Wilberding, 
AW Cushing, SA Zimmerman, DM Faber, RE Durham, RL Townsend, JR Skalski, J Kim, ES 
Fischer, and MM Meyer.  2009.  Acoustic Telemetry Evaluation of Juvenile Salmonid Passage and 
Survival at John Day Dam with Emphasis on the Prototype Surface Flow Outlet, 2008.  PNNL-
18890, Pacific Northwest National Laboratory, Richland, Washington. 


Weiland MA, ZD Deng, TA Seim, BLLaMarche, EY Choi, T Fu, TJ Carlson, AI Thronas, and MB 
Eppard.  2011.  “A Cabled Acoustic Telemetry System for Detecting and Tracking Juvenile Salmon: 
Part 1. Engineering Design and Instrumentation.”  Sensors 11:5645-5660. 


Williams BK, JD Nichols, and MJ Conroy.  2002.  “Analysis and management of animal populations.”  
Academic Press, New York. 


VII.  Budget 
A detailed budget will be provided under a separate cover. 


 





		I.   Basic Information

		A. Title

		B. Project Leaders

		C. Study Codes

		D. Anticipated Duration

		E. Date of Submission



		II.   Project Summary

		A. Project Goal(s)

		B. Objectives

		C. Methods

		D. Relevance to the 2010 NOAA Fisheries Supplemental Biological Opinion for Operation of the Federal Columbia River Power System (FCRPS) and/or the Columbia Basin Fish Accords



		III.   Project Description

		A. Background

		i. Problem Description

		ii. Literature Review  

		iii. Site Descriptions



		B. Objectives

		C. Methods

		i. Experimental Design

		ii. Equipment

		Transmitters

		Dam-Face Arrays

		Autonomous Node Receivers



		iii. Deployment

		Dam-Face Arrays



		iv. Tag Life Assessment

		v. Fish Tagging

		Fish Collection

		Tagging Procedures

		Surgeon Training and In-Season Assessment



		vi. Transport, Holding, and Release

		vii. Data Downloading

		viii. Data Management and Analysis

		Raw Data Archive

		Analysis Methods

		Stage 1:  Filtering and Merging Raw Data to Detection Data Sets.



		3-D Tracking Algorithms

		Stage 2: Detection Data to Capture Histories 

		Stage 3: Capture Histories to Survival Estimates





		ix. Quality Assurance and Control

		Standard Procedures



		x. Data Diagnostics

		Detection History Fidelity

		Run Timing

		Comparison of Fish Representativeness

		Preliminary Pseudo-Real-Time Analysis

		Tagger Effects Analysis

		Preliminary Calculations of Survival Estimates by Various Factors

		Preliminary Determination of the Filtering Results and Capture History Data Sets by Two Independent Groups



		xi. Assumption Testing



		D. Limitations/Expected Difficulties

		E. Schedule

		F. Facilities and Equipment

		G. Impacts

		H. Collaborative Arrangements and/or Sub-Contracts



		IV.   List of Key Personnel and Project Duties

		V.   Technology Transfer

		VI.   Literature Cited

		VII.   Budget






Northwestern Division – U.S. Army Corps of Engineers 
ANADROMOUS FISH EVALUATION PROGRAM 


FY-2012 Detailed Statement of Work 
 


1. Project Title:  Monitoring of Oregon Shore Adult Fish Ladder, McNary Dam to 
determine juvenile fish presence and if they become impinged on the entrance screens. 
 
2.  AFEP Study Code:   SPE-W-11-3 
 
3.  Purpose and Scope: :   The purpose of this monitoring study is to ensure that the 
current Oregon shore adult ladder fish screens are not impinging listed or threatened 
juvenile fish.  These screens don’t meet NMFS current screening criteria since they were 
designed and installed in the early 1950’s.       
          
Current screen criteria for salmonid passage facilities in the Pacific Northwest are 
identified in NMFS (2008).   These criteria are meant to assure that impingement on 
screens where fish are exposed cannot occur.  The McNary Dam adult fish ladder was 
constructed prior to establishment of these current standards.  McNary dam has a fish 
ladder on the Washington shore and Oregon shore of the Columbia River.  The adult exit 
is different at each of these due to some slightly different functionality for additional 
water beyond that needed for the ladder diffusers built into the Oregon shore fish ladder.  


 
During previous years of operation, several subyearling Chinook have been noticed 
impinged on the travelling screens at the intake section of the Oregon shore adult ladder.  
Because the present screens do not meet current NMFS screen criteria, an evaluation is 
necessary to monitor the extent of potential impingement and entrainment and determine 
which species may be affected.  The primary depth of concern is 15 ft – 65 ft below the 
surface.  Species thought most likely to be affected are Chinook salmon, Sockeye salmon, 
bull trout, and lamprey which travel downstream deeper in the water column.   This depth 
range has been identified because the flow net for the auxiliary water supply conduit 
behind the screens draws from this region of the forebay.  Average screen velocities are 
between 1.2 – 1.4 fps however thru screen velocities can reach 3.5 – 5 fps.   


 
The area in front of this intake screen will be monitored to discern the extent to which 
fish populations are impacted by operation of these travelling screens.  Monitoring needs 
to occur throughout the juvenile fish passage season, April 10 thru August 31.  
Equipment must be able to record fish movement underwater, under very low light 
conditions.  This monitoring will need to at a minimum assess the 15-40 ft depth range, 
possibly a wider range.  An automated system for analyzing the recorded data is 
preferable due to the large temporal amount of data being requested.   The automated 
video system should have the capability to recognize all species of concern (salmon, 
steelhead, bull trout, lamprey) if possible.   Another technique in lieu of split beam may 
be proposed for lamprey.  Initial reporting of the findings will be required by November 
2011 for presentation at the Annual Anadromous Fish Evaluation Program Review in 
Walla Walla, WA. 
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Recordings of juvenile fish behavior at these ladder entrance screens must be made 
available to the Walla Walla District prior to reporting at the annual AFEP review to the 
regional fish managers.   Juvenile fish are present in the forebay and exposed to the fish 
ladder entrance at all times.  Therefore, data collection equipment must be able to clearly 
record footage underwater, during both day and night, under generally low light 
conditions.   
 
Monitoring will be used to determine juvenile fish presence, and if they become 
impinged, or are likely to incur injury as a result of attempted passage. Therefore, 
equipment will need to be positioned to capture data on fish behavior immediately 
upstream of the travelling screens over a somewhat wide depth range.  This may require 
multiple equipment installations to adequately monitor the screen area most likely to be 
associated with fish impingement.   In addition, if travelling screens do not impact 
downstream fish passage, the number and diversity of fish species in the near screen area 
will have been described.   Information is lacking on whether juvenile fish avoid or are 
entrained in the existing velocity environments in and around these travelling screens.  
Observations of how juvenile fish behave and perform passing around these large screen 
structures will be valuable for decisions related to the importance of meeting new screen 
criteria at this location.  
 
4.  Primary Objectives: (Subject to modification based on FY11 results) 
 
A.  Determine the presence/absence of fish in the vicinity of the Oregon shore fish ladder 
travelling screens.  Break out by target strength to separate presumed fish targets based 
on size (split beam).   A separate technique specific for lamprey may also be proposed for 
this region. 
B.  Monitor and determine the level of impingement occurring primarily for juvenile 
salmon, steelhead, bull trout, and lamprey species passing McNary dam Oregon shore 
fish ladder (video). 
C.   Monitor debris trough for both OR shore ladder screens from deck on a daily basis. 
 
Task 1: 
Install split beam hydroacoustic and underwater video equipment to monitor the area in 
front of travelling entrance screens at the Oregon Shore fish ladder at McNary Dam.  
Position equipment to maximize the capture of underwater data on fish behavior in the 
immediate vicinity of the travelling screens.   Inadequate hydroacoustics equipment is 
available to borrow from the Corps, and lease of equipment is mandatory. All equipment 
installations should be aware of the winter ladder dewatered maintenance period 
(schedule below), when numerous maintenance activities will be underway.  Cables and 
hardware will be mounted in a manner as to not impede fish passage or cause harm to 
migrating fish; placement of power supply and associated cables will be coordinated with 
McNary Dam and Walla Walla District fish biologists during installation.  All onsite 
work will be fully coordinated in advance with McNary project personnel. 
 
Task 1a:  
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Install split beam hydroacoustic equipment to monitor the forebay area upstream of both 
travelling screens.    Equipment will be installed to monitor both of these screens and 
provide an index of the number of fish targets that have been detected in the vicinity 
temporally throughout the study period.   Automated processing of collected data is 
necessary. (Corps can provide software if necessary). Targets will be described based on 
strength to provide information on fish size.  Monitor continuously throughout the study 
period to discern if certain time periods have differential risk for noting impingement. 
 


Subtask 1 – Prepare necessary equipment and supplies for deployment prior to 
January 19, 2011.  This will mean that rails to trolley equipment be acquired for 
deployment on or around Jan 19, 2011.  This preparation will involve having the 
necessary maintenance performed to assure functionality and precision for the data 
collection effort that will start in April.  


Task 1b:  
Install video monitoring equipment to capture fish behavior in and around the travelling 
screen.  Identify by species if possible the fish which are present or become impinged.  
Monitor continuously throughout the study period.   Equipment will need to be automated 
to save any appropriate information on fish presence. [Covered by subtasks 1, 2 above].  
A drawing is attached to help describe video mounting areas that would provide 
information useful to fishery managers.  Cameras for monitoring would be located on the 
north side of the northernmost travelling screen.  Cameras 1, 2 are mounted at elevation 
325.3, camera 1 looking down vertically along the screen face; camera 2 affixed to cross 
beams or trashracks looking into the screen.  Cameras 3, 4 are mounted similar to 1 & 2, 
but at elevation 302.  These cameras will allow monitoring of the area with highest thru 
screen velocities and lowest bypass entrance pipe velocity.   
 
Task 2a: 
Summarize data and prepare a report describing findings.  Specifically, provide dialogand 
graphics which allow others to understand: (1) whether fish are present in the region of 
the forebay upstream of the travelling screens, (2) whether any fish species appear to 
become impinged in the travelling screens, and (3) whether any fish were found during 
daily inspection of the debris trough of both screens. 
 
Task 2b: 
Make presentation at the annual Anadromous Fish Evaluation Program review during 
November 2011 of the key findings from this monitoring effort. 
 
 
5.  Miscellaneous: 
 
Equipment types and manufacturers will be discussed with the POC before the contractor 
purchases or leases any equipment to ensure adequate nighttime data recording 
capabilities.  Equipment placement and orientation within the fishway will be coordinated 
with the POC and the McNary Dam fish biologist. Equipment cables and hardware will 
be mounted in a manner as to not impede fish passage or cause harm to migrating fish; 
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placement of power supply and associated cables will be coordinated with the POC and 
the McNary Project fish biologist.  


 
Current Estimated Winter Dewatering Period at McNary dam - Oregon Shore 


Fishway 
 


1. Shut down AWS pumps 1, 2, and 3 at sundown on January 1 and place ladder in 
orifice flow.  


2. Dewater the fish ladder from January 3 to January 31 for extensive maintenance on 
fish pumps, installation of new auxiliary intake traveling screens at ladder exit. 


3. Resume normal ladder flow and pump operation on January 31.  
 


Intensity of monitoring will be based on the fish runs at McNary Dam with the highest 
effort focused on the following temporal periods: 


a.) Spring downstream migrants peak 
b.) Summer downstream migrants peak 


 
The contractor will develop summary statistics to estimate the percent of the fish run 
adversely affected by the travelling screens.  An example of this would be: 2 fish were 
recorded impinged on north ladder screen, daily fish passage estimates totaled 200 fish,  
so 2/200 = 0.01  or 1% of the fish run potentially impacted by the travelling screens on 
day observed.  The contractor will work directly with the POC for this study to develop 
summary statistics. 
 
 
6.   Data Analysis Requirements 
We request that you provide a general description of data analysis and examples of data 
summarization that would be provided as products of this research study.   The Studies 
Review Work Group (SRWG) defined a single treatment test analyzed using diurnal 
stratification.  The amount of sampling time anticipated for the passage route should be 
described in detail.  Data processing and analysis methodology should be described in 
sufficient detail for the Government to understand the temporal and spatial level of data 
analysis and summarization that is proposed (e.g. hourly, daily, weekly, inches, feet, 
etc.).  Quality Assurance and Quality Control measures and methodology for screening 
out errant data shall be described in detail. 
 
 
7.  Situation Limiting Factors 
Depending on the flow year, debris may be present to dislodge or remove equipment 
installed with insufficient mounts or armor.   Identify in detail the anticipated mounting 
requirements, effort required, and anticipated methodology for armoring against damage 
by debris.  The technical proposal should identify quality control measures and an 
anticipated estimate of the diving time for both installation and removal of hydroacoustic 
equipment, and underwater video monitoring equipment.    
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8.  Quality Control/Quality Assurance 
Great care and attention to detail shall be exercised in providing the Government with the 
highest level of data integrity, accuracy, and precision possible.  In order to accomplish 
this, a detailed Quality Control/Quality Assurance Plan will be prepared in advance of 
equipment deployment in sufficient detail to allow the Government to evaluate the 
Contractor’s ability to produce a high quality data product. 


 
Detectability for each transducer and effective range should be calculated and the 
limitations of the methodology described in detail.  Biased and/or generalized data has 
previously been a serious limitation for applying the findings from hydroacoustic 
research to fish passage decisions.  The methodology for identifying detectability of the 
transducers used shall be completely described.  Methods used during this study shall be 
according to the guidance in the following documents:  


 
Ploskey, G.R., et al. 2000. Workshop on Standardizing Hydroacoustic Methods of 


Estimating Fish Passage for Lower Columbia River Dams. ERDC/EL SR-00-10. 


Ploskey, G. R., C.B. Cook, P.S. Titzler, and R. A. Moursund.  2002.  Optimization of 
hydroacoustic deployments at John Day Dam. PNNL, Contract Report to NWP, 
USACE, Contract # DE-AC0676RLO1830. 


Khan, F., G.E. Johnson, and M.A. Weiland. 2009.  Hydroacoustic Evaluation of 
overwintering summer steelhead fallback and kelt passage at the Dalles Dam 
2008-2009.  PNNL-18590, prepared for NWP, USACE. 


 
The following list provides minimum criteria for quality performance under this Task 
Order.  Other criteria may be proposed by the Contractor as appropriate. 


 
• Detailed protocol for all collection, management, proofing, and archiving data. 


 
• Detailed and complete description of all data manipulation, transformation, and 


analysis to be conducted, to address the objectives and requirements of the 
project. 


 
• Calibration of all equipment shall be conducted by the Contractor prior to and 


following completion of the study.  Calibrations associated with hydroacoustic 
techniques shall be conducted by a facility that provides equivalent calibration to 
the U.S. Navy standard.  Such calibrations shall include all calculations and polar 
plots for both pre- and post-season calibrations.  Appropriate in-season 
calibration, including the receiving gain of the echo sounder and the time-varied-
gain shall be checked and recorded.  Total system response shall be monitored 
weekly and shall be compared to standards generated at the start of the season.  
Copies of calibration data sheets shall be provided to the POC upon demand and 
included in an Appendix in the final report. 
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• Aiming and orientation of sensors shall be checked to ensure they are sampling 
the area intended in the sample design.  Engineering drawings shall be used to 
determine expected ranges. 


 
• Data from each sensor shall be analyzed within the first week to be sure every 


component is operating as expected. 
 


• Any sensor or cable that fails during the season shall be replaced by the 
Contractor within 48 hours or as soon as project coordination allows.  Project 
coordination involving changes in dam operations, cranes, or divers may exceed 
the 48 hour window. 


 
• Any, computer, or other essential piece of equipment that fails shall be replaced 


by the Contractor within 24 hours.  Any computer borrowed from the Corps must 
utilize an external hard drive to collect data. 


 
• The detection of any equipment malfunction must be ensured by the Contractor 


within 24 hours. 
 


• A log shall be maintained where all setup, data collection, observations, 
mechanical problems, and other important study details shall be recorded.  The 
log shall be kept in a location that it is readily accessible by the Government 
either physically or preferably in electronic format. 


 
• Weekly meetings will be held, either in person or by telephone, with COE POC to 


cover problems, project support, data collection, processing, and analysis.  The 
weekly status report will be presented to the Corps POC in advance of that 
meeting. 


 
• The Contractor shall ensure that criteria used to filter data and determine vertical 


distribution from the chosen technique is refined, tested, and finalized as early as 
possible in the field season.  This will ensure timely completion of data analysis 
for reporting deadlines and early detection of problems. 


 
• The Contractor should maintain continuity in personnel, especially on-site 


supervisors and data analysts to ensure timely data analysis and consistency in 
methodology. 


 
 


9.  Facilities and Equipment 
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 All onsite work will be fully coordinated in advance with McNary project personnel.  


The Project  Point of Contact(POC) shall be used to relay any issues or problems related 


to carrying out proposed work that involve  specific aspects of the facility. 


10.  Impacts to Listed Fish 


No fish will be handled for this project. 








Northwestern Division – U.S. Army Corps of Engineers  
ANADROMOUS FISH EVALUATION PROGRAM  


FY-2012 Detailed Statement of Work  
 


Title:  Combination of the developed project specific Implementation Plans (IPs) using acoustic 
telemetry methodology for estimating survival and passage metrics at Little Goose, Lower 
Monumental,  and  Ice Harbor dams. 


AFEP Study Code:  SPE-W-12-1, SPE-W-12-2, SPE-W-12-3 


Purpose:   The purpose of this work is a planning effort to develop a detailed stepwise 
experimental approach for testing compliance at Walla Walla District hydroelectric projects with 
Biological Opinion juvenile survival performance measures.  


Background and Goal:  Beginning in 2012, the Walla Walla District intends to implement 
acoustic telemetry research to obtain estimates of juvenile salmonid biological performance as 
described in the 2008 National Marine Fisheries Service (NMFS) Biological Opinion (BiOp) on 
operation of the Federal Columbia River Power System (FCRPS) the 2010 Supplemental BiOp, 
and the 2008 Columbia Basin Fish Accords (Fish Accords).   The BiOp contains Reasonable and 
Prudent Alternatives (RPA’s) that are actions to improve and measure juvenile salmonid survival 
(RPA 21, 22, 23, 24, 25, 51, 52.1, 52.2).   These RPA’s are being addressed and implemented 
under the Anadromous Fish Evaluation Program (AFEP) by the Corps of Engineers.    The NMFS 
BiOp provides specific performance standards for juvenile salmonid survival in the FCRPS that 
the Walla Walla District must demonstrate compliance with at each of the projects that the 
District operates.   During the period covered by this BiOp, the Walla Walla District will 
demonstrate their compliance to these performance standards using standardized acoustic 
telemetry methodology.    Other metrics outlined in the Fish Accords will also be estimated 
using acoustic telemetry methodology.  


During 2012-2016, research studies using acoustic telemetry will be directed primarily at 
performance standard testing.  At this time, the anticipated testing for 2012 shall be at Little 
Goose, Lower Monumental and Ice Harbor projects.  The study plan will be driven by the IP 
developed for each of these three projects merged together to form a combined plan.  The 
reason for this combined plan is to allow for efficiencies in fish tagging, fish release location, and 
telemetry equipment. 


This deliverable is a detailed descriptive framework  that  will refer to the IP for Little Goose, 
Lower Monumental, and Ice Harbor.  The specific testing scenario for each dam will maintain 
elements unique due to physical configuration, extent of hydraulic influence that were identified 
in the IP, and  combines elements that can be shared to allow a more cost efficient combined 
study.    Under the guideline identified in the 2008 BiOp,  juvenile salmonid dam passage survival 
shall be greater than or equal to 0.96 for spring migrants and 0.93 for summer migrants with a 
standard error (SE) less than or equal 0.015.   This value can be met either directly or indirectly 







for each hydroelectric project in the FCRPS.  The indirect method for demonstrating compliance 
is by averaging the four Snake River dams, or the four Columbia River dams.     


This mandates that criteria be clearly established in advance for the pertinent factors covered 
within the plan. 


 


The primary objective is to determine or verify juvenile salmonid dam survival estimates in the 
hydrosystem from Little Goose dam to below Ice Harbor Dam.  These dam-specific estimates at 
Little Goose (LGS), Lower Monumental (LMN), Ice Harbor (IHR), can then be averaged to 
demonstrate that the Snake River is in compliance with BiOp performance standards.    These 
survival estimates shall be calculated separately for yearling Chinook, steelhead, and subyearling 
Chinook.  Dam survival is only one of the metrics to be reported, spill passage efficiency (SPE), 
forebay residence time, and tailrace egress time also need to be determined. 


This combined  IP shall be the detailed plan for work to be undertaken during the 2012 
timeframe using the juvenile salmon acoustic telemetry system (JSATS) and associated 
methodology.  The final deliverable will be a report after study completion with diagnostic 
information reported from the analysis undertaken.  Diagnostic refers to the reporting of route 
specific survival and passage metrics, not just the specific metrics needed to satisfy BiOp 
litigation. 


The three dam combined IP shall address the details of a study for 2012 incorporating Little 
Goose, Lower Monumental, and Ice Harbor dams and will need to conform to any constraints of 
the survival model (Skalski, 2009).  The individual IPs for these three dams previously developed 
for Task 1, are expected to be referenced heavily, and should reduce the size of this combined 
document. This combined study shall be a cost efficient protocol  for undertaking a high quality 
acoustic telemetry study 


Planning needs to consider the fish passage season for spring and summer juvenile salmon out-
migrants.  Spring survival research shall include both yearling Chinook salmon and steelhead 
smolts; summer studies will use subyearling Chinook salmon smolts.   Both spring and summer 
research will be needed at all three projects.  Precision goals for the estimates of dam passage 
survival are standard errors ≤1.5%.  These estimates will need to provide reference for 
comparability with previous research in terms of the hydraulic boundaries used for the 
telemetry arrays.  These extents were recently determined through a hydraulic modeling effort 
(Rakowski et al draft) with the MASS2 model.  Forebay and tailrace timing estimates need to be 
reported using both the old and any newer boundaries. 


A thorough scoping of all elements involved in successfully undertaking an acoustic telemetry 
study with JSATS occurred in the original IP developed for each project.    The  synthesis of these 
into a single IP and then carrying out the plan identified is the breadth of Task 2. 







Task 2 – Conduct Performance Standard Evaluation Studies at Walla Walla District Dams 


Biological evaluations of fish passage and survival at Little Goose, Lower Monumental and Ice 
Harbor Dams are expected to take place in 2012.  Because of the uncertainty surrounding the 
acceptance of previous studies as viable “proof of performance”, it is unknown at this time 
exactly which species, dams, and years will be studied.   


For purposes of providing a cost proposal to conduct the performance standard field studies, 
the contractor should prepare a base yearly study cost for each of the three dams, assuming the 
following: 


• A 2012 study at Little Goose, Lower Monumental,  and  Ice Harbor. 


• All three dams with concurrent studies. 


• All three species (yearling Chinook, steelhead, subyearling Chinook) for each study. 


All constraints listed under task one will apply to the studies (survival model, precision, etc.). 


Government Furnished Property:  The Corps will provide the following equipment for each 
study: 


• Acoustic transmitters 


• Acoustic receivers (autonodes and cabled receivers) 


• All hydrophones (autonodes and cabled receivers) 


• Acoustic system cables for cabled arrays 


• Trolleys for equipment deployment 


• Diving services, if required, for equipment deployment 


The contractor will be responsible for testing all equipment prior to deployment, deploying 
equipment, and testing after deployment for proper operation.   


Equipment ,to include auto node batteries, node anchors, anchor leads, data processing 
computers, cable trays, buckets oval, micro sharps,Pit Tag Reader, transport totes, ysi 25’ long 
cords, suture material, anesthetic, fish holding tanks, and boats will be the responsibility of the 
contractor to provide.  


 
Reporting and Deliverables 
 
The final deliverable for Task 2 shall be a diagnostic report providing in detail route-specific 
passage and survival in addition to the basic metrics required by NMFS BiOp. .  The BiOp has 
defined performance standards required to be demonstrated by the results of these acoustic 
telemetry studies.  The Fish Accords specify that additional metrics of spill passage efficiency, 
forebay residence time, and tailrace egress will not fall below estimates available in 2008.  The 
studies shall provide estimates of dam passage survival, spill passage efficiency, forebay 
residence time, and tailrace egress time.  Completion of this report will demonstrate compliance 







or noncompliance with juvenile fish performance standards. Acoustic telemetry studies at LGS, 
LMN, and IHR, shall be undertaken during 2012.  The initiation of these studies is scheduled to 
follow completion of the IP. 


Facilities and Equipment 


Coordination of associated logistics of installing equipment in forebay [autonomous nodes - 
preseason and postseason, safety+ contact hierarchy], within trolley pipes (minimal disruption), 
running long sets of cable to trailer with computer equipment from each hydrophone mounted 
in trolley pipes.   Project POC will need to assist with electrical supply location, trailer placement, 
other similar research setup issues. 
 
Impacts to Listed Fish 
 
Fish will be tagged with JSATS tags for this study.  Fish collection may occur at each project or 
only a single project.  All permits and coordination of fish for tagging is the responsibility of the 
Contractor.  Project coordination with project  personnel  is already underway to discern 
equipment positioning and specific constraints individual to a  project. 


  







Milestone Schedule for Three Dam Study  


Milestone/Act ivies  Start  End    


Initiate Planning Process 1 Oct 11 15 Nov 11    


Detailed Plan Outline  15 Nov 11 10 Dec11   


Acquisition of Supplies, 
Equipment, Permits  


1 Oct 11 31 Dec 11   


Train personnel 1 Jan 12 31 Mar 12   


Implement field portion of 
study  


1 Feb  12 30 Sept 12   


Analyze data  1 Sept 12 31 Dec 12   


Draft Rept of findings to 
Corps 


 30 Oct 12   


AFEP Review Presentation 
 28 Nov 12   


Draft Report of Study 
Findings 


1 Nov 11 1 Feb 12    


45 day review of draft 
report 


10 Feb 13 31 Mar 13   


Review and incorporate 
comments 


15 Mar 12 30 Apr. 12    


Final Report  Due   30 Apr 13   


 


Facilities and Equipment 


Coordination of associated logistics of installing equipment in forebay, primarily in trolley pipes, 
safely running long cables to a data trailer, from each set of hydrophones located on a piernose.  
Project POC will need to assist with electrical supply location, siting of data trailer, and other 
minor researcher questions. 


Impacts to Listed Fish 


Fish will need to be handled for this Contract.  Fish collection will occur at each project to 
minimize the time and travel distance to release sites.  It is the Researcher Contractors 
responsibility to obtain all necessary permits for fish collection and transfer processes prior to 







start of the project.  A copy of these permits needs to be provided to Project Biologist at each 
dam prior to initiating any fish collection. 
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PROJECT SUMMARY 


 The efficacy of transport during periods of non-spill and spill is one of the most important, 


yet unresolved issues facing federal, state, and tribal managers in the Columbia River basin, 


particularly for ESA-listed juvenile Snake River fall Chinook salmon Oncorhynchus tshawytscha 


produced in the wild.   


  


 The goal of this study is to provide statistically valid information on the smolt-to-adult 


return rates (SAR) of Snake River fall Chinook salmon under two alternative management 


strategies; transport around dams of the Federal Columbia River Power System (FCRPS), and 


inriver migration under prevailing migration conditions.  Migration conditions are likely to 


change in future study years as the use of removable spillway weirs (RSWs) at Snake River 


dams, amounts of summer spill, and other structural or operational changes are made.  Although 


the primary aim of this proposal is to evaluate the effects of different management strategies on 


naturally produced fish, understanding how the different strategies affect the SARs of production 


fish released from hatcheries and at various offsite acclimation sites is also important.   


  


 To achieve the primary research goal outlined here, we will release two groups of PIT-


tagged subyearling fall Chinook salmon in the Snake River upstream of Lower Granite Dam 


using the same study design used in our 2005-2006 and 2008-2011 studies.  Prior to release, we 


will designate one group of fish as the “transport group (TSW)” and the other as the “inriver 


group (BSW)”.  Upon detection at a Snake River Dam, fish from the transport group will move 


through flumes to raceways for transport to below Bonneville Dam, while slide gates will direct 


fish from the inriver group to routes leading to the tailrace of the dam to continue inriver 


migration.  Groups will comprise both hatchery fish raised to a size at release as close as possible 


to natural subyearling Snake River fall Chinook salmon (this proposal), and naturally produced 


fish captured and tagged in the Snake River by the U.S. Fish and Wildlife Service, Idaho 


Fisheries Resource Office (FWS), and in the Clearwater River by the Nez Perce Tribe (NPT).  


The majority of study fish will come from hatcheries because the FWS and NPT do not have the 


ability to capture and tag sufficient naturally produced fish to conduct the studies outlined.   


 


 For the purposes of the primary evaluation, we will compare the SAR for each group 


(defined as the number of adults returning to Lower Granite Dam divided by the number of 


juveniles initially released in each group).  We will evaluate the efficacy of transport relative to 


inriver migration using the ratio of SARs for the two groups (SAR for TSW divided by SAR for 


BSW).  Both the transport and inriver groups will include fish that were never detected in the 


hydropower system as juveniles and fish that hold over to migrate as yearlings.  That is, unlike 


past conventional studies of transport, we will not focus on the SAR of fish after they have been 


loaded onto the barge.  Rather, recognizing that not all fish are transported even under a strategy 


of maximized transport, this proposed research is focused on the expected SAR for the entire 


population from release to adult return.  The adult returns are comprised of fish that as juveniles 


passed through the dams undetected (through turbines, spill, or RSW), or if collected and 


detected were either transported to below Bonneville Dam or bypassed back to the tailrace at 


dams.  Thus, we propose to compare the strategies, not the actual modes of travel through the 
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migration corridor.  This will be our default method of analysis unless a better method is 


developed during the Phase II workshop aimed at developing a consensus method of analysis. 


 


 The primary goal of comparing strategies using composite groups of tagged fish released 


upstream from Lower Granite Dam does not preclude analyses of more conventional groupings.  


Additionally, we will calculate and compare SARs for fish detected at Lower Granite Dam either 


transported or returned to the river (responds to the question, “ What should we do with fish 


collected at a dam”), and other groups defined by detection history (never detected, detected 


once, twice, etc.).  The performance of natural and hatchery fish during downstream migration 


will be compared (timing, survival, detection probability) to determine the adequacy of using 


hatchery fish as surrogates for natural fish.  Scales will be examined from all returning adults to 


determine whether they migrated as subyearlings or yearlings. 


 


 


Relevance 


 


 This study addresses needs identified in NOAA’s 2008 Biological Opinion (BiOp), 


Reasonable and Prudent Alternative (RPA) 54 “Monitor and evaluate the effectiveness of the 


juvenile fish transportation program and modifications to operations”.   


 


 This proposal addresses specific Objectives and Tasks to be conducted by NOAA Fisheries 


from the Consensus Research Proposal developed collaboratively by representatives from 


Federal, State, and Tribal agencies and submitted to the U.S. Army Corps of Engineers 


“Evaluating the Responses of Snake and Columbia River Basin fall Chinook Salmon to Dam 


Passage Strategies and Experiences” dated 16 October, 2007.  Completion of some Tasks will 


be a collaborative effort among NOAA Fisheries, FWS, Idaho Fisheries Resource Office, and the 


NPT.  Specifically, NOAA Fisheries will be responsible for either the conduct, or assist with the 


conduct from Phase I, Objective 1, Task 1.1 and Task 1.3, and Objective 7, Task 7.1, Task 7.2, 


and Task 7.4 from the Consensus Research Proposal.  NOAA Fisheries will also participate in 


Phase II and Phase III described in the Consensus Research Proposal.   
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BACKGROUND 


 


 Staff of NOAA Fisheries began an evaluation of Snake River fall Chinook salmon 


transport in 2001.  In 2001 through 2003, NOAA Fisheries PIT-tagged Lyons Ferry Hatchery 


(LFH) subyearling fall Chinook salmon and released them upstream of Lower Granite Dam.  In 


2001 and 2002, fish were raised to a smaller size than normal production fish; whereas, in 2003 


only production-sized fish were available.  In 2004, too few hatchery subyearling Chinook 


salmon were available to allow tagging at the hatchery.  Instead, run-of-river fish were collected 


at Lower Granite Dam and PIT tagged.  One group of fish was placed in a barge, transported to 


below Bonneville Dam and released.  Another group was returned to the Lower Granite Dam 


tailrace to migrate downstream.  In 2005, we modified our study design, releasing LFH 


subyearlings upstream of Lower Granite Dam (2/3 into the Snake River and 1/3 into the 


Clearwater River), and natural subyearling fall Chinook salmon in both drainages, that were pre-


assigned into either a transport or inriver group at the time of release.  In 2006, we modified our 


study design again, adding hatchery production subyearling fall Chinook salmon from the 


various release sites to our study.  Early results from these studies, as well as adult returns from 


fish marked as part of inriver survival studies that began in the mid-1990's (Muir et al. 1998, 


1999; Smith et al.1997, 2002, 2003) show a complex life history for the early freshwater phase 


of life (Williams et al. 2008), and variable rates of return of adult fish (Williams et al. 2005). 


 


 Some fall Chinook salmon juveniles exhibit the typical ocean-type life history, 


characterized by first-year wintering in the ocean, while other juveniles winter in reservoirs and 


enter the ocean as yearlings (a.k.a., a “reservoir-type” life history; Connor et al., 2005).  Older, 


existing PIT-tag data suggested that reservoir-type fish wintered in reservoirs from Lower 


Granite to Bonneville Dam.  New results from this study show that some transported Snake 


River fall Chinook salmon also spend the winter in freshwater downstream of Bonneville Dam, 


but upstream of the estuary (Marsh et al. 2007). 


 


 Migration of reservoir-type juveniles includes periods of residency in all of the reservoirs 


in the lower Snake and Columbia rivers.  Reservoir residency can begin from early spring the 


year of release and continue through late spring the following year.  Because PIT-tag detection 


systems at the hydroelectric projects along the Snake and Columbia Rivers are not operational 


from late fall until early spring, knowledge about the movements of juvenile Snake River fall 


Chinook salmon during this time period is very limited.  Detections of (now-yearling) PIT-


tagged fish the spring following release give us an indication of the number of fish holding over, 


but we cannot know exactly where the fish wintered, as they may start moving during winter 


before the detection systems were activated, as observed at Lower Granite Dam in 2004 (Tiffan 


and Conner 2005).   


 


 Another potentially confounding issue is that fish that are detected migrating late in the 


year of release, or as yearlings the following spring, survive to adulthood at much higher rates 


than fish that are detected during migration during the summer (SAR measured from the time of 


final detection as juvenile to return as adult).  Among spawners (including jacks and mini-jacks) 


collected at Lower Granite Dam en route to spawning grounds during 1998-2003, an overall 
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average of 41% (N = 384) of the wild and 51% (N = 475) of the hatchery fish had entered the 


ocean as yearlings (Connor et al. 2005).  Although SARs measured from time of final detection 


are much higher for yearling migrants, the mortality rate for these fish between their subyearling 


and yearling stages remains unknown. 


 


 The consequence of the foregoing observations is that a transport study of Snake River fall 


Chinook salmon cannot be based on assumptions appropriate for evaluation of transport of 


spring migrants (spring/summer Chinook salmon and steelhead) (Buchanan and Skalski 2006).  


For example, a basic assumption for any model that estimates the total number of fish arriving at 


Lower Granite Dam (necessary for estimation of the non-detected group) is that all fish have 


equal probability of detection.  Because some Snake River fall Chinook salmon don’t migrate 


past detection sites until after the detection systems are shut down for the winter, this basic 


assumption is violated.  Because we are unable to determine the number of fish that migrate 


during this time period, appropriate adjustments to models are not obvious.  This leads to 


inability to reliably estimate the number of fish that pass Lower Granite Dam and are never 


detected within the hydropower system.  Lacking a good estimate of non-detected fish that make 


it to Lower Granite Dam, we cannot calculate or estimate a reliable SAR for the non-detected 


group, nor compare its SAR to that of a transport group, as is often done for transport evaluations 


of spring/summer Chinook salmon and steelhead.   


 


 We can compare the SAR of fish returned to the river following detection at Lower 


Granite Dam to that for transported fish.  Fish detected and bypassed are known to have passed 


the dam during the transport window and, thus, provide an equal comparison to fish collected 


and transported from that dam.  This comparison answers the important question of “what do I 


do with this fish now that I’ve collected it?”  However, it does not address all potential effects of 


transportation or other mitigation strategies (i.e., spill and RSWs) on the entire population of fall 


Chinook salmon, because it excludes the substantial number of fish that are never detected 


within the hydropower system.   


 


 To overcome this limitation, we will base our comparison on the SARs of two groups of 


fish released upstream of Lower Granite Reservoir.  Fish from the TWS group will be collected 


and transported if they are detected at a transport site on the Snake River.  Detected fish from the 


BWS group will be directed to the tailrace to continue in-river migration.  It is unnecessary to 


estimate the number of fish arriving at Lower Granite Dam, or the number that migrate through 


the hydropower system without detection. 


 


 For the purposes of the primary evaluation, SAR for each group will be defined as the 


number of adults returning to Lower Granite Dam divided by the number of juveniles initially 


released in each group.  We will evaluate the efficacy of a transport strategy (the 2008 BiOp 


prescribes both transport and spill for Snake River fall Chinook salmon) relative to inriver 


migration using the ratio of SARs for the two groups (SAR for TWS group divided by SAR for 


the BWS group).  The percentage of the population transported will vary with level of spill at 


collector dams and the use of RSWs that exist in the river each year.  Both the TWS and BWS 


groups will include fish that were never detected in the hydropower system as juveniles and fish 
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that hold over to migrate as yearlings (the more spill that occurs, the higher the percentage of fish 


that we will not detect in the system).  Comparison of SARs for the two groups will provide 


information on the efficacy of a transport strategy versus a bypass strategy for the entire 


population of fall Chinook salmon in the Snake River under varying inriver conditions.   


 


 Another issue to consider is that migrational behavior differs between juvenile fall 


Chinook salmon from the Snake and Clearwater Rivers.  Natural Clearwater River juveniles 


migrate later in the year and with a higher proportion holding over and migrating as yearlings 


(Connor et al. 2002, 2005).  During 1998-2003, an inter-annual mean percentage of 28% of all 


fall Chinook salmon redds counted upstream of Lower Granite Reservoir were counted in the 


Clearwater River compared to 72% in the Snake River and its tributaries (Idaho Power 


Company, Nez Perce Tribe, U. S. Fish and Wildlife Service, unpublished data).  Thus, natural 


fall Chinook salmon juveniles of Clearwater River origin must be represented in an evaluation of 


transport. 


 


 We will estimate juvenile survival (joint probability of migrating and surviving) from the 


release site to Lower Granite Dam, and to points downstream as far as possible (likely McNary 


Dam, based on results from earlier years).  These estimates, however, contain some bias as some 


fish survive, but may only migrate during periods when bypass systems do not operate (Williams 


et al. 2008).  Empirical estimates of survival downstream of McNary Dam based on release of 


PIT-tagged fish are likely unfeasible because of poor detection probabilities for fall Chinook 


salmon at lower Columbia River dams caused by poor guidance into bypass systems, summer 


spill, and a lack of adequate detection downstream of Bonneville Dam.  We will consequently 


make no effort to estimate D (post-Bonneville survival of transported fish relative to that of in-


river fish).  Modeling survival in the lower river using per-project or per-kilometer expansions of 


data from the Snake River, then using this modeled estimate for calculation of D would be 


fraught with numerous un-testable assumptions and of little value.  This will be our default 


method of analysis unless a better method is developed during the Phase II workshop aimed at 


developing a consensus method of analysis. 


 


  


APPROACH 
 


 


 Objective 1 


 


 Compare SARs of PIT-tagged surrogate-sized hatchery-reared subyearling Chinook 


salmon designated for transport from Snake River Dams to below Bonneville Dam with the 


SARs of those designated for inriver passage.  
 


 Cogent arguments exist that the best possible conditions for fish designated for inriver 


passage requires summer spill so that fish can pass readily downstream without going through 


bypass systems.  Although an ideal study would test the validity of this assumption by alternating 


periods of spill and no spill, all parties to these study have agreed to use summer spill (and 
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RSWs) when available.  Because the use of summer spill is not under our control, we propose to 


conduct the study under extant in-river conditions in 2012, whatever they may be.   


 


 We will evaluate the efficacy of transporting fall Chinook salmon from Snake River Dams 


using hatchery and wild subyearlings PIT-tagged and released upstream of Lower Granite 


Reservoir.  The vast majority of subyearlings used in this study will be of hatchery origin 


because of unavailability of sufficient wild fall Chinook salmon subyearlings.  Based on previous 


comparisons of the performance of hatchery and natural fall Chinook salmon subyearlings, 


hatchery subyearlings should serve as adequate surrogates for natural subyearlings provided they 


are healthy and similar in size at the time of release to their natural counterparts (Muir et al. 


1998, 1999; Smith et al. 1997, 2002, 2003; Connor et al. 2002, 2004).  Time of release and 


hatchery subyearling size should approximate those of natural subyearlings in order to obtain 


results applicable to ESA listed-natural Snake River fall Chinook salmon.  When these 


conditions are not met, hatchery fish perform differently than natural fish. 


 


 Data we collected in previous years supports the preceding conclusion (Conner et al. 2008).  


Three groups of fall Chinook salmon subyearlings were released into the Snake and Clearwater 


rivers upstream of Lower Granite Reservoir in 2005 and 2006, namely; hatchery production, 


wild, and hatchery surrogates for wild fish.  Subyearlings from the production group were 


released earlier and at larger sizes than subyearlings in the wild group, whereas the subyearlings 


from the surrogate group were only slightly larger than wild fish and they were released over the 


historical periods of peak rearing in the wild.  As a result of size dependent migrational behavior 


and release date, the passage date distributions at dams estimated for the production groups 


(Snake and Clearwater Rivers combined) was early and compressed compared to the late and 


protracted passage date distributions of the wild and surrogate groups.  It is important to note that 


the production groups did not exhibit the fall movements and reservoir over-wintering observed 


for the wild and surrogate groups.  Further, the hatchery subyearlings from the production group 


did not experience the summer spill conditions experienced by the wild and surrogate groups.  


Therefore, a study based solely on hatchery production subyearlings would not have addressed 


the issues related to the ESA-listed naturally produced fish in the Snake River basin. 


 


 Subyearlings for the hatchery surrogate releases will be cultured, acclimated, and released 


in coordination with NPT, WDFW, and FWS.  The exact procedure followed each year has 


varied slightly because of the complex nature of allocating fish for research and the needs of 


managers.  Ideally, in early April, hatchery subyearlings will be transferred to Dworshak 


National Fish Hatchery (DNFH) for 5 to 8 weeks of rearing to a target size of 65-75 mm (the 


cooler water at DNFH will retard growth).  The fish will be PIT-tagged at DNFH by a COE 


selected contractor, then transported by truck by NOAA Fisheries to Captain John Rapids for 


direct release to the Snake River or Big Canyon Creek in the Clearwater River at dusk (after 


short term tempering to ambient river water temperature).  The date of release will depend on 


timing and size of natural fall Chinook salmon collected by FWS and NPT beach seining, likely 


ranging from mid-May to early June in the Snake River and late June to early July in the 


Clearwater River, based on past data collected during beach seining (e.g., Connor et al. 2002). 
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 The small size at release we propose might concern some managers because size at release 


of LFH fall Chinook salmon subyearlings is directly proportional to survival in freshwater 


(Connor et al. 2004).  Survival in freshwater, however, is not necessarily directly proportional to 


SAR.  Lyons Ferry Hatchery subyearlings averaging 70-75 mm fork length released at Pittsburg 


Landing in June 1997 had a SAR of 0.42% compared to a SAR of 0.14% for LFH subyearlings 


of production size (84-mm fork length) (unpublished data from Connor et al. 2004).  Thus, 


releasing fish at smaller fork lengths than the typical production size might help managers 


increase hatchery returns. 


 


 After tagging, we will randomly assign all PIT-tag codes into two groups, one group for 


transport and one for inriver passage.  We will then set separation-by-code detection systems at 


Lower Granite, Little Goose, Lower Monumental, and McNary dams so that on detection, fish 


from each group get routed to their designated destination; either to transportation raceways or 


return-to-the-river lines.  Fish in the transport group will be representative of the general 


population of fall Chinook salmon, since any untagged fish is transported when collected at a 


collector dam.  While past studies have shown that SARs of PIT-tagged fish are usually lower 


than untagged fish (Williams et al. 2005), the ratio the transport group SAR versus the bypassed 


group SAR will approximate the ratio of the non-tagged population’s SAR. 


                       


Task 1.1: 


 In late spring and early summer 2012, PIT tag hatchery surrogate subyearling Chinook 


salmon and release upstream of Lower Granite Dam  


 


Sample size for primary evaluation 


 We will release PIT-tagged hatchery surrogate subyearling fall Chinook salmon in the 


Snake and Clearwater Rivers upstream of Lower Granite Dam.  Prior to release, we will 


randomly assign each fish to one of two groups – “transport group (TWS)” or “inriver group 


(BWS)”.  The disposition of each fish guided into the juvenile collection system at a Snake River 


dam will depend on its assigned group.  Fish from the TWS group will receive the same 


treatment as the general untagged population of smolts entering the collection system, including 


holding in the same raceways and loading onto the same barges for transport to downstream of 


Bonneville Dam.  Slide gates will be used to direct fish from the BWS group to the tailrace of the 


dam to continue inriver migration.  Because of limits in technology, 100% diversion to the 


correct flume can not be achieved.  However, in 2005, we were able to successfully divert fish to 


the correct flume over 95% of the time. 


 


 Fish from the BWS group will have juvenile migration histories of the following types 


(not necessarily mutually exclusive):  


 1) mortality between release and arrival at Lower Granite Dam;  


 2) overwinter in fresh water;  


 3) mortality in reservoirs downstream of Lower Granite Dam;  
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 4) complete inriver migration as subyearling and never detected as juveniles;  


 5B) complete inriver migration as subyearling and detected one or more times at dams 


with PIT-tag detectors.   


 


 Migration histories of fish from the TWS group will include the first four categories listed 


above.  However, instead of category 5B, the TWS group will include fish with the history: 


 5T): collected as subyearling and transported from collector dam to downstream of 


Bonneville Dam.   


 


 For purposes of our primary evaluation, we define SAR for each group simply, as the total 


number of adults returning (from all juvenile migration history categories) to Lower Granite 


Dam divided by the number of juveniles initially released in each group.  We will evaluate the 


efficacy of a transport strategy relative to inriver migration strategy by comparing this overall 


SAR for the TWS group to that for the BWS group.  That is, unlike the convention in past 


studies of transport, we will not focus on the SAR of transported fish from the time they are 


loaded onto the barge (and the SAR of in-river fish from the comparable point at the collector 


dam).  Rather, recognizing that not all fish are transported even under a strategy of maximized 


transport, our proposed research is focused on the expected SAR for the entire population given 


the particular strategy used.   


 


 In past transport studies, SARs for two groups have customarily been compared using the 


ratio of the transport group SAR (“T”) to the inriver group SAR (“I”), a quantity known as the 


“T/I ratio” or simply “T/I.”  The T/I ratio represents the relative difference between the SARs for 


the two groups.  For our primary evaluation, we will refer to the ratio of the SAR for the TWS 


group to that for the BWS group as “T/I.”  This definition of T/I is different than that in 


conventional transport studies.  Conventionally, for example, the two groups were defined at 


Lower Granite Dam; “T” referred to the SAR for fish from the time of barge loading until return 


as adult and “I” was the SAR from release into the tailrace at Lower Granite Dam until return.  


Our “TWS” group includes the conventional “T” fish and our “BWS” group includes the 


conventional “I,”, but both of our groups include additional categories of fish, as described 


above. 


 


 The consequence of including additional migration histories that are common between the 


two groups is that compared to the ratio of SARs between the conventional in-barge and in-


tailrace group, the ratio of SARs for our groups will be closer to 1.0 (that is, because of the 


common migration histories, our groups are more alike than are the conventional “T” and “I” 


groups).  This will occur because the TWS group will include a non-negligible number of fish 


that were not collected and transported as subyearlings, but instead passed through turbines or 


spillways, or migrated after detection systems were shut down for the winter, or spent the winter 


in a reservoir and then complete migration in the spring.  Thus, detecting differences in SAR 


between the TWS and BWS groups is more difficult than in the conventional studies.  For 


example, if the SAR for fish loaded into barges at Lower Granite Dam were 50% greater than 


that for fish returned to the tailrace (i.e., T/I = 1.5), then the likely value for the ratio for our 


groups as a whole under no-summer-spill conditions would be approximately 1.3.  Under 
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summer spill (i.e., more TWS-group fish passing via spill rather than transported), the ratio for 


our groups would be 1.18. 


 


 To evaluate the difference between the SARs of the two groups, we will use a statistical 


hypothesis test.  While a hypothesis test can be constructed based on the T/I ratio, a more 


familiar framework with somewhat simpler mathematical derivations (and giving essentially 


equivalent results) is based on the arithmetic difference between two binomial proportions 


(Snedecor and Cochran 1967).  Assuming the notation that p1 is the sample SAR for the TWS 


group and p2 is the sample SAR for the BWS group, a reasonable two-sided test is given by  


 


H0: p1 = p2  vs. HA: p1 ≠ p2 


 


To determine the sample size required for the hypothesis test, we determine the minimum “effect 


size” (true difference between SARs) we wish to detect (symbolically denoted as ), the 


“significance level” of the test (), and the desired “statistical power” to detect the minimum 


difference (1-).  The significance level () is also known as the probability of making a “Type 


I” error—rejecting the null hypothesis when it is, in fact, true.  Power is the probability of 


rejecting the null hypothesis when it is, in fact, false.  The complement of power is the 


probability of making a “Type II” error—failing to reject the null hypothesis when it is false.  


Given these quantities, and assuming that the number of PIT-tagged smolts in each group (n) is 


equal, the required sample size for each group is given by: 


 
2


2211


2


2/ /)()(  qpqpZZn   


 


where 2/Z  is the normal deviate corresponding to the significance level used in the test, Z  is 


the normal deviate corresponding to the desired statistical power )1(  to detect the difference.   


 


 Peters et al. (2009) reported overall SARs for Snake River fall Chinook salmon (Lower 


Granite Dam as juveniles to Lower Granite Dam as adults) between 1.5 and 2.5%.  More recent 


SARs of PIT-tagged fish have generally been lower.  For planning purposes and to have a 


conservative estimate for fish needed if SAR is lower, we assumed a maximum Lower Granite-


to-Lower Granite SAR of 1.0%.  Taking into account all categories of history that will occur for 


fish in our transport group, we assumed that the SAR from initial juvenile release site to return as 


adult to Lower Granite Dam will be approximately 30% the SAR from Lower Granite Dam (the 


lower SAR for fish from the release groups results from mortality between release and arrival at 


Lower Granite Dam).  


 


 As discussed above, during non-spill years the TWS and BWS groups will have greater 


differences than in spill years.  If Lower Granite-to-Lower Granite SARs for transported and 


inriver fish differ by 50%, then we estimate that SARs for TWS and BWS groups will differ by 


about 30% in non-spill years.  If the higher of the SARs for the two groups is 0.0030 (0.3%), 


then a 30% difference corresponds to a lower SAR of 0.00231, or  of 0.00069.  If we set 
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 = 0.05 and  = 0.20 (80% power), the sample size to detect a  of 0.00069 is 86,685 per group, 


or a total of 173,370. 


 


 In spill years, if Lower Granite-to-Lower Granite SARs for transported and inriver fish 


differ by 50%, then we estimate that SARs for TWS and BWS groups will differ by about 18%.  


If the higher of the SARs for the two groups is 0.0030 (0.3%), then an 18% difference 


corresponds to a lower SAR of 0.00254, or  of 0.00046.  If we set  = 0.05 and  = 0.20 (80% 


power), the sample size to detect a  of 0.00046 is 207,142 per group, or a total of 414,284.  If 


we instead use the significance level is  = 0.10 (i.e., accept a greater chance of Type I error), 


the required total number is reduced to 326,330.  


 


Effects of changing sample size on the performance of the statistical test can also be 


depicted by holding  and  constant and plotting the minimum detectable difference against 


changing sample sizes.  The following graph depicts alternative total release sizes and the 


associated detectable differences for the two-tailed test, given α = 0.10, β = 0.20, and the higher 


of the two proportions is equal to 0.0030.  Arrows denote the total release sizes of 250,000, 


326,000 and 414,000, with the associated detectable differences plotted above the arrows. 


 


 
 


 At this time, the 2011 egg-take is unknown.  Because of this, we determined how changing 


 and  affected the number of juveniles required.  The following table shows the numbers of 


juveniles needed for a two-sided test in spill years for various combinations of  and 
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Although  = 0.05 and  = 0.20 are commonly used in fisheries research, other fields of study 


do use less stringent values of alpha and beta, so there is precedent to do so.   


 


 


  Juveniles for two-sided test 


Alpha Beta Per Group Total 


0.05 0.20 207,142 414,284 


0.05 0.30 162,889 325,778 


0.10 0.20 163,165 326,330 


0.10 0.30 124,189 248,378 


 


 


 Assuming the egg take meets or exceeds the U.S. vs. Oregon mandated production levels, 


we would request the 414,284 fish needed to conduct the two-sided test at the standard  = 0.05 


and  = 0.20.  If egg take is below mandated production levels, we would prefer to adjust  to 


0.10 and leave  at 0.20, requiring us to mark 326,330 juveniles for studies conducted during 


spill years. 


 


Assuming the marking of 414,284 juveniles to serve as surrogates, we plan to request from 


the U.S. vs. Oregon parties 290,000 subyearling Chinook salmon from Snake River release 


priorities and 124,284 subyearling Chinook salmon from the Clearwater River release priorities.  


This breakdown of fish will allow us to meet our goal of releasing 70% of our marked fish into 


the Snake River and 30% into the Clearwater River. 


 


One possible method of increasing the level of confidence is to use Bonneville Dam as the 


point of return rather than Lower Granite Dam.  If we assume the Zone 6 fishery takes 20-25% 


of the adults crossing Bonneville Dam, using Bonneville Dam as a point of return could add 100 


adults per group to the analysis, which would increase our level of confidence considerably.  We 


would then compare this analysis to our primary analysis using Lower Granite Dam as the point 


of return. 


 


Another alternative requiring smaller sample sizes is to conduct a one-sided test of the 


form: 


 


H0: p1 ≤  p2  vs. HA: p1 > p2 


 


Using a one-sided test, the null hypothesis is rejected only if there is statistically significant 


evidence that the SAR for the TWS group is greater than the SAR for the BWS group.  (Under a 


two-sided test, the null hypothesis is rejected if there is evidence of a difference in either 


direction).  Using a one-sided test makes sense if we assume that we will use the default 


management action of leaving smolts to migrate in the river unless we have evidence that the 


transport program increases the SAR for the population.  (Under this assumption, the 


management implication of the two-sided test result is identical if we fail to reject the null or if 
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we reject it because there is evidence that the SAR for the TWS group is lower than for the BWS 


group).   


 


 Using a one-sided test, the required sample size for each group is given by: 


 
2


2211


2 /)()(  qpqpZZn   


 


where Z  is the normal deviate corresponding to the significance level used in the test, Z  is 


the normal deviate corresponding to the desired statistical power )1(  to detect the difference.   


 


The following table shows the numbers of juveniles needed for a one-sided test in spill 


years for various combinations of  and 


 


  


  Juveniles for one-sided test 


Alpha Beta Per Group Total 


0.05 0.20 163,165 326,330 


0.05 0.30 124,189 248,378 


0.10 0.20 118,968 237,936 


0.10 0.30 86,074 172,148 


 


Sample size for secondary evaluations 


 


Our study plan for the primary evaluation provides the opportunity to address the 


secondary, but still important, question of whether it is better to transport a fish guided into the 


bypass system at a dam or to return it to the river (“what do I do with this fish now that I’ve 


collected it?”).  For an evaluation of this question for Lower Granite Dam, we set the desired 


detectable relative difference between transported and in-river SARs to 50% and use  = 0.05 


significance level and power of (1- = 0.8.  Assuming a 1.0% (0.01) SAR from Lower Granite 


Dam for the group with the higher SAR, a 50% difference implies the lower SAR of 0.067 and  


of 0.033.  Using a two-sided test, 11,672 juveniles are required for each group, for a total of 


23,344. 


 


 Releasing PIT-tagged hatchery subyearling Chinook salmon upstream of Lower Granite 


Dam requires increasing the number of fish tagged over that shown above to provide sufficient 


numbers for each group at Lower Granite Dam.  If we assume 40% survival to Lower Granite 


Dam and 50% FGE (roughly equivalent to detection probability when there is no spill), then the 


required number of fish to release to form the transported and bypassed groups (in the absence of 


summer spill) would be the required collected number multiplied by 5.0 (1/(0.4*0.5)), or 116,720 


fish released upstream of the dam.  However, if summer spill occurs, then the expected detection 


probability would fall to about 20%, and release numbers would need to be  increased 
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substantially (collected number multiplied by 12.5 (1/(0.4*0.2)), to 291,800 fish released 


upstream of the dam 


 


 Thus, in the absence of summer spill, the sample size for the primary evaluation will 


provide sufficient fish in the categories appropriate for the secondary evaluation as well.  If we 


have summer spill, our proposed release numbers will provide sufficient fish.  However, if egg 


take is below mandated levels and the number of fish for this study is diminished, we may have 


to reduce  and  for the secondary evaluations. 


 


 


Task 1.2: 


 Collect subyearling Chinook salmon at Lower Granite Dam for growth analysis, and 


yearling fish from 2011 releases at Lower Granite and Bonneville Dams. 


  


 We will use the sort-by-code systems at Lower Granite Dam to collect a sample of PIT-


tagged fish to determine growth from release to when they began migrating.  We will also use 


the sort-by-code systems at both Lower Granite and Bonneville Dams to collect holdover fish the 


following spring.  This will allow us to gather length and weight information on this important 


group of fish. 


 


Task 1.3: 


 Recover adult fall Chinook salmon previously marked with PIT tags and analyze adult 


return data.  


 


 We will collect adult return information from all adult detection sites in the Columbia and 


Snake Rivers.  To analyze results, statistical tests will be applied when adult returns for the study 


are complete.  Confidence intervals for the T/I will be calculated using the ratio (survival) 


estimate (Burnham et al. 1987) and its associated empirical variance.  The study will produce 


SARs for the group of fish designated for transport and for those designated for in-river 


migration.  Both groups will include some fish that were never detected and some that migrated 


as yearlings.  In addition, SARs for fish detected at Lower Granite Dam and transported will be 


compared to those detected at Lower Granite Dam and returned to the river providing a T/I 


estimate for subyearling Chinook salmon at Lower Granite Dam.  Similar comparisons will be 


possible for fish transported and bypassed at other sites.  We will also analyze SARs for groups 


of fish with different detection histories. 


 


Task 1.4: 


 Examine PIT-tag detection histories of adults as they migrate upstream through the 


hydropower system. 


 


 Currently, Bonneville, McNary, Priest Rapids, Ice Harbor, and Lower Granite Dams are 


equipped with adult PIT-tag detection systems, and systems are planned for installation in other 


dams in the future.  At these dams, all PIT-tagged fish passing through the fish ladders will likely 


be detected.  Similar systems are also in place at certain hatcheries in the Columbia River Basin. 







 


15 


 


 To evaluate the potential for transport as juveniles to influence the homing characteristics 


of returning adults, we will compare the PIT-tag detection histories of transported and non-


transported adult study fish as they pass upstream through PIT-tag detection systems within the 


Basin.  This will include interrogation of adults that might return to LFH. 


 


 


Objective 2 


 


 Compare post-release performance of natural fall Chinook salmon subyearlings 


from the Snake and Clearwater Rivers to hatchery fall Chinook salmon subyearlings 


released in these rivers as surrogates for natural fish in transportation studies. 


 


 As in 2005-2006 and 2008-2011, the FWS and NPT will increase the number of natural 


fall Chinook salmon subyearlings collected and implanted with PIT tags in the Snake and 


Clearwater rivers (e.g., Connor et al. 2002) by supplemental sampling the week before, during 


and after the release of hatchery fall Chinook salmon subyearlings.  Sampling and all subsequent 


analyses in the Snake and Clearwater rivers will be coordinated between the FWS (lead Snake) 


and NPT (lead Clearwater). 


 


Task 2:1 


 Working with the FWS and NPT, we will use data collected during primary and 


supplemental sampling to calculate seven indicators of natural and hatchery fish performance for 


each treatment group (i.e., Snake River natural, Clearwater River natural, Snake River hatchery, 


Clearwater River hatchery).  The indicators are passage date, travel time, fork length, condition 


factor, growth rate in fork length (mm/d), survival (e.g., Connor et al. 2004), and the percentage 


of the fish that were last detected passing dams the year after release (i.e., reservoir-types; 


Connor et al. 2002, 2005).  We will record passage dates and travel times to Lower Granite Dam 


and downstream dams as sample sizes of natural fish permit.  The separation-by-code system at 


Lower Granite Dam (e.g., Downing et al. 2001) will be used to recapture at least 30 fish per 


treatment group to calculate condition factor and growth.  Survival will be calculated from 


release to the tailrace of Lower Granite Dam and farther downstream as sample sizes of natural 


fish permit. 


 


 We will conduct statistical analyses to test for differences among treatment groups in 


passage date, travel time, length, condition factor, growth rate, survival, or the percentage of the 


reservoir-type fish.  Analysis of variance will be used to compare travel time, condition factor, 


length, growth rate and the percentage of fish that were last detected passing the dams the year 


after release.  Passage date will be compared among treatment groups by use of a Kolmogorov-


Smirnov test.  Survival will be compared among treatment groups by calculating 95% confidence 


intervals for the point estimates and examining plots for overlap between these intervals and the 


point estimates. 
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Objective 3 


  


 Collect scale samples on all returning adults that were PIT tagged as juveniles and 


compare age of ocean entry with juvenile detection history. 
  


 One way to begin to understand the complex life history of Snake River fall Chinook 


salmon is to determine the age of ocean entry for fish with known detection histories within the 


Snake and Columbia Rivers (Marsh et al. 2007).  By comparing the age of ocean entry to the 


times of detections at the various detection sites, we will achieve a better understanding of how 


many fish holdover and where they might holdover.  This information could help managers make 


informed decisions about potential river operations (transport, spill, etc.) and what river reaches 


are most important to fall Chinook salmon prior to ocean entry. 


 


 We PIT-tagged subyearling fall Chinook salmon from 2001-2011 as part of transport 


evaluations (Marsh et al. 2003, 2004a, 2004b, 2005, Conner et al. 2008).  Returning adults from 


these studies can be collected at Lower Granite Dam’s adult fish trap by using the separation-by-


code (SbyC) diversion system (Marsh et al. 1999, Downing et al. 2001).  The numbers of adult 


fish that will be collected will vary each year depending on the numbers of fish tagged as 


juveniles that form the various age-classes of returning adults, and the overall return rate for each 


age-class of outmigrants.  Depending on SARs, the number of adults that will be sampled will 


vary.  During fall 2010, we sampled approximately 2,830 adults.   


 


Task 3.1: 


 


 Collect adults using the separation-by-code PIT tag diversion system located at the Lower 


Granite Dam adult trap and take scale samples from each collected adult. 


 


 Prior to the return of adult fall Chinook salmon, we will add the PIT tag codes of all fish 


we PIT tagged as juveniles to the SbyC database.  We will then collect each fish that is detected 


passing through the adult facility at Lower Granite Dam.  Scales will be taken and associated 


with the PIT tag code of the fish.  Fork lengths will also be recorded. 


 


Task 3.2: 


 


 Make comparisons between age of ocean entry and juvenile detection history. 


 


 After the scales have been analyzed, we will compare the age of ocean entry data with the 


juvenile detection history of each fish to look for patterns of behavior.  Potential patterns could 


include how detection date at each detection facility influenced whether the fish entered the 


ocean as a subyearling or yearling and if transported fish entered the ocean soon after transport, 


or whether they held above the estuary and entered as yearlings.  All these comparisons will be 


compiled based on outmigration year.  This will allow us to compare the river operations 
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encountered during each outmigration year to provide researchers with the information necessary 


for the development of research needed to evaluate mitigation options for this stock. 


   


FISH REQUIREMENTS FOR FY 2012 


 


 Under Objective 1, working with the FWS and a COE PIT tag contractor, we plan to PIT 


tag from 328,424 to 417,108 surrogate-sized subyearling fall Chinook salmon at DNFH 


(transferred to DNFH from LFH).  They will be released at Captain John Rapids acclimation 


facility on the Snake River (about 2/3 of the fish) and Big Canyon acclimation facility on the 


Clearwater River (about 1/3 of the fish) in 2012. 


 


 Depending on SARs, the number of PIT-tagged adults that will be sampled for scales at 


the Lower Granite Dam adult trap will likely be over 2,000.   


 


 


SCHEDULE 


     Activity     FY12  Outyears  


  


Task 1.1                                                                        


 Fish marking and release  May-Jul   Same  


Task 1.2   


 Growth analysis   June-Oct   Same 


Task 1.3 


 Adult recovery   Aug-Dec   Same 


Task 1.4   


 Adult recovery   Aug-Dec   Same 


Task 2.1 


 Analysis     Nov-Jan   Same 


Task 3.1 


 Adult scale sampling   Aug-Dec   Same 


Task 3.2 


 Scale reading and analysis   Jan-Mar   Same 
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PROJECT IMPACTS, FACILITIES, AND EQUIPMENT 


 


1. Use of the juvenile sort-by-code systems at Lower Granite and Bonneville Dams will be required. 


 


2. COE shall provide maintenance and repair of the adult collection facility at Lower Granite 


Dam. 


 


3.   We will collect PIT tagged fall Chinook salmon adults at the adult trap from mid-August  through 


 the fall trapping season.  All activities will be coordinated with other researchers to minimize 


 impacts from this research. 


 


4. It is anticipated that up to 4,000 adult scales will be collected, instead of the 3,000 scales 


collected in previous years.  This results in a larger cost for the WDFW scale reading item in the 


budget. 


 


5. Fishmarking costs are not being split between multiple studies; therefore, the PSMFC fishmarker 


contract item in the budget is larger than in previous years. 


 


 


 PROJECT PERSONNEL AND DUTIES 
 
 


Douglas M. Marsh biologist and co-principal investigator working on Objective 1-3. 


William D. Muir  biologist and co-principal investigator working on Objective 1-3. 


Darren Ogden biologist in charge of Lower Granite field duties involved with Objective 3. 


 


Ben Sandford mathematical statistician working on Objectives 1-3. 


Steve Smith mathematical statistician working on Objectives 1-3.  


Neil Paasch biological technician working on Objectives 3. 


Kenneth McIntyre biological technician working on Objectives 3. 


Kenneth Thomas biological technician working on Objectives 3. 


  


TECHNOLOGY TRANSFER 
 


 Technology transfer will be in the form of written and oral research reports as required.  


Completion of annual reports will depend on two factors; 1) the outcome of the Phase II 


workshop report aimed at developing a consensus approach to analysis of adult returns, and 2) 
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the timely completion of scale reading by the WDFW for the report on Objective 3.  Results will 


also be published in appropriate scientific journals. 
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 PROJECT SUMMARY 
 


 


 The goal of this project is to determine if smolt-to-adult return rate (SAR), 


transport/inriver-adult-return-ratio (T/I), and differential post-hydrosystem mortality (D) of 


transported and inriver yearling Chinook salmon Oncorhynchus tshawytscha and steelhead O. 


mykiss are related to their size and timing of arrival in the estuary/nearshore ocean.  Recent 


transport studies using PIT tags have found that transported yearling Chinook salmon returned at 


rates that were lower than expected based on estimated survival through the hydropower system 


(to below Bonneville Dam) (Williams et al. 2005).  This indicates that transported fish had a 
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lower survival rate between leaving the hydropower system as juveniles and returning as adults 


than did fish migrating inriver.  This differential post-hydrosystem survival is referred to as “D”; 


D is less than one when post-hydrosystem survival is lower for transported fish than for inriver 


fish.  Several hypotheses to explain D < 1 have been proposed (Budy et al. 2002; Muir et al. 


2006), some of which are being investigated through other research proposals.  Here we will 


investigate seasonal effects of differences in size and timing of fish from the two groups upon 


arrival below Bonneville Dam.  Fish-tagging efforts for this portion of the study will be 


combined with concurrent inriver smolt survival study tagging funded by BPA (Project # 


199302900).   


  We will provide statistical comparisons between the SAR of Snake River juvenile 


salmonids that migrate inriver and the SAR of those transported around dams of the Federal 


Columbia River Power System (FCRPS) on a temporal basis (daily or weekly) from returning 


adults from past studies.  Beginning in 2004 and continuing through 2011, we marked a barge 


index group.  We will compare the SARs of the transported fish with those of fish PIT tagged 


concurrently and released in the tailrace of Lower Granite Dam for juvenile reach survival 


studies.  Because this study will focus on the seasonal effects of transport, we must rely on fish 


detected at Lower Granite Dam so we know their passage timing.  Therefore, the inriver group 


used for comparison with those transported will be comprised of smolts that were all detected at 


Lower Granite Dam and both detected and not detected at collector dams downstream of Lower 


Granite, a combination of C1 and C0 smolts using Comparative Survival Study (CSS) 


terminology.  Adult returns from this marking will continue through 2014.  Based on SARs to 


Lower Granite Dam, we will calculate a 95% confidence interval (CI) for the weekly 


transport/inriver-adult-return-ratio (T/I) from Lower Granite Dam for as many weeks as possible.  
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Because Lower Granite Dam will be the only transport location, there will be no evaluation of 


transport from Little Goose or Lower Monumental Dams.  We will compare results from our 


studies (wild fish marked at the dam) to results from hatchery fish PIT tagged above the dam 


(CSS 2010).   


 We will determine what estuary/ocean bio-physical indicators can be used to predict the 


best time within a year when estuarine/ocean entry will maximize SARs for transported and 


inriver yearling Chinook salmon and steelhead.  Recent studies using PIT tags have shown that 


yearling Chinook salmon and steelhead show large within year variations in their SARs (NOAA 


2009).  For example, juvenile Chinook salmon that arrive and enter into the estuary/ocean early 


in the year generally have relatively low SARs compared to individuals that migrate only a week 


or two later (Muir et al. 2006).  However, the actual time that SARs are highest varies annually.  


The annual fluctuation in the best time of ocean entry (highest SAR) appears associated with 


fluctuations in estuary/ocean biological and physical conditions.  We are currently developing a 


detailed long-term database of estuary/ocean conditions that could be used to statistically relate 


ocean entry timing of Chinook salmon and steelhead SARs with oceanographic conditions, in 


part, based on results from this study.  Ultimately the results of this research would 1) identify 


the estuary/ocean biological/physical conditions that most influence SARs, and 2) provide 


annual, within-year predictions of the optimum time for juvenile salmon to enter the ocean to 


maximize SARs.  As a consequence of this research, salmon managers could adjust juvenile 


salmon release/transport/river passage strategies to maximize the number of smolts entering the 


ocean at the predicted time to maximize ocean survival. 
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 Our final goal of this project is to provide valid statistical comparisons between the SAR 


of Snake River juvenile salmonids that migrate inriver and the SAR of those transported around 


dams of the Federal Columbia River Power System (FCRPS) during the fall transport time 


frame.  To accomplish this, we propose PIT-tagging river-run subyearling Chinook salmon at 


Lower Granite Dam in September and October, releasing half the fish to the tailrace to migrate to 


the ocean, while the other half is transported along with the general collection by truck to below 


Bonneville Dam.  While SARs of fish marked and transported during the fall (we began tagging 


in 2002) have been an order of magnitude higher than fish passing during the summer, it wasn’t 


until 2007 that we began putting fish into the tailrace to form a migrant group for comparison.  


With returns only through age-3-ocean adults from the 2007 tagging, and past experience with 


fish tagged at this time of year that has shown as much as 21% of total returns from age-4 and 


age-5-ocean adults, it is too early to assess the effects of transport at this time of year. 


  Analyses of data from this and other research conducted under various contracts will 


provide critical information to examine potential seasonal effects of transport, evaluate the 


effects of transport on homing of adults, estimate D of transported and in-river fish, and 


mechanisms to explain D.  The studies will be conducted using state-of-the-art facilities and 


technologies and under environmental conditions known to provide inriver passage conditions as 


favorable as possible through the FCRPS as it is currently configured and operated.   


 


Relevance 


 


  


  This study addresses Reasonable and Prudent Alternatives (RPA) in the 2008 FCRPS 


Biological Opinion (NMFS 2008) including RPA 30, Hydropower Strategy 3-“Implement spill 


and juvenile transportation improvements at Columbia River and Snake River dams”;  RPA 52- 
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“Monitor and evaluate juvenile salmonid in-river and system survival through the FCRPS, 


including estimates of differential post-Bonneville survival of transported fish relative to in-river 


fish (D-value) as needed”; RPA 54- “Monitor and evaluate the effectiveness of the juvenile fish 


transportation program and modifications to operations.  Monitor and evaluate the effects of 


environmental conditions affecting juvenile fish survival”; RPA 55- “Investigate and quantify 


delayed differential effects (D-value) associated with the transportation of smolts in the FCRPS as 


needed. (Initiate in FY 2007-2009 Projects).  Investigate the post-Bonneville mortality effect of 


changes in fish arrival timing and transportation to below Bonneville. (Initiate in FY 2007-2009); 


and RPA 61-“Continue work to define the causal mechanisms and migration/behavior 


characteristics affecting survival of juvenile salmon during their first weeks in the ocean”. 


 In 1996, the Northwest Power Act Amendment called on the NWPCC to consider the 


impacts of ocean conditions on salmon populations rather than focus efforts exclusively upriver 


of Bonneville Dam (US Government 1996).  This view was adopted in the 2000 Fish and 


Wildlife Program Plan, which recognizes the “North Pacific Ocean as a geographic unit (of the 


Columbia River basin) that should be considered in research, monitoring, and evaluation 


actions”.  In the 2003 Mainstem Amendments to the Columbia River Basin Fish and Wildlife 


Plan (NWPCC 2003), one of the important biological objectives was to understand the 


relationship between the Columbia River estuary and nearshore ocean, and salmon marine 


survival.  In 1996, the National Resource Council concluded that scientists/managers should find 


ways to reduce sources of Pacific Northwest salmon mortalities and find ways to compensate for 


them (NRC 1996).   
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 BACKGROUND 
 


 


 Research to evaluate the effects of transporting juvenile salmonids around dams began 


over 30 years ago (Ebel et al. 1973, Ebel 1980, Park 1985, Ward et al. 1997).  The benefits of 


transport (based on annual averages) have been shown to vary by species and dam with hatchery 


spring/summer Chinook salmon and wild and hatchery steelhead generally showing a benefit, 


while wild spring/summer Chinook salmon and fall Chinook salmon have generally shown little 


or no benefit (CSS 2010, Williams et al. 2005).  However, more recent studies and analysis have 


shown the efficacy of transport to vary seasonally, with early transported smolts generally having 


lower SARs than inriver migrants, but the reverse of this later in the migration (Williams et al. 


2005, Muir et al. 2006, CSS 2010, NOAA Fisheries 2009). 


  Results from our latest tagging efforts provide new data to assess inriver migration and 


transport to determine what strategies will provide the highest adult returns of anadromous 


salmonids to the Snake and Columbia Rivers.  We will integrate results with concurrent inriver-


smolt-survival studies (Muir et al. 2001), and using the results from these combinations of 


studies, provide estimates of T:I and D for the various groups of study fish.  Because T:I and D 


have  been shown to vary temporally within the migration season (Williams et al. 2005, Muir et 


al. 2006, CSS 2007), we will estimate T:I and D on at least a weekly basis, as data allows. 


 Smolts that are not transported typically take from 2 to 4 weeks to migrate from Lower 


Granite to Bonneville Dam, while barged fish take < 2 days (Muir et al. 2006).  Thus, fish from 


the two groups that leave Lower Granite Dam on the same day likely face considerably different 


conditions upon ocean entry, a critical time in their life cycle (Pearcy 1992).  Data from hatchery 


yearling Chinook salmon PIT tagged above Lower Granite Dam and wild yearling Chinook 







 


 7 


salmon tagged at Lower Granite Dam, and either transported from Lower Granite Dam or 


returned to the river, suggest that D varies widely within a season as well as from year to year 


(Fig. 1) (Muir et al. 2006).  However, data on wild fish are limited, particularly for steelhead. 


 Congleton et al (2005) reported that during migration from Lower Granite to Bonneville 


Dam (typically 2 to 4 weeks) average growth of wild yearling Chinook salmon that migrated in-


river was 6 mm in 2002 and 8 mm in 2003 (Fig. 2).  Hatchery yearling Chinook salmon were 


found to exhibit similar growth during their migration.  Data collected in 2008 and 2009 in this 


study have shown similar rates of growth, while growth during 2010 was less.  Thus, inriver-


migrating smolts are larger upon arrival below Bonneville dam than their transported 


counterparts that left Lower Granite Dam on the same day, making surviving inriver-migrating 


smolts potentially less vulnerable than transported smolts to size-selective predation (Muir et al. 


2006).  Northern pikeminnow (Ptychocheilus oregonensis), the most abundant smolt predator in 


the Columbia River, particularly below Bonneville Dam (Ward et al. 1995), have been shown to 


be size-selective predators (Poe et al. 1991, Shively et al. 1996).   


 In summary, transported smolts arrive below Bonneville Dam at a different time and size 


than fish that migrate inriver and this likely affects their survival from below Bonneville Dam to 


return as adult (D).  It is clear that estuary/ocean conditions are very important to salmon marine 


survival and stock abundance (Kareiva et al. 2000; Logerwell et al. 2003; Peterson and Schwing 


2003; Wilson 2003; Emmett 2006; Emmett et al. 2006; Emmett and Sampson, 2008) and that 


measures of ocean conditions can be used to predict annual SARs (Scheurell and Williams 


2005).  Ocean temperatures appear to be particularly important to spring/summer Chinook 


salmon survival (Emmett and Sampson, 2008).   
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 To begin to address the issue of timing of smolt ocean entry and SARs, Muir and Emmett 


(2007), released marked (CWT) spring Chinook salmon in the Columbia River estuary at 10 day 


intervals from April-June 2002-2006.  However, ocean conditions were generally poor for spring 


Chinook salmon during those study years (except for 2002 and 2006), resulting in few adult 


returns for analysis.  Muir and Emmett (2007) obtained much of their oceanographic information 


from a NOAA/BPA funded study of plume conditions (Emmett 2006; Emmett et al. 2006).  


Unfortunately, oceanographic measurements have been taken only at approximately 2-week 


intervals, and many biological measurements, such as zooplankton abundance and turbidity, have 


not been measured.  Furthermore, the six years of the Muir and Emmett (2007) study provided 


only limited information on time of ocean entry and ocean survival as the statistical power of 


their analysis was relatively low because of limited sample size (6 years with 6 releases/yr).  The 


current proposal will build on their work and have greater statistical power. 


 Substantial efforts and funds have been expended upstream of the Columbia River 


estuary to rear hatchery salmon, improve dam and reservoir survival, and enhance salmon 


habitat.  Although all salmon stocks within the Snake/Columbia River Basin must pass through 


the Columbia River estuary and near-shore ocean, we presently have little knowledge of what 


conditions they will encounter upon ocean entry.  By providing this information, the results of 


this study will support and enhance these upstream efforts at relatively little cost.   


 Analysis of hydroacoustic information evaluating temporal fluctuations in the abundance 


of zooplankton and forage fish off the Columbia River from April-June 2008 clearly show large 


temporal fluctuations in zooplankton and forage fish abundance (Fig. 3).  We have just begun 


correlating the biological factors (forage fish and eventually salmon marine survival) to physical 


oceanographic conditions (Fig. 4).  
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APPROACH 


 


 


Objective 1 


 


PIT tag transport and inriver groups of wild yearling Chinook salmon, wild steelhead, and 


hatchery steelhead smolts at Lower Granite Dam and compare their SARs.   


 In 2012, we propose to PIT tag wild Snake River yearling Chinook salmon and wild and 


hatchery steelhead to provide statistically valid transport and inriver SARs on a temporal (e.g., 


daily or weekly) basis.  The fish PIT tagged for transport will be paired with those PIT tagged for 


BPA Project 199302900 for inriver survival estimation to provide temporal T/Is, and temporal 


estimates of D.  


Task 1.1: 


 PIT tag wild yearling Chinook salmon and wild and hatchery steelhead smolts in spring 


2012 to establish seasonal transport groups at Lower Granite Dam. 


Sample Size Calculation 


 


 For seasonal transport groups at Lower Granite Dam, the number of PIT-tagged fish 


required to estimate the SAR of the group with a desired level of precision can be determined 


from the following equation: 


  N = (zα/2)
2
*SAR*(1-SAR)/w


2
 


 


where: 


 


N      = the number of PIT-tagged juveniles required in the transport group at Lower Granite                             


Dam.  


SAR = the expected smolt-to-adult return rate. 
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w      = desired precision of the estimate, expressed as ½ the width of a (1- α ) x 100% 


confidence interval. 


Thus, with α = 0.05 and expected SAR for the transport group of 0.01 (1.0%), the 


following table gives the number of PIT-tagged fish required to achieve various levels of 


precision on the estimate of SAR for the seasonal transport groups: 


Half-width of 95% confidence interval on 


estimated SAR 


Number of PIT-tagged fish required in release 


group 


0.0020 (i.e., interval of 0.8% to 1.2%) 9,508 


0.0025 (i.e., interval of 0.75% to 1.25%) 6,085 


0.0030 (.i.e., interval of 0.7% to 1.3%) 4,226 


0.0035 (i.e., interval of 0.65% to 1.35%) 3,105 


 


Similarly, if the same numbers of fish are tagged for seasonal inriver groups, the following table 


shows the expected precision of the estimated SAR, assuming that the expected SAR for the 


inriver groups is 0.007 (0.7%): 


Number of PIT-tagged fish  Half-width of 95% confidence interval on estimated 


SAR  


9,508 0.0017 (i.e., interval of 0.53% to 0.87%) 


6,085 0.0021 (i.e., interval of 0.49% to 0.91%) 


4,226 0.0025 (.i.e., interval of 0.45% to 0.95%) 


3,105 0.0029 (i.e., interval of 0.41% to 0.99%) 


 


 We will PIT tag and release a transport group (COE) and an inriver group (under BPA 


Project 199302900) of each species each week at Lower Granite Dam in spring 2012 as long as 


sufficient numbers of fish are available.  Based on availability of fish passing Lower Granite 
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Dam in past years, we anticipate that we can tag 6,000-fish groups of wild Chinook salmon for 


five or six weeks during the migration, beginning the second week of April.  Wild steelhead 


migration patterns are more variable from year to year, but barring a very large spike in the 


migration corresponding to a large runoff event, we anticipate tagging a similar number of 


weekly groups of 4,000-6,000 wild steelhead.  We also propose tagging weekly groups of 4,000-


6,000 hatchery steelhead for transport in 2012.  This will provide valuable seasonal transport 


data for this stock, which we have to handle anyway to collect and tag wild fish. 


 The population collected at Lower Granite Dam will be sampled at varying rates from 


week to week to permit marking a constant number of fish each week throughout the entire 


outmigration.  Smolts will be collected in the upstream raceways used for transport research.  


The first week of tagging in April, smolts will likely have to be collected for multiple days to 


reach the target number.  The percentage of the daily collection we handle will depend on the 


number of fish collected.  Excess hatchery smolts of both species will be sorted and returned to 


the Lower Granite Dam raceways for transport or returned to the river. 


 We propose to begin collecting fish on 9 April, with marking beginning on 


10 April 2012.  Depending on the number of fish available, we will collect 1-2 days with tagging 


occurring on the day following collection.  During sorting in our tagging facility, targeted fish 


will be randomly distributed between transport index marking and BPA Project 199302900 


marking.  A barge will leave each Thursday morning with all fish collected during the previous 


1-2 days (excluding fish tagged for inriver survival, which will be released into Lower Granite 


Dam tailrace).  If necessary to achieve the proper loading density, additional fish will be 


collected on Wednesday (but not tagged).  By barging all fish collected (minus the inriver 
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migration group) during 1 to 3 days of collection, barge densities will be maintained at a level 


similar to what would occur under normal transport operations that time of year.  This pattern 


will occur in the weeks preceding general transport, currently set to begin between 20 April and 


1 May.  Depending on the number of fish available, we will adjust our collection and tagging 


days to minimize the amount of time fish need to be held at the dam before transporting.  That is, 


if sufficient fish can be collected and tagged in one day, collection will begin on Tuesday; if two 


days are needed, collection will begin on Monday.  


Generally, very few hatchery fish arrive at Lower Granite Dam prior to the third week of 


April, so non-target fish numbers should be at a minimum during the first two weeks of tagging.  


Depending on the number of fish being collected each day, we may collect all fish bypassed 


within a 24-hour period (on days when few fish are collected), or we will focus our collection 


during periods of the day when we are most likely to encounter target species/rear types (on days 


when large numbers of fish are being collected). 


As in the past, all handling and marking will be done using preanesthesia techniques 


(Matthews et al. 1997).  After the fish are anesthetized, they will be gravity-transferred in water 


into the sorting building, as is done at the primary fish-sampling facilities at dams.  Pre-loaded 


PIT tag needles will be used to minimize disease transfer and delayed mortality caused by using 


dull needles. 
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Objective 2 


 


Recapture inriver migrants at Bonneville Dam that have been previously PIT-tagged and 


measured at Lower Granite Dam and re-measure to estimate growth during migration. 


 During 2012, the reach survival study funded by BPA will include wild yearling Chinook 


salmon tagged and measured at Lower Granite Dam and released into the tailrace (i.e., “inriver”, 


not transported).  We will enter the PIT-tag codes of these fish into the sort-by-code system 


(Marsh et al. 1999; Downing et al. 2001) at Bonneville Dam for recapture.  We will record the 


date of recapture and the fork length (mm) for each recaptured fish and compare these with date 


and length at Lower Granite Dam to calculate growth (mm) and travel time (days) between 


Lower Granite Dam and Bonneville Dam.  Mean growth and mean travel time will be calculated 


for the season as a whole and for segments of the season (at least early/middle/late and probably 


weekly).   


Sample sizes  


 We anticipate that around 15,000 PIT-tagged wild Chinook salmon will be released into 


the tailrace of Lower Granite Dam in 2012.  Based on detection rates in 2005, we anticipate that 


5% of these wild fish (750) will encounter the sort-by-code system at Bonneville Dam.  Based on 


growth data for wild Chinook salmon sampled in 2002 and 2003, we anticipate that a sample of 


100 fish will provide a mean growth estimate with a 95% confidence interval of +/- 1 mm.  Thus, 


by sampling every wild Chinook salmon (from above) that encounters the sort-by-code system, 


we anticipate that we can make estimates of mean growth with this precision for five temporal 


groups within the migration season.   
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Objective 3 


 


Monitor SARs of PIT-tagged wild yearling Chinook salmon and wild and hatchery 


steelhead smolts barged from Lower Granite Dam to below Bonneville Dam from past 


marking.   


 From 2009-2011 (and earlier years), we marked wild yearling Chinook salmon and wild 


steelhead smolts and from 2010-2011 hatchery steelhead smolts for an index group of smolts 


transported from Lower Granite Dam concurrent with groups PIT tagged and returned to the 


river to estimate inriver survival for BPA study 199302900.  SARs from the fish returned to the 


river to migrate will be paired with the transport index groups to provide T/Is on a seasonal basis.  


Adults from these marking years will continue returning through 2014.  


Task 3.1: 


 Monitor PIT-tag detections of wild adult Chinook salmon and wild and hatchery adult 


steelhead and analyze adult return data.  


 Lower Granite Dam will serve as the primary detection site for adults.  Data acquired 


from other areas will be considered ancillary.  To analyze results, statistical tests will be applied 


when adult returns for the study are complete.  We will calculate confidence intervals for the 


seasonal T/I estimates using the ratio of SAR estimates (Burnham et al. 1987) and their 


associated empirical variance.  Additionally, we will use regression analyses to correlate SARs 


with a number of variables related to hydropower system operation and time of ocean-entry (see 


objective 5) and use the models of SARs to investigate patterns in T/I.  We will integrate our 


SAR data with inriver survival estimates from BPA-funded studies (using the Single-Release 
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Model (Muir et al. 2001) and use the information from this combination of studies to estimate D, 


on a weekly basis if data allow. 


Task 3.2: 


 Examine PIT-tag detection histories of adults as they migrate upstream through the 


hydropower system. 


 Currently, Bonneville, McNary, Priest Rapids, Ice Harbor, and Lower Granite Dams are 


equipped with adult PIT-tag detection systems (Harmon et al. 2003) and detection systems are 


planned for installation at other dams in the future.  At these dams, all PIT-tagged adult fish 


passing through the fish ladders will likely be detected.  Detection systems are also in place at 


many hatcheries in the Columbia River Basin. 


 To evaluate whether transport affects the homing of returning adults, we will compare the 


PIT-tag detection histories of transported and non-transported adult study fish as they pass 


upstream through PIT-tag detection systems in the basin. 


 


Objective 4 


  


PIT-tag transport and inriver groups of juvenile fall Chinook salmon at Lower Granite 


Dam during the fall migration period. 


 In 2012, we propose to continue the program of PIT-tagging juvenile fall Chinook 


salmon at Lower Granite Dam in September and October and monitoring their adult returns.  


This study began in 2002 and has provided incomplete results that indicate these fish return at 


much higher rates than fish transported earlier in the migration.  In addition, recent studies 


looking at scale patterns from returning adults have indicated that a large percentage of these fish 


do not enter the ocean immediately following release below Bonneville Dam, but instead over-
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winter in the freshwater/estuary area between Bonneville Dam and the ocean.  We propose 


tagging both transport and inriver components under this marking effort. 


Sample sizes 


 Sample size is limited to the number of fish available in the collection system at Lower 


Granite Dam during September and October.  Based on the numbers of fish collected in previous 


years, our goal will be to tag between 5,000 and 10,000 fish (with marking split equally between 


transported and inriver migrant fish). 


 


Objective 5 


 


Explore relationships among temporal SARs and biotic and abiotic conditions that smolts 


encounter during migration and ocean entry 


 Changes in direct survival during migration through fresh water do not appear to explain 


observed changes in SARs for groups of fish within or between years.  Characterization of the 


conditions that smolts encounter in the estuary and nearshore ocean and of SARs on a temporal 


basis might allow us to identify which estuarine or ocean biological/physical conditions are 


correlated with high or low levels of salmon ocean survival.  Managers can potentially use this 


information to determine whether to transport smolts from collector dams or allow them to 


migrate naturally to synchronize their arrival to the estuary and nearshore ocean during optimal 


conditions.  Adult returns from our temporal releases (when complete) will be evaluated and 


correlated with the biotic and abiotic conditions smolts encountered in the Snake and Columbia 


Rivers, the estuary, and nearshore ocean environment.  Data on the biotic and abiotic conditions 


smolts encounter will be obtained from other research programs in the basin currently collecting 
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this type of data.  We are currently conducting a pilot analysis of this data using adult returns to 


date for a draft report (August 1, 2011 completion date).  


Task 5.1 


 Continue and Enhance the Database of Columbia River Estuary/ocean Physical and 


Biological Conditions and Snake River SARs from 1998 Through the Present. 


 A database of estuary/ocean biological and physical conditions including information 


from 1998-2006 has been developed by Muir and Emmett (2007).  We will continue to add 


information to this database, including field information collected from Tasks 5.2 described 


below.  Information included in the database will include at a minimum; Snake River 


spring/summer Chinook and steelhead estimated time of ocean entry and SARs, weekly (or daily 


if possible) ocean temperatures, salinities, and turbidities; zooplankton species composition and 


densities; forage fish densities, upwelling indices, river flows, turbidities, and temperatures.  We 


will also download information regarding Pacific Decadal Oscillation (PDO), and all other ocean 


indices that may have a significant predictive value.  Unfortunately, many of the ocean metrics 


currently used to predict salmon marine survival are available only on annual or monthly scales 


(i.e., not daily or weekly).  


Task 5.2 


   Collect and Quantify Zooplankton Samples and Acoustic Measures of Zooplankton and 


Forage Fishes and Bio-Physical Oceanographic Conditions from April through June. 


 A direct correlation between copepod abundance (an index of salmon food), ocean 


conditions (Hoof and Peterson 2006), and salmon marine survival has been demonstrated 


(Peterson and Schwing 2003).  Forage fish abundance provides important alternative prey for 
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juvenile salmonid predators, and their abundance appears to influence salmon marine survival 


(Emmett 2006; Emmett and Sampson 2008).  However, because of their patchy distribution 


within the large ocean environment, quantifying forage fish abundance using traditional 


sampling methods is often difficult and costly.  Furthermore, weather and poor ocean conditions 


can frequently reduce the number of direct fish collections.  Fisheries acoustics provide a cost-


effective alternative method to monitor the abundance of forage fishes (Simmonds and 


MacLennan 2005).  Consistently collecting weekly zooplankton samples is also difficult because 


of weather and ocean conditions.   


In 2012 we will use three bottom anchored upward-oriented hydroacoustic 200-kHz 


scientific echosounder (ASL Water Column Profiler) to assess weekly abundance of zooplankton 


and forage fishes in the Columbia River plume.  The acoustical moorings sample acoustic 


backscatter throughout the water column at a high resolution (1 Hz, i.e., once per second), 


providing data capable of resolving individual fish schools and mesozooplankton prey.  The high 


data resolution may also allow us to make daily estimates of fish and zooplankton abundance.   


In 2012, we will deploy three hydroacoustic moorings; one inshore (60 m), one offshore 


(90 m water depth) just south of the Columbia River, and one north of the Columbia River at  


60 m water depth along the 46°20’ N longitude line.  These moorings will provide broad spatial 


and temporal information on zooplankton and forage fish population abundance off the 


Columbia River.  These moorings have been successfully used during previous sampling on the 


Oregon coast and have demonstrated their effectiveness in quantifying temporal patterns of 


forage fish abundance. 


All acoustic data collected from the moorings will be converted into daily indices of fish 


abundance and zooplankton abundance using Echoview, acoustic data software that is currently 
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used in fisheries acoustic surveys.  These data will be used to quantify the temporal variability in 


abundance of forage fish/zooplankton at these three stations during the study period.  


Zooplankton information will be obtained from BPA Plume sampling (May and June) to 


calibrate hydroacoustic measures and identify species compositions.  Zooplankton will be 


identified and counted and correlated to hydroacoustic data.  


   Relative abundance estimates for forage fishes will be made for each day or week.  


Species composition will be determined from monthly surface trawl sampling by the ongoing 


NOAA/Plume forage fish studies and BPA plume studies, which use surface net tows to measure 


forage fish/juvenile salmon abundance.  


This system (hydroacoustics and net sampling) was successfully deployed and retrieved 


during 2008 through 2010, and we are currently analyzing these data.  Profilers deployed in 2011 


have just recently been recovered.  


Task 5.3 


Obtain measurements of ocean temperatures, salinities, conductivity, chlorophyll, and 


turbidity and other available oceanographic data. 


   Sea-surface temperature information will be obtained from the NOAA buoy off the 


Columbia River and the Center for Coastal Margin Observation and Prediction 


(CMOP)(http://www.stccmop.org/datamart/observation_network).  We will also obtain available 


daily/weekly information on chlorophyll, upwelling, wind stress, etc. from various NOAA 


sources, such as NOAA’s Pacific Environmental Laboratory and NOAA satellite services. 



http://www.stccmop.org/datamart/observation_network
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Task 5.4 


 Explore the Statistical Relationship Between Salmon and Steelhead SAR, Time of Ocean 


Entry, and Ocean Conditions. 


Statistical regression techniques similar to those of Scheurell and Williams (2005) will be 


used to identify the relationships between weekly SARs, time of ocean entry, and ocean 


conditions at the time of ocean entry.  Computationally advanced statistical methods such as 


generalized additive modeling (GAM) may be used to identify important predictor variables and 


potentially useful mathematical transformations of the variables.  We will first build and test a 


model using data from earlier studies (1999-2004 PIT-tagged Snake River transported fish) and 


make predictions about survival of 2012 releases.  Once final SAR data from 2012 releases are 


available, we will incorporate these data into the model and test the model against future returns.  


We will continue to fine-tune the model throughout the study period as more adults return.  


Correlations among explanatory variables will be properly dealt with statistically. 


 


FISH REQUIREMENTS FOR FY 2012 


 


Lower Granite Dam 


 


 We will PIT tag 4,000 to 6,000 wild yearling Chinook salmon, wild steelhead, and 


hatchery steelhead smolts each week for as long as sufficient numbers are available, to monitor 


the temporal SARs of transported fish (Objective 2).  A similar number of fish will be tagged 


under BPA Project 199302900 for inriver survival estimation and for comparison to the 


transported groups. 


 For the fall Chinook salmon marking under Objective 4, we anticipate tagging between 


5,000 and 10,000 fish for the season.   
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SCHEDULE 


 


     Activity                                                                       FY12              Out years   


Objective 1 


Juvenile fish tagging and release April-June    Same 


Objective 2 


Recapture fish at Bonneville Dam April-June   Same 


Objective 3 


Adult detection monitoring            Mar-Dec          Same 


Objective 4 


Juvenile fish tagging and release Sept-Oct Same 


Objective 5 


Plume sampling  April-June Same  


Analysis   Ongoing  


  


PROJECT IMPACTS, FACILITIES, AND EQUIPMENT 


1.   Coordination with operations for smolt marking will be required at Lower Granite. 


 


2. We will require exclusive use of at least three (possibly four) of the upstream raceways at 


Lower Granite Dam to collect and hold study fish. 


 


3. A barge and tug will be required for one trip per week in the weeks prior to the beginning of 


general transportation (currently, we expect two such trips). 


 


4. Space will be needed in the smolt monitoring facility’s lab for Objective 4. 


 


5. Use of the sort-by-code system at Bonneville Dam will be required. 
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6. NMFS presently has most of the equipment (echo-sounders) to conduct acoustical survey of 


zooplankton and fishes, but may need to update computers/data storage and software.  
 


7. Fishmarking costs are being split between fewer studies; therefore, the PSMFC fishmarker 


contract item in the budget is larger than in previous years. 


 


  


PROJECT PERSONNEL AND DUTIES 
 


 


1. Douglas M. Marsh--biologist and co-principal investigator. 


2. Robert Emmett--biologist and co-principal investigator.  


3. Darren Ogden--biologist. 


4. Neil Paasch--biological technician. 


5. Kenneth McIntyre--biological technician. 


6. Paul Bentley -- biologist in charge of all ocean field duties. 


7. New Hire (temporary)--acoustic technician/biologist. 


8.  Steven G. Smith – statistician  


 


 TECHNOLOGY TRANSFER 
 


 


  Technology transfer will be in the form of written and oral research reports as required.  A 


draft report will be provided to the COE by 15 January 2013, with a final report provided by 15 


March 2013.  In this way, complete returns for each age class of adults can be included in the 


final report for each study year.  Results will also be published in appropriate scientific journals. 
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Figure 1.  Weekly estimates of differential post-hydrosystem survival for hatchery (tagged above             


  Lower Granite Dam) and wild (tagged at Lower Granite Dam) yearling Chinook 


 salmon.  “D” is the ratio of estimated post-hydrosystem survival for transported smolts 


 to that for in-river migrant smolts.  Annual pooled estimates of D in parentheses. 
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Figure 2.  Fork length (mm) of wild yearling Chinook salmon on arrival below Bonneville Dam  


  in 2002 that were transported or migrated in-river.  The yearly average (top of graph),  


  seasonal average (bottom), and difference in length (number next to bars) are shown.   


  Data provided by J. Congleton, UofI. 
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Figure 3.  Example acoustic echogram collected from a 5-hour period. Several schools of forage 


 fish are visible near the surface. 


 


 


 


 
 


Figure 4. Nautical Area Scattering Coefficient showing relative forage fish abundance observed 


 at one mooring site in 2008 (top) and sea surface temperature for the same period 


 (bottom). Forage fish became abundant and persisted after roughly May 24, which 


 corresponded with a sharp rise in temperature.  


 








Northwestern Division – U.S. Army Corps of Engineers 
ANADROMOUS FISH EVALUATION PROGRAM 


FY-2012 Detailed Statement of Work 
 


1.  Project Title:  PIT-Tag 62,000 Juvenile Yearling Snake River Sockeye Salmon at Sawtooth 
and Oxbow fish Hatcheries for a pilot study to evaluate collection efficiencies and in-river 
survival for the development of a full scale transportation study. 
 
2.  Study Code:  TPE-W-10-1 
 
3.  Appropriation:  O & M  


 
4.  Purpose and Scope: The Corps of Engineers collects migratory juvenile salmonids at the 
Federal Columbia River Power System dams on the Snake and Columbia rivers and barges them 
around as many as 8 downstream dams in an effort to increase survival of these fish to the ocean. 
Some analyses of passive integrated transponder (PIT) tag data indicate that during certain times 
of the year fish that are barged and transported around the dams may have a lower survival rate 
than those fish that are never detected at a hydroelectric facility (those passing through spillways 
and turbines).   However, Smolt-to-Adult Recruitment rates data are severely lacking for Snake 
River Sockeye Salmon.   
  
Due to higher adult returns in 2007, 2008, 2009, and 2010 to the Stanley Basin in Idaho, there is 
an opportunity to PIT tag hatchery reared juvenile sockeye to begin to get estimates of in-river 
survivals, collection efficiencies and eventually SARs.  This information can then be used to 
design a transportation evaluation for sockeye salmon in the future.  In an effort to better estimate 
in-river survivals and SARs, a pilot study is currently being designed to examine the different 
management strategies of transport, bypass and spill on the SARs of Snake River Sockeye.  For 
this study juvenile sockeye smolts will be PIT-tagged at hatcheries in Idaho (Sawtooth Fish 
Hatchery) on the Salmon River and in Oregon (Oxbow Fish Hatchery) on the Columbia River.  
PIT-tagged fish would then be allowed either to migrate through the hydropower system or be 
collected for transportation.   
 
The primary goal of this project is to PIT tag the fish necessary to conduct this pilot level study. 
Statistical estimates indicate that 52,000 yearling sockeye smolts from Sawtooth Hatchery and 
10,000 yearling sockeye smolts from Oxbow Hatchery will be required in 2012.   
 
5.  Specific Tasks: 
 
Task 1 – PIT-tag 52,000 yearling sockeye salmon at Sawtooth Hatchery 
 
During the February through April 2012 time frame, the contractor shall collect fish from the 
raceways at Sawtooth fish hatchery and PIT-tag 52,000 yearling sockeye salmon.  Fish will be 
collected and tagged according to the protocols outlined by Idaho Fish and Game and the Corps 
of Engineers.  Fish lengths (fork length) are to be measured on all fish.  Data files will be 
uploaded to the PTAGIS database and all tag files will be submitted to the POC and the Pacific 
States Marine Fisheries Commission to facilitate study integrity. 
 
Task 2 – PIT-tag 10,000 yearling sockeye salmon at Oxbow Hatchery 
During the February through April 2010 time frame, the contractor shall collect fish from 
raceways at Oxbow Fish Hatchery and PIT-tag 10,000 yearling sockeye salmon from the 
raceways.  Fish Lengths (Fork Length) should be measured on all fish.   
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Tasks 1 & 2 – PIT tagging protocols 
 
Fish will be collected and tagged according to the protocols outlined by the US Fish and Wildlife 
Service. Data files will be uploaded to the PTAGIS database and all tag files will be submitted to 
the POC and the Pacific States Marine Fisheries Commission to facilitate study integrity. 
 
In addition:  
 -  There shall be no tagging of obviously diseased or damaged fish 


o This includes but is not limited to BKD and Pinheads 
- Length shall be recorded for 100% of the fish. 
- Potential anomalous conditions shall be recorded for each fish that is tagged, which shall 


then be released back into the raceway or holding pond. 
- All anaesthetic water shall be tested with a PH meter prior to buffering the water 


o If the water is between PH 6.5-7.5 after adding anaesthetic, no buffering shall be 
added 


- If using a recirculation anaesthetic, UV sterilization and water change out every 2 hours 
shall be done 


- Fish Smaller than 65mm shall not be tagged 
- Tags shall only be used one time, meaning after a fish has been scanned into a tag file, do 


not use the tag again. 
- Feeding Prior to tagging 


o Contractor should request to the hatchery that fish are taken off feed 48 hours 
prior to collection and tagging. 


 
 
6.  Deliverables 
 
The contractor shall submit a written draft report no later than June 17 2012. The report shall 
concentrate on the numbers of fish tagged, details of the composition of fish at time of tagging 
and release (e.g. mean length, weight, PIT/CWT tag numbers, and etcetera), tagging files, release 
dates and a description of the health status of the fish as measured at the hatchery prior to release.  
After a 30 day review by the Corps, the contractor will address and comments and shall submit a 
final report by Aug 19 2012.  An oral presentation will not be required.  
 
7.  Coordination and Planning 
 
Pre-season planning session with Corps Planning personnel in Walla Walla, WA,  Idaho Fish and 
Game, and the Contractor may be held via conference call shortly after award. 
 
Derek Fryer shall be the POC for this work and can be contacted at (509) 527-7280 or 
Derek.S.Fryer@usace.army.mil.  All requests for information, data, assistance, et cetera shall be 
made to the POC or alternate POC.   
 
All coordination involving research objectives and the biological test plan shall be conducted 
between the principal investigator and the POC.  No changes in the SOW, cost, or schedule shall 
occur without prior approval by the Contract Officer.  The POC shall coordinate such required 
changes. 
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Preliminary Schedule 
  
Action Approximate Dates 
Award End January – 2012  
Pre Work Coordination Meeting End of January – 2012  


  
Task 1  


Sawtooth Hatchery Yearling Sockeye Tagging – 
52,000K 


February through April 2012  


Task 2  
Oxbow Hatchery Yearling Sockeye Tagging – 10,000K February through April 2012  
Fieldwork February-April  2012    
Draft Report 17 June - 2012 
Final Report 19 August - 2012 
  
 
 
 
 
 





		4.  Purpose and Scope: The Corps of Engineers collects migratory juvenile salmonids at the Federal Columbia River Power System dams on the Snake and Columbia rivers and barges them around as many as 8 downstream dams in an effort to increase survival ...

		5.  Specific Tasks:

		Task 1 – PIT-tag 52,000 yearling sockeye salmon at Sawtooth Hatchery

		Task 2 – PIT-tag 10,000 yearling sockeye salmon at Oxbow Hatchery



		6.  Deliverables

		7.  Coordination and Planning

		Preliminary Schedule





		Task 1

		Sawtooth Hatchery Yearling Sockeye Tagging – 52,000K
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RESEARCH PROPOSAL (COE) (FY12) 
  
  
TITLE:  Identifying overwintering location and natal origin for Snake River fall Chinook 


salmon  
  
PROJECT LEADERS: Dr. Richard W. Zabel 
  NOAA Fisheries / NWFSC  
  Fish Ecology Division  
  2725 Montlake Boulevard East  
  Seattle, Washington  98112-2097  
  206-860-3290; FAX 206-860-3267  
 
 Dr. Brian Kennedy 
 College of Natural Resources 
 University of Idaho 
 Moscow, ID 83843-1136 
 208-885-5171; FAX 208-885-9080 
 
 Dr. William P. Connor 
 U. S. Fish and Wildlife Service 


Idaho Fishery Resource Office 
Ahsahka, Idaho 


 
ADMIN. OFFICER: Doug Dey 


National Marine Fisheries Service  
Northwest Fisheries Science Center  
Fish Ecology Division  
2725 Montlake Boulevard East  
Seattle, Washington  98112-2097  
206-860-3237  


  
 
STUDY CODES:   TPE-W-11-2 
  
 
PROJECT DURATION:   2012-2013  
  
 
CURRENT PROPOSAL: 1 December 2011 through 31 December 2012 
  
 
SUBMISSION DATE:  September 2011 
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 II. Project Summary 
 
The life-history complexity of Snake River fall Chinook salmon has hindered efforts to manage 
the ESU.  In particular, the existence of an overwintering behavior in a portion of the population 
has complicated our ability to estimate survival through the hydropower system and to assess the 
benefit of transportation. Many of the yearling migrants move downstream after PIT-tag 
detection systems are disabled in the fall/winter, and consequently we have limited information 
on migratory patterns of these fish, which comprise a substantial proportion of returning adults. 
Further, because of this uncertainty in migratory behavior, major modeling efforts, such as 
COMPASS modeling and life-cycle modeling of the Interior Columbia Technical Recovery 
Team, were not able to model the population dynamics of Snake River fall Chinook, and there is 
a strong desire with the region to rectify this problem.  Until we have a better understanding of 
these life-history patterns, particularly the habitat usage of overwintering juveniles, it will be 
difficult to efficiently manage the entire ESU. Effective management of reservoir-type fish will 
require an understanding of the details of their life-history, including the proportion of juveniles 
that exhibit the strategy, where they over-winter, when they initiate downstream migration in the 
spring, and estuarine residence time. 
 
We propose to continue our ongoing research by conducting micro-chemical and micro-
structural analyses of otoliths, sampled from both juveniles and adults.  The geochemical 
analysis of fish otoliths (inner ear balance organs) allows for the reconstruction of important 
migrational behaviors because the tissue preserves a record of chemical experience of individual 
fish.  By analyzing these chemical signatures, it is possible to identify the location and duration 
of juvenile Chinook residences during rearing in their natal site, downstream migration from 
their rearing areas, migration through the hydrosystem, migration through and residence in the 
estuary and plume, and into the ocean.  In addition, the width of daily increments is related to 
fish growth, and growth trajectories can be back-calculated from daily growth increments.  
Combining these approaches, we can use the otoliths of returning adult Fall Chinook to quantify 
seasonal and spatially explicit patterns of habitat usage and growth. We have already have made 
considerable progress in establishing the validity and limitations of this approach for Snake 
River fall Chinook salmon.  In this proposal, we propose to utilize these established methods to 
describe variability within the population. We also propose to refine current methodology and to 
devise new methods. As part of our preliminary work, we have access to archived otoliths 
sampled from juveniles in the 1990s; we collected otoliths from wild returning adults in 2006-
2010; and we collected otoliths from PIT-tagged juveniles in 2007-2011.  Thus, we are well 
situated to conduct the research proposed here in a timely manner.  
 
This study will complement several other ongoing studies to provide managers with critical 
information to effectively manage the population.  This project fits in well with the FCRPS 
BiOp.  RPA 55 (RM&E Strategy 2—Hydrosystem Research, Monitoring, and Evaluation) calls 
for research to “Investigate, describe and quantify key characteristics of the early life history of 
Snake River Fall Chinook Salmon in the mainstem Snake, Columbia, and Clearwater rivers.”  
We will collaborate with researchers from the ongoing fall Chinook transportation study to 
identify returning adults of known origin, particularly undetected fish.  In addition, this research 
will inform the life-cycle modeling effort under the Adaptive Management Implementation Plan. 
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III. Project Description 
 
A. Background 
Anthropogenic disturbances have clearly caused drastic shifts in the life history of Snake River 
fall Chinook salmon.  The majority of their historical spawning sites were blocked by the the 
Hell’s Canyon Dam complex, and reservoirs in the migration has slowed river velocities 
substantially. Unlike their predecessors, which typically moved downstream to the estuary as 
subyearlings in spring/summer (Mains and Smith 1964), the current population typically delays 
their migration in Lower Granite Reservoir where they undergo substantial growth.  Recently, 
Connor et al. (2005) described an additional life history for juvenile Snake River fall Chinook 
salmon, which they termed “reservoir type.”  Fish that adopt the reservoir-type life history delay 
their subyearling seaward migration, and instead overwinter in reservoirs, resuming their 
seaward migration the following spring to enter the ocean as yearlings.  The significance of this 
new finding is that reservoir-type fall Chinook salmon make up a large contribution to the 
returning population of spawners, but most mitigation actions are directed at ocean-type 
juveniles. Further, many of these fish move downstream during the period when PIT-tag 
detectors are off line, resulting in a great deal uncertainty about their migratory patterns. 
 
The mechanisms behind this change are not clear.  However, temperatures of rearing streams 
may affect the timing of juvenile Snake River Fall Chinook migration (Connor et al. 2002). It is 
also possible that dam related environmental changes may have altered the selective pressures 
experienced by out-migrating Fall Chinook, thus selecting for a different juvenile strategy in 
portions of the population (Williams et al. 2009).  Temperatures in the lower Clearwater River 
are several degrees lower during high growth periods of juvenile Fall Chinook relative to similar 
rivers in the basin due to the cold outflows from Dworshak reservoir, and predicatively these fish 
migrate later and exhibit an increased propensity to overwinter.  
 
Relating migration strategy to growth and environmental change requires the ability to 
understand fish movements on a meaningful scale. This would be difficult and expensive over a 
geographic area as large as the Snake River using traditional mark-recapture techniques. Otolith 
microchemistry offers a resource-efficient method of analyzing the movements of individual fish 
at a finer geographic scale than is possible with current tagging technology. The daily growth 
increments of fish otoliths record the chemical signatures of the environments through which a 
fish passes. Naturally occurring elements and isotopes are taken up in the aragonite matrix of the 
otolith, resulting in a temporal and spatial record of the movements of the fish. Stable isotopes of 
strontium, as well as period I and II elements which substitute for calcium in the otolith matrix, 
are taken up predictably into the otolith making them useful tracers of fish movement.   
 
Analyses of otolith microchemistry can yield information on key details of fish life history, such 
as population origin (Barnett-Johnson et al. 2005), residence times in particular habitats, and 
timing of migration (Kennedy et al. 2002).  We will analyze otoliths from adults of known life-
history types to reconstruct their life histories during the juvenile stage (hatching to ocean entry) 
by estimating residence times in segments along the migration route (see Kennedy et al. 2002).  
In doing so, we will address the following questions: where do reservoir-type fall Chinook 
overwinter in the Columbia River watershed?  Where and for how long are fish of various life 
history strategies and natal origins residing during downstream migration, and when do they 
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migrate out of the hydrosystem?  When do fish enter the ocean and how much time do they 
spend in lower river habitats, including the estuary?  How are the various life strategies 
represented across the populations and cohorts used in transportation studies? 
 
B. Objectives 
 
Objective I. Determine migratory patterns of wild yearling migrants 
 
The primary objective of the study is to determine when and where yearling fall Chinook 
overwinter, and when they migrate downstream to the ocean.  Based on previous analyses, we 
will be able to achieve the following resolution.  Spatially, we can place fish into 5 separate 
areas: 1) their natal rearing area (e.g., Clearwater River, upper Snake (above Salmon River), 
Snake between Clearwater and Salmon rivers, or Grande Ronde), 2) lower Snake River (below 
Clearwater), 3) lower Columbia River, 4) estuary/plume, and 5) ocean.  Temporally, we can 
confidently resolve timing to within a month or so, so we plan to assign fish locations to the 
following time periods: 1) late Summer, 2) early Fall, 3) late Fall, 4) early Winter, 5) late Winter, 
6) early Spring, 7) late Spring, and 8) early Summer.  In addition, we can estimate the size of 
individuals (based on fish size/otolith size relationships) during their identified life stages.  
 
Objective II. Determine migratory patterns of fish from the transportation study 
 
We will target specific groups of fish from the transport study for analysis.  In particular, we 
propose to identify fish (at Lower granite Dam) that were in the “undetected” category to 
determine the migratory history of these fish.  Specifically, we will determine the proportion of 
these fish that migrated as yearlings and those that migrated as sub-yearlings but passed through 
the hydrosystem undetected.  Hopefully this type of information can help in data analyses and 
future study design.  We will also target transported fish to determine their post-release 
migration patterns.  Did they overwinter in freshwater below Bonneville or did they continue 
their migration as subyearlings?  Do these patterns change as the season progresses (e.g., do fish 
transported later in the season tend to overwinter below Bonneville)?  Such information can 
potentially inform decisions on transport timing.  Also, we will determine from these fish 
whether we can detect a transport chemical signature (i.e, an abrupt change from the lower Snake 
to lower Columbia signature versus a gradual one).  If this is possible, we can identify returning 
adults that were transported as juveniles and determine the proportion of the population that they 
represent. 
 
Objective III.  Compare wild fish to hatchery surrogates 
 
Another issue with the transportation study (and survival studies) is whether the hatchery 
surrogates represent the natural-origin population, particularly with regard to life-history patterns 
that might affect adult return rates. We therefore propose to extend the similarity index (between 
hatchery and natural-origin fish) developed by Billy Connor to cover later life stages, such as 
timing and location of overwintering and timing of ocean entry. 
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Objective IV. Assign adult fish to natal origin and life-history type. 
 
By determining the natal origin of an individual, we can assess whether overwintering habitat 
usage varies according to natal origin.  Also, from the chemical signature trajectories, we will 
determine whether each individual completed its migration through freshwater as a subyearling 
or yearling.  We can then estimate the proportion of each life-history type for each natal site.  
Using variability in this proportion across sites and years, we will ultimately develop predictive 
relationships of which factors (e.g., rearing temperature) determines these proportions.  Finally, 
based on representation of the natal sites in random samples of returning adults, we can 
determine the relative productivity of each site, and observe how that productivity varies among 
sites and across years. 
 
Objective V.  Develop methods to distinguish between hatchery- and natural-origin adults 
 
Many fish identified as natural-origin are really hatchery fish without their adipose fins clipped.  
Such fish are currently identified by scale analysis, but there is some question about the validity 
of these scale readings.  We propose to develop methods to distinguish hatchery- from wild-
origin fish, using both micro-chemical and micro-structural methods. 
 
Objective VI.  Apply results to modeling efforts of fall Chinook model under development. 
 
A group of researchers, partially funded by the Corps, are beginning to develop population 
viability models for Snake River fall Chinook. In contrast to models for spring Chinook, many 
certainties remain unresolved for fall Chinook.  We plan to coordinate with the modeling group 
to help inform the development of new models.  In particular, we can provide estimates of how 
the various rearing sites contribute to the entire ESU, the proportion of subyearling versus 
yearling migrants by population, and growth rates of individuals across habitats and life stages. 
 
C. Methodology 
 


Otolith microchemistry offers an emerging approach for analyzing the lifetime movements of 
individual fish at a finer geographic and temporal scale than is possible with current tagging 
technology. The daily growth increments of fish otoliths record the chemical signatures of the 
environments through which a fish passes. Naturally occurring elements and isotopes are taken 
up in the aragonite matrix of the otolith, resulting in a temporal and spatial record of the spatial 
movements and habitat use of individual fish. Stable isotopes of strontium (Sr), as well as period 
I and II elements which substitute for calcium in the otolith matrix, are taken up predictably into 
the otolith making them useful tracers of fish movement.  We propose to quantify the expression 
of the yearling migration strategy within the population of Snake River juvenile fall Chinook 
salmon with the objective of determining whether representation of the overwintering strategy is 
structured spatially and how this relates to adult survival.  Much of this work has been underway 
since 2008. 
 
Our approach in applying otolith microchemistry is a conservative one that begins with 
understanding the geologic variability within the study area and quantifying the extant of spatial 
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and temporal variability within the aqueous geochemistry of potential source habitats (Fig. 1).  
Next, we use ground truthing methods of resident or juvenile fish to quantify fractionation 
factors for elemental concentrations and confirm our expectations of isotope ratios that are based 
upon water sampling.  Based upon our preliminary data, we have a enough geologic, 
geochemical and otolith microchemistry information and experience within this system 1) to 
know that this approach is feasible, 2) to understand the spatial and temporal limitations of this 
approach within the Snake and Columbia River systems and 3) to develop realistic models that 
quantify the confidence of our habitat classifications and source site discriminations. 
 
 
 
 


 
 
Figure 1. Lithologic variation in the Snake Basin 
 
 
Water Chemistry 
 
Variation in chemical and isotopic signatures depends largely on spatial variation in the 
underlying geology of the stream (Kennedy 2000). Thus, the variation in geology within the 
study system must be taken into account.   Water samples will be taken from major spawning 
tributaries and along the main stem of the Snake River (Fig. 2) to determine the spatial variation 
of isotopic and elemental signatures within the basin. Samples will be collected from each 
sampling site during summer and fall seasons of 2011 with spring, and duplicate summer, fall 
samples collected in 2012.  These data will build from a 3-year study of geochemical variation 
within the basin 
 
Samples will be collected below the surface at or near midstream in acid washed HDPE water 
sampling bottles using clean technique to minimize contamination. Samples will be centrifuged 
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to remove particulates below 0.45µm, dried and digested in clean hydrofluoric and nitric acids 
before analysis. All samples were analyzed using isotope dilution on a Finnigan MAT 262 Multi-
Collector Thermal Ionization Mass Spectrometer (TIMS) for 87Sr/86Sr ratio.  We will use a 
combination of pairwise ANOVA and cluster analysis to determine if signatures from sampling 
sites are unique and the degree to which source sites are distinguishable from each other.  
 
 


 
Figure 2. Map of study area above Hells Canyon. Rivers highlighted in grey are current range of 


Fall Chinook Spawning from Redd Surveys. Diamonds are dams, circles are water 
sampling points. Crosshatching indicates watershed above Hells Canyon Dam. 


 
 
Otolith Collection 


 
We will collect otoliths from the following three sources: 
 
1) Otoliths from returning adult Fall Chinook salmon of wild origin will be collected at Lyons 
Ferry Fish Hatchery (Lyons Ferry, WA) during spawning operations over three years (2010-
2012) and analyzed for growth and microchemistry. Both saggital otoliths will be removed from 
unmarked, presumably wild, fish included in hatchery spawning as a part of the wild stock 
inclusion program. Fish will be presumed to be wild if they had an intact adipose fin and 
contained no hatchery implanted tags. Length, fork length, weight, and scale samples will be 
taken for all fish at the time of otolith removal. The results of subsequent scale analysis will be 
used to exclude any unmarked hatchery fish that had been unknowingly included in otolith 
collection.  Based on availability, we will collect otoliths from approximately 300 fish per year, 
and these fish will represent a random sample of the entire population. 
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2) We will also sample otoliths from up to 100 adults per year that were PIT-tagged as part of the 
transportation study (W. Connor and D. Marsh PIs).  We will identify individuals at Lower 
Granite Dam that were “undetected” during their downstream migration or transported.  The 
micro-chemical analysis will help to elucidate migratory patterns for these fish.  These fish will 
be included as brood stock for Lyons Ferry Hatchery, and we will obtain otoliths from them in 
the manner described above. 
 
3) As a control, the otoliths from known-origin juvenile fish have been and will continue to be 
collected in collaboration with the USFWS as part of ongoing population studies within the 
basin. Juveniles will be collected with beach seines, marked with at passive integrated 
transponder (PIT) tag, and released at known locations in Hells Canyon on the Snake River and 
the Clearwater River. These fish will then be captured at Lower Granite dam and sorted by code 
when their PIT tags were recognized as they passed through the dam bypass facility.  We will 
collect approximately 100 of these fish per year, with the sample size based on limitations under 
the ESA permit. 
 
We note that the sample sizes above are primarily determined by availability of samples and our 
ability to analyze them.  Most of our data analyses are based on determining proportions of fish 
adopting various life-history strategies and groups representing their natal origins.  We do not 
plan any formal statistical hypothesis testing at this point, and so we do not include a power 
analysis. 
 
Otolith preparation 
 
Left saggital otoliths will be prepared for analysis using standard polishing techniques similar to 
Secor et al. (1991) to reveal daily rings associated with juvenile freshwater residence. Otoliths 
will be mounted on glass microscope slides on a saggital plane using Crystal Bond! resin 
(http://www.crystalbond.com/) and subsequently ground using alumina slurries of decreasing 
abrasiveness on a lapping wheel. Polishing is complete when the otolith core was exposed and 
daily rings can be discerned from the core to the edge of the otolith. All analysis will be 
performed on the dorsal side of the otoliths in the region perpendicular to the sulcus as this area 
contained the most repeatable and clear growth rings. 
 
Fish length/otolith radius relationships 
 
Analyzing otolith microstructure is a two-step process consisting of otolith preparation, 
described above, and observation (Campana and Neilson 1985). Otoliths are observed and 
analyzed using an image analysis system.  Each sectioned otolith is viewed under a light 
microscope with an attached high-resolution digital camera.  The otolith image beneath the 
microscope is captured by the camera and.  After an image is captured and stored, the image 
analysis system allows for image enhancement, manipulation and quantification.  For our 
purposes, we enhance the otolith images to increase overall picture clarity and we use semi-
automated macros that assist in counts and measurements of otolith growth increments. 
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The result of this stage of the analysis is a sequence of daily growth increments for each otolith.  
This serves two purposes for the analyses that follow.  First, by relating fish length to otolith 
length, we can reconstruct growth trajectories for individual fish. We will apply methods 
developed specifically for Snake River fall Chinook (Zabel et al. 2010) to back-calculate growth 
trajectories (Figure 3).  Second, the daily increments allow us to pinpoint specific time periods 
on the otolith for chemical sampling. 
 
 


 
Figure 3.  Fork length/otolith length relationships for Snake River fall Chinook (modified from 


Zabel et al. 2010).  Circles represent individual fish, solid line is the best fit relationship 
(with 95 % confidence intervals.  Dashed line represents an extrapolation of the relationship 
beyond the observations. 


 
In addition, we will examine otolith micro-structure to reveal annuli – dark bands that form 
during winter months due to slower growth.  These can be used to age individuals and to 
determine whether fish entered the ocean as yearlings or subyearlings (see below). 
 


Otolith Microchemistry 


 
Prepared otoliths will be analyzed for 87Sr/86Sr isotopic ratio to reconstruct the natal stream, 
rearing location and overwintering location of the fish from the isotopic patterns in their otoliths. 
Isotopic ratio of Sr will be analyzed using a Finnigan Neptune (Thermo Scientific) multicollector 
inductively coupled plasma mass spectrometer coupled with a New Wave UP-213 laser ablation 
sampling system (LA-MC-ICPMS). Elemental analyses as additional variables to identify 
sources, habitats and timing of juvenile stage will be performed on a Finnigan Element2 high 
resolution single collector inductively coupled plasma mass spectrometer (HR-ICP-MS) coupled 
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with the same New Wave UP-213 laser ablation system. All otolith analysis will be conducted at 
the Washington State University Geoanalytical Laboratory (Pullman, WA). 
 
The first stable signature beyond 110µm and within 250µm from the otolith core on the dorsal 
side is considered to be the natal stream signature. If no stable signature is detected, the first peak 
or valley in 87Sr/86Sr ratio will be used as the natal signature. This range will be used in order to 
assure that we captured the true natal location, before migration to downstream rearing habitat. 
Approximately 110µm corresponds to the mean distance of the hatch check from the otolith core 
of juvenile fish captured at Lower Granite dam during outmigration (n=19, st. dev.=13µm).  
Comparatively, 250µm represents a conservative estimate of the beginning of downstream 
migration to rearing habitat based on the location of exogenous feeding checks reported in 
California Central Valley Fall Chinook salmon (Barnett-Johnson et al. 2005). 
 
Saltwater entry will be determined by a stable signature of 0.70918, the global ocean signature, 
as well as a characteristic sudden increase in the intensity of the Sr signal corresponding to the 
great increase in Sr concentration in the ocean versus fresh water.  We will use information on Sr 
isotopic ratio along with Sr intensity to assess when an individual entered the ocean (Figure 4). 
 


 
 
Figure 4: Strontium 87/86 ratio (darker line) and Sr intensity (lighter line) profiles from core to 


edge ablations (black solid line). The horizontal dashed line corresponds to the marine Sr 
87/86 ratio, and the vertical dashed line represents the beginning of the first annulus. In this 
fish, the strontium ratio showed a marine signature after the formation of the first annulus, 
indicating that they were yearling migrants. 


 
Figure 4 demonstrates the type of information we can attain from a strontium isotopic ratio and 
intensity transect. The natal origin of this fish was likely the Clearwater River (based on the 
elevated the 87Sr/86Sr isotopic ratio of approximately .714), and the fish reared there until it 
reached approximately 100 mm (corresponding to approximately 600 µm on the otolith). It spent 
an extended period (~3 months based on the amount of growth exhibited) in the lower Snake 
River (87Sr/86Sr isotopic ratio of approximately .710), and then migrated relatively rapidly to 
ocean, entering the ocean in early winter (based on the increase in strontium intensity and 
decrease in 87Sr/86Sr isotopic ratio) coinciding with the first annulus. The fish was approximately 
200 mm when it entered the ocean, based on an otolith width of ~1000 µm.  This type of analysis 
will be performed on all the adult otoliths we collect for the study. We estimate that it will take 
approximately two hours per otolith to prepare it and conduct the chemical analysis. 
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Elemental chemistry will be determined on all otoliths using a laser ablation transect which 
proceeded from the edge of the otolith to the core (30µm/second, 40µm laser spot size). When 
possible the ablation transect was located immediately adjacent and parallel to the isotopic 
transect. The distance from the otolith core for each integration will be back- calculated based on 
the speed of the laser. Elemental concentrations will be determined for at least Sr, Ca, Mn, Mg 
and Ba and expressed in terms of a ratio with calcium. Natal, rearing and overwintering 
signatures for Sr:Ca, Mn:Ca, Mg:Ca, Ba:Ca will be calculated over the same distance used to 
determine Sr signature, or, in the case of a longitudinal scan the average of  50µm on either side 
of the location of the longitudinal scan from the isotopic analysis. 
 
Fish Classification 


 
Fish will be classified to their natal stream and overwintering strategy and location using a 
combination of linear discriminate function analysis (LDFA) and clustering analysis techniques 
(Figs 5 and 6).  For LDFA’s we will start with existing data of the geographic variation in natal 
strontium 87Sr/86Sr signatures with equal prior probability and jackknife re-sampling. Fish will be 
classified using the average Sr signatures for each water sampling point within the basin as the 
training set. We will use cluster analysis of elemental signatures (Sr:Ca, Mn:Ca, Mg:Ca, Ba:Ca) 
to distinguish the signatures of the Clearwater and Salmon rivers because Sr signals were not 
significantly different in these streams.  
 
Known origin juvenile signatures will provide a validation of our ability to statistically classify 
fish to their natal stream (Figure 5). To test the hypothesis that expression of the yearling 
juvenile life history is non-randomly distributed within the basin we will compare the proportion 
of yearling fish originating from each of the classification groups to the basinwide average using 
multiple comparison permutation Chi-Squared tests.  Our preliminary results indicate that we can 
successfully place fish into one of four natal areas (Figure 6). 
 
The overwintering site is based on a stable signature before yearlings enter the ocean.  Almost all 
the fish we analyzed overwintered in the lower Snake River (Figure 6). 
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Schedule 
 
We will sample otoliths from adults at Lyons Ferry Hatchery during spawning times in October 
and November, 2011.  This will require 2-3 visits to the hatchery.  We will process previously 
collected otoliths at WSU during three 1-week periods in the first 6 months of 2012 according to 
lab availability.  We will obtain otoliths from the juvenile samples in late Summer, 2012.  These 
samples will be processed at WSU during a 1-week period in Aug-Sep, 2012.  We will prepare a 
report of activities and results in December, 2012. 
 
In the past year, we sampled the entire run of presumed wild fish used for spawning at Lyons 
Ferry Hatchery during the 2010 run. This amounted to 843 adult fish. Of these, 32 were wild fish 
of known origin. These fish had been PIT tagged as juveniles in their natal stream by NOAA as 
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part of a sort-by-code experiment at Lower Granite Dam but were not captured as juveniles.  
 
Juvenile samples were also collected from beach seine sampling as well as hatchery juveniles. 
Beach seine sampling during 2010 yielded 35 fish from the Snake, Grande Ronde and 
Clearwater Rivers. Beach seine sampling during 2011 yielded 26 fish from the Snake and grande 
Ronde Rivers. Fifteen (15) juveniles were sampled from Nez Perce Tribal Hatchery and 10 
juveniles were sampled from Lyons Ferry Hatchery. 
 
Of these fish 133 were analyzed for 87Sr/86Sr during 2010-11 to date. These included 111 adults 
(32 of known origin) and 22 juveniles (11 known origin).  These isotopic analyses will be used to 
reconstruct migration histories of adult and juvenile fish, validate classification of natal location, 
and develop methods of discriminating hatchery and wild fish using otolith chemistry 
 
C. Facilities and Equipment 
 
1. Microstructure Analysis 
 
The Northwest Fisheries Science Center has a recently remodeled lab dedicated to analyzing 
otolith microstructure.  The lab has the following equipment for otolith preparation: dissecting 
and compound microscopes, Isomet saw, custom built grinders/polishers, oven, and hood.  To 
conduct the image analyses, the lab has a high-magnification Zeiss Axioskop compound 
microscope, high-resolution MicroPublisher digital camera, and Image-Pro Plus image analysis 
software. 
   
2. Geochemical Analysis 
 
Kennedy has been analyzing geochemical tracers in fish tissues for over 10 years.  He will 
oversee all analytical analyses and has direct supervision, or open access with analytical facilities 
with all necessary analytical instrumentation.  All the facilities and major equipment necessary to 
carry out the proposed chemical and isotopic sample preparations and analyses are housed either 
in the College of Natural Resources, University of Idaho; the Department of Geological Sciences 
at the University of Michigan; or the School of Earth and Environmental Sciences at Washington 
State University (with whom Kennedy and NMFS-NWFSC actively collaborate). These 
laboratories include the following instruments and facilities: 
 
COLLEGE OF NATURAL RESOURCES (UNIVERSITY OF IDAHO): 
 
- Wet aquatic lab and fish otolith preparation facility for preparation, mounting and digestion 


of biological material. 
 
- Finnigan Delta Plus isotope ratio mass spectrometer and Delta XP IRMS, H-device and 


TC/EA (Bremen, Germany), a continuous flow isotope ratio mass spectrometer (CF-IRMS) 
dedicated to the analysis of 15N and 13C analysis and interfaced to CE Instrument's NC 2500 
elemental analyzer (EA), interfaced through the Conflo IIa (Lakewood, New Jersey) under 
the supervision of Dr. John D Marshall. 
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RADIOGENIC ISOTOPE GEOCHEMISTRY LABORATORY (RIGL) AND W.M. KECK ENVIRONMENTAL 
GEOCHEMISTRY LABORATORY (KECK) IN THE DEPARTMENT OF GEOLOGICAL SCIENCES (U. 
MICH.): 
 
- Finnigan MAT 262 Multi-Collector Thermal Ionization Mass Spectrometer (TIMS). The 262 


has been used to look at a number of isotopic systems but is particularly well suited for 
analyzing Sr isotope ratios and those of other radiogenic isotopes.  Multiple Faraday cups 
allow very high precision and sensitivity at even very low elemental levels. 


 
- Perkin-Elmer “Optima” 3300DV Inductively Coupled Plasma Optical Emission 


Spectrometer (ICP-OES) 
 
- Finnigan MAT ELEMENT I AND II magnetic sector (high-resolution) ICPMS: The 


ELEMENT with now over 160 installations worldwide represents the most sensitive ICPMS 
instrumentation currently available. The instrument at the KECK laboratory was installed in 
1997. This particular instrument offers superior sensitivities even compared to the latest 
ELEMENT2 instruments, exceeding current specifications of new instruments by a factor of 
5. With ion transmission efficiencies in the 0.2 – 0.5 % range (or accounting for every 500 – 
2000th atom introduced into the plasma) the detection limits for almost all elemental analysis 
are truly blank limited.  


 
DEPARTMENT OF GEOLOGY (WASHINGTON STATE UNIVERSITY): 
 
- Finnigan MAT Element2 sector (high-resolution) The high resolution single collector ICP-


MS (HR-ICP-MS), a Finnigan Element2, is capable of analyzing elements in solution at 
concentrations as low as parts per quadrillion (see table above) and has a dynamic range of 
over 9 orders of magnitude. The Element2 is a double focussing, reverse Nier-Johnson 
geometry spectrometer with 3 selectable mass resolutions (M/ !M of 400, 3000 and 10,000). 
By using increased resolution, most isobaric interferences can be resolved during the 
analysis, minimizing the need for extensive sample processing. 


 
- Finnigan Neptune Multi-collector high resolution ICPMS coupled to laser ablation system 


for analyzing solid samples in situ. Combined with the New Wave UP-213 laser ablation 
system, the Neptune and the Element2 provide a powerful combination of tools for the in-
situ determination of trace elements in individual crystals and Sr isotopic composition of 
solid samples. Currently we are able to determine Sr isotope ratios with about 0.01% 
accuracy and precision with a 35 second laser analysis and using a 30 micron spot size.  


 
D. Impacts 
 
The adult otoliths in this study will come from adults at Lyons Ferry Hatchery that have just 
undergone artificial spawning.  Because these fish are already dead, this activity will have no 
negative impact on the ESU.  We will also sample approximately 100 previously PIT-tagged 
juveniles in collaboration with a BPA survival study (W. Connor PI), which will be sampled in 
the sort-by-code unit.  None of these activities will require any special operations, nor will they 
impact any other studies. 
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E. Collaborative arrangements and/or sub-contracts 
 
NOAA Fisheries will sub-contract to University of Idaho to support Jens Hegg (graduate 
student) and partial funding (1 month) for Dr. Brian Kennedy. 
NOAA Fisheries will sub-contract to Washington State University for lab rental fees. 
 
IV. List of Key Personnel and Project duties 
 
Dr. Rich Zabel, NOAA Fisheries, co-PI, project coordination, data analysis and writing up 
results. 
Dr. Brian Kennedy, University of Idaho, co-PI, project coordination, data analysis and writing 
up results, micro-chemical analyses of water samples at UM. 
Dr. Billy Connor, USFWS, co-PI, project coordination, data analysis and writing up results. 
Dr. Ken Tiffan, USGS, co-PI, project coordination, data analysis and writing up results. 
Dr. Paul Chittaro, NOAA Fisheries, preparation of otoliths, micro-chemical analyses of fish 
samples at WSU, data analysis and writing up results. 
Jens Hegg, University of Idaho, preparation of otoliths, micro-chemical analyses of fish samples 
at WSU, data analysis and writing up results. 
 
V.  Technology transfer 
 
Technology transfer will be in the form of written and oral research reports as required.  Draft 
reports will be provided to the COE.  Results will also be published in appropriate scientific 
journals and presented at scientific forums. 
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PROJECT SUMMARY 


 


 This goals of this study are to understand the processes that contribute to high percentages 


of out-of basin salmonids straying and spawning with endangered and threatened populations of 


Columbia River salmon and, specifically, to develop methods to reduce wandering and straying 


of steelhead Oncorhynchus mykiss that are collected and barged from the Snake River to below 


Bonneville Dam. Salmon and steelhead that stray and spawn in non-natal streams are a 


significant conservation concern, because they may confound accurate assessment of the VSP 


parameters of recovering native populations and decrease the productivity of these populations 


through genetic introgression or ecological competition (Araki, et al. 2009; Chilcote 2003: 


Chilcote et al. 2011). These issues are a particular concern for mid-Columbia River stocks, listed 


as threatened species under the ESA (ISAB 2010; Ruzycki and Carmichael 2010), because 


salmon that are collected and barged downstream as juveniles have shown higher stray rates into 


these watersheds as returning adults relative to in-river migrants (Keefer et al. 2008; ISAB 


2010).  For example, from 2007 through 2010, 5,014 PIT tagged wild and hatchery steelhead that 


were barged and 1,723 that migrated in-river were detected as adults at Bonneville Dam.  Of 


these, 259 (5.13%) that were barged were detected on the John Day PIT tag detector array or at 


the Shears Falls adult fish trap on the Deschutes River (and a few on other tributaries), while 


only 7 (0.41%) that migrated in-river were detected in tributaries. However, while barging may 


contribute to elevated stray rates, there are substantial benefits from barging because transported 


Snake River steelhead consistently have higher smolt-to-adult returns (SARs) than steelhead left 


to migrate in-river (CSS 2010; Williams et al 2005). Therefore, it is important to identify and 


develop strategies for reducing the stray rates of transported steelhead while maintaining the 
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survival benefits consistently observed for barged steelhead. We hypothesize that transporting 


juvenile salmon by barge interferes with the natural process of sequential imprinting in juveniles 


as they migrate seaward through the Columbia River and, therefore, results in impaired homing 


ability and elevated straying by adults. This study will address this hypothesis by identifying 


processes that contribute to elevated levels of straying in salmonids, identifying and evaluating 


critical environmental parameters that contribute to successful imprinting during barge operation, 


and developing and implementing alternative barging strategies to reduce the stray rates of 


steelhead that are collected and barged to below Bonneville Dam.   


The specific aims of this proposal are: 1) Conduct an analysis of existing coded wire 


(CWT) and PIT tag data to identify causative factors associated with straying by Columbia River 


salmonids, particularly as it relates to natural rates of straying and straying associated with 


transport; 2) Assess imprinting of barged and in-river migrants by monitoring imprinting 


associated changes in physiological function and gene expression as indicators of imprinting 


success. 3) Identify key environmental parameters (e.g. orienting current, water exchange rate, 


novel tributary water) that are important for imprinting barged fish and develop barging 


protocols to optimize imprinting success and thereby minimize straying using a controlled 


laboratory study. 4) Initiate tests of a modified barge protocol designed to maintain survival 


benefits while reducing wandering, delay, and straying behavior of returning adults. 


 


Relevance 


 This study addresses needs identified in NOAA’s 2008 Biological Opinion (BiOp), 


Hydropower Strategy 3 - Reasonable and Prudent Alternative (RPA) 30, RM&E Strategy  


2 – RPA Action 54, “Monitor and evaluate the effectiveness of the juvenile fish transportation 
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program and modifications to operations”.  Further, in a recent review of proposed transport 


operations for 2010, the Independent Scientific Advisory Board (ISAB 2010-2) recommended a 


mixed strategy of transport and spill, in part, because of concerns about increased straying of 


transported steelhead and their adverse effect on mid-Columbia steelhead populations. Finally, 


both RPA 52.6 and 55.9 of the BiOP call for utilizing existing and future tagging data to assess 


stray rates of Columbia River salmon and the Northwest Power and Conservation Council, 


federal Action Agencies, and NOAA Fisheries, recently released a draft PIT Tag Plan  (NWPPC 


2011) that includes recommendations to analyze existing and future PIT tag data to assess 


straying. 


 


BACKGROUND 


 


 Both homing and straying are fundamental behaviors of anadromous salmonids, with the 


proportion of adults successfully homing varying by species, stock, river system, and year 


(Quinn 2005).  Homing ensures that individuals return to an environment that provides suitable 


habitat and environmental conditions for spawning, rearing and conspecifics for breeding, while 


some degree of straying ensures that new habitats will be inhabited, potential founding stock 


sources are available in case of catastrophic losses, and to provide new genetic material (Quinn 


2005).  Tagging studies of straying have shown that adult strays are attracted to some rivers more 


than others, that older adults stray at higher rates than younger adults, with some straying forced 


by the presence of dams and weirs interfering with adult migrant searching behavior (Quinn 


1993).  Limited data suggest that stray rates generally range from 5 to 10% in natural populations 


but may vary considerably between species and populations (Hendry et al. 2004).  
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 The final freshwater stages of salmon homing migrations are governed by the olfactory 


discrimination of home-stream water.  Prior to their seaward migration, juvenile salmon learn 


(imprint on) site-specific odors associated with their home stream, and later use these retained 


odor memories to guide the final phases of their homing migration (Hasler and Scholz 1983).  


This imprinting process is critical for the successful completion of the spawning migration, and 


salmon that do not experience their natal water during appropriate juvenile stages are more likely 


to stray to non-natal sites (Quinn 1993).  A number of studies have identified the parr-smolt 


transformation as a particularly critical period for olfactory imprinting (Hasler and Scholz 1983; 


Dittman et al. 1996; Yamamoto et al. 2010), but salmon may also imprint at other stages of their 


juvenile rearing or outmigration (Dittman and Quinn 1996).   


Johnsen (1982) hypothesized that salmonids followed a “sign stimulus” during homing, 


swimming upstream as long as chemicals form their home stream were detected, but swimming 


back downstream when they were not.  Rather than imprinting on a single natal site, salmon are 


thought to sequentially imprint by learning a series of olfactory waypoints as they migrate 


through freshwater as juveniles and then later retrace this odor sequence as adults (Harden Jones 


1968; Brannon 1982), thus explaining how returning adults can detect the odor of a small 


tributary stream more than 1,000 km inland in a large river such as the Columbia.  Sequential 


imprinting involves complex feedback between developmental processes, environmental 


changes, and migration (Dittman and Quinn 1996) and successful imprinting may be disrupted 


when fish are transported (or barged) (Lister et al. 1981; Keefer et al. 2008; Marsh et al. 2010).   


 The process of olfactory imprinting appears to involve complex, but predictable changes in 


function and memory formation in the olfactory system of juvenile salmon (Nevitt and Dittman 


1998).  Imprinting is associated with changes in the thyroid endocrine axis that influence 
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neuronal function.  Both developmentally-regulated and environmentally-induced changes in 


thyroid hormone function may play an important role in successful imprinting (Dittman and 


Quinn 1996).  In particular, during imprinting the number of olfactory neurons that are 


responsive to an imprinting odorant increases and the sensitivity of those neurons to that 


odorant is heightened (Nevitt et al. 1994; Nevitt and Dittman 2004).  This heightened 


cellular sensitivity appears to be related to increased numbers of cells expressing a given 


receptor protein and increased expression of the receptor within responsive neurons 


(Speca et al 1997; Dittman et al 2009).  These imprinting‐associated changes in olfactory 


function may be exploited to assess olfactory imprinting success (Dittman and Quinn 1996; 


Dittman et al. 2009) 


  Experiments to assess the homing success of salmon smolts that were barged through the 


Columbia River system have shown varying results.  Early studies of homing behavior for smolts 


trucked or barged from Snake River dams to below Bonneville Dam showed only slightly higher 


levels of straying compared to those migrating in-river (Ebel 1980). However, more recent 


analysis suggests that barging may have significant effects on stray rates.  For example, PIT tag 


analysis (2007-2010 return year) of steelhead transported as smolts from Lower Granite Dam on 


the Snake River to a release site below Bonneville Dam indicated that returning adults strayed (at 


least temporarily) into the John Day and Deschutes Rivers at a rate 12.5 fold higher than in-river 


migrants (Marsh et al. unpublished). Furthermore, radiotelemetry studies of adult salmon that 


had been barged or allowed to migrate in river as juveniles indicated that barged fish strayed 


more and had more dam fall back events than in-river migrants suggesting that barged fish had 


impaired homing abilities (Keefer et al. 2008).  
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 The distance that salmon smolts are barged may also play an important role in subsequent 


homing success. Solazzi et al. (1991) barged coho salmon O. kisutch from Cascade Hatchery in 


the lower Columbia River to six release points ranging from near the hatchery to 19 km offshore 


outside of the Columbia River plume.  They found stray rates ranged from 0.1 to 37.5% for the 


groups, with stray rate increasing the further smolts were transported. Similarly, Marsh et al. 


(2010) found that Snake River steelhead smolts barged further downstream to the Columbia 


River estuary had increased rates of straying relative to fish released just below Bonneville Dam.  


 Elevated stray rates of barged Snake River salmon into non-natal streams is a conservation 


concern because of the potential for negative genetic and ecological interactions between stray 


spawners and native populations (Araki, et al. 2009; Chilcote 2003: Chilcote et al. 2011). This is 


a particular concern for mid-Columbia River steelhead populations because they are listed as a 


threatened species under the Endangered Species Act (ISAB 2010; Ruzycki and Carmichael 


2010) and even small increases in stray rates may have profound effects on these populations 


given the scale of the Snake River hatchery steelhead program (8 to 10 million smolts 


released/year). In the John Day River, steelhead redd densities have shown a significant decline 


since 1959, while spring Chinook salmon redd densities have shown a general, but not 


significant increase.  A possible explanation for this difference is the influence of out-of-basin 


hatchery strays on the spawning ground in the John Day River and their effect on steelhead 


productivity (Ruzycki and Carmichael 2010).  Chilcote (2003) found that a steelhead spawning 


population composed of 50% hatchery fish had a productivity of only 63% of one composed 


entirely of wild native fish.  Ruzycki and Carmichael (2010) found that a significant portion of 


the John Day River spawning steelhead population was composed of hatchery fish in recent 


years, even though no hatchery steelhead are released into the John Day River Basin.  For 
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example, they estimated that 1,590 hatchery-origin spawners were present on the John Day River 


spawning grounds during 2007, 2,058 in 2008, and 502 in 2009.  Further, the majority of these 


strays were transported from the Snake River.  Although spring Chinook salmon strays were 


found on the John Day River as well, their stray rate was much lower than that of steelhead. 


 While barging smolts results in elevated stray rates, barging of Snake River hatchery and 


wild steelhead from Snake River dams has consistently returned a higher percentage of adults 


than allowing fish to migrate in-river (CSS 2010; Williams et al. 2005). Because Snake River 


wild steelhead are also listed as a threatened species under the Endangered Species Act, 


developing a transport method that reduces the rate of steelhead straying, while maintaining the 


benefit in SARs provided by barging is important.   


 The ultimate goal of this proposal is to develop a modified barge protocol designed 


to maintain survival benefits for Columbia River salmonids while reducing wandering, delay, 


and straying behavior of returning adults. To be useful, the modified barging protocol must not 


only reduce stray rates but must also meet several criteria including: 1) maintain a benefit in 


SAR compared to in-river migrants, 2) be operationally feasible in terms of cost and logistics, 


and 3) keep potential risk of disease or stress that might contribute to post-release mortality at an 


acceptable level while fish are on the barge (Dietrich et al. 2010).  To achieve these goals we 


propose four specific objectives.  


 


1. Analysis of existing CWT and PIT tag data to identify causative factors associated with 


straying by Columbia River salmonids. Straying, like homing, is a normal component of 


salmon biology and life history strategy. In addition to transport, many factors may either 


interfere with the process of imprinting and homing or may influence the tendency of salmon to 
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stray.  In order to develop strategies that will decrease the levels of straying in transported fish, it 


is important to more fully understand the processes that may contribute to the tendency for a fish 


to stray. Analysis of CWT and PIT tag data will be used to help understand the effects of 


transport on straying by examining variation in stray rates between and within species, sources 


and sinks for strays, and differences in stray rates between hatchery and wild populations.  


 


 2. Assess imprinting of barged and in-river migrants by monitoring imprinting-associated 


changes in physiological function and gene expression as indicators of imprinting success.  


Using physiological correlates for successful imprinting will allow for efficient and cost-


effective assessments of different transport methods developed to minimize straying of Snake 


River steelhead and other salmonids. Juvenile steelhead will be collected at several points during 


their outmigration to assess imprinting-associated changes in the olfactory system and endocrine 


physiology of in-river migrants and salmon transported by standard and modified barging 


protocols.  


 


3. Identify key environmental parameters that are important for successful imprinting in 


barged fish using a controlled laboratory study. To help facilitate development of barging 


protocols that optimize imprinting success, a controlled laboratory studies will be initiated to 


assess whether key environmental parameters (e.g., orienting current, novel tributary water 


exposure) will affect imprinting-associated changes in physiological function. Transporting 


juvenile salmon through the Columbia River hydrosystem is an extremely complex, logistically 


challenging, and expensive process. Some relatively simple and inexpensive changes in barging 


protocols that may help minimize straying can be implemented immediately (see Objective 4 
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below), however, addressing other environmental factors that may be important for successful 


sequential imprinting may require significant changes to barges or protocols. These experiments 


will allow for cost-effective assessments of different barging protocols to develop optimum in-


situ river tests designed to minimize straying in subsequent years.   


 


4. Initiate tests of a modified barge protocol designed to maintain survival benefits while 


reducing wandering, delay, and straying behavior of returning adults. In this objective, we 


propose initiating and evaluating a modified barging protocol to reduce stray rates of Snake 


River steelhead. The modified barging protocol will employ a combination of relatively simple 


and inexpensive changes in barging protocols and the best scientific knowledge about factors 


that are important for successful imprinting. The modified barge protocol will increase the 


amount of time to arrival to the release point below Bonneville Dam by traveling at a reduced 


rate of speed, cycling more water through the barge, and stopping at the major tributary 


intersection that Snake River migrants encounter, the confluence of the Snake and Columbia 


Rivers, for an extended time while cycling water. 


 


Objective 1. Conduct an analysis of existing CWT and PIT tag data to identify causative 


factors associated with straying by Columbia River salmonids, particularly as it relates to 


straying associated with transport.  


 Straying, like homing, is a normal component of salmon biology and life history strategy. 


However, straying (especially from hatchery populations into numerically smaller wild 


populations) can have serious consequences for conservation, stemming from the difficulty in 


properly assessing population dynamics in the wild run, genetic introgression or replacement, 
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ecological competition, and other processes. Many factors, including transport, may either 


interfere with the process of imprinting and homing or may influence the tendency of salmon to 


stray. In order to develop strategies that will decrease the levels of straying in transported fish, it 


is important to more fully understand the processes that may contribute to the tendency for a fish 


to stray. Understanding how transport of juveniles affects straying requires careful analysis of 


stray rates of barged and in-river migrants.  However, to be most useful, these data must be 


interpreted in the context of appropriate baseline information on straying for Columbia River 


salmonids. For example, knowledge about variation in stray rates between and within (e.g. Fall 


vs. Spring Chinook) species and populations, differences in stray rates between hatchery and 


wild populations, annual variance in stray rates, sources and sinks for strays will give context to 


research on straying associated with transport and allow for a more complete understanding of 


the impact of barging associated straying on recovery efforts for threatened salmon populations  


(e.g. Mid-Columbia River steelhead populations) relative to other factors that may effect straying 


(e.g. natural straying,  thermal refugia, hatchery practices). These analyses will provide an 


extremely cost-effective approach to the topic of Columbia River salmonid straying and will 


yield information in a short time frame, in concert with experimental approaches, to identify 


features of current barge operations that might be modified to reduce straying.  


 In this objective, we will conduct an analysis of existing coded wire (CWT) and PIT tag 


data to identify causative factors associated with straying by Columbia River salmonids, 


particularly as it relates to natural rates of straying and straying associated with transport. This 


objective will involve a collaborative effort between Dr. Dittman at NOAA and Dr. Thomas 


Quinn, University of Washington, who collectively have a long history of mechanistic and 


ecological research on homing and straying in salmonids. We propose utilizing the existing 







 


12 
Pacific States Marine Fisheries Commission, Regional Mark Processing Center, CWT database 


and the PTAGis PIT tag database to identify appropriate datasets on Columbia River salmonids, 


and analyze these data to address a series of specific hypotheses with special emphasis on 


Columbia River salmonid straying. After appropriate expansions of recoveries for different 


populations and brood years, we anticipate developing Generalized Linear Models (e.g. Pascual 


et al. 1994) to explore effects of variables including, species, river/hatchery of origin, brood year, 


release site, release date, river/hatchery of recovery, and age at return. Akaike’s Information 


Criterion (AIC) will be used to evaluate the components of each candidate model (Burnham and 


Anderson 2002). Specific hypotheses to be tested include: 


 


Ho1: For any given site (river, hatchery), stray rates do not differ between species. For 


example, do distinct Snake River populations of steelhead and chinook differ in proportions that 


stray from a given site?   


 


Ho2: For any given site (river, hatchery), stray rates do not differ between different 


seasonal runs of the same species. For example, do spring and fall Chinook from the same site 


differ in proportions that stray?   


 


Ho3: For any given species and seasonal run, stray rates do not differ between different 


populations of the same species.  


Ho4: For any given species and seasonal run, stray rates do not differ between years for 


different populations of the same species.  By examining the distribution of stray rates from 


different hatcheries (and wild populations where data exist) throughout the Columbia basin, we 
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can establish what levels of straying are “normal” both within and between populations and, 


therefore identify anomalous levels of straying indicative of some problem with a particular 


population or particular year(s) within a population. For example, do specific Snake River 


populations of steelhead demonstrate exceptionally high levels of straying relative to other 


populations within the Snake River or Columbia Basin. Does straying vary from year to year, 


how consistent is the variation among hatcheries within years, and what are the co-variates? For 


example, if water temperatures were unusually warm, straying by Snake River steelhead into 


mid-Columbia tributaries may be especially high.  


 


Ho5: For any given species and population, stray rate into any given site (river, hatchery) 


does not differ between sites. 


 How much variation is there in attractiveness of sites for strays? Early reports indicated 


great variation in apparent “attractiveness” of sites to strays (e.g. Quinn et al, 1994) and studies 


of Snake River steelhead migratory behavior suggests specific tributaries are favored by strays 


(Carmicheal and Hoffnagle 2006, Ruzycki and Carmichael 2010). Are there environmental 


parameters (temperature, flow, geological and hydrological ecotypes) that can explain relative 


attractiveness? 


 


Ho6: For any given population, stray rates do not vary between wild and hatchery-reared 


fish. Levels of straying in wild populations are seldom documented and almost all inferences are 


drawn from hatchery populations.  To address this hypothesis, we will examine the limited coded 


wire tagging data for wild populations but also utilize PIT tag data from projects designed 


primarily to assess survival and passage of wild fish can also be used for homing/straying 
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assessment. Over the last decade, approximately two million PIT tagged salmon have been 


released annually in the Columbia River system and these numbers continue to grow. At the 


same time, the number of PIT tag interrogation sites is dramatically increasing and over one 


million PIT tagged fish are detected annually. We will analyze data from returning adults that 


were PIT tagged as juveniles and detected at dam and in–stream antenna arrays to establish 


straying patterns of wild salmon.  


 As part of this objective, we plan to directly examine the effects of barging and other forms 


of transportation and chronic high levels of straying into specific rivers (e.g. Deschutes, John 


Day). These directed analyses analysis could form the basis for a White Paper on Columbia 


River straying issues related to barging and could provide comprehensive straying data from 


hatchery programs that can be utilized to assess the influence of naturally spawning hatchery fish 


on wild populations (e.g. AHA modeling) and the relative proportion of SR steelhead strays that 


could be attributed to barge transportation and to general hatchery production. 


 


Objective 2. Assess imprinting of barged and in-river migrants by monitoring imprinting-


associated changes in physiological function and gene expression as indicators of 


imprinting success.  


 We have hypothesized that barging Columbia River salmonids from Lower Granite Dam 


to below Bonneville Dam interferes with the natural process of sequential imprinting. We further 


hypothesize that this impaired imprinting will be reflected in changes in physiological correlates 


of successful imprinting including olfactory neuron sensitization (Dittman et al. 2009) and 


elevated endocrine activity (Dittman and Quinn 1996). For this objective, we propose collecting 


juvenile Snake River steelhead that are migrating in-river or are barged to assess the impacts of 
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barging on imprinting-associated changes in the olfactory and endocrine systems. These studies 


will provide 1) an in situ validation of the imprinting markers developed in earlier laboratory 


studies, 2) a template for the natural physiological imprinting processes of in-river migrant Snake 


River steelhead for comparison with alternative transport protocols 3) an assessment of effects of  


standard and alternate barging protocols (see Objective 4) on imprinting success.  


 In 2012, two groups of juvenile steelhead will be collected for physiological monitoring at 


several points during their outmigration to assess imprinting-associated changes in the olfactory 


system and endocrine physiology; 1) in-river migrants 2) fish barged under standard protocols. In 


2013 we also collect and assess fish barged under a modified barging protocol design to improve 


imprinting (see Objective 4). For in river migrants, Snake River steelhead will be collected at 


juvenile fish bypass facilities at Lower Granite Dam, McNary Dam and Bonneville Dam using 


the sort-by-code systems to recapture PIT-tagged Snake River steelhead previously tagged and 


released at Lower Granite Dam from other studies. Fish will be collected from each site on two 


dates during the barging period (week 2 and week 4 of the alternate barging protocol). Barged 


fish will be sampled prior to barging at Lower Granite Dam, every 12 hours during barging, and 


as fish are released at Bonneville Dam. These fish will be maintained in net pens within the 


barge holding tanks so they are accessible for sampling.  


 At each sampling point, 20 fish will be euthanized, measured for length and weight, and 


opened to determine gender and maturation status. Blood plasma will be collected and frozen on 


dry ice for later analysis of hormone levels (T4, T3, cortisol). Olfactory rosettes, olfactory bulbs, 


and pituitaries  will be collected and stored in RNAlater for subsequent mRNA analysis of 


imprinting-associated genes. Gill filaments will be collected and frozen to assess Na+, K+ 


ATPase levels as an indicator of smolting. Quantitative PCR analysis of imprinting genes will be 
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conducted using steelhead-specific primers and probes developed under the 2011 work plan for 


this project. These include genes representing 4 distinct odor receptor families, markers for 


olfactory cell differentiation and proliferation, and thyroid signaling (Table 1). Briefly, RNA will 


be isolated (Tri-reagent, MRC) from individual rosettes, olfactory bulbs and pituitaries of salmon 


and qPCR assays will be conducted using an ABI Prism 7700 real time thermocycler. Plasma T4 


and T3 will be measured using a time-resolved fluoroimmunoassay (Perkin-Elmer) and cortisol 


levels will be analyzed by the WSU-UI Center for Reproductive Biology core assay facility. Gill 


Na+/K+ ATPase activity will be measured using the method of McCormick (1993). Once all 


physiological measures have been compiled, we will use multivariate analysis to test for 


correlations between factors (treatment (e.g. barge vs. in-river), gender, date, sample site) 


regulating imprinting success (odor receptor expression, hormone levels, smolting indicators). 


We will then use Akaike’s Information Criteria to select the most parsimonious model to explain 


the data. Significant effects may be further characterized by Kruskal-Wallis analysis followed by 


pair-wise comparisons between treatments using Wilcoxan sign rank tests. All analyses will be 


performed using JMP (SAS, Carey, NC) and R. 


 


Objective 3.  Identify key environmental parameters that are important for successful 


imprinting in barged fish using a controlled laboratory study.  


 To help develop barging protocols that optimize imprinting success, a controlled 


laboratory studies was initiated under the 2011 work plan to assess whether key environmental 


parameters (e.g., novel tributary water exposure, orienting current) will affect imprinting-


associated changes in physiological function. Transporting juvenile salmon through the 


Columbia River hydrosystem is an extremely complex, logistically challenging, and expensive 
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process. Some relatively simple and inexpensive changes in barging protocols that may help 


minimize straying can be implemented immediately (see Objective 4 below), however, 


addressing other environmental factors that may be important for successful sequential 


imprinting may require significant changes to barges or protocols. These experiments will allow 


for cost-effective assessments of different barging protocols to develop optimum in-situ river 


tests designed to minimize straying in subsequent years. In 2012 and 2013, we will assess the 


importance of two key environmental factors that may be important for successful imprinting but 


may require significant changes to barges and barging protocols.   


 In 2012, we will examine imprinting-associated changes in physiological function in 


responses to novel tributary waters.  The sequential imprinting theory predicts that salmon learn 


key olfactory waypoints associated with novel water sources at river confluences as they migrate 


downstream. Laboratory studies have indicated that these novel water experiences elicit surges in 


thyroid hormones that are linked to the imprinting process (Dickhoff et al. 1982, Dittman and 


Quinn 1996). The olfactory milieu experienced by salmon while being barged may be very 


different that odors experienced by free-swimming migrants, because currently barges are 


constrained to navigation channels that may not contain tributary waters and water exchange 


rates may be limited. If these studies establish that these tributary experiences are critical for 


successful imprinting, efforts to either alter barge navigation protocols or to expose salmon to 


waters collected from key tributaries may be warranted.   


 As part of our 2011 work plan, we obtained 3000 emergent Wallowa River steelhead fry 


from the WDFW Lyon’s Ferry hatchery and transferred them to the University of Washington’s 


Big Beef Creek (BBC) field station in May 2011 to initiate imprinting studies. Wallowa River 


steelhead were chosen because they have demonstrated the highest stray rates among populations 
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of barged Snake River steelhead (Carmichael and Hoffnagle 2006). These fish are being reared 


at BBC to produce one-year old smolts and experimental treatment groups will be established in 


January 2012. In January 2012, juveniles will be size selected to ensure that all experimental fish 


will smolt in 2012. Fish will be divided into six experimental groups, each with duplicate 


circular tanks. Beginning in February, 12 fish/tank will be sampled every 3 weeks to define 


smolting-associated changes in physiological parameters. Fish will be euthanized, measured for 


length and weight, and opened to determine gender and maturation status. Tissue and blood 


collections and molecular, hormonal and enzyme assessments of physiological status will be 


conducted as described under Objective 2. As fish begin to demonstrate negative rheotactic 


behavior, experimental treatments will be initiated. To test the importance of experiencing 


significant changes in water chemistry (i.e. exposure to major tributaries similar to those 


outmigrants experience at the Snake River/Columbia River or John Day River/Columbia River 


confluence to learn as olfactory waypoints) and length of exposure to key tributary water sources 


during their outmigration, we will rapidly change the water source of the experimental treatments 


in the following ways 1) Control (100% well water), 2) 10 % change (90% well water; 10% BBC 


water), 3) 50% change (50% well water; 50% BBC water), 4) 100% change (100% BBC water), 


5) 50% change  for one hour (50% well water; 50% BBC water), 5) 50% change  for 12 hour 


(50% well water; 50% BBC water) for  hours. Twelve fish per tank will be sampled at 0, 24, 48, 


96 and 168 hours after water change to assess physiological changes associated with imprinting. 


Sampling and physiological assessments will be conducted as described above.  


 We will also initiate our second year of study in May 2012 by obtaining and rearing a 


second year-class of Wallowa River steelhead to examine whether orienting current is critical for 


successful imprinting. Several studies have suggested that the act of migrating itself may be part 
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of a complex feedback system that facilitates successful imprinting (Dittman and Quinn 1996) 


and fish that did not experience a downstream migration demonstrated no ability to home as 


adults (Dittman et al. 1996). We hypothesize that the lack of directional current for downstream 


migration may impair the developmental processes, environmental changes, and migration 


(Dittman and Quinn 1996) salmon migrate to and novel tributary water exposure will affect 


imprinting-associated changes in physiological function. In Spring 2013 we will conduct 


experiments to assess the importance of orientation current and downstream migration for 


successful imprinting.  Once all physiological measures have been compiled, we will use 


ANOVA to assess smolting associated changes in physiology and multivariate analysis to test for 


correlations between factors (treatments) regulating imprinting success (odor receptor 


expression, hormone levels, smolting indicators). We will then use Akaike’s Information Criteria 


to select the most parsimonious model to explain the data.  


 


Objective 4. Initiate tests of a modified barge protocol designed to maintain survival 


benefits while reducing wandering, delay, and straying behavior of returning adults. 


 Under this objective, we propose initiating and evaluating a modified barging protocol to 


reduce stray rates of Snake River steelhead beginning in 2013. We have hypothesized that 


barging juvenile salmon downstream interferes with the process of sequential imprinting and 


results in impaired homing and increased stray rates of returning adults. The modified barging 


protocol will employ a combination of relatively simple and inexpensive changes in barging 


protocols and utilize the best scientific knowledge about factors that are important for successful 


imprinting and utilizing results from our 2012 laboratory studies (see Objective 3). Specifically, 


the modified barge protocol will increase the amount of time to arrival to the release point below 
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Bonneville Dam by traveling at a reduced rate of speed, cycling more water through the barge, 


and stopping at the major tributary intersection that Snake River migrants encounter, the 


confluence of the Snake and Columbia Rivers, for an extended time while cycling water.  


Reduced travel time and increased water cycling will afford juvenile salmon greater opportunity 


to learn olfactory homing cues and pausing at the Snake and Columbia River confluence will 


mimic behaviors observed in radiotelemetry studies of outmigrating Snake River juveniles, that 


migrated rapidly downstream after release, but tended to spend variable amounts of time at 


tributary intersections (Hockersmith et al. 1997). This behavior may reflect smolts pausing at the 


confluence to facilitate the imprinting process. 


 


Task 4.1: PIT tag and transport two groups of steelhead to below Bonneville Dam using the 


standard and modified barge protocol  


 For 2013, we plan to PIT-tag hatchery steelhead at Lower Granite Dam (LGR), placing one 


group into a general transport barge (standard barge protocol, SBP) and a second group into a 


barge that will follow the modified barge protocol (MBP) designed to reduce 


wandering/delay/straying behavior. Each week of the migration, one group will be transported 


using SBP, taking about 18 to 24 hrs to the release point below Bonneville Dam.  The second 


group will be loaded on to a 2000 series barge, dedicated to this project that will follow a MBP 


designed to reduce wandering/delay/straying behavior.  The MBP will increase the amount of 


time to arrival to the release point below Bonneville Dam (3-4 days) by traveling at a reduced 


rate of speed, cycling more water through the barge, and stopping at the major tributary 


intersection that Snake River migrants encounter, the confluence of the Snake and Columbia 


Rivers, for an extended time while cycling water (~ 6 hr).  The amount of water to be cycled 
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during transport and time spent at the Snake/Columbia River confluence location will be 


determined after further consultation with COE staff and other biologists knowledgeable about 


current smolt barging procedures and logistical constraints on water pumping rates and analysis 


of 2012 results. 


 We propose PIT tagging 100,000 hatchery steelhead smolts at Lower Granite Dam, 


tagging 16,667 each Sunday for six weeks. Sample size and power analysis for different 


assessments metrics is detailed in Appendix 1(attached). In anticipation of having only one barge 


available for the modified barge protocol group and the downstream trip taking 3 to 4 days 


instead of the normal two days, we plan to tag fish on six consecutive Sundays beginning on 24 


April and finishing on 29 May. If general transport operations have not begun by that time, 


depending on hatchery steelhead passage numbers at Lower Granite Dam, we will move the first 


tag date for this study back or the tag dates for that week’s tagging for the seasonal effects of 


transport study forward so we minimize the number of days when fish are collected for transport. 


As in the past, all handling and marking will be done using preanesthesia techniques (Matthews 


et al. 1997).  After the fish are anesthetized, they will be gravity-transferred in water into the 


sorting building, as is done at the primary fish-sampling facilities at dams.  Further, pre-loaded 


PIT tag injectors will be used to minimize disease transfer and delayed mortality from using dull 


needles. As needed, we will also collect additional fish and put them into the barge to ensure 


barge loading densities are appropriate for that time of year. 


 Ideally, to investigate straying, the metric used to compare the two groups would be the 


number of returning adults that ended their migration somewhere other than their origin.  We 


will examine available Columbia River CWT and PIT tag databases for recoveries of stray 


experimental fish in carcass surveys, hatcheries and in stream PIT tag antennas, but the percent 
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recovery of stray fish may be too low for rigorous statistical analysis. Sample sizes needed to 


compare conversions rates or SARs between the two barging protocols are too large to be 


practical (see Appendix 1). Therefore, we propose evaluating the effectiveness of the MBP on 


reducing straying by comparing adult travel time between Bonneville and Lower Granite Dams 


and detection rates into tributaries (primarily at the John Day array and in the Deschutes River). 


From 2005 through 2010, travel times averaged 55.1 days for barged hatchery steelhead vs. 43.6 


days for those migrating in-river.  Depending on SARs and adult travel times between BON and 


LGR, tagging 100,000 hatchery steelhead will allow us to detect between a 5.4% (60 days vs. 


56.8 days) and 7.1% reduction between the MBP and SBP.  From 2007 through 2010, 5,014 


barged wild and hatchery steelhead were detected as adults at Bonneville Dam.  Of these, 259 


(5.13%) were detected on the John Day array, at the adult fish trap in the Deschutes River or 


(very few) in other Snake River tributaries downstream from Lower Granite Dam.  


(Corresponding numbers for steelhead that migrated in-river are 7 (0.41%) detected in tributaries 


of 1,723 detected as adults at Bonneville Dam).  Depending on SARs and straying rates into 


tributaries, we should be able to detect a reduction of 38.5 to 71.5% between the two barging 


protocols using 100,000 tagged smolts.   


 


Task 4.2:  Detect adult steelhead at Bonneville and Lower Granite Dams and compare 


travel times between the modified and standard barging groups 


 PIT tag detectors in the adult fish ladders at Bonneville and Lower Granite Dams will 


serve as the primary detection site for adult travel time comparisons. For each adult fish detected 


in the ladders at both Bonneville and Lower Granite Dam, we will compute travel time as the 


elapsed time (days) between the final detection at Bonneville Dam and the first detection at 
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Lower Granite Dam, resulting in one sample of travel times for SBP and one sample for MBP.  


Based on past data, we anticipate that a logarithmic transformation will be required to normalize 


the travel time data and equalize the variance in the two samples.  We will use a standard two-


sample t-test (one-sided) (Zar, 2009) to test for evidence for the alternative hypothesis that the 


mean log-travel time for MBP is less than the mean for SBP. 


 


Task 4.3:  Compare out of basin stray rates of hatchery steelhead between the modified and 


standard barging groups 


 To evaluate the efficacy of using a modified barging protocol on wandering/straying rates  


of hatchery steelhead, we will compare detection rates of PIT-tagged hatchery steelhead detected 


on non-mainstem in-stream PIT tag detections systems such as those in the John Day and 


Deschutes Rivers.  Use of these systems has increased in recent years and we expect their use 


and geographic distribution within the Columbia River Basin will increase further by the time 


adults return from this study.  For each barging protocol we will count the number of adults 


detected in the ladder at Bonneville Dam and the number detected at least once by an in-stream 


monitor in the John Day or Deschutes River, and calculate the proportion of those detected at 


Bonneville that wandered into non-mainstem rivers.  We will test for a statistical difference 


between proportions using the natural logarithm of the ratio of the proportion for MBP to that for 


SBP:  ln (JDMBP / JDSBP), divided by the estimated standard error of the log-ratio.  Under the null 


hypothesis that the two proportions are equal, this statistic is approximately normally distributed 


with mean equal to 0 and standard deviation approximately equal to  , 


where nMBP and the nSBP are the number of adult steelhead that are detected in non-mainstem 
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rivers from the MBP and SBP groups, respectively.  We will use a standard z-test (one-sided) 


(Zar, 2009) to test for evidence for the alternative hypothesis that the out-of-basin stray rate is 


lower for MBP than for SBP. 


Task 4.4:  Examine PIT-tag detection histories of adults as they migrate upstream through 


the hydropower system 


 Currently, Bonneville, McNary, Priest Rapids, Ice Harbor, and Lower Granite Dams are 


equipped with adult PIT-tag detection systems.  At these dams, all PIT-tagged fish passing 


through the fish ladders will likely be detected.  Similar systems are also in place at certain 


hatcheries in the Columbia River Basin.  To evaluate the effects of a modified barging strategy to 


reduce wandering/delay/straying rates of hatchery steelhead, we will compare the PIT-tag 


detection histories of the MBP and SBP groups of adult study fish as they pass upstream through 


PIT-tag detection systems within the Basin. 


  


 


 


FISH REQUIREMENTS FOR FY 2012 


 


Lower Granite Dam 


 


 About 1,200 hatchery steelhead will be collected from barges during transit and juvenile 


bypass facilities and sacrificed each year for physiological assays (Objective 2).  A similar 


number (~2000) juvenile Snake River hatchery steelhead will be taken to the NWFSC each year 
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where they will be reared and used for behavioral and physiological tests of imprinting 


(Objective 3). 
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SCHEDULE 
 
     Activity      FY12  Outyears  
  
Objective 1                                                                        
 CWT and PIT tag analysis Jan-Dec Same 
Objective 2 
 Barge sampling   Apr-Jun  Same 
Objective 2 
 Physiological analysis  Jun-Dec  Same 
Objective 3 
 Laboratory trials   Jan-Jun  Same 
Objective 3 
 Physiological analysis  Jun-Dec  Same 
Objective 4 
Task 4.1 
 Fish marking   Apr-Jun  Same 
Task 4.1   
 Barging and release  N/A  Apr-Jun 
Task 4.2   
 Adult recovery   N/A   Apr-Jun 
Task 4.3   
 Adult recovery   N/A   Apr-Jun 
Task 4.4 
 Adult recovery   N/A   Apr-Jun 
 
 
 


PROJECT IMPACTS, FACILITIES, AND EQUIPMENT 


 


 Beginning in 2013, at Lower Granite Dam, tagging for this study will require the use of an 


additional raceway on Sundays and Mondays for the modified barge protocol group.  In addition 


it will require the use of the NOAA tagging facility adjacent to the juvenile fish facility.   


 For the modified barge protocol group, it will require the use of a 2000 series barge as well 


as a separate tow vessel.  The tow vessel and barge will be required for six trips between April 


24 and May 30.   We will need to maintain a net pen or similar apparatus on the barge to 
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facilitate sampling fish during transit for physiological assays, and have a biologist or technician 


aboard the barge to collect and process samples. We will also need access to fish and facilities at 


juvenile bypass facilities. 


 In the unlikely event that current funding for the PIT-tag detection systems in both the 


John Day and Deschutes Rivers ceases, the COE will need to provide necessary funding to 


maintain operations of these systems for the duration of the study. 


 


PROJECT PERSONNEL AND DUTIES 
 
Douglas M. Marsh Biologist and co-principal investigator  
Andrew Dittman   Biologist and co-principal investigator 
William D. Muir   Biologist and co-principal investigator  
Thomas Quinn  Professor, University Washington 
Ben Sandford  Mathematical statistician  
Neil Paasch   Biological technician  
Kenneth McIntyre Biological technician  
 
 
 


TECHNOLOGY TRANSFER 
 
 Technology transfer will be in the form of written and oral research reports as required.  A 


draft report will be provided to the COE by 15 February each year, with a final report provided 


by 15 June.  In this way, complete returns for each age class of adults can be included in the final 


report for each study year.  Results will also be published in appropriate scientific journals. 
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Table 1. List of genes that will be used for differential gene expression analysis of imprinting 
success in barged and outmigrating salmon smolts. Analysis will be carried out using 
quantitative RT-PCR. These genes have been identified as useful indicators of smolting, 
olfactory function and imprinting. 
 


Category Gene (citation) Function  


Olfactory signaling 
& Odor receptors 
 
 


 


 


 


 


Cyclic nucleotide gated 
channel  
 


Adenylyl cyclase - Type 3 


TAAR Receptors (3) 


Basic Amino Acid Receptor 


OR Receptors (5)  


V1R- Receptors (2) 


V2R Receptor (3) 


Signal transduction 
Olfactory sensory neuron (OSN) 
marker  


Signal transduction 


TAAR Odorant receptor family 


C Family Odorant receptor family 


OR Odorant receptor family 


V1-R Odorant receptor family 


V2-R Odorant receptor family 
Olfactory Markers 
& Imprinting 
indicators 


OMP (Olfactory Marker 
Protein)  


SOIG  


Caspase 3 


Mash 1 


PCNA  


Erg/cFOS/CREB/AKT 


OSN marker 


Olfactory imprinting related gene 


Apoptosis associated gene 


OSN basal cell marker 


Cell proliferation marker 


Memory related genes 


Thyroid hormone 
signaling 


TSH β Subunit  


TH Receptor  α 


TH Receptor  β 


Glycoprotein Hormone 
α subunit 


BTEB 


TH signaling (pituitary)  


TH signaling (target tissues)  


TH signaling (target tissues)  


TH signaling (pituitary)  


 


TH mediated gene transcription 
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Appendix 1 
 
Sample sizes for primary evaluation 


 There are a number of measurable outcomes available to compare the SBP to MBP 


including: 


(1) BON (adult) – to – LGR (adult) Conversion Rate (Conv) 


(2) LGR (smolt) - to - LGR (adult) return percentage (SAR) 


(3) BON (adult) – to –detection in John Day (adult) (JD) and Deschutes 


(4) BON (adult) – to – LGR (adult) travel time (TT) 


Hypotheses : 


(1) HA:  ConvMBP > ConvSBP  MBP increases Conv  


(2) HA:  SARMBP > SARSBP  MBP increases SAR 


(3) HA:  JDMBP < JDSBP  MBP decreases detection in (wandering into) John Day and 


Deschutes 


(4) HA:  TTMBP < TTSBP  MBP decreases time between BON and LGR 


Alternative hypotheses are all one-sided because the MBP is recommended only if there is 


evidence of improved outcome.  SBP is recommended in any case where such evidence is 


lacking, so finding evidence that MBP results in worse outcome is not necessary.  For all sample 


size calculations, alpha = 0.5 and beta = 0.2 (power =80%) were used.  For four recent steelhead 


study years (2004-2007), SARs have ranged from 0.39 to 2.50% for wild steelhead transported 


from Lower Granite Dam for the seasonal effects study.  For steelhead tagged and transported 


from Lower Granite Dam for the alternate barge release site study, SARs from the 2006 and 
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2007 study years were 1.11 and 2.90%, respectively, for wild steelhead and 1.35 and 1.83%, 


respectively, for hatchery steelhead. 


Methods used to calculate sample sizes 


 (1) Sample sizes for Conversion Rate 


Conversion rate is the percentage of adults detected at BON that are later detected at 


LGR. There are three components: harvest during the upstream migration from BON to LGR, 


“natural” survival rate (conversely natural mortality rate), and straying.  For purposes of sample 


size calculation, harvest and natural mortality rates are assumed not to differ between fish 


transported by SBP or MBP (in actuality, both harvest and natural mortality might be decreased 


for MBP fish simply because they may travel more quickly from BON to LGR and hence have 


lower exposure to these sources of loss).  I.e., it is assumed that only a difference in straying rate 


will affect the ultimate conversion rate.  The conversion rate, then, is the product of three 


probabilities: 


Conv = (1 – harvest) * (1 – natural mort) * (1 – stray) 


We calculated sample sizes for a variety of baseline conversion (65% or 70%), baseline 


straying rates (3%-9% for SBP), and degrees of reduction (20%-50%) in straying for MBP.  For 


example, an assumed baseline conversion rate for SBP of 65%, which includes a 5% straying 


rate, implies that the product of the harvest and natural mortality components of the equation is 


0.65/(1-0.05) = 0.6842.  A 20% decrease in straying under MBP results in a straying rate of 4% 


and an increase in conversion rate to 0.6842*0.96 = 0.6568 (65.68%).  To repeat, a reduction of 


5% straying under SBP to 4% under MBP translates to a very small increase in conversion rate, 


from 65% to 65.68%, 
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 Because the measurement of conversion rate begins with adults at Bonneville Dam, 


determining the number of smolts to tag at Lower Granite Dam requires two steps: (1) determine 


the number of adults needed at Bonneville to detect a difference in conversion rate; (2) calculate 


the number of juveniles needed for that number of adults, based on an assumed LGR-to-BON 


SAR. 


(2) Sample sizes for LGR-to-LGR SAR 


 The method to calculate sample sizes for LGR-to-LGR SAR is very similar to that for 


conversion rate, because the LGR-to-LGR SAR is a function of the conversion rate and the 


LGR-to-BON SAR: 


 SARLGR  = SARBON * Conv = SARBON * (1 – harvest) * (1 – natural mort) * (1 – stray). 


We assumed all components but the stray rate would be equal for SBP and MBP and calculated 


sample sizes for a variety of baseline LGR-to-BON SARs (1.5%, 2.0%, 2.5%), and for the same 


values of baseline conversion, baseline straying rate, and reductions in straying rates.  


Continuing the example above, with 65% conversion rate and 5% straying rate for SBP, if we 


assume that the LGR-to-BON SAR is 2% and that MBP reduces straying to 4%, the LGR-to-


LGR SARs are 1.300% for SBP and 1.314% for MBP.  (Note that this is a “T/I” ratio of 1.0105 – 


given that we usually plan transport studies to detect T/Is of no less than 1.2, it should be no 


surprise if large sample sizes are required here). 


(3) Sample sizes for detection in (wandering into) John Day and Deschutes Rivers 


 John Day and Deschutes River detection rate is the percentage of adults detected at 


Bonneville Dam that are later detected on the PIT-tag detector in the John Day or Deschutes 


Rivers (and other tributaries).  Because the measurement of tributary detection rate begins with 


adults at Bonneville Dam, determining the number of smolts to tag at Lower Granite Dam 
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requires two steps: (1) determine the number of adults needed at Bonneville to detect a 


difference in tributary detection rate; (2) calculate the number of juveniles needed for that 


number of adults, based on an assumed LGR-to-BON SAR. 


 We calculated sample sizes for a variety of baseline LGR-to-BON SARs (1.5%, 2.0%, 


2.5%), baseline tributary detection rates (0.5%-4.0%), and reductions in tributary rates. 


(4) Sample sizes for LGR-BON Travel Time  


 LGR-BON travel time is “measured” for every adult that is detected at both BON and 


LGR.  It’s measured in days and analyzed on the natural-logarithm scale.  It is anticipated that 


significance of differences in mean log-travel time will be tested using a standard two-sample t-


test, for which methods for sample size calculation are well established. 


Because the measurement of BON-LGR travel time begins with adults at Bonneville 


Dam, and the number of adults for which travel time is measured depends on conversion rate, 


determining the number of smolts to tag at Lower Granite Dam requires two steps: (1) determine 


the number of adults needed at Bonneville to detect a difference in travel time; (2) calculate the 


number of juveniles needed for that number of adults, based on an assumed LGR-to-BON SAR 


and assumed BON-LGR conversion rate. 
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Table 1.  Sample sizes required to test various measures of upstream migrational success of 
steelhead using the standard barge protocol (SBP) and a modified barge protocol (MBP). 
 
(1) Conversion Rate 


   
Adults needed at 


BON   Total juveniles needed at LGR 
SBP 
Conv 


SBP 
stray 


Stray  
reduction 


MBP 
stray   SBP MBP   SAR=1.5% SAR=2.0% SAR=2.5% 


0.65 0.05 20% 0.040  76,335 75,540  7,975,477 5,981,607 4,785,286 
0.65 0.05 30% 0.035  33,936 33,408  3,536,435 2,652,326 2,121,861 
0.65 0.05 40% 0.030  19,093 18,699  1,984,578 1,488,433 1,190,747 
0.65 0.05 50% 0.025   12,221 11,908   1,267,115 950,336 760,269 
0.70 0.05 20% 0.040  60,603 59,972  6,331,762 4,748,821 3,799,057 
0.70 0.05 30% 0.035  26,907 26,489  2,803,975 2,102,981 1,682,385 
0.70 0.05 40% 0.030  15,119 14,807  1,571,486 1,178,615 942,892 
0.70 0.05 50% 0.025   9,665 9,417   1,002,043 751,532 601,226 
0.65 0.09 20% 0.072  21,627 21,208  2,249,398 1,687,049 1,349,639 
0.65 0.09 30% 0.063  9,615 9,338  995,268 746,451 597,161 
0.65 0.09 40% 0.054  5,409 5,203  557,284 417,963 334,370 
0.65 0.09 50% 0.045   3,462 3,299   354,999 266,249 212,999 


 
(2) LGR-to-LGR SAR 


   
Adults needed at 


LGR   Total juveniles needed at LGR 
SBP 
Conv 


SBP 
stray 


Stray  
reduction 


MBP 
stray   SBP MBP   


LGR-BON 
SAR=1.5% 


LGR-BON 
SAR=2.0% 


LGR-BON 
SAR=2.5% 


0.65 0.05 20% 0.040  143,165 143,165  23,012,005 13,594,906 10,875,925 
0.65 0.05 30% 0.035  63,961 63,961  10,254,448 6,058,066 4,846,453 
0.65 0.05 40% 0.030  36,165 36,165  5,783,278 3,416,613 2,733,291 
0.65 0.05 50% 0.025   23,265 23,265   3,711,011 2,192,371 1,753,897 
0.70 0.05 20% 0.040  143,165 143,165  21,368,291 12,623,841 10,099,073 
0.70 0.05 30% 0.035  63,961 63,961  9,521,987 5,625,347 4,500,278 
0.70 0.05 40% 0.030  36,165 36,165  5,370,187 3,172,569 2,538,056 
0.70 0.05 50% 0.025   23,265 23,265   3,445,939 2,035,773 1,628,618 
0.65 0.09 20% 0.072  40,916 40,916  6,547,105 3,867,863 3,094,290 
0.65 0.09 30% 0.063  18,362 18,362  2,924,188 1,727,535 1,382,028 
0.65 0.09 40% 0.054  10,428 10,428  1,652,960 976,527 781,221 
0.65 0.09 50% 0.045   6,738 6,738   1,063,097 628,051 502,441 
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(3) Detection in (wandering into) tributaries 


   
Adults needed at 


BON   Total juveniles needed at LGR 
SBP 
wander% 


wander% 
reduction 


MBP  
wander% SBP MBP   


LGR-BON 
SAR=1.5% 


LGR-BON 
SAR=2.0% 


LGR-BON 
SAR=2.5% 


0.03 20% 0.024  10,509 13,136  1,241,651 931,238 744,990 
0.03 30% 0.021  4,113 5,876  524,555 393,416 314,733 
0.03 40% 0.018  2,005 3,342  280,808 210,606 168,485 
0.03 50% 0.015   1,089 2,178   171,576 128,682 102,945 
0.04 20% 0.032  7,882 9,852  931,238 698,429 558,743 
0.04 30% 0.028  3,085 4,407  393,416 295,062 236,050 
0.04 40% 0.024  1,504 2,507  210,606 157,954 126,363 
0.04 50% 0.020   817 1,634   128,682 96,511 77,209 
0.05 20% 0.040  6,305 7,882  744,990 558,743 446,994 
0.05 30% 0.035  2,468 3,526  314,733 236,050 188,840 
0.05 40% 0.030  1,203 2,005  168,485 126,363 101,091 
0.05 50% 0.025   653 1,307   102,945 77,209 61,767 
0.06 20% 0.048  5,254 6,568  620,825 465,619 372,495 
0.06 30% 0.042  2,057 2,938  262,278 196,708 157,367 
0.06 40% 0.036  1,003 1,671  140,404 105,303 84,242 
0.06 50% 0.030   545 1,089   85,788 64,341 51,473 
0.07 20% 0.056  4,504 5,630  532,136 399,102 319,282 
0.07 30% 0.049  1,763 2,518  224,809 168,607 134,886 
0.07 40% 0.042  859 1,432  120,346 90,260 72,208 
0.07 50% 0.035   467 934   73,532 55,149 44,119 


 
 
(4) Sample sizes for LGR-BON Travel Time  


   


Adults 
needed  


at 
BON+LGR   Total juveniles needed at LGR 


SBP 
BON-
LGR 
Ttime 


Ttime  
reduction 


MBP 
BON-
LGR 
Ttime Conv%   SBP MBP   


LGR-BON 
SAR=1.5% 


LGR-BON 
SAR=2.0% 


LGR-BON 
SAR=2.5% 


64 20% 51.2 65%  52 52  8,351 6,263 5,010 
64 30% 44.8 65%  20 20  3,165 2,374 1,899 
64 5% 60.8 65%   1019 1019   164,702 123,527 98,821 
58 20% 46.4 65%   49 49  7,950 5,962 4,770 
58 30% 40.6 65%  19 19  3,011 2,258 1,807 
58 5% 55.1 65%   971 971   156,951 117,713 94,170 
52 20% 41.6 65%  47 47  7,516 5,637 4,510 
52 30% 36.4 65%  18 18  2,844 2,133 1,707 
52 5% 49.4 65%   919 919   148,570 111,428 89,142 
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II. Project Summary 
 


A.  Project Goal(s) 
 


The goal of this project is to prepare the experimental design, implementation plan, and investigative 
tools needed to evaluate the biological performance of newly designed runners to be installed at Ice 
Harbor Dam (ICH) in 2015 (fixed blade) and 2016 (adjustable blade). 


 


B.  Objectives 
 


The objectives of this project are to 1) develop a statistically rigorous experimental design to evaluate 
the biological performance of the new fixed and adjustable blade runners to be installed in turbine units 2 
and 3, respectively, at ICH; 2) develop an implementation plan to apply the experimental design identified 
above; 3) field test the neutrally buoyant external transmitter developed in 2011; 4) measure the 
underwater acoustic conditions in the tailrace of ICH and perform other tests to evaluate the potential use 
of Juvenile Salmon Acoustic Telemetry System (JSATS) receivers to observe the behavior of JSATS- 
tagged live fish and Sensor Fish devices in the powerhouse tailrace; and 5) evaluate extending existing 
balloon-tagging recovery methods to enable evaluation of the response of test fish recovered after turbine 
passage to exposure to mechanical and pressure sources of injury during turbine passage. 


 


C.  Methods 
 


Development of a statistically rigorous experimental design for evaluation of the new runners relative 
to each other and to existing runners will require a review of studies completed to date for the passage of 
juvenile salmonids through large Kaplan turbines, as well as any available data and other analysis 
developed during the design of the new runners that may assist with identification of the biological 
benefits expected to be provided by the new designs. All relevant data will be analyzed and used to 
develop turbine operation (discharge), passage route, and species and run type specific hypotheses. Tests 
of the hypotheses developed are expected to require acquisition of data from “side-by-side” testing of live 
fish passage through existing and new design turbines. The tests will need to compare physical conditions 
in the passageways of the turbines and the biological performance of new designs to each other as well 
relative to existing runners. Tests will be conducted using acoustic telemetry methods developed for 
Biological Opinion (BiOp) measures testing of fish survival through mainstem Columbia and Snake river 
dams and using Sensor Fish devices. Quantitative assessment of the fish passage benefits and feedback 
about runner design may require knowledge of the route that test fish take through a turbine runner. This 
may be accomplished by releasing fish into the turbine intake so that they are more likely to pass the 
runner nearer its hub, middle, or tip, or by observing the location of telemetry fish immediately prior to 
passage through a turbine's wicket gates. Whatever the method eventually implemented to quantify the 
fish passage benefits of the new design runners, it will likely differ from the methods currently 
implemented for BiOp measures studies and from the direct injection methods used for balloon- tag and 
similar studies. Tools and procedures to achieve known passage route assessments will be identified in the 
implementation plan to be developed in 2012 and are expected to be developed in a follow-on project 
under this study code to be conducted in 2013. Extensions of existing balloon-tagging methods, if 
successful, will permit recovery of depth-acclimated balloon-tagged fish from the powerhouse tailrace. 
Test fish recaptured after turbine passage will be examined by necropsy to assess the occurrence and 
severity of injuries caused by strike, collision, shear, turbulence, and rapid decompression. Observed 
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injuries will be quantified using Fish Index of Trauma (FIT) models (Carlson et al. 2011a) and tests of 
hypotheses for the expected biological benefits of new runner design performance. 


 


D.  Relevance to the 2010 NOAA Fisheries Supplemental Biological Opinion for Operation 
of the Federal Columbia River Power System (FCRPS) and/or the Columbia Basin Fish 
Accords 


 


Hydropower Strategy 2: 22 RM&E Strategy 2: 54, 55. In accordance with the 2008 National Marine 
Fisheries Service BiOp, the turbine runner in ICH Unit 2 is being replaced to improve fish survival and 
reduce oil spill potential. Unit 2 is the priority unit for replacement with a prototype improved fix blade 
runner. Subsequently, the runner in Unit 3 will be replaced with an adjustable blade runner with the same 
purpose, to improve fish survival. 


 
 
III. Project Description: 


 


A.  Background 
 


Efforts are currently underway to design, construct, and install improved hydro-turbine runners in 
Units 2 and 3 at ICH. These runners are being designed to improve survival and passage of juvenile 
salmonids (yearling Chinook salmon, juvenile steelhead, and sub-yearling Chinook salmon). The first 
runner will be a fixed blade runner to be installed in Unit 2 in 2015. The second runner will be an 
adjustable blade runner to be installed in Unit 3 in 2016. Once the runners have been installed, they will 
be evaluated for safe passage of listed juvenile salmonids. They will also be compared to existing units to 
estimate passage and survival improvements realized by the new runners. 


The design process for the new runners deviates from that taken in the past.  In the past the primary 
drivers for turbine design have been optimization of power production performance moderated by cost 
and the need for operational flexibility.  The process for design of the ICH runners has integrated fish 
passage as a primary concern at the probable cost of aspects of operational flexibility but not necessarily 
power production efficiency.  The operating characteristics (e.g. discharge through the unit and power 
production efficiency) of the minimum gap runners (MGR) installed in the Bonneville Dam first 
powerhouse are an example of the results of such tradeoffs (Normandeau and Skalski 2000).  Several 
features to improve the safety for passing fish were incorporated into the BON1 MGRs but the design 
also resulted in increased absolute power production efficiency and a more peaked operating cam curve 
with less operational flexibility, given the accepted range of operation within the discharge band bound by 
the upper and lower 1% of peak efficiency, than the original runners.  Various fish passage studies, such 
as Normandeau and Skalski 2000 and Ploskey et.al. 2009 plus others, over the past few years have 
measured the fish passage survival through the MGR runners and found it high relative to other turbines 
in the federal Columbia River power system (FCRPS).  However, such findings cannot be generalized to 
other turbines within the FCRPS because of the unique design of the Bonneville Dam turbines.  In 
addition, it is not clear if fish passage assessment experimental designs used in the past are suitable, in 
terms of physical, biological, and financial constraints, to acquire the data needed to answer questions that 
may be posed about the suitability of the design of replacement runners for FCRPS turbines. 


The ICH turbines are being built to serve as prototypes for a large number of runner replacements that 
will occur within the next decade or so within the FCRPS to replace the ageing turbine runners originally 
installed at FCRPS dams.  The questions to be asked of these runners include: 


• Are fish passage survival and injury rates an improvement over original designs or at least 
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equivalent in biological performance? 
• Assuming the replacement costs of “fish friendly” runner designs are higher than for “original 


equipment” replacements, do the new designs deliver fish passage benefits in proportion to 
their increased costs? 


• Are engineering expectations for conditions in the turbine water passageways, especially the 
runner region, being met? 


 


Over the years a variety of tools have been developed to investigate the turbine passage environment 
and to assess the biological response of juvenile salmonids to turbine passage.  Examples are sensor fish 
devices, PIT tags, balloon tags, and radio and acoustic telemetry.  All of these tools have pros and cons 
that limit their use to particular measurement objectives.  For example it has been shown that under some 
conditions the presence of a telemetry transmitter increases the risk of barotrauma to juvenile salmonids 
(Carlson et.al. 2010).  In an effort to develop a fish survival measurement tool that is not biased by 
increased susceptibility to barotrauma at exposure to rapid decompression the Corps funded development 
of a neutrally buoyant acoustic transmitter that could be externally attached to a juvenile salmonid 
(Carlson et al. 2011c).  Juvenile salmon bearing external transmitters have been extensively tested for the 
consequences of their presence to the health of the tagged fish to a variety of exposures including 
predation.  The next stage of their evaluation, prior to prospective use to aid assessment of the biological 
performance of the new ICH turbine runners, is in field performance compared to current internally 
implanted acoustic transmitters.  Likewise, balloon tag technology has been very helpful in assessing the 
injury and mortality of turbine passed fish.  However, present balloon tag technology does not permit 
assessment of the response of depth acclimated fish to rapid decompression.  Modification to this 
technology that would permit such assessment could benefit assessment of new ICH turbines by 
permitting recovery of turbine passed fish to assess the type, severity, and frequency of occurrence of 
both mechanical and decompressive injuries. 


The tailraces of Columbia and Snake river dams are of concern to fishery managers, because they 
expose migrating juvenile salmon to the greatest predation risk in the Columbia River system (Friesen 
and Ward 1999). The U.S. Army Corps of Engineers (USACE or Corps) has been investigating methods 
to improve passage through dams and egress of the juveniles from the near-dam tailrace zone into the 
downstream river. Receivers have been deployed at large hydro-electric dams, in free-flowing sections 
of the Federal Columbia River Power System (FCRPS), and in the estuary of the Columbia River 
(examples are: McMichael 2010; Deng et al. 2011a; Ploskey 2009, Weiland et al. 2011), but this 
technology has not been employed in the near-dam tailrace zones. The level and varying characteristics 
of background noise in the tailrace within the bandwidth of the JSATS receiving hydrophones is a key 
factor that must be known for a priori design of receiving system arrays to detect and observe the 
behavior (track) of JSATS-tagged juvenile Chinook salmon in the tailraces of FCRPS dams. The signal-
to-noise ratio (SNR) must be greater than a determined threshold in order for the signal to be detected and 
decoded correctly. Transmission loss of the acoustic tags in water is due to spherical spreading loss and 
attenuation, and can be estimated as a logarithmic loss of signal strength with an increase in range from 
the source (Urich 1983). However, for many reasons, attenuation due to absorption and scattering cannot 
be accurately estimated in environments such as the tailrace of a powerhouse and must be measured in 
order to estimate the expected signal strength at hydrophone locations throughout the tailrace. 


 


i. Problem Description 
 


Spill, engineered fish bypass systems, and other measures have significantly improved the survival of 
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juvenile salmonids that migrate down the Snake and Columbia rivers and reduced the number of migrants 
passing through turbines. Hydroelectricity is expected to be a necessary source for power for the Pacific 
Northwest well into the future. Many of the turbines currently installed throughout the FCRPS are quite 
old and will be renovated over the next couple of decades by runner replacements and other modifications.  
Advances in the design of turbine runners in particular, offer the possibility of increased power production 
efficiency, thereby obtaining more power from the same water, while also significantly improving 
conditions for fish passage. The initial turbines with such features were installed in turbines at the 
Bonneville Dam first powerhouse within the FCRPS and at Wanapum Dam on the mid-Columbia by 
Grant County Public Utility District. Currently, the design of replacement runners for ICH is underway. 
The design of these runners (one fixed and the other adjustable) takes advantage of lessons learned from 
currently installed minimum gap runners (MGRs) and extends to further improve conditions for fish, 
particularly by reducing the magnitude of changes in pressure during passage through the runner. 
Thorough assessment of the environment fish encounter while passing via these new designs is necessary 
to provide feedback to the design process and also to provide assurance that the biological performance of 
new runner designs is at least equivalent to those being replaced. This feedback helps to assess the 
validity of design assumptions about fish passage benefits and to identify opportunities for further 
improvement in fish passage conditions that might be accomplished by changes in the design of turbine 
runners. Quantitative assessment of the flow conditions through these new turbines and quantitative 
assessment of fish passage benefits will require modification of existing turbine passage assessment tools, 
the addition of new tools and testing procedures, and experimental designs specific to evaluation goals. 


 
 
iii. Relationship of Proposed Research to Other Ongoing or Proposed Research 


 
The implementation complexity and cost for Objective 3, field evaluation of the new neutrally 


buoyant external JSATS transmitter, will be significantly reduced if it can be integrated into the BiOp 
measures studies that are expected to be conducted at McNary Dam and John Day Dam (JDA) during the 
spring outmigration period. Run-of- river spring Chinook salmon could be obtained at JDA, the surgical 
facilities at JDA could be used, surgical staff could be trained to attach external transmitters, and test fish 
could be held at JDA using the same procedures as BiOp measures test fish. Fish bearing external 
transmitters would be released by the same crew and vessels as BiOp measures test fish at locations where 
turbine passage is known to be more likely than passage in spill. Detections of fish bearing external 
transmitters would be obtained during normal processing of JSATS tag detections. The survival of BiOp 
test fish could then be compared with that of external transmitter test fish to assess the transmitter 
performance. Fish bearing external transmitters are expected to survive as well or better than fish bearing 
internal transmitters, regardless of route of passage. 


 
B.  Objectives 


 


The objectives of this project are as follows: 
 


1.   Develop a statistically rigorous experimental design to evaluate the biological performance of 
new fixed and adjustable blade runners to be installed in turbine Units 2 and 3 at ICH relative to 
each other and to existing runner designs. 


 


2.   Develop an implementation plan for the experimental design identified above. 
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3.   Field test the neutrally buoyant external JSATS transmitter developed in 2011. 
 


4.   Evaluate the underwater acoustic conditions in the tailrace of ICH that might affect the ability to use 
JSATS receivers to observed tagged fish behavior in the powerhouse tailrace. 


 


5.   Evaluate the extension of existing balloon-tagging methods to enable evaluation of the response of 
test fish recovered following turbine passage to exposure to both mechanical and pressure sources 
of injury during turbine passage. 


 


C.  Methods 
 


Objective 1: Develop an experimental design to evaluate the biological performance of ICH replacement 
runners relative to existing ICH turbine runners. 


It is expected that a combination of sensor fish deployments to characterize fish passage conditions and 
relate these observations to fish biological response and live fish tests to assess the response of fish to these 
conditions will be used to obtain the data needed to evaluate the biological performance of the new ICH 
runners.  Experimental design development will include the following elements: 


1. Review of the experimental design, methods, and results of prototype scale studies completed to 
date (Bonneville MGR and Wanapum Advanced Turbine) to assess the relative biological 
performance of “fish friendly” and original turbine runner designs.  Preparation of a summary 
document that can be used in regional coordination and internal Corps forums to identify: (a) the 
data needs of design engineers to critically evaluate the results of their runner design decisions 
and (b) the data needs of fish managers to assess the acceptability of the biological performance 
of new design runners. 


2. Review of available sensor fish data sets to assess the statistical properties of estimates of the 
severity and frequency of occurrence of occurrences of collision, strike, shear, decompression, 
and severe turbulence as a function of turbine operation and route of passage.  The objective of 
this review is to obtain the statistical data needed to estimate the number of sensor fish releases 
by route of passage required to detect differences in the exposure of potentially injurious 
conditions between new and existing ICH turbine runners.  Sensor fish data would also be one of 
the primary sources of data for evaluation of engineering assumptions derived from CFD and 
physical model studies about the “quality of flow” and other measures of conditions for fish 
passage such as the frequency of occurrence of severe changes in pressure. 


3. Review of data sets where both sensor fish and fish injury data are available.  Sources of this 
data include laboratory studies of specific exposures such as shear (Deng et.al 2007) and 
pressure (Carlson et. al. 2010) and field studies such as that conducted at Wanapum in 2005 
(Skalski et.al. 2005).  The objective of this review is to assess the feasibility of mapping sensor 
fish observations to fish injury.  If feasible this capability would permit extension of sensor fish 
observations beyond assessment of physical conditions to evaluation of the potential biological 
response of fish exposed to the observed physical conditions. 


4. Given the outcome of element 1.b. review the study designs and data available for past turbine 
biological performance assessments to obtain estimates of the numbers of test fish and other 
elements of a live fish experimental design needed to meet the identified data needs. 
 


The requirements for a live fish study to test a hypothesis that new ICH runners have the same or better 
biological performance than existing runners will be complicated.  Current assessment of turbine passage 
survival is based on observations of tagged fish released upstream of a project.  Data is available from 
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recently completed BiOp measures studies at lower river projects to estimate the numbers of fish that would 
be required to achieve required precision goals whatever they might be.  Assuming such assessment would 
use acoustic telemetry methods experimental designs have been developed and evaluated which would be 
applicable (an example is Johnson et.al. 2010).  The primary complications are getting sufficient numbers of 
test fish from a reference population to pass through the desired ICH turbines.  While studies may be 
conducted prior to the onset of fish passage season and not interfere with measures to keep juvenile migrants 
out of turbines, test fish would have to come from hatcheries and when introduced into the river might not 
exhibit “normal” migratory behavior.  Studies conducted during the outmigration season that would use in 
river releases of test fish have a low likelihood that a sufficiently large sample of release fish would pass 
through turbines versus other dam passage routes unless unrealistically large numbers of test fish were 
released.  Alternatively, tools and methods do not currently exist, and would have to be developed, that would 
permit introduction of depth acclimated test fish directly into turbines.  While there has been a large number 
of fish passage studies performed using fish injected directly into turbine intakes, including the only known 
assessments of new design versus original design runners for large Kaplan runners, test fish introduced in this 
way are not in a physiological state similar to that of run-of-river fish and will not likely respond to 
exposures, particular changes in pressure, similarly.  All of these factors and others need be considered in a 
systematic way to identify an experimental strategy that will provide needed data to assure acceptability of 
the biological performance of new design runners.  A tradeoff analysis of these factors would be conducted to 
identify and evaluate study design alternatives.  It is worth mentioning that very few of the constraints for live 
fish tests, other than coordination to achieve target turbine operations, exist for release of sensor fish devices 
to sample the passage condition in test turbines. 


 
Objective 2:  Develop an implementation plan. 
An implementation plan that follows the form developed for the Corps for implementation of BiOp 


measures studies will be developed.  Such plans provide a step-by-step plan of study to test the identified 
hypotheses using the experimental designs developed for that purpose. The implementation plan will include, 
but will not be limited to:  


1) Study goal and objectives, 
2) Experimental design, 
3) Task list and schedule for executing the experimental design, 
4) Identification of needed instruments and other equipment and their source if they must be procured; 
5) The species and source for test fish;  
6) Fish- handling protocols, which will include protocols for fish surgery if needed, and those for 


necropsy or other methods that may be needed to assess the frequency of occurrence and severity of 
any injuries incurred during turbine passage; 


7) Data flow and data QA/QC;  
8) Data analysis required by the experimental design; 
9) In-season and final reporting; and  
10) Data archiving and delivery. 


 
Objective 3: Field testing of neutrally buoyant external transmitters. 
The behavior and passage survival of run-of-river yearling Chinook bearing neutrally buoyant external 


transmitters (Carlson et al. 2011b, Deng et al. 2011b) will be observed at JDA integrated into a BiOp measure 
study planned for 2012 (see 2012 AFEP proposal SPE-P-08-3).  Externally tagged fish will be handled and 
released using the same protocols as samples of yearling Chinook tagged with internal transmitters.  The 
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exception to these protocols will be the form of the acoustic tag and method of surgery for tag attachment.  
Acquisition a processing of data preparatory to tests of hypotheses and other analyses will be conducted as an 
element of the BiOp studies project.  Such data handling actions are highly automated in BiOp studies 
projects and can be provided to this project at no discernable incremental cost.  Hypotheses tested will be: 


1) The vertical distribution of externally tagged and internally tagged yearling Chinook to JDA at 
last detection prior to dam passage is the same, and 


2) The dam passage survival of externally tagged and internally tagged yearling Chinook at JDA 
is the same. 


It is expected that approximately 800 fish will be tagged with external transmitters.  This estimate is 
based on single-release detection and survival probabilities for turbine-passed fish at JDA to obtain a half 
confidence interval of 2.5%.  Data for internally tagged fish will be obtained from the release lots with which 
the externally tagged fish are paired. 


 
Objective 4: Evaluate the underwater noise conditions in the powerhouse tailrace of ICH dam. 
Evaluation of noise conditions in the powerhouse tailrace of ICH (Objective 4) will be conducted using a 


broadband noise measurement system developed by Pacific Northwest National Laboratory (PNNL) to 
measure underwater noise over a range of frequencies from about 30 Hz to about 500 kHz. This band 
includes the frequency of transmission for JSATS tags (417 kHz). Noise measurements, which will be made 
from at least six locations in the powerhouse tailrace, will be conducted by deploying hydrophones from a 
boat and potentially from the powerhouse discharge deck. Sound pressure levels will be measured at 
different depths and turbine operation scenarios by taking advantage of difference in the operation of 
individual turbines during observation periods. Laboratory simulation to estimate transmitter detection 
probabilities as a function of noise will also be conducted in an anechoic test tank (Deng et al. 2010) using 
background noise data acquired from the ICH tailrace. Additional tests will then be conducted in the 
powerhouse tailrace using beacons and/or JSATS tags and JSATS receivers to validate the laboratory 
estimates of detection probability and to investigate other aspects of the feasibility of detecting and tracking 
fish bearing JSATS transmitters exiting turbine draft tubes.  It is expected that the noise measurements will 
be made under routine powerhouse operations, i.e. no special powerhouse operations will be requested. 


 
Objective 5: Evaluate extension of balloon tag methodology to permit release of depth acclimated test 


fish and their recovery in the powerhouse tailrace. 
Balloon tags have a long history of use in the FCRPS to assess the relative biological performance of 


spill, turbine, and other bypass alternatives.  While relative assessments for pairwise comparison of 
structural and operational fish passage alternatives are recognized as an appropriate application of balloon 
tag technology, it’s use to obtain absolute estimates of metrics such as turbine passage survival is limited to 
special cases.  The reason is the methods for attachment of balloons and injection of test fish (salmonids in 
FCRPS) into the passageway being evaluated do not permit test fish to attain a physiological state similar 
to that for run-of-river fish.  In particular, test fish do not have the opportunity to fill their swim bladders 
prior to injection and/or handling and the injection process cause the fish to spit out the air in their swim 
bladder.  Salmonids in this condition are considerably less susceptible to barotrauma that those where their 
swim bladder is full of air (Carlson et.al. 2010). 


Regardless, balloon tags provide the only lower cost and proven method for recovery of test fish after 
passage though a dam spillway, turbine or other route.  Recovery of test fish permits assessment of the 
type, severity, and frequency of occurrence of injuries sustained during dam passage.  Acquisition of such 
information following turbine passage, particularly if test fish could enter the turbine environment in a 







AFEP 2012 Preliminary Proposal: 
Comparative Evaluation of Ice Harbor Dam Replacement Runners 


TSP-S-12-2 


9 


 


 


depth acclimated condition so that they would physiologically more closely resemble run-of-river fish, 
could be very helpful in evaluating the benefits of fish passage improvements in new design turbine 
runners.  Of particular interest would be paired releases of sensor fish devices and depth acclimated balloon 
tagged fish to more closely link turbine passage physical conditions and the biological response of test fish 
to those conditions. 


We propose a two phase approach to identification and assessment of modifications to balloon tag 
technology that would permit balloon tagged fish to be held for acclimation prior to release.  The current 
technology requires immediate release of test fish following injection of water into the balloon attached to 
the fish.  Injection of water into the balloon initiate a process that after a few minutes begins formation of 
gas and inflation of the balloons attached to the test fish. 


In the first phase, to be conducted in FY12 we would identify candidate modifications to balloon tag 
technology and perform bench top tests of prototypes.  All candidates identified to date are variations with 
differing complexity that all focus on the same objective, that being the control of entry of a small amount 
of water into a balloon to initiate the gas production process.  Other alternatives that do not require water 
activation of a chemical and therefore would not be modifications to balloon tag technology but may be 
worth investigating have been demonstrated (http://www.water-buoy.com/ ) for other applications and may 
have utility for fish recovery if properly scaled for use with juvenile fish and otherwise modified to meet 
acclimation and other deployment requirements. 


Of balloon tag technology modifications identified to manage the flow of water into a balloon, the most 
promising are a remotely controlled micro-valve and a passive (no electronic parts or power requirements) 
valve that opens when exposed to pressure above a design value.  Identification of alternatives and bench 
top testing would be done in collaboration with Normandeau Associates, Inc.  The production and 
implementation costs of balloon tag technology modifications would also be assessed in Phase 1. 


In Phase 2 prototype quantities of the most promising design alternative would be built and field tested 
under conditions that would simulate those expected for application of modified balloon tag technology to 
evaluation of the biological performance of new design ICH turbine runners. 


 


i. Justification of the Proposed Study Area 
 


John Day Dam (JDA) was selected as the location for field evaluation of the new JSATS neutrally 
buoyant external transmitter because of the large cost savings possible from piggybacking the transmitter 
evaluation on a planned BiOp measure project that will be conducted using the JSATS internal transmitter. 
This strategy would eliminate costs associated with acquisition of detection data for the new transmitters 
and would greatly reduce cost associated with acquisition and handling of test fish. 


 


ii.  Power Analysis and/or Statistical Justification for the Required Sample Size, the 
Number of Tests, and Replicates 


 


The sample size for release of externally tagged spring Chinook salmon was taken from the sample 
size analysis presented in Skalski 2009 for acoustic telemetry BiOp measures studies to be conducted at 
JDA.  The target precision for the dam passage survival estimate for externally tagged spring Chinook 
salmon was chosen to be 0.02.  Because there has not been a field test with spring Chinook salmon 
externally tagged with an acoustic transmitter, conservative values for the survival of the fish to the 
dam, the detection probability of the fish at the primary array on JDA dam, and the probability of 
survival past the dam were 0.98, 0.95, and 0.93 respectively.  Given these assumptions required sample 
size is estimated to b 450 fish. 


 


iii. Methods for Analysis (Reference) 
 



http://www.water-buoy.com/
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iv. Species, Numbers, and Source of Required Fish 
 


Approximately 450 run-of-river spring Chinook salmon to be obtained from the JDA smolt 
monitoring facility will be used for this study. 


 


v.   Limitations of Proposed Methodology and Expected Difficulties 
 


It is not clear whether balloon-tagging methods (Objective 5) can be modified to permit the release of 
depth-acclimated test fish (neutrally buoyant with gas tension in the blood and tissues at equilibrium with that 
in the river).  


 
vi. Expected Results and Applicability 


 


The results of this project will be a complete plan of study for evaluation of the biological benefits of 
the newly designed runners to be installed at ICH, field evaluation of the new neutrally buoyant external 
JSATS transmitters, and assessment of alternatives to extend the application of balloon tagging to include 
depth acclimated test fish. Project deliverables will be 1) a report of the findings of field evaluation of the 
new neutrally buoyant JSATS transmitter; 2) a report of the feasibility assessment of extension to 
Balloon tag technology that will enable the use of depth-acclimated test fish; 3) a report presenting 
the experimental design and implementation plan for evaluation of the fish passage benefits of new design 
turbine runners; and 4) a report of the findings of acoustic noise measurements and other assessments to 
assess the feasibility of observing fish and sensors bearing JSATS transmitters during passage through the 
ICH powerhouse tailrace. 


 


vii. Schedule 
 


Objective Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
 


1 & 2 
Project 
Tasks 


 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X   


Report              X X 
 


3 
Project 
Tasks 


 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X       


Report          X X     
 


4 
Project 
Tasks 


       


X 
 


X        


Report         X       
 


5 
Project 
Tasks 


 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X 
 


X   


Report              X X 
 


D.  Facilities and Equipment 
 


It will be necessary to procure approximately 450 external single-battery JSATS transmitters. These 
transmitters are available from the Corps JSATS transmitter vendor, Advanced Telemetry Systems. All 
other needed facilities and equipment are available at PNNL or will be provided by other projects—the 
most important being the JSATS receiving arrays required for evaluation of the new JSATS transmitter. 


 


i. Requirements 
 


No special requirements. 
 


ii.  Justification for Special or Expensive Equipment or Services 
 


None required. 
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E.  Impacts 
 


No impact on other projects is anticipated. 
 


i. Other Ongoing or Proposed Research 
 


None. 
 


ii.  
Projects 


 


None. 
 


1.   Pre-Season Installation of Equipment or Other Assistance. None. 
 


2.   Special Assistance or Operation During the Research. Access to data and other information 
not otherwise available that contain information that will assist with identification and 
quantification of the source and magnitude of biological benefits expected for new runner 
designs may be required. 


 


3.    Detail special operations (known unit and spillbay outages) that require formal coordination by  
the Corps with Reservoir Control Center and Bonneville Power Administration. None. 


 
F.  Biological Effects 


Estimates of spring Chinook to be tagged and their Evolutionarily Significant Units are provided in 
the table below. 


 
Run  Listing Percent Number Collected and Tagged 


Spring/ Summer Chinook Wild  8.49% 38 
 Snake River - Spring/Summer 36.59% 14 
 Upper Columbia River 63.41% 24 
 Hatchery Ad-clipped 7.27% 33 
 Snake River - Spring/Summer 59.19% 20 
 Snake River - Fall (Yearling) 7.56% 2 
 Upper Columbia River 33.25% 11 
 Hatchery No-clip 8.06% 36 
 Snake River - Spring/Summer 15.49% 6 
 Snake River - Fall (Yearling) 26.70% 10 
 Upper Columbia River 57.81% 20 


Fall Chinook - Yearlings Hatchery Ad-clipped 0.59% 3 
 Hatchery No-clip 2.94% 13 


Yearling Unlisted Hatchery Hatchery Ad-Clipped 72.65% 327 
   Total 450 


Fish will be obtained from the JDA Smolt Monitoring Facility. A small percentage of fish (typically 
<0.1%) will die from handling and tagging. The acoustic frequencies transmitted in this study are 
above those that can be detected by or injure salmon. Hydrophones are designed without sharp edges 
and rigging, so they are unlikely to injure fish. All necessary permits will be obtained from state and 
Federal agencies for the use of tags with Endangered Species Act-listed species. Fish collection, 
handling,holding, and transport will be done in accordance with PNNL Institutional Animal Care and 
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Use Committee and federal Association for Assessment and Accreditation of Laboratory Animal Care 
procedures for animal care and humane treatment of vertebrate animals. 


 


G. Collaborative Arrangements and/or Sub-Contracts 
 


PNNL will subcontract with Skalski Statistical Services for assistance with development of 
experimental designs and analysis of data and with Normandeau Associates for evaluation of extension of 
balloon tagging methods. 


 


i. Methods for Analysis (reference) 
 


ii.  Species, Numbers, and Source of Required Fish 
 


Approximately 450 run-of-river spring Chinook salmon will be required for the evaluation. 
 
iii. Limitations of Proposed Methodology and Expected Difficulties 


 


See previous section. 
 
iv. Expected Results and Applicability 


 


See previous section. 
 
v.   Schedule 


 


See previous section. 
 
H. Facilities and Equipment 
i. Requirements 


ii.  Justification for Special or Expensive Equipment or Services 
 


Approximately 450 neutrally buoyant external JSATS transmitters will be required.  PNNL will 
manufacture the external transmitters using methods and molds developed during development of 
prototype external transmitter.  The external transmitters built by adding a glass sphere and resin 
compound to a JSATS single battery transmitter.  Single battery JSATS transmitters are readily 
available from ATS the current Corps vendor for JSATS production transmitters.  It is expected that 
the single battery transmitters will not be a direct project expense but will be provided by the Corps. 


 
I. Impacts 


 


It will be necessary to coordinate the codes used for external transmitters with those being used for 
other Corps and non-Corps projects that will be using JSATS transmitters. 


 


i. Other Ongoing or Proposed Research 
 


See previous section. 
 
ii.  Projects 


 


None. 
 
J.   Biological Effects 


 


See previous section. 
 
K. Collaborative Arrangements and/or Sub-Contracts 


 


See previous section. 
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IV. List of Key Personnel and Project Duties 
 


Tom Carlson (PNNL) Co-Principal Investigator – Statistical design, implementation plan, balloon-tagging 
extension 


Zhiqun Deng (PNNL) Co-Principal Investigator – Transmitter evaluation, tailrace noise measurement 
Mark Weiland (PNNL) Co-Principal Investigator – Transmitter evaluation, tailrace noise measurement 
John Skalski Project Statistician 
Michele Halvorsen Implementation plan and balloon tagging 
Christa Woodley Transmitter evaluation data QA/QC 
Rich Brown External transmitter attachment, externally tagged fish handling 


 


 


V. Technology Transfer 
 


Assessment of the biological performance of new design turbine runners for large Kaplan turbines, 
which will include identification of the operating range that optimizes the fish passage benefits of the 
new designs, will help assure that rehabilitation of FCRPS turbines will take advantage of opportunities 
to improve the survival of fish through turbines that will be operating for the next 30 to 50 years within 
the FCRPS. 
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STUDY SUMMARY 


 


A.  GOALS 


 


The goal of this study is to develop and evaluate aids to passage and survival of adult  


Pacific lamprey Lampetra tridentata at lower Columbia River dams  


 


 


B.  OBJECTIVES 


 


1. Use HD-PIT technology to evaluate structural improvements for adult lamprey 


at Bonneville, The Dalles, and John Day Dam fishways.  


 


2. Modify and evaluate lamprey passage structures (LPSs) at Bonneville and John 


Day dams.  


 


3. Evaluate use of Dual-frequency Identification Sonar (DIDSON) and low light 


video cameras for documentation of lamprey behavior. 


 


4. Determine lamprey passage success, passage times, and route selection through 


the lower Columbia River using HD-PIT detection, visual, and LPS counts. 


 


5. Use historic lamprey radiotelemetry data to assess lamprey passage metrics 


relative to sea lion predation, environmental variation, and dam operations. 


 


6. Identify potential lamprey trapping locations and trap improvements at and 


downstream from Bonneville Dam. 


 


7. (Optional) Use radiotelemetry to monitor behavior and passage metrics of 


tagged adult Pacific lamprey at lower Columbia River Dams.  (Placeholder). 
 


 


C.  METHODS 


 


In recent years, adult Pacific lamprey counts at lower Columbia River dams have reached 


record lows, and the need to improve lamprey passage has become critical.  Both structural and 


operational changes at Bonneville Dam have been made to facilitate lamprey passage, and 


monitoring throughout the drainage is needed to evaluate their efficacy and identify problematic 


passage areas.  Lamprey passage structures (LPSs) are located at Bradford Island and 


Washington-shore auxiliary water supply (AWS) channels, and there is a prototype collector for 


the Cascades Island fishway entrance.  In addition to monitoring lamprey passage at these 


locations, we plan to continue modification of LPSs and development of lamprey-friendly design 


changes at lower Columbia River dams.  These include extension of the Cascades Island LPS to 


allow volitional passage, construction of a LPS section for the prototype lamprey entrance at the 


Washington-shore fishway, design and construction of an LPS for the John Day Dam North 


Fishway,  and the and modification of The Dalles East Fishway raised orifices.  To address the 
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need to improve capture efficiency, we will evaluate and identify new capture locations and 


methods. 


 


Monitoring adult lamprey movements via HD-PIT technology is needed both to assess 


the efficacy of passage improvements and to determine the best locations for future structural 


and operational changes.  In addition, this monitoring continues a long-term database of lamprey 


movements that allows examination of a variety of potential contributors to lamprey loss.  These 


include the effects environmental variability, and specific dam structures and operations.  We 


propose to tag up to 900 lamprey with HD-PIT tags in 2012, depending on lamprey abundance.  


HD-PIT antennas at 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 antennas installed at The Dalles and John Day dam fishways will 


also be used to calculate lamprey passage times and to estimate passage success rates between 


dams (using fish released downstream from Bonneville Dam).  Additional antennas will be 


constructed and installed at the John Day Dam North Fishway entrance during winters 2011-


2012 and 2012-2013.  Monitoring using radiotelemetry will be conducted if research objectives 


require use of an active tag. 


 


As lamprey numbers become limiting, it is critical to develop non-invasive visual 


assessment techniques to provide information on lamprey behavior at specific structures and 


improve capture efficiencies.  In 2012, we plan to test use of Dual-frequency Identification Sonar 


(DIDSON) and low-light optical video cameras to view lamprey as they approach the 


Washington-shore north downstream entrance (NDE) and serpentine weir areas, The Dalles 


North ladder transition pool, and the John Day North entrance area. These evaluations will 


provide critical information about lamprey swimming behavior and may provide new insights 


into site selection and structural configurations needed to improve lamprey attraction and 


collection at other locations. 


 


 


D.  RELEVANCE 


 


As adult lamprey counts at Columbia River dams reach record lows, lamprey declines 


have become an increasingly urgent concern among Native Americans throughout the Columbia 


River basin (e.g., Close et al. 2002).  Moreover, a petition to list Pacific lamprey as a federally-


endangered or threatened species was submitted in 2002 to the U.S. Fish and Wildlife Service.  


The Columbia Basin Pacific Lamprey Technical Workgroup (a subgroup of the CBFWA 


Anadromous Fish Committee) ranked passage as the highest priority for recovery of Pacific 


lamprey in the Columbia River basin.  This project will address the concerns raised by tribal 


agencies, the U. S. Army Corps of Engineers (USACE), and the Northwest Power Planning 


Council in section 7.5F of the 1994 Columbia River Basin Fish and Wildlife Program, related to 


effects of FCRPS projects on passage of Pacific lamprey in the Columbia and Snake rivers.  The 


project will also provide information relevant to implementation of the USACE Pacific Lamprey 


Passage Improvements Draft Implementation Plan: 2008-2018, which was developed in response 


to the September 2008 MOA between USACE, USFWS and Accord Tribes.  
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PROJECT DESCRIPTION 
 


 


A.  BACKGROUND 


 


 Pacific lamprey are anadromous and adults in the interior Columbia River basin must 


pass up to eight or nine dams and reservoirs to reach spawning areas historically used by the 


species: up to four dams in the lower Columbia, five in the mid Columbia, and four in the Snake 


River (Close et al. 1995).  This project was initiated to gain information on migration behavior of 


adult lamprey, and to improve their passage at Columbia and Snake River dams.   


 


 Development of this proposal was prompted by requests for preliminary proposals issued 


by the USACE in June of 1994 and subsequent years, and it addresses concerns raised by the 


USACE, the Northwest Power and Conservation Council in section 7.5F of the 1994 Columbia 


River Basin Fish and Wildlife Program. This proposal was developed via consultation with the 


USACE, and in response to the high priority assigned to adult passage research in the Columbia 


and Snake rivers by the former Fish Research Needs and Priorities subcommittee of the Fish 


Passage Development and Evaluation Program, and the current Anadromous Fish Evaluation 


Program. The project will provide information relevant to implementation of the USACE Draft 


Pacific Lamprey Passage Improvements Draft Implementation Plan: 2008-2018 developed in 


response to the September 2008 MOA between the Action Agencies and Accord Tribes. 


Improving lamprey passage at Columbia River hydropower dams was identified as the highest 


priority for lamprey recovery by the Columbia Basin Pacific Lamprey Technical Workgroup.   


This proposal will directly address the critical needs for lamprey passage identified by that 


group. 


 


 Early radiotelemetry work in 1997–2002 indicated that adult Pacific lamprey passage 


efficiency (the percentage of lamprey that successfully passed over the dam of those that 


approached the dam base) at Bonneville Dam was less than 50% in all years (Moser et al. 2002b; 


Moser et al. 2005b).  This occurred in spite of the fact that approximately 90% of the lamprey 


tagged in all study years returned to the base of the dam after release downstream, indicating 


motivation to continue upstream migration and low tagging effects (Moser et al. 2002a).  Passage 


efficiency for lamprey that approached The Dalles Dam was consistently higher than at 


Bonneville Dam, while passage efficiency at John Day Dam was usually lower than at 


Bonneville Dam.  These data indicated that lamprey passage is restricted by the dams, 


particularly Bonneville and John Day, and that these projects may be contributing to declines in 


basin-wide lamprey abundance. 


 


 Models of lamprey passage rates at Bonneville and The Dalles dams further support the 


observation that lamprey pass more easily at The Dalles Dam than at Bonneville Dam  (Moser et 


al. 2005c).  Delay of lamprey below Bonneville Dam may subject them to increased predation 


pressure from sea lions and white sturgeon (R. Stansell, U.S. Army Corps of Engineers, personal 


communication).  Radiotelemetry research has also indicated that lamprey passed the dams faster 


later in the migration season (Moser et al. 2005c; Keefer et al. 2009a).  Thus, lamprey are 


potentially migrating relatively slowly in May and June when water temperatures are low, 


discharge and spill are relatively high, and predators are present at the base of Bonneville Dam. 
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 Of particular concern is the poor performance of lamprey at fishway entrances, through 


collection channels/transition areas, and past vertical slot and serpentine weir sections at the tops 


of the Bonneville Dam fishways (Moser et al. 2002b; Johnson et al. 2009b; Clabough et al. 


2011a).  Radiotelemetry results indicated that most lamprey pass the count windows, but are 


obstructed in the section of the fishway ladder containing the vertical-slot and serpentine weirs 


upstream from the count stations (Moser et al. 2003; Johnson et al. 2009b).  Recent video and 


radiotelemetry data also indicate substantial lamprey milling and “turn-arounds” in the upper 


ladder section of the Washington shore and Bradford Island ladders (Clabough et al. 2009).  


Previous years of radiotelemetry indicated that providing lamprey with an alternative passage 


route through this area (Figure 1) could increase overall lamprey passage efficiency by 


approximately 33%.  Difficult passage through the serpentine weirs may be related to high 


velocities encountered over relatively long reaches in the slots of serpentine weirs, which can be 


as long as 40” compared to <12” thorough orifices in typical weirs (Clabough et al. 2011). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 1.  Overhead diagram of the top of a fishway at Bonneville Dam and the  


     auxiliary water supply channel where lamprey passage structures (shown in  


     photo) are located (not to scale). 


 


 Radiotelemetry results and visual observations indicated that lamprey are obstructed by 


the serpentine weir section at the top of the fishways and therefore can accumulate in the 


adjacent auxiliary water supply (AWS) channel (Figure 1).  Because this area posed a significant 


threat to lamprey passage, we developed a structure to collect adult lamprey from the AWS 


channel at the top of the Bonneville Dam Bradford Island fishway (Moser et al. 2011).  Testing 


of passage alternatives for lamprey at this location was done without impacting adult salmonid 


LPS Location 


Auxiliary 


Water Supply 


Channel 
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passage in the main fishway.  In 2004, we extended the collection device so that it exited directly 


into the Bonneville Dam forebay.  With this extension, lamprey could move directly from the 


AWS to the forebay.  This lamprey passage system (LPS) was used by adult lamprey from the 


day it was installed and the number of lamprey passing through it increased with each year of 


operation (Moser et al. 2011).  Consequently a second AWS LPS was installed at the 


Washington-shore fishway in 2007.  Lamprey use of both LPSs has been assessed using both a 


lamprey-activated counter and HD-PIT tag detection.   


 


 Radiotelemetry studies and test fishway experiments (Keefer et al. 2009, 2010, 2011a) 


have demonstrated that 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. 2005b; 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. 2005b).  


In addition, more than 50% of the radio-tagged lamprey first approached the Washington-shore 


fishway entrances during years when Powerhouse II (PH2) had priority.  Consequently, 


improving passage at this entrance should result in higher overall lamprey passage at Bonneville 


Dam while PH2 has priority.  In 2007 and 2009, velocity at the Washington-shore fishway 


entrances was reduced at night, when lamprey are most active.  Performance of tagged lamprey 


at this entrance was compared during normal and reduced nighttime fishway velocities in a 


randomized blocked design.  The results provided evidence that lowered velocities at night 


improved passage performance through the entrance while near-zero fishway velocity reduced 


lamprey entrance efficiency (Johnson et al. 2010a).   


 


 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 (Figure 2).  


Design elements for this structure were drawn from experience with the AWS LPS collectors and 


from behavioral observations in the experimental lamprey fishway (Keefer et al. 2010, 2011a; 


Moser et al. 2011).  The future collection system will terminate 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).   A switch gate may be incorporated to the design to allow diversion of adult 


lampreys for research or translocation purposes. 


 


The Washington-shore NDE structure will be installed during winter 2012-2013 and a 


primary objective of work in 2012 will be a pre-construction assessment of lamprey behavior in 


this area.  In addition, we plan to continue monitoring of lamprey entrance success at the 


Cascades Island fishway entrance.  In winter 2008-2009 this area was modified to improve 


lamprey passage.  A variable width weir was installed to provide sufficient attraction flow while 


modulating current velocity near the fishway floor.  In addition, bollards were installed along the 


floor to provide a low velocity passage route for lamprey (Figure 3).  Results from 2009-2010 


indicated some evidence of improvement in passage efficiency (Clabough et al. 2010; Clabough 


et al. 2011b).  Further assessment of the efficacy of these modifications is needed to help guide 


development of lamprey passage aids at other fishway entrances.   
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Figure 2.  Future lamprey flume system (LFS) designed for the Washington-shore NDE.  Black 


arrow indicates connection point for LPS at the top of the structure.  Locations of integrated HD-


PIT antennas that will monitor movement from the upper and lower LFS entrances to the LPS 


are indicated by yellow ovals.  


 


 


 


 


 


 


 


       Figure 3.  Cascades Island fishway entrance  


       as viewed from inside the fishway during  


       construction.   Bollards designed to reduce  


       near-bottom velocity were installed to guide  


       lamprey towards a new LPS structure  


       (shown along right side of photo).   White  


       bars across entrance are two integrated HD- 


       PIT antennas. 
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 With declines in lamprey abundance, development of non-invasive assessment methods 


and improved capture efficiency has become imperative.  In 2011 we initiated use of Dual-


frequency Identification Sonar (DIDSON) monitoring to directly observe fish behavior and 


investigate whether passive methods (those without the direct handling of fish) can provide 


reliable estimates of lamprey passage at Bonneville Dam.  In addition, 2011 saw the first 


attempts to capture adult lamprey downstream from entrances to the dam.  In 2012 we plan to 


expand these efforts to both reduce impacts on lamprey and provide sufficient animals to achieve 


research and restoration objectives. 


 


 Modifications similar to the Cascades Island entrance modification are planned for 


installation at the John Day Dam North Fishway entrance during winters 2011-12 and 2012-13 


(Figure 4).   We propose to evaluate adult lamprey behavior and passage rate using a 


combination of HD-PIT, DIDSON, video, and JSATS telemetry techniques. 


 


 


 


  


 


 


 


 


 


 


 


 


 


 
 
 


 


 


 


 


 


Figure 4:  Planned modification of John Day North Fishway entrance to be installed winter 2011-


2012 and 2012-2013.  The design is similar to the modification at the Bonneville Dam Cascades 


Island entrance.  It includes a variabile width weir, bollard field (to reduce near-bed velocities), 


removal of three transition pool weirs, and installation of new Auxilliary Water Supply pumps.  


Proposed monitoring will be via HD-PIT plate antennas (indicated by gold bars) and DIDSON 


and optical video cameras deployed on I-beams placed along fishway walls (red rectangles).   
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B.  OBJECTIVES 


 


1. Use HD-PIT technology to evaluate structural improvements for adult lamprey at 


Bonneville, The Dalles, and John Day Dam fishways.  


 


1.1  Determine lamprey passage efficiency and passage times at Bonneville Dam  


LPSs located at the auxiliary water supply channels and Cascades Island fishway  


entrance. 


1.2 Assess the effects of improving access to LPSs and providing refuge areas in AWS   


channels. 


1.3 Assess effects of reducing lamprey access to the area behind the crowder at the  


 Washington-shore fishway count station. 


     1.4 Modify and evaluate The Dalles East Fishway raised orifices. 


     1.5 Evaluate the effects of reduced nighttime flow at fishway entrances at The Dalles Dam 


           North Fishway using HD-PIT and visual count monitoring. 


     1.6 Use HD-PIT antennas to monitor lamprey behavior at the entrance to the John Day  


          Dam North Fish Ladder after year 1 modifications. 


 


2. Modify and evaluate lamprey passage structures (LPSs) at Bonneville and John Day 


dams.  


 


2.1  Extend Cascades Island LPS terminus to the Powerhouse 1 forebay and develop    


       accurate count methodology at this site. 


2.2 Evaluate effects of LPS flow reduction on lamprey collection efficiency at the   


Cascades Island LPS. 


2.3 Construct and install LPS at the top of the new Bonneville Dam Washington-shore 


Lamprey Flume System and at the John Day North Fish Ladder entrance during 


winter 2012-2013. 


 


3. Evaluate use of Dual-frequency Identification Sonar (DIDSON) and low light video 


cameras for documentation of lamprey behavior.  
 


3.1  Mount cameras and collect imagery of the Washington-shore NDE entrance 


      (DIDSON), raised picket leads at count stations, and and serpentine weir areas  


      (optical video) at Bonneville Dam during lamprey migration. 


3.2  Mount DIDSON camera and collect imagery at The Dalles fishways during the  


      lamprey migration period. 


     3.3  Mount DIDSON camera and collect imagery at the modified John Day North  


           Fishway entrance during the lamprey migration period. 


 


4. Determine lamprey passage success, passage times, and route selection through the 


lower Columbia River using HD-PIT detection, visual, and LPS counts. 


 


5. Use historic lamprey radiotelemetry data to assess lamprey passage metrics relative to 


sea lion predation, environmental variation, and dam operations. 
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6. Identify potential lamprey trapping locations and trap improvements at and 


downstream from Bonneville Dam. 
 


6.1  Continue development of lamprey trapping in lower Columbia River dam fishways. 


6.2  Conduct Bonneville Dam tailrace trapping with a variety of trap designs. 


 


7.    (Optional) Use radiotelemetry to monitor behavior and passage metrics of  


      tagged adult Pacific lamprey at lower Columbia River Dams.  (Placeholder). 


 


7.1 Estimate passage times, escapement, and patterns of fishway use at lower Columbia  


     River dams. 


7.2 Evaluate passage modifications for lamprey at Bonneville Dam including structural  


     changes to count station picket leads and Cascades Island Fishway Entrance  


    modifications. 


7.3 Evaluate effects of lowered nighttime entrance velocities at The Dalles North  


     Fishway. 


7.4 Evaluate passage metrics and behavior at the John Day North Fishway, focusing on  


     lamprey movements at the modified entrance area. 


 
 
C.   METHODS 


 


1.  Use HD-PIT technology to evaluate structural improvements for adult lamprey at  


Bonneville, The Dalles, and John Day Dam fishways.  


 


With development of each structural improvement for lamprey passage, HD-PIT antennas have 


been integrated into the design to allow for evaluation of structure 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.  Consequently, by tagging a single group of adult lamprey with HD-PIT tags and 


releasing them downstream from Bonneville Dam, evaluation of multiple structures and passage 


routes at multiple dams can be achieved.  We propose to tag up to 900 adult lamprey, depending 


on lamprey abundance, not to exceed 2% of total annual lamprey count.  Tagging will be 


approximately proportional to the run and we will monitor daily dam counts, LPS counts, night 


counts, and a lamprey run size forecasting tool based on temperature (Keefer et al. 2009a) to 


ensure the 2% limit is not exceeded.  As in previous years, these data will be made available to 


regional managers on a weekly basis. 


 


1.1  Determine lamprey passage efficiency and passage times at Bonneville Dam LPSs located at 


the auxiliary water supply channels and Cascades Island fishway entrance. 


 


Lamprey use of the existing AWS LPSs, and the LPS at the Cascades Island entrance are 


dependent on adequate attraction and collection.  Lamprey are able to move directly into the 


auxiliary water supply (AWS) channel at the top of the Bradford and Washington-shore fishways 


from the adjacent vertical slot fishways via grates in the wall or via picketed leads at the 


downstream end of the AWS channel (Figure 1).  The LPSs located in the AWS channels at 


Bradford Island and the Washington-shore afford a passage route for lamprey to volitionally 
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enter the dam forebay.  Similarly, the Cascades Island LPS allows lamprey to bypass the 


traditional fishway and move directly to the top of Bonneville Dam for release upstream.  In 


2012, we propose to continue evaluation of these structures in light of local flow and operational 


conditions to identify conditions that result in optimal attraction and collection.  This will be 


achieved both via detection of HD-PIT tagged lamprey and counts of lamprey at each LPS.   


 


The Cascades Island fishway entrance incorporates design elements to improve lamprey passage, 


including addition of velocity disruption structures (bollards) to provide a low velocity route of 


entry for lamprey (Figure 3), and a full-scale LPS (Figures 5-7).  HD-PIT antennas were 


positioned in the floor of the fishway both immediately downstream and upstream of the bollards 


and in the LPS to assess use by PIT-tagged lamprey.  The LPS features a series of ramps and rest 


boxes that allow lamprey to move vertically to an elevation above the Bonneville Dam forebay 


(Figure 6).  This structure represents the first test of lamprey ability to traverse long distances 


and achieve the entire dam elevation in a single structure.  If successful, it can serve as a 


prototype for future full-length LPSs. 


 


Figure 5.  Cascades Island collector 


ramp and Rest Boxes 1 and 2. 


 


 


 


 


 


 


 


 


 


 


 


Figure 6.  Cascades Island LPS 


HD-PIT antenna and Rest Boxes 


3, 4, 5, and 6. 


 


 


 


 


 


 


 


 


 


 


 


Figure 7.  The Cascades Island LPS currently 


terminates in a trap box and holding tank. 
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1.2 Assess the effects of improving access to LPSs and providing refuge areas in AWS channels. 


 


Night video observations and radiotelemetry results indicate that adult lamprey accumulate and 


mill in the vicinity of the count station at the Washington-shore fishway (Clabough et al. 2009) 


and that some of these fish subsequently fail to pass upstream.  In 2010, a pilot study to improve 


lamprey use of the AWS channel (and ultimately the LPS at its upper end) was initiated.  The 


picketed lead at the downstream end of the AWS channel was raised 2.5 cm (1”) to allow 


lamprey easier access to the AWS.  Results indicate that LPS use increased more than three-fold 


compared to previous years (Clabough et al. 2011).  In 2011, the same modification was made at 


the Bradford Island picketed lead.  Unfortunately, this change allowed salmon to enter the AWS 


and the test was terminated in-season at both fishways.  Additional work is needed to improve 


lamprey access to the AWS while protecting listed salmonids.  Lamprey refuge devices (i.e., 


shelters) were installed in the Washington-shore AWS in 2011 and equipped with HD-PIT 


detectors.  Such devices may function to retain lamprey in the AWS during daylight, when 


lamprey often move down fishways or seek low light areas to hold.  The efficacy of improving 


access to the AWS and retention of lamprey in the AWS refuge boxes will be assessed using 


HD-PIT-tagged fish.  If the structures are effective in improving lamprey passage and counts at 


Bonneville Dam, similar improvements could be considered for AWS channels at other dams. 


 
1.3 Assess effects of reducing lamprey access to the area behind the crowder at the Washington-


shore fishway count station. 


 


 Radiotelemetry and night count data have indicated that lamprey tend to accumulate in the area 


behind the crowder at the Washington-shore fishway count station (Clabough et al. 2009).  To 


improve the accuracy of lamprey counts and provide a more direct passage route, lamprey access 


to this area was eliminated in 2011 by decreasing picket lead spacing upstream and downstream 


from this area.  HD-PIT detections of lamprey using the fishway exit, as opposed to the 


Washington shore AWS LPS, will be compared in years before and after this modification to 


determine whether it was effective. 


 


1.4 Modify and evaluate The Dalles East Fishway raised orifices. 


 


Concerns have been raised regarding the ability of lamprey to pass easily through the raised 


orifices at The Dalles East Fishway.  At the Washington-shore AWS channel at Bonneville Dam, 


a metal ramp was installed to provide a smooth transition into the AWS channel entrance (Figure 


8).  A similar structure could aid lamprey passage at raised orifice constructions at The Dalles 


Dam and elsewhere.  We propose to investigate the use of either a metal or concrete ramp to 


provide lamprey with an easier passage route at raised orifices.  We will evaluate the 


modifications using comparison of HDX-PIT-based passage metrics between modified and pre-


modified years, recognizing these comparisons will have limited ability to detect differences in 


passage rate. 
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      Figure 8.  Metal ramp installed in 2011 to provide  


      lamprey with an easier passage route when entering  


the Washington-shore AWS channel at Bonneville 


Dam. 


 


 


 


 


 


 


1.5 Evaluate the effects of reduced nighttime flow at fishway entrances at The Dalles Dam North 


Fishway using HD-PIT and visual count monitoring. 


 


Reduction of velocities at fishway entrances at night appears to improve entrance success by 


adult Pacific lamprey (Johnson et al. 2010), and a reduced velocity operation is under 


consideration at The Dalles Dam North Fishway.  If this operational change is made, we will use 


HD-PIT detections at the existing ladder exit antenna and visual counts to evaluate whether 


passage rates differ on nights with reduced velocity compared to normal velocity.  Ideally, 


monitoring would occur at entrances rather than at upstream sites to detect treatment effects 


(e.g., via radiotelemetry investigations, Optional Objective 7). 


 


1.6 Use HD-PIT antennas to monitor lamprey behavior at the entrance to the John Day Dam 


North Fish Ladder after year 1 modifications.  


 


Plans have been made to install a bollard field at John Day North Fish Ladder during the in-


water work period of 2011-2012 (Figure 4).  At the same time, we propose to fabricate and help 


to install the first of two HD-PIT antennas at a location immediately inside the fishway entrance 


(Figure 4).  The antenna will be used in conjunction with the existing exit antenna to estimate 


passage times, exit ratios, and lateral location of entry (north vs. south side of fishway).  Radio 


telemetry will be also used to estimate passage metrics if Objective 7 is exercised. 


 


2. Modify and evaluate lamprey passage structures (LPSs) at Bonneville Dam.  


 


2.1  Extend Cascades Island LPS terminus to the Powerhouse 1 forebay and develop accurate 


count methodology at this site. 


 


Currently the Cascades Island LPS terminates in a trap to allow enumeration of all lamprey that 


successfully pass through the structure (Figure 7).  In 2012, NOAA-Fisheries plans to extend the 


LPS to terminate in a volitional release box in the Powerhouse 1 forebay.  In this way, lamprey 


handling would be reduced and the structure could be run continuously during the lamprey 


migration season.  To obtain an accurate count of lamprey using the structure, a radio-linked 


security camera will be positioned near the LPS terminus and records of individual lamprey 


passing through the structure will be uploaded to a central computer for online access.  We 
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propose to release a small sample of HD-PIT tagged fish (n = 20) directly into the LPS to 


evaluate their success, passage rate, and system monitoring.   


 


2.2 Evaluate effects of LPS flow reduction on lamprey collection efficiency at the Cascades 


Island LPS. 


 


The number of lamprey using the Cascades Island LPS has been low, in spite of the fact that the 


fish can apparently move rapidly through the upper half of the structure (Figure 6).  This 


indicates that either lamprey collection efficiency is low or that lamprey have difficulty moving 


though the lower section of the LPS (Figure 5).  In 2010-2011, we lowered flow through the LPS 


to determine whether lamprey use of the structure was limited by high flows.  Due to the length 


and steepness of the lower LPS ramps (Figure 5), it may be necessary to reduce flow even more, 


while maintaining flow in the upper part of the structure (Figure 6).  In 2011, we fitted the upper 


rest boxes with screens to allow reduction of LPS flow in the lower part of the LPS.  In 2012, we 


propose to evaluate LPS flow reduction using alternating low and high flow treatments.  The 


number of lamprey using the structure during each treatment would then be compared to assess 


the efficacy of this operational change. 


 


2.3 Construct and install a LPS at the top of the new Bonneville Dam Washington-shore 


Lamprey Flume System and at the John Day North Fish Ladder entrance during winter 2012-


2013. 


 


UI will coordinate and consult on the design and construction of two LPS structures similar to 


those installed at Bonneville Dam:  1) the top of the new Lamprey Flume System to be installed 


at the Bonneville Dam Washington-shore North Downstream Entrance during winter 2012-2013 


(Figure 2); and 2) at John Day North Fish ladder during the 2012-2013 winter work period.  


Engineering design and fabrication will be conducted by at third party under a separate 


agreement.  UI will perform the installations with crane support from the USACE.  Evaluation 


will occur in 2013.   


 


3.  Evaluate use of Dual-frequency Identification Sonar (DIDSON) and low light video 


cameras for documentation of lamprey behavior.  
 


To date, field assessment of lamprey migration behavior and passage success at lower Columbia 


River dams has relied primarily on radiotelemetry and HD-PIT detection.  While these methods 


provide strong, quantifiable evidence of lamprey movements at mesoscales (10s-1000s of 


meters), they have not been useful for evaluating finer scale movements (<1-10s m).    Moreover, 


they provide no information on lamprey depth distribution.  These methods also require capture 


and handling of large numbers of fish.  As lamprey abundance declines, the ability to obtain 


sufficient numbers of animals to tag and concerns for fish welfare demand use of less invasive 


methods.  Because optical video is limited to ranges of ≤ 1m at most sites, we began testing of a 


DIDSON acoustic camera in 2011 at several locations at Bonneville Dam.  


 


Dual-frequency Identification Sonar (DIDSON) is a multi-beam imaging system capable of 


acquiring near-video quality streaming imagery of fish and other targets of interest (Belcher et al. 


2001) at ranges of 1-15 m.  DIDSON is a non-invasive sampling technology that operates at 
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frequencies beyond the known hearing range of all fish species (Fay and Simmonds 1999).  This 


tool has been used effectively to assess juvenile salmon passage and evaluate the performance of 


structural modifications at hydropower projects on the Columbia River (Moursund et al. 2002; 


Ploskey et al. 2005; Johnson et al. 2006).   Recent work by Johnson et al. (2010b) demonstrated 


the potential of DIDSON for assessing adult Pacific lamprey behaviors at the fish ladder 


entrances at Wells Dam.  The Wells Dam study revealed fine-scale adult lamprey behaviors that 


run counter to prevailing notions of how these fish enter fishways.   


 


As of mid-June 2011, we have deployed DIDSON cameras at several fishway entrances 


(Cascades Island, Washington-shore North Upstream and Downstream) and are preparing 


deployment at several other locations, including the junction pool of the Washington Shore 


ladder.  Adult Pacific lamprey are clearly identifiable in the images due to their size, shape, and 


anguiliform swimming motion (Figure 9).  Adult salmonids, American shad, and sturgeon have 


also been observed.  Ongoing 2011 objectives are to evaluate the potential applications and 


limitations of DIDSON imaging in fishway environments to: 1) document qualitative behavior of 


adult lamprey near entrances, 2) estimate the depth distribution of adults as they approach 


fishway entrances, and 3) determine whether quantitative passage metrics such as entrance 


efficiency can be robustly estimated with the technology.  Proposed 2012 work will refine 


methods and equipment, improve monitoring methods, add monitoring locations, and further test 


the ability of the technology to estimate passage metrics. 


 


 


.  


 


 


Figure 9:  DIDSON still images captured from video and identified as an adult Pacific lamprey 


outside the Bonneville PH2 North Upstream Fishway Entrance, 2:18 AM 19 June 2011.   
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3.1  Mount DIDSON camera and collect imagery of the Washington-shore NDE entrance, raised 


picket leads at count stations, and serpentine weir areas at Bonneville Dam during lamprey 


migration. 


 


A standard DIDSON unit will be deployed on a trolley that slides down the underside of the 


Washington-shore entrance LPS collector located on the south wall downstream of the fish 


ladder entrance on the Washington Shore or along I-beams similar to those used for deployment 


of the Acoustic Deterrent Devices (ADD).  A dual-axis rotator will be attached to the DIDSON 


to allow for variability in tilt and pan orientation.  The DIDSON will be lowered to near the 


elevation of the bottom of the entrance and aimed so that the sampling beams spread across the 


floor downstream of the entrance and into the opening.   


 


The DIDSON system will consist of the sonar unit, DIDSON cable, laptop computer with data 


acquisition software, topside control box and external hard drives.  All electronic components 


will be housed in an environmental box on the tailrace deck.  Data will be acquired using the 


high-frequency (1.8 MHz) mode with a rate of 8-10 frames per second, which will result in 


collection of the highest resolution DIDSON imagery.  Data will be saved directly to external 


hard drives in consecutive 15-minute files; drives will be changed on a daily basis.  All data will 


be backed up and archived to additional hard drives for permanent storage.  Data will be 


processed by manually reviewing data files with DIDSON playback software.  This will entail 


reviewing the raw data to monitor for the presence of lamprey in the sample volume.   


All lamprey detections will be described with respect to behaviors observed and passage fate 


(entries, non-entries, exits).  Metrics will be selected based on 2011 results and may include 


length of time spent holding, swimming speed, swimming orientation, depth of travel, entrance 


efficiency, time to enter, and entrance location.  Data will be summarized by day, hour, and 


operational condition as appropriate.   


 


The picketed leads downstream from the Washington-shore and Bradford Island count stations 


were raised 3.8 cm (1.5”) in an effort to improve adult lamprey access to the AWS channels and 


the LPS entrances at these locations.  However, adult salmonids were able to pass into the AWS 


channel in 2011 and the pickets at both AWS channels were lowered during the lamprey passage 


season.  During winter 2011-2012, the USACE plans to raise the picketed leads to a maximum 


height of 2.5 cm (1”) at each AWS channel, which should eliminate adult salmonid passage.  We 


propose to use underwater video to assess adult salmonid behavior at the base of the picketed 


lead using techniques employed by UI and UC Davis at McNary Dam during 2010-2011.  


Underwater video cameras with IR light sources will be deployed on I-beams placed behind the 


picketed leads (i.e., inside the AWS channel) and accessed from the catwalk.  Video will be 


recorded and reviewed during a subset of each salmonid run for a minimum of 200 salmonid 


events/run and the proportion of attempts to swim under the slot / number salmonids observed 


and the proportion of salmon passing under the slots will be reported.  


 


Adult lamprey do not readily pass the vertical slot weirs at Bonneville Dam fishways.  We 


hypothesize that passage is impeded by high velocities through the slots, particularly when they 


occur over distances of >1 m (as compared to ~0.3 m in overflow weirs).  We will use 


underwater optical video to evaluate general lamprey behavior in the section, and we will test our 


hypothesis by deploying cameras to estimate passage behavior at weirs with short vs. long 
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vertical slots.  Deployments will be from temporary I-beams suspended from a catwalk over the 


fishway and will allow cameras to be deployed only at night to minimize impacts on salmonids.   


 


3.2  Mount DIDSON and video cameras and collect imagery at The Dalles fishways during the 


lamprey migration period. 


 


DIDSON imagery will be collected at known or suspected passage obstructions and recently 


modified areas using I-beams or similar mounting techniques to evaluate behavior and passage 


success.  Planned modifications aimed to improve lamprey passage include installation of ramps 


at raised orifices in the East Fish ladder and installation of diffuser plating in the East Ladder 


lower fishway and transition pool.  Known problem locations include the North and East fishway 


transition pools and the East Ladder collection channel.  Where possible, data will be collected at 


paired modified/unmodified locations (e.g., orifices) and we will test for differences in passage 


rate at the two location types to directly evaluate efficacy. 


 


3.3 Mount DIDSON camera and collect imagery of movements at the modified John Day North 


Fishway entrance. 


 


We propose to install four I-beams at the modified John Day North entrance (Figure 4).  I-beams 


will allow imaging in and above the new bollard field, at the LPS entrance, and near the new 


variable-width weir entrance.  Data will be used to quantitatively estimate passage entrance and 


exit rates, depth distribution, passage efficiency and behavior with respect to the bollard field, 


entrance slot, and LPS entrance. 


 


4.  Determine lamprey passage success, passage times, and route selection through the 


lower Columbia River using HD-PIT detection, visual, and LPS counts. 


 


HD-PIT readers have been installed at the FCRPS dams and at some PUD dams to provide 


estimates of escapement and passage times between these projects.  In 2006-2011, we developed 


new shielding techniques and antenna installations, evaluated two data logging methods, and 


explored integration of HD-PIT information into the larger PTAGIS database.  Currently HD-


PIT readers and antennas are operational at multiple locations at Bonneville Dam and at the 


ladder exits at The Dalles and John Day dams.  Data from HD-PIT systems (including those 


operated at upstream dams) have been used to determine passage efficiency and passage rates 


between dams (Keefer et al. 2009a; 2010; 2011).  They are also being used to assist evaluation of 


the relative use of fishways and LPS structures at Bonneville Dam.  For 2012, the lamprey that 


we propose to implant with HD-PITs for other objectives can also be used to compute overall 


passage efficiency and basin-wide patterns in lamprey escapement.  These estimates will be 


compared to those from previous years to determine whether passage improvements for lamprey 


have resulted in higher overall passage efficiency at each project.   


 


5.  Use historic lamprey radiotelemetry data to assess lamprey passage metrics relative to 


sea lion predation, environmental variation, and dam operations. 


 


Understanding how river environmental conditions and other factors affect migration behavior 


and success of adult lamprey is important for comparisons of data collected over multiple study 
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years.  In particular, we need a better of understanding of how differences in river environment 


(e.g., flow and water temperature), major operational changes (powerhouse priority, spill 


pattern), and the density of sea lions and other predators affect passage metrics: particularly 


passage time, fallback rate, and overall dam passage efficiency.  This is even more critical as 


structural modifications are concurrently implemented.   


 


We will use radiotelemetry data from 1997-2002 and 2007-2011 and the HD-PIT data from 


2005-2012 to perform multi-year analyses examining the relationships between lamprey passage 


metrics, dam escapement, and a variety of predictor variables.  Statistical models, primarily 


multiple logistic regression and Cox proportional hazards regression (e.g., Caudill et al. 2007), 


will be used to evaluate the relationships between passage metrics, fish traits, and environmental 


factors within and between years.  Passage metrics will include probability of return to the dam 


after release, fishway approach and entrance efficiency, dam passage efficiency, route of 


passage, fallback, and passage time over several relevant passage segments (e.g., tailrace to 


approach, tailrace to entrance, tailrace to exit).  Fish traits will be those collected at the time of 


tagging (length, weight, girth, date of tagging/release, percent lipid, etc.).  Environmental factors 


will include river and operational parameters such as flow, spill volume, spill pattern, 


temperature, forebay elevation, tailwater elevation, and powerhouse priority.  Estimates of sea 


lion density will be used to test for associations between lamprey release-to-approach and 


approach-to-entry metrics both within years and between years. 


 


6.  Identify potential lamprey trapping locations and trap improvements at and 


downstream from Bonneville Dam. 


 


To date, lamprey used for HD-PIT assessment of fishway use have been primarily collected at 


traps operated in the Adult Fish Facility fishway bypass at Bonneville Dam.  Consequently, these 


fish have the demonstrated ability to successfully enter fishway entrances and negotiate 


transition pools and the lower section of the Washington-shore pool and weir area.  In 2011, we 


designed and installed two portable traps that were deployed adjacent to Washington-shore 


entrances (NDE and SDE) at Bonneville Dam.  If successful, this method will allow collection of 


potentially “naïve” fish, those that have not demonstrated the ability to enter fishway entrances.  


Obtaining these fish would permit a less biased evaluation of lamprey passage.  In addition, 


characteristics of fish collected in this way could be evaluated and compared to those of fish 


collected inside fishways.  If successful, these traps will also provide additional lampreys for use 


in research and restoration. 


 


6.1  Continue development of lamprey trapping in lower Columbia River dam fishways. 


 


Pending 2011 results, NDE and SDE portable traps will be modified to improve performance.  


Additional trapping is ongoing at The Dalles and John Day fishways.  Results from this work 


will be used to help refine trapping techniques in an effort to increase trap efficiency, minimize 


impacts to salmonids, address project safety concerns, and obtain lamprey from areas where they 


have the lowest potential for reproductive success (i.e., dead-end channels, entrance areas with 


poor passage, etc.). 







 19 


6.2  Conduct tailrace Bonneville Dam tailrace trapping with a variety of trap designs. 


 


Typically around half of the lamprey that approach Bonneville Dam do not successfully pass 


upstream.  The lamprey that are obstructed may accumulate below Bonneville Dam and be 


exposed to predation.  Current research and restoration efforts have never tapped this “lost” 


production.  Development of techniques to capture lamprey in the tailrace areas below 


Bonneville Dam would provide both a more accurate sample of the lamprey population and 


would potentially be a source for animals used in research and restoration.  To this end, we 


propose to deploy a variety of trap designs in various locations downstream from Bonneville 


Dam in an attempt to obtain lamprey from this area, while following project safety protocols and 


minimizing impacts to listed salmonids. 


 


 


7.  (Optional) Use radiotelemetry to monitor behavior and passage metrics of tagged adult 


Pacific lamprey at lower Columbia River Dams.  (Placeholder). 


 


Radiotelemetry may be necessary to estimate passage times, escapement and patterns of fishway 


use by lamprey at specific areas of interest at lower Columbia River dams.  Due to concerns for 


lamprey welfare and the limited numbers of fish available for research, no radiotelemetry was 


conducted in 2011.  With changes to count station areas at Bonneville Dam, proposed nighttime 


flow reductions at The Dalles North Fishway entrance, and development of modifications at the 


John Day North Fishway entrance, it may become necessary to radio tag and track lamprey 


movements at specific areas of interest at lower Columbia River dams.  Lamprey tagging will be 


conducted using existing protocols (e.g., Johnson 2010a) and sample sizes will be determined 


based on regional coordination and power analyses of projected lamprey occurrence at targeted 


sites.   


 


 


D.  Timeline and Scope of Work 


 


HD-PIT antenna maintenance and monitoring at fishway sites will be completed by UI 


personnel.   UI will also maintain the HD-PIT database and facilitate data transfer to PTAGIS.  


Installation and operation of DIDSON equipment will be by UI and LGL under contract to UI.  


DIDSON deployments will require coordination and planning support from USACE project 


biologists at district, BON, TDA, and JDA.  Data processing and analysis will be by NMFS and 


UI (all Objectives); DIDSON data evaluation will be in collaboration with LGL.  Design, 


fabrication, and installation of the Cascades Island LPS extension and The Dalles orifice 


modifications will be conducted by NMFS.  The Washington-shore LFS LPS and the John Day 


North Ladder LPS will be designed and constructed during 2012 and installed during winter 


2012-2013 by UI.  As of mid-September 2011, UI anticipates design and construction to be 


conducted by the University of Idaho Ecohydrualics group (Boise, ID) or UC Davis Engineering.   


UI will consult with the construction contractor on installation of the HD-PIT antennas.  


Lamprey collection, HD-PIT tagging, and LPS maintenance will be a NMFS responsibility.  


Reports will be prepared, submitted for review and revised during the period January-May 2013.  


Draft reports will be due 31 March 2013; USACE will provide comments on draft reports within 


30 days following submission.  Revised final reports will be due 31 May 2013. 
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Table 2.  Estimated timeline for each of the proposed 2012 study objectives. 


 Month 


Objective Jan   Feb   Mar   Apr   May          Jun   Jul   Aug   Sep   Oct   Nov   Dec-2012 
Cascades Island LPS                                        Cascades Island extension fabrication and installation 


WA-shore LPS                                                   Design and Fabrication                                                   Install 


JDA North LPS                                                   Design and Fabrication                                                   Install 


JDA N Modification Install HD-PIT antennas and DIDSON I-beams (Dec 2011-Feb 2010) 


DIDSON            DIDSON camera install                    Data collection                  Processing & analyses 


The Dalles mods In-water work                                              Data collection                   Processing & analyses 


Passage success                                                               Tagging and data collection      Processing & analyses 


Multi-year analyses Data analyses as time permits year-round 


 


 


 


E.  Facilities and Equipment  
 


Installation of orifice ramps, AWS refuges, DIDSON/video guides, and HD-PIT antennas 


in the fishways will be conducted during the winter maintenance periods at dams, and will be 


completed prior to commencement of lamprey trapping in the spring of 2012.  Cascades Island 


extension components will be fabricated off site and delivered in coordination with USACE 


personnel and contractors.  All HD-PIT and DIDSON equipment will be in place prior to the 


start of the field season.  All existing equipment will be serviced during winter months.   


 


Table 3.  Projected equipment needs, 2012. 


 


Provided by UI Dates 


Video Cameras for Picketed leads 5/1-10/1 


2 Flat-plate HDX Antennas for JDA North fishway 12/31/2012 


HDX PIT antennas and readers BON, TDS, JDA all 


Funnel Traps for tailrace trapping 5/1-10/1 


DIDSON i-beams and instrument trolley all 


Boat support for tailrace trapping 5/1-10/1 


Safety boat for installations (if necessary) as needed 


  


  


Provided by NMFS Dates 


Lamprey traps, BON PH2 5/1-10/1 


LPS extension CI LPS trap box to forebay           5/1-12/31 


Orifice ramps at TD East Fishway                 TBD 


  


Provided by USACE Dates 


2 DIDSON cameras 4/15-10/1 
Crane support at BON and JDA for HDX antennas and DIDSON I-beam 
installations TBD 


BRZ permit/coordination as needed 
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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 2012. 


 


 Assistance from project personnel will be required as follows: 


 


1.   Provide access to the Adult Fish Facility (AFF) adjacent to the Washington shore ladder 


at Bonneville Dam during daytime and at night from late May through October for 


lamprey collection and processing. 


2.   Provide access to dewatered AFF bypass ladder to allow repairs and alterations to 


lamprey traps. 


3.   Provide access at the AWS channel areas for LPS maintenance, flow measurements and 


to download HD-PIT detection equipment. 


4.   Provide access at Bonneville, The Dalles and John Day dam fishways for installation and 


maintenance of LPS and HD-PIT detection equipment.  Some installation work may 


require crane and/or dive support. 


5.  Provide access and crane and dive support for installation of DIDSON guides and picket 


leads. 


6.  Provide crane support for installation of Cascades Island extension and The Dalles orifice 


ramps. 


7.   Provide AC power to fishway sites for HD-PIT readers and LPS pumps.  


 


 


Biological Effects 


 


Procedures for trapping and tagging lamprey at Bonneville Dam will be similar to prior 


years.  Fish will be collected using the lamprey traps during night only.  The trap box is hoisted 


from the bypass ladder adjacent to the Washington-shore fishway and fish are transferred into a 


water-filled plastic tank.  The fish are then anesthetized, measured, and weighed.  No fish will be 


held for longer than 48 hours.  Fish used for HD-PIT evaluations will be tagged at this time.  All 


other fish will be released at Stevenson, WA.  Re-captured fish will be released into the Cascades 


Island LPS prior to release into the Columbia River at Stevenson, WA. We expect little to no 


mortality from the marking and release operations. 
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Key Personnel and Tasks 


Project planning, administration: 


M. Moser, NMFS 


C. Caudill, UI 


Work plan preparation, protocols, computer programs, permits: 


M. Moser, NMFS 


S. Corbett, PSMFC 


C. Caudill, M. Jepson, E. Johnson, UI 


Equipment specifications and purchase: 


M. Moser and J. Moser, NMFS 


M. Morasch, C. Boggs, E. Johnson, UI 


Lamprey collection, HD-PIT tagging, evaluation of LPSs: 


M. Moser, J. Moser, NMFS 


S. Corbett, PSMFC 


E. Johnson, UI 


        DIDSON operation and data processing: 


                      P. Johnson, LGL 


          E. Johnson, UI 


Maintenance and regular downloading of HD-PIT readers:    


M. Morasch, C. Boggs, E. Johnson, UI 


Analysis of data and preparation of report segments: 


                     M. Moser, C. Caudill, M. Keefer, E. Johnson, P. Johnson 


 


 


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.  
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Study Summary 
A.  Goal 


The goal of this study is to evaluate non-invasive methods to count and study adult Pacific 
lampreys Entosphenus tridentatus passage behavior at dams of the Columbia and Snake rivers.  As 
part of this work, we intend to evaluate the relative efficacy of underwater video and to observe and 
document behavior for adult lamprey migrants at and near count stations at The Dalles and John Day 
dams. 


 
B.  Objectives 
 
1.   Evaluate the use of underwater video and automated count software to estimate number of 


adult Pacific lamprey that bypass fish count stations through picketed leads.   
 
2.   Evaluate the use of alternate locations in and near fishways to estimate adult Pacific lamprey 


escapement at dams.   
 
3.   Estimate total escapment at dams using daytime, nighttime counts and information from 


Objectives 1 & 2.  
 
C.  Methods 
 


We propose to use video cameras to develop escapement estimates for adult Pacific lamprey 
passing The Dalles and John Day dams in 2012.  Escapement estimates will require using cameras 
and recording equipment to determine nighttime counts at the north- and south-shore count windows 
at The Dalles and John Day dams.  Combined with current daytime counts, this will produce a 24-hr 
count of lamprey that use count stations.  We propose to use underwater cameras to produce 24 hr 
estimates of lamprey that pass upstream without using the count windows by moving through the 
picketed-leads and thus estimate total adult escapements at the two dams.  We will evaluate the 
effectiveness of automated software packages and sub-sampling techniques to produce real-time and 
accurate counts from captured video images.   


 
D.  Relevance 
 


A petition to list Pacific lamprey as a federally-endangered or threatened species was submitted 
2002 to the U.S. Fish and Wildlife Service.  Although not approved at that time, the current 
downward trend for lamprey returning to streams in the Pacific Northwest suggests aggressive 
management is needed to prevent a population collapse, particularly in inland areas such as the upper 
Snake River basin.  In 2009, adult lamprey abundance, based on counts at dams, was the lowest 
recorded in recent time, and currently 2010 numbers lag behind those for 2009.  Improving lamprey 
escapement estimate and passage at Columbia River dams was identified as the highest priority by 
the Columbia Basin Pacific Lamprey Technical Workgroup (a subgroup of the CBFWA Anadromous 
Fish Committee).  This project will address concerns raised by tribal agencies (Close et al. 2002), the 
U.S. Army Corps of Engineers (USACE), and the Northwest Power Planning Council in section 7.5F 
of the 1994 Columbia River Basin Fish and Wildlife Program related to effects of FCRPS projects on 
passage of Pacific lamprey in the Columbia Basin.   
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Project Description 


A.  Background 


 Pacific lampreys are anadromous and adults must pass up to eight or nine dams and 
reservoirs to reach historical spawning areas—up to four dams in the lower Columbia River, five 
in the mid Columbia River, and four in the Snake River (Close et al. 1995).  While there is still 
much to be learned about the ecology and status of Pacific lamprey in the Columbia River Basin 
(CRB), most believe that numbers are in decline (Figure 1).  Declines may be most dramatic for 
interior populations such as in the upper Snake River, where counts have ranged from 282 to a 
low of 12 over the last ten years.  Indications are that drastic efforts are needed to prevent loss of 
significant population segments within the basin.  Critical for any management action directed at 
reversing the declines of Pacific lamprey is to have reliable estimates of population size, to be 
able to track changes over time and to help set priorities for research and restoration efforts.    
 
 


 
Figure 1.  Counts of Pacific lamprey reported for Bonneville and McNary dams through 


2010.  Counts were not made from 1970 to 1995.  Source: USACE Annual Fish Passage Reports 
and DART. 
 
 


Our primary understanding of lamprey status in the Columbia River is based on counts at 
dams, yet current counting practices likely do not accurately capture real lamprey escapements.  
Adult Pacific lamprey are primarily active at dams during nighttime hours.  Also, lamprey can 
pass through picketed-leads and other structures designed to guide salmonids at count stations.  
Thus it is possible a sizable portion of adult lamprey pass dams without being observed, a 
supposition supported by comparing dam counts with dam conversions of lamprey determined 
with the half-duplex PIT system (Figure 2).  In 2008, we initiated a study to evaluate methods to 
estimate the number of lamprey that passed upstream through picketed-leads at the north-shore 
count station at John Day Dam.  During a limited time period in 2008 in which 29 lamprey were  
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Figure 2.  Mean interdam conversion rates for adult Pacific lamprey between dams of the 


Columbia and Snake rivers based on 10-year average of daytime counts (bars) and from 2006-
2008 HD PIT records.  Sources: DART, Keefer at al. 2008, Keefer at al. 2009. 
 
 
counted during the day, we observed a net upstream movement of 208 lamprey behind he 
picketed-leads.  We are currently repeating this evaluation at the north-shore ladder at John Day 
Dam along with adding the nighttime video for fish passing through the count station itself.   
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 For 2012, we propose to expand this evaluation to all count stations at John Day and The 
Dalles dams.  We will also evaluate the use of automated count software to process video images 
for video captured at The Dalles Dam and we will evaluate the effectiveness of sub-sampling to 
accurately estimate lamprey escapement.       


 
B.  Objectives 


 
1.   Evaluate the use of underwater video and automated count software to estimate number of 


adult Pacific lamprey that bypass fish count stations through picketed leads.   
 
2.   Evaluate the use of alternate locations in and near fishways to estimate adult Pacific 


lamprey escapement at dams.   
 
3.   Estimate total escapement at dams using daytime, nighttime counts and information from 


Objectives 1 & 2.  
 


C. Methods 
 


Objective 1.   Evaluate the use of underwater video to estimate number of adult Pacific lamprey 
that bypass fish count stations through picketed leads.   


 
In 2011, nine cameras stations were installed behind the picketed leads among the four 


count stations at The Dalles and John Day dams.  Mounts were placed approximately 1 m 
upstream from picketed leads so cameras could capture images of lamprey as they moved 
upstream through the leads (Figure 3).  The exception was at the north fishway at John Day Dam 
where mounts are just upstream of the picketed leads and cameras face perpendicular to the 
current along (Figure 4).  Cameras are mounted onto shuttles that also hold infrared lamps and can 
be raised for cleaning and maintenance (Figure 5).  Cameras at each site are currently cabled to a 
multi-channel DVR to record and store raw images for later processing.  For 2012, we will 
explore use of server to store images that can be remotely downloaded via internet connection to 
facilitate processing time.  Transferring smaller segments of video (e.g. daily) is more efficient 
than waiting longer intervals to manually download sites and reduces that chance of data loss in 
case of equipment problems.    


 
Using video to observe fish and fish behavior has two drawbacks.  First, video post-


processing time can be extensive particularly when lamprey are numerous.  Second, visibility can 
vary considerable daily and seasonally, significantly affecting our ability to collect count data.  
Using software to facilitate processing has shown promise to provide near real-time counts from 
video images.  Currently we are testing two processing methods.  The first (FishTick by 
Salmonsoft; www.wecountfish.com) uses computer systems that eliminate blank video to 
decrease the time required to review video (Hatch et al. 1996, Haro and Fryer 2006, Daum et al. 
2005).  The second uses pattern recognition software to automate lamprey identification and 
enumeration.  The computer system that we are testing at the fish viewing window is Automated 
Visual Event Detection (AVED) software that has been under development at the Monterey Bay 
Aquarium Research Institute (MBARI) (e.g. Edgington et al 2006).  Ideally, the former system 
would use a computer on-site which only saves video when there is motion, thus resulting in less  
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Figure 3.  Camera mounting beams in place at The Dalles Dam North count station.  View 


is facing downstream through picketed leads (swung open here).  Metal sheets on floor will be 
used to determine depth of view for each camera. 


 
Figure 4. One of two camera mounts installed behind picket leads at the north-shore count 


window at John Day Dam.  Camera is viewing from middle of area toward the south wall.  
Second mount (foreground) supports camera viewing toward north wall.  Flow is from left to 
right.   
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Figure 5.  Underwater video camera and infrared lamps used at John Day and The Dalles 
dams to record lamprey movements behind picketed leads at fish count stations.  The mount slides 
is raised and lowered on the beam using a hand wench not shown in this photograph.  


 
 


video that must then be reviewed.  Upon review, the user must scroll through the video 
identifying species with the data going straight into a spreadsheet.  The AVED software can be 
processed at a date later than when it was recorded.  We will use the two methods to process 
images to provide a side-by-side comparison.  Manual viewing of a sub-sample of digital images 
will be made and the three estimates will be graphically and statistically (Chi-square analyses) 
compared.  Results from this analysis will be used to select the method for processing 2012 
images.  We will again use a sub-sampling of manual counts to evaluate the accuracy of the 
automated counting method for 2012 data using Chi-square analyses to compare the two results.   
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Objective 2.   Evaluate the use of alternate locations in and near fishways to estimate adult 
Pacific lamprey escapement at dams.   


 
 Work associated with Objective 1 has been developed to estimate the numbers of lamprey 
that bypass count windows as a means to developing accurate counts of fish passing dams.  While 
this method appears to be effective it may not be the most efficient way to estimate lamprey 
escapement.  Primarily because the width of the location requires multiple cameras and associated 
lighting to provide full coverage and so produces a significant amount of video information to 
process.  In addition, current camera placements focus on the areas near the bottom of the 
fishways based on observations that lamprey are surface orientated, especially when negotiating 
an obstruction such as the picketed leads.  However, some fish may pass higher in the water 
column than cameras cover, including individuals that move downstream.  In discussions we have 
had with other researchers and managers, we have considered other locations that could be used to 
monitor and count adult lamprey numbers. Such locations should ideally be relatively narrow and 
have not alternate route that fish could use to pass that point in the fishway.  The best locations 
include submerged orifices at weirs, vertical slot weirs and fishway exits.    
 
 For 2012, we proposed to explore use of alternative sites that can be used for placement of 
video and/or DIDSON equipment to provide visual counts for adult Pacific lamprey migrants.  
We will use locations in close proximity to count stations so results from monitoring and those 
from Objective 1 can be compared for effectiveness and efficiency.  Video for alternative sites 
will be processed using methods described for Objective 1.  Monitoring at such locations would 
require installation of beams or similar structures to support video cameras and lights during the 
winter dewatering periods.  All locations will be selected in consultation with USACE, USFWS, 
NOAA Fisheries, and other regional managers to assure minimal disruption of interference with 
non-target species and fishway operations.  Three proposed locations include an overflow weir 
with submerged orifices immediately downstream from the count window, a vertical slot weir 
just upstream of the count window and the ladder exit upstream of the count window (see 
Appendix A).  We recommend using the North-shore fishway at John Day Dam as the primary 
test location, and The Dalles Dam North fishway as secondary location for these alternate 
counting methods. 
 


 
Figure 6.  Fishway weirs containing vertical slot (left) and submerged orifice.  Potential 


alternative locations to provide video or DIDSON counts of adult Pacific lamprey.   
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Objective 3. Estimate total escapement at dams using daytime, nighttime counts and 
information from Objectives 1 & 2.  


 
For this objective, we propose to combine the daytime counts, nighttime counts, provided 


by the USACE, and the 24 hr net movment through the picketed leads for both the north and 
south-shore fishways (Objective 1) to produce a total escapement for The Dalles and John Day 
dams.  Data will be provided to agencies tasked with archiving and reporting fish count numbers 
(Corps, DART website, and Fish Passage Center).  As part of this evaluation we will produce an 
assessment of the effectiveness of the methods used to estimate escapement, including a relative 
cost-benefit comparison of the three methods described here.  We will also perform a modeling 
exercise to determine if sub-sampling of days and/or hours of the day (i.e. counting 1 out of every 
three days or 3 out of every 24 hrs) could be used to produce relatively accurate estimates of 
lamprey counts.  Confidence levels for each sub-sample estimate will be provided. 


 
D.  Facilities and Equipment  
 


Some video cameras, DVR and computers are available from previous studies.  Based on 
findings from 2011, other equipment may need to be purchased to update sites and add new sites.  
We anticipate new mounts will be installed during early winter 2012 during dewatered period.  
Other equipment, vehicles, and computers for general use (data analysis, report writing, etc.) will 
be provided by researchers as needed on a rental basis. DIDSON to be provided by the Corps.   


 
Proposed installation needs; 


 
1.  AC power sources at both count stations at each The Dalles and John Day dams. 


2.  AC power and access to dewatered fishways to inspect old and install new mounts; 
 Weir downstream of The John Day north fishway count station (two mounts). 
 Vertical slot upstream of John Day north shore count station (one mount). 
 At John Day north shore fishway exit (one mount). 


 
E.  Impacts of the Study on Corps Projects and Other Activities 


 
Division or district Corps personnel will be needed to provide technical reviews of 


research proposed for 2012. 
 
Assistance from project personnel will be required as follows: 


 
1. Provide access to the dewatered fishways at The Dalles and John Day Dam to install and 


repair cameras mounts.   
2. Provide use of office space and/or space within count stations to install and store DVR, 


server computers and other related recording equipment, and power to operate electronics.   
3.   Provide regular access to The Dalles and John Day Dam fishway count stations, including 


at night, to download and maintain electronic equipment and clean cameras.     
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F.   Timeline and Scope of Work 
 


Site coordination, equipment procurement and fabrication;  October – December 2011. 
Mount installation as needed;   January-March 2012 (depending on dewatering schedule). 
Electronic equipment installation; early May 2012. 
Data collection;  May – October 2012. 
Data analysis;  June – December 2012. 
Annual report ; March 2013 


 
G.  Biological Effects 


 
Proposed work will have minimal biological effects on study and other fishes.  Activities 


associated with installing and periodic cleaning may potential cause some minor disruption of fish 
passage in associated ladders.  Delays would not last more than 1 to 2 hrs.  


 
H.  Key Personnel 


This project will be jointing conducted by USFWS and CRITFC with assistance from 
University of California Davis to operate the AVED software. 


 
C. Peery, U.S. Fish & Wildlife Service, Fish Biologist 


 Design and install camera mounting hardware 
 Purchase cameras, lighting and DVR and associated recording equipment 
 Conduct manual viewing and tabulations of a subsample of video images collected 


from behind picketed leads at The Dalles Dam 
 Conduct manual viewing and tabulation of all video images from John Day dam 
 Data analysis, interpretation, write up and presentation of final results  


  
B. McIlraith, J. Fryer, Columbia River Intertribal Fisheries Commission 


 Installation and setup of video recording equipment 
 Weekly inspection of cameras and recording equipment at both dams 
 Process video images from The Dalles Dams using Fishtick software 
 Data analysis, interpretation, write up and presentation of final results 


 
F. Loge, University of California Davis, Professor 


 Installation and setup of video recording equipment and software 
 Process video images from The Dalles Dams using AVED software 
 Data analysis, interpretation, write up and presentation of final results 


 
I.  Technology Transfer and Final Products 


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 technical 
journals.  Special efforts will be made to provide information for managers as needed.  


 
Draft report due 31 March 2013 and final report due 30 d later.  The final report from 


the proposed study will include results from the three study objectives.  These will include; 
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1. Estimates of the hourly number of adult Pacific lamprey passing behind picketed leads 


(24 hr per day, 7 days per week) and during nighttime hours (8 hrs/day, 7 days per 
week) at the North and/or East count stations at The Dalles Dam from 1 June through 1 
October 2012 using FishTick software methods, broken out by upstream, downstream 
and net hourly values.  
 


2. Estimates of the hourly number of adult Pacific lamprey passing behind picketed leads 
(24 hr per day, 7 days per week) and during nighttime hours (8 hrs/day, 7 days per 
week) at the North and/or East count stations at The Dalles Dam from 1 June through 1 
October 2011 using AVED software methods, broken out by upstream, downstream 
and net hourly values.  


 
3. Estimates of the hourly number of adult Pacific lamprey passing behind picketed leads 


(intervals to be determined) and during nighttime hours (intervals to be determined) at 
the North and/or East count stations at The Dalles Dam from 1 June through 1 October 
2011 using manual viewing and tabulation, broken out by upstream, downstream and 
net hourly values.  


 
4. A statistical comparison of three net lamprey counts produced in bullets 1, 2 and 3 


above. 
 
5. A modeling exercise to determine if sub-sampling of days and/or hours of the day (i.e. 


counting 1 out of every three days or 3 out of every 24 hrs) could be used to produce 
relatively accurate estimates of lamprey counts.  Confidence levels for each sub-
sample estimate will be provided. 


 
6. Estimates of the hourly number of adult Pacific lamprey passing behind picketed leads 


(24 hr per day, 7 days per week) and during nighttime hours (8 hrs/day, 7 days per 
week) at the North and South count stations at John Day Dam from 1 June through 1 
October 2012 by manually viewing and tabulating recorded video images, broken out 
by upstream, downstream and net hourly values.  
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Alternate locations to test methods to count adult Pacific lamprey in fishways
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STUDY SUMMARY 
A.  GOALS  


The goal of this study is to determine the behavior and fate of upstream migrating adult 
lamprey in the Bonneville Dam reservoir and tailrace using JSATS telemetry. 
 
B.  OBJECTIVES  


1. Estimate inter-dam conversions, migration behavior, and fate of JSATS-tagged 
adult lamprey in Lake Bonneville.  


 
2. Determine behavior and fate of JSATS-tagged adult lamprey in the Bonneville Dam 


tailrace, including identification of potential alternative locations for lamprey 
passage structures. 


 
3. Evaluate the limits of JSATS for estimating dam passage metrics and the 


comparability of estimates to those obtained from HD-PIT and radiotelemetry (RT). 
 


4. Evaluate adult lamprey migration behavior in the lower Columbia River in relation 
to environmental and operational variables using historic radiotelemetry, HD-PIT, 
and JSATS datasets. 


 
C.  METHODS  


Results from dam counts, radiotelemetry and HD-PIT tag studies suggest considerable 
loss of lamprey in FCRPS reservoirs including the reservoir of Bonneville Dam (Lake 
Bonneville).  Additionally, a large proportion of tagged fish do not return to Bonneville Dam 
after release in the tailrace.  Acoustic telemetry is well suited to tracking individual fish in large 
deep-water habitats such as FCRPS reservoirs, tailraces, and the Columbia River downstream 
from Bonneville Dam.  Recent advances in hydrophones and receiver technologies have down-
sized tags and provide the ability to mobile track tagged individuals in two dimensions at meter-
scale resolutions.  We propose to continue characterizing basic migration behavior in reservoirs 
and estimation of fate of JSATS-tagged adult lamprey in Lake Bonneville and the tailrace of 
Bonneville Dam (we define fate as the last detection in a tailrace, at a dam, in a reservoir, or 
within a tributary).  Specific methods will include tagging and release of lamprey using methods 
developed in 2010-2011, including telemetry monitoring with a combination of boat-based 
mobile tracking and fixed site autonomous nodes.  The data will be used to further evaluate 
equipment, refine methods, assess currently unknown aspects of lamprey migration behavior, 
and provide estimates of lamprey fate and passage metrics.  We will simultaneously evaluate the 
performance of the modified lamprey acoustic tag in fishway environments and perform multi-
year analyses of datasets to establish associations between lamprey passage and environmental 
and operational factors.  


 
D.  RELEVANCE  


With diminishing returns of adult Pacific lamprey to lower Columbia River dams in past 
years including very low returns in 2009 and 2010, the need to develop better aids to passage and 
a more complete understanding of passage problems through the FCRPS has become critical.  
The declining population size is of concern to Native American Tribes (e.g., Close et al. 2002), 
and multiple government agencies including USACE.  A petition to list Pacific lamprey as a 







federally-endangered or threatened species was submitted in 2002 to the U.S. Fish and Wildlife 
Service.  The Columbia Basin Pacific Lamprey Technical Workgroup (a subgroup of the 
CBFWA Anadromous Fish Committee) ranked passage as the highest priority for recovery of 
Pacific lamprey in the Columbia River basin.  This project will address the concerns raised by 
tribal agencies, the U. S. Army Corps of Engineers (USACE), and the Northwest Power Planning 
Council in section 7.5F of the 1994 Columbia River Basin Fish and Wildlife Program, related to 
effects of FCRPS projects on passage of Pacific lamprey in the Columbia and Snake rivers.  The 
project will also provide information relevant to implementation of the USACE Pacific Lamprey 
Passage Improvements Draft Implementation Plan: 2008-2018, developed in response to the 
September 2008 MOA between the USACE, USFWS, and Accord Tribes.   


 







PROJECT DESCRIPTION 
 
A.  BACKGROUND  


Pacific lamprey (Lampetra tridentata) is an ecologically and culturally important native 
species that has exhibited declines in recent decades, prompting concern from diverse 
stakeholders including USACE, USFWS, ODFW, WDFW, and Tribes (e.g., Close et al. 2002).  
Returns in 2009-2011 have been substantially lower than any other year in a decade (DART 
2009). 
 


Lamprey that migrate to the interior Columbia Basin pass 1-9 dams before reaching 
spawning habitats, and there is widespread concern that dams inhibit migration.  Beginning in 
1996, radiotelemetry (RT) studies funded by the USACE have examined lamprey passage in the 
lower Columbia River, focusing at Bonneville Dam (e.g., Moser et al. 2002a, 2002b, 2003, 2005; 
Clabough et al. 2009, 2011a, 2011b; Johnson et al. 2009a, 2009b) and later expanding to include 
The Dalles, John Day, McNary and Ice Harbor dams (Cummings et al. 2008; Boggs et al. 2008, 
2009; Daigle et al. 2008; Keefer et al. 2009a, 2009b, 2011).  In an effort to improve monitoring 
of Pacific lamprey in the basin, half-duplex (HD) passive integrated transponder (PIT) tag 
monitoring sites have been used at Columbia and Snake River dams starting in 2005 (Cummings 
et al. 2008; Daigle et al. 2008) to complement RT evaluations.  Results from both techniques 
indicated that Pacific lamprey did not readily pass dams and poor passage could represent a 
critical limitation to migration success (e.g., Moser et al. 2002b; Keefer et al. 2009a; Keefer et al. 
2010, 2011).  Specifically, Moser et al. (2002a, 2002b, 2003, 2005) and Johnson et al. (2009a, 
2009b) found that fishway entrances, collection/transition areas, count stations, diffuser gratings, 
and serpentine weirs impeded adult Pacific lamprey dam passage at lower Columbia River dams.  
These data have been used to design, test and/or implement a number of passage improvements 
(e.g., Lamprey Passage Structures [LPS], Moser et al. 2006, 2011; modified nighttime 
operations, Johnson et al. 2010).   
 


Dam counts (Figure 1), radiotelemetry (RT), and HD-PIT telemetry results all suggest 
considerable loss of adult lamprey in Lake Bonneville.  The difference in numbers counted at the 
two dams could result from death in the reservoir or at The Dalles Dam below the count station, 
migration into tributaries of Lake Bonneville (e.g., the Klickitat River), and/or systematic 
overcounting at Bonneville Dam (or undercounting at The Dalles).  
 


RT and HD-PIT estimates of escapement from fishway exit at Bonneville Dam to 
fishway exit at the Dalles Dam are directly comparable to the count data.  Escapement estimates 
for tagged fish from studies in 2007 and 2008 were 25.3-62.8%, comparable to or higher than the 
dam conversion estimates and were generally higher in the HD-PIT than in the RT samples 
(Keefer et al. 2009b, 2009c).  The HD-PIT method probably provides the best estimate of inter-
dam conversion because of high detection efficiencies and smaller tag effects than observed 
when using RT.  Nonetheless, all estimates indicate considerable (>50%) loss in the reservoir in 
most years. 
 


In 2008, a year with the highest level of RT coverage (including at tributary mouths), 
42% of RT adults that passed Bonneville Dam subsequently passed The Dalles Dam, 22% were 
recorded at The Dalles Dam but were not recorded passing, 5% were recorded in tributaries, and 







35% of had records indicating a final fate in Lake Bonneville (Keefer et al. 2009b).  Values for 
2009 and 2010 were similar (Keefer et al. 2010, 2011).  Thus, available data suggest 
considerable numbers of lamprey have unknown fates somewhere in Lake Bonneville, a smaller 
portion reach The Dalles Dam but do not pass, and only a small proportion enter Lake 
Bonneville tributaries in summer through early winter.  An unknown proportion of the tagged 
sample may enter tributaries in the following spring; radio transmitter tag life in previous studies 
has been too short to monitor this behavior.  In addition to likely loss of adult lamprey in Lake 
Bonneville, considerable numbers of tagged fish do not reach Bonneville Dam after release 1-2 
km downstream, suggesting either a behavioral decision to move downstream to spawn after 
encountering a major obstacle, post-tagging effects on behavior or fate, or both.  Similarly, many 
lamprey collected and released below McNary Dam have not returned to the dam in past RT and 
HD-PIT evaluations, and of those that pass, approximately half are not observed at upstream 
dams (Boggs et al. 2008, 2009).  Unfortunately, the large and deep characteristics of FCRPS 
reservoirs and the river below Bonneville Dam have limited the ability to determine final fates 
with RT or HD-PIT tagging technology in these locations in past studies.  


 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
Figure 1:  Proportion of lamprey counted at Bonneville Dam counted passing The Dalles 


Dam in the same year, uncorrected for migration into Lake Bonneville tributaries.  Data from 
DART. 
 
 


Current tag technologies (RT, HD-PIT, and acoustic) each have benefits and limitations. 
RT is well suited to application in acoustically “noisy” environments such as near dams and 
inside fishways.  Radio tagging provides moderate detection ranges in larger waters when fish 
travel near the surface, but has limited detection for deeply swimming individuals.  As an active 
tag, RT is especially suited to estimating fishway approach and entrance efficiencies, fine-scale 
behavior inside fishways, and fate, including movement into tributaries.  PIT tags are relatively 
inexpensive and small, are uniquely identifiable, are not limited by battery life, and are easy to 
implant (Gibbons and Andrews 2004).  HD-PIT detectors can be used to monitor relatively large 
numbers of fish cost-effectively but have short detection ranges compared to RT, limiting 
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detection sites to constricted areas such as fishways.  Acoustic telemetry tags provide relatively 
long detection ranges in large (and especially deep) water, have no external antenna, but have 
performance in turbulent and noisy environments (i.e., at and near dams), particularly those with 
large amounts of entrained air bubbles, can be limited.  Juvenile salmon acoustic tracking system 
(JSATS) technology has been widely applied in the Columbia Basin for the study of juvenile 
migration and survival in the Hydrosystem (e.g., Ploskey et al. 2008; McMichael et al. 2010) and 
Columbia River Estuary (reviewed in Carter et al. 2009).  Recent advances in receiver 
technology also provide the ability to track fish in three dimensions with high resolution, 
including using mobile-tracking systems (e.g., McComas et al. 2008, 2010; Teknologic 
Engineering Services 2009).   
 
  In 2010, we evaluated the effectiveness of an array of stationary Acoustic Juvenile 
Salmon Acoustic Telemetry System (JSATS) receivers and a mobile tracking device for 
monitoring the migration and determining final locations of JSATS-tagged adult Pacific 
lampreys in Bonneville reservoir (Naughton et al. 2011).  We also tested the effectiveness of the 
JSAT system in the Bradford Island fishway to see if JSATS-tagged lamprey could be monitored 
in the relatively noisy fishway environments.     


 
  We tagged 30 adult lampreys with JSAT transmitters from 20 July through 30 August 
2010.  All fish were trapped at Bonneville Dam (rkm 235.1) and released upstream at the 
Stevenson boat launch (rkm 242.7).  We deployed three telemetry gates, each consisting of two 
receivers in Bonneville reservoir: at the Stevenson release site, Wind Mountain (rkm 253), and 
upstream from the mouth of the Klickitat River (rkm 292).  We evaluated a new acoustic mobile-
tracking system using test transmitters and the tagged adult lamprey released into Bonneville 
reservoir.  Two test transmitters were lowered to set depths (2 m from the surface and 2 from the 
bottom of the reservoir) while the boat simulated a tracking pattern.     


 
 All lampreys were recorded by the receiver proximal to the Stevenson boat launch release 
site, while only 8 (27%) fish were recorded by the Stevenson receiver position near the Oregon 
shore opposite of the release site.  Of the 30 fish released, 23 (77%) were recorded by the 
Klickitat gate receivers.  No fish were recorded by receivers at the Wind Mountain site due to 
equipment failure.  Mean travel time from the release site to the receivers near the Klickitat 
River site was 1.8 d (median = 0.9 d, range = 0.6-11.9 d).  Mean migration rates between the 
release site and Klickitat River receivers were approximately 27.0 km/d.  Detection efficiency of 
the Klickitat JSATS gate was 100% based on independent HD-PIT records from 14 adults at The 
Dalles Dam and other upstream HD-PIT antenna sites. 
 
 Range testing of the prototype mobile tracking system revealed that detection efficiencies of 
test transmitters deployed 2 m from the surface and bottom of the reservoir were highest when 
the boat was less than 60 m from the transmitters but decreased substantially beyond 100 m.  
Evaluation of the mobile tracking system also included tracking two lampreys for approximately 
30 minutes before losing the signals.   


 
 In the Bradford Island fishway, we detected the test transmitters at all seven locations tested, 
including those that corresponded to previous radiotelemetry sites.  The highest detection 
efficiencies per transmitter (defined as the percentage of transmitted records that were 







successfully decoded) were at the ladder exit (95%) followed by Powerhouse 1 north entrance 
(27-31%), while the lowest detection efficiencies were in the transition pool (3%).    
 
 We are continuing this work during the 2011 field season, including tagging and release 
of a larger sample of adult lamprey (~85), use of a longer life tag to follow movements into the 
spring, and further testing of the ability to monitor movements in fishways.  Here we propose to 
continue our work with the JSATS tag and receiver technology to characterize basic migration 
behavior in reservoirs and estimate fate (specifically loss) of JSATS-tagged adult lamprey in the 
lower Columbia River, focusing on Lake Bonneville and below Bonneville Dam.  The data will 
provide insights into basic elements of adult Pacific lamprey migration behavior (e.g., migration 
rate, daily cycles, and habitat use in reservoirs), and will be used to further evaluate equipment 
and refine methods.  We will also use a sample of double tagged fish to directly evaluate the 
comparability of passage metrics obtained with JSATS vs. RT under field conditions (if adult 
lamprey are radio-tagged in 2011).   General research questions addressed include: 


1. General migration behavior and routes of tagged fish; 
2. Where tagged lamprey are last detected in the reservoir or tailrace; 
3. Whether the “missing” lamprey survive the Bonneville pool (or tailrace) – overwintering 


in the mainstem or turning into tributaries. 


 
B.  OBJECTIVES 
  


1. Estimate inter-dam conversions, migration behavior, and fate of JSATS-tagged 
adult lamprey in Lake Bonneville.  


 
2. Determine behavior and fate of JSATS-tagged adult lamprey in the Bonneville Dam 


tailrace, including identification of potential alternative locations for lamprey 
passage structures. 


 
3. Evaluate the limits of JSATS for estimating dam passage metrics and the 


comparability of estimates to those obtained from HD-PIT and radiotelemetry (RT). 
 


4. Evaluate adult lamprey migration behavior in the lower Columbia River in relation 
to environmental and operational variables using historic radiotelemetry, HD-PIT, 
and JSATS datasets. 


 
 
 
 
 
 
 
 
 
 
 







C.   METHODS 
 
Objective 1: Estimate inter-dam conversions, migration behavior, and fate of JSATS-
tagged adult lamprey in Lake Bonneville.  
 
Objective 2: Determine behavior and fate of JSATS-tagged adult lamprey in the 
Bonneville Dam tailrace, including identification of potential alternative locations for 
lamprey passage structures. 


 
We will use similar methods to address Objectives 1 & 2.  Methods to collect and 


surgically implant tags will be similar to those used by our group in 2010-2011 and in the past to 
radio-tag adult lamprey (e.g., Moser et al. 2002b, 2005b; Johnson et al. 2009a; Keefer et al. 
2009b).  Briefly, adults will be collected from fixed trap sites in fishways, funnel traps placed in 
fishways, or by dip netting in fishways, and anesthetized.  A JSATS transmitter and half duplex 
PIT tag will be surgically implanted into the body cavity and after a recovery period, fish will be 
released.  In addition to extensive radio-tagging experience with adult Pacific lamprey and adult 
and juvenile salmonids, UI also has direct experience with JSATS tagging; in 2008 we 
collaborated with PNNL and UC Davis to tag ~4,200 juvenile spring Chinook salmon at Lower 
Granite Dam (Eder et al. 2009).    


 
In 2010-2011, UI consulted with ATS to develop a JSATS tags specific to adult lamprey 


that added a second battery in a flat-tag orientation and extended battery life to meet project 
objectives.  Prior to purchase of tags in 2012, UI will coordinate with the 2012 tag vendor 
through the USACE to further optimize the tag specifications for use in adult lamprey, including 
establishing the optimum burst rate for use in mobile tracking and to balance trade-offs between 
tag size, burst rate, and tag life.  We will also continue to discuss modifications that will power 
the tag down during November-February (a period of little or no adult movement) to conserve 
battery life to allow spring movements to be monitored.   
 


1. Specific task 1.1:  Tag and release adult lamprey at Bonneville Dam. 
 


We will collect and tag adults as in 2010.  We propose to tag up to 300 adults pending 
run size and results of 2011 work and consultation with USACE biologists.  Approximately one 
half will be released in the Bonneville tailrace (Objectives 1&2) and the remainder will be 
released above the dam (Objective 1).  In the event of a low run size, final sample size will be 
determined in-season as in 2011 in consultation with the USACE POC, regional managers, 
prioritization with other lamprey research objectives, and using an in-season forecasting tool 
based on a strong relationship between run timing and river temperature (Keefer et al. 2009a).  
Specific release sites will include an upstream location selected to minimize the potential for 
fallback such as Stevenson, WA boat ramp or near Cascade Locks.  The Bonneville Dam tailrace 
sites used for RT and HD-PIT studies will be used for downstream (tailrace) releases.  
Downstream releases will be used to evaluate post-tagging behavior, migration direction, and 
downstream fate.  Final release site(s) will be determined in consultation with the USACE POC 
and lamprey managers.  In addition to collecting adults at Bonneville Dam as in past years, we 
will attempt to collect adults with tailrace pot traps as an additional source for study fish.  Access 







to the boat-restricted zone (BRZ) will be coordinated with Bonneville Dam personnel if 
necessary. 


 
2. Specific task 1.2:  Mobile track released lamprey in the reservoirs and Bonneville 


Dam tailrace to determine migration behavior and fate. 
 


After release, tagged lamprey will be mobile tracked by boat using hydrophones under 
development (e.g., Teknologic Engineering Services 2009; McComas 2010).  The selection of 
equipment will be guided by experiences in 2010 & 2011 and tentatively we recommend testing 
hydrophones from multiple vendors if possible.  We will modify a suitable vessel for the 
hydrophone arrays and supporting electronics, including integrated GPS and bathymetry maps.  
An omni-directional microphone may also be used to locate tags from longer distances prior to 
tracking and coding of tags followed by use of a directional hydrophone.  Tracking will focus on 
intensive tracking of individual fish to determine fine scale diel and migration behavior 
immediately post-release, and through several reservoir reaches upstream including near 
tributary mouths (e.g., Deschutes and Snake rivers), typical reservoir reaches, and near the 
tailraces of upstream dams.  


 
We will track adult lamprey in the tailrace of Bonneville Dam (within the limits of 


safety) to determine distribution and behavior patterns of adults as they approach the dam.  These 
data will be used to identify potential alternative lamprey passage structure entrance locations, 
such as any areas of aggregation near the dam face. 


 
UI researchers have extensive experience mobile tracking anadromous fishes, including 


adult and juvenile salmonids in lower Columbia River and lower Snake River dam tailraces (e.g., 
Johnson et al. 2005, 2007; Jepson et al. 2009), reservoirs (Clabough et al. 2006, 2007, Naughton 
et al. 2010), coastal shelf habitats (Boggs et al. unpublished data), and the Columbia River 
Estuary (Keefer et al. 2008).   
 


Mobile tracks obtained by the proposed work will be used to estimate several parameters 
including:  


• Migration rate and direction 
• Migration depth 
• Turning rate and turning angle/upstream-downstream behaviors 
• Diel pattern (does migration rate, depth use, habitat vary on a daily cycle?) 
• Fate (in conjunction with fixed site data) 
• Habitat use (classified from available GIS layers if fish are observed in fixed 


locations for long periods) 
• Behavioral changes during lamprey approach to tailraces, tributaries 
• Post-release behavior; what does recovery look like and how long until 


behavior stabilizes after tagging and release? 
 
 
 
 







3. Specific task 1.4: Deploy, download and maintain fixed arrays of JSATS nodes for 
adult lamprey monitoring.  Integrate data with detections from cabled arrays used 
in juvenile salmonid survival studies to estimate reach conversions.  


 
In addition to mobile tracking, we will use fixed nodes for evaluating migration behavior 


and success as in 2011 (Table 1).  Nodes will be placed at or inside one or more tributaries to 
record tributary entry.  During 2011 and early 2012, we will consult with the USACE and 
receiver vendor on the development of a receiver design for use in tributaries, e.g., one that will 
be resistant to damage and washout in riverine environments.  Arrays will be deployed to form 
gates across the mainstem impounded river and will segment reservoirs into reaches that will 
allow us to partition distribution within each reservoir.  Nodes will be deployed by boat using 
standard anchoring systems (Figure 2) with acoustic releases for retrieval.  We anticipate the 
nodes will allow remote downloads periodically during the field season.  Cabled receivers or 
arrays will also be considered, depending on site location, costs, and other logistical 
considerations.  Prior to tagging, range testing will be used to evaluate effective detection range 
and efficiencies at a variety of depths under field conditions.  Detections on cabled arrays 
deployed for the Three Dam Survival study will be obtained from PNNL as in 2010 and 2011.  
Data and experience gained through the deployment of nodes in 2010-2011 will be used to refine 
protocols, deployment locations, and estimation of several parameters including:   


 
 
• Proportion of tagged sample using tributaries (e.g., Klickitat River). 
• Escapement through multiple reaches of Lake Bonneville 
• Post-release downstream movement from tailrace release sites and fallback rates 
• Migration rate 
 
 
 


 
 


 
 


Figure 2: JSATS receiver array used during 2011 in Lake Bonneville and the Bonneville tailrace.  
PNNL arrays not depicted.  







Table 1:  Candidate JSATS receiver site list, 2012.  Final site selection will depend on equipment 
availability. 
 


rkm 
2011 
Site JSATS Reciver Sites Install Remove 


    Mainstem 2/15/2012 12/1/2012 


233 x Bonneville Tailrace 1 
  234 


 
Bonneville Tailrace 2 


  243 x Stevenson WA, WA-Shore 
  243 x Stevenson WA, OR-Shore 
  252 x Wind Mountain, WA-Shore 
  252 x Wind Mountain, OR-Shore 
  262 x Upstream Little White Salmon R., WA 
  262 x Upstream Little White Salmon R., OR 
  275 x Bingen, WA, WA-shore 
  275 x Bingen, WA, OR-shore 
  292 x Upstream Klickitat River, WA-shore 
  292 x Upstream klickitat River, OR-shore 
  308 x Tailrace The Dalles Dam, WA-shore 
  308 x Tailrace The Dalles Dam, OR-shore 
  


     
  


BON Fishway Sites 5/15/2012 12/1/2012 


  
PH 2 N Tailrace/Approach Site 


  
  


PH 2 S Tailrace/Approach Site 
  


  
PH2 S entrances (up from SUE) 


  
  


PH2 N Downtream 
  


  
PH2 N Upstream 


  
  


CI entrance 
  


  
UMT Junction 


  


 


2 in 
2011 WA-Shore Exit 


  
  


PH1 N entrance 
  


  
PH1 S entrance 


  
  


Bradford Island Entrance 
  


  
Bradford Exit 
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Table 1 (Continued) 


     
rkm 


2011 
Site JSATS Reciver Sites Install Remove 


    Tributary sites 2/15/2012 12/1/2012 


  
Tanner Creek 


  
  


Sandy River  
  


  
Lewis River 


  
  


Willamette River 
  


  
Herman Creek 


  
  


Eagle Creek 
  


  
15 Mile Creek 


  
  


Wind River 
  


  
Little White Salmon River 


  
  


White Salmon River 
  


 
x Klickitat River 


  
  


Hood River 
  


  
Deschutes River 


  
  


John Day River 
  


    
 


rkm   
PNNL Array Locations, 2012 (Bold denotes candidate sites for extended lamprey 
monitoring) 


501 
 


Port Kelley WA 4/20/2012 8/10/2012 
472 


 
McN Forebay 4/20/2012 11/1/2012 


470 
 


McN 4/20/2012 8/10/2012 
468 


 
McN Tailrace 4/20/2012 11/1/2012 


435 
 


Boardman, OR 4/20/2012 8/10/2012 
351 


 
JDA Forebay 4/20/2012 11/1/2012 


349 
 


JDA 4/20/2012 8/10/2012 
346 


 
JDA Tailrace 4/20/2012 11/1/2012 


325 
 


Celilo, OR 4/20/2012 8/10/2012 
311 


 
TDA Forebay 4/20/2012 11/1/2012 


309 
 


TDA 4/20/2012 8/10/2012 
307 


 
TDA Tailrace 4/20/2012 8/10/2012 


275 
 


Hood River, OR 4/20/2012 8/10/2012 
236 


 
BON Forebay 4/20/2012 11/1/2012 


234 
 


BON 4/20/2012 8/10/2012 
233 


 
BON Tailrace 4/20/2012 8/10/2012 


158 
 


Knapp, Near Vancouver, WA 4/20/2012 11/1/2012 
113 


 
Kalama, WA 4/20/2012 11/1/2012 


86  Oak Point, WA 4/20/2012 11/1/2012 
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Data downloading, processing and analysis (all Tasks):  Data will be downloaded 
periodically (e.g., monthly) to minimize data loss in the event of lost receivers.  Data for all tasks 
will be processed per vendor recommendations and valid telemetry detections loaded into a 
database maintained at the UI.  Receiver sites will be downloaded by transferring data to a 
portable computer.  Internal times on all receivers and readers will be synchronized to assure 
comparability between data collected with fixed and mobile tracking systems and between 
different sites.  Mobile track and fixed site data will be housed on a database operated on an SQL 
or similar server.  Records will be screened to remove obvious error (noise) records and 
detections that occur before fish were released.  Coded records will then be inspected for 
accuracy and imported to spreadsheets or databases for analyses.  During the course of field 
work, we will inspect and repair or replace malfunctioning equipment as needed to assure data 
collection is not interrupted during the 2011 field season.  We will coordinate operations of 
JSATS systems with other researchers to minimize potential interference between activities at 
projects.   


 
Prior to and after the study season, we will coordinate with other researchers (e.g., 


PNNL, USGS, Tribes, PUDS) using JSATS tags and receivers to exchange detection data 
obtained on fixed site nodes and during mobile tracking to provide the most complete migration 
histories for all JSATS –tagged fish and improve telemetry coverage of fishes tagged as part of 
other studies. As in 2011, we anticipate JSATS telemetry coverage will include cabled array 
gates at Bonneville, The Dalles, and John Day dams and sites downstream of Bonneville Dam 
used in on-going juvenile survival studies.  All tagging and downloading activities will be 
coordinated through the Columbia Basin JSATS User Group (CBJUG).
 
 


 
 
 Figure 2:  Anchoring and acoustic release system for JSATS autonomous node receivers 
(image courtesy of B. Smith).  
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Objective 3:  Evaluate the limits of JSATS for estimating dam passage metrics and the 
comparability of estimates to those obtained from HD-PIT and radiotelemetry (RT). 


 
      Acoustic tags have not traditionally been used in fishways because acoustic signals are 
attenuated by entrained bubbles and high background noise can swamp the acoustic signal.  


 
Pending 2011 results and 2012 run size, we propose to double tag a sample of adult 


lamprey with both radio tags (Lotek NTC-4-2L) used in recent radiotelemetry evaluations and 
JSATS tags to directly compare detection efficiencies at standard monitoring locations (tailrace, 
fishway approach and entry, transition pools, locations within wiered sections of fishways, count 
stations and exits).  If detection efficiencies are comparable between technologies, future use of 
JSATS tags would allow behavioral evaluations and escapement estimates at dams using a tag 
suitable for tracking in large water environments.  


 
Objective 4:  Evaluate adult lamprey migration behavior in the lower Columbia 


River in relation to environmental and operational variables using historic radiotelemetry, 
HD-PIT, and JSATS datasets. 
 
 Understanding how river environmental conditions and other factors affect migration 
behavior and success of adult lamprey is important for comparisons of data collected over 
multiple study years.  In particular, we need a better of understanding of how differences in river 
environment (e.g., flow and water temperature), major operational changes (powerhouse priority, 
spill pattern), abundance of predators and lamprey behavioral traits (e.g., reservoir 
overwintering) interact to affect passage metrics: particularly passage time, fallback rate, and 
overall dam passage efficiency.  This is even more critical as structural modifications are 
concurrently implemented.   


 
  We will use radiotelemetry data from 1997-2002 and 2007-2011, the HD-PIT data from 
2005-2011, and JSATS data from 2010-2011 to perform multi-year analyses examining the 
relationships between lamprey passage metrics, dam escapement, and a variety of predictor 
variables.  Statistical models, primarily multiple logistic regression and Cox proportional hazards 
regression (e.g., Caudill et al. 2007), will be used to evaluate the relationships between passage 
metrics, fish traits, and environmental factors within and between years.  Passage metrics will 
include probability of return to the dam after release, fishway approach and entrance efficiency, 
dam passage efficiency, route of passage, fallback, and passage time over several relevant 
passage segments (e.g., tailrace to approach, tailrace to entrance, tailrace to exit).  Fish traits will 
be those collected at the time of tagging (length, weight, girth, date of tagging/release, percent 
lipid, etc.).  Environmental factors will include river and operational parameters such as flow, 
spill volume, spill pattern, temperature, forebay elevation, tailwater elevation, and powerhouse 
priority.  Estimates of sea lion density will be used to test for associations between lamprey 
release-to-approach and approach-to-entry metrics both within years and between years.  
Analyses will be conducted collaboratively with M. Moser (NOAA-Fisheries) and in conjunction 
with proposed analyses performed under Study Codes LMP-P-2012-1, 2 & 3 (Moser and 
Caudill, PI’s).  
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D.  Facilities and Equipment  
 
 Tagging will occur in the Bonneville Dam AFF. UI will provide all surgery supplies, 
vehicles, boats, computers and field supplies on a rental basis.  USACE will provide transmitters, 
mobile tracking hydrophones, fixed site receiver nodes and acoustic releases (Table 2). 
 
Table 2:  Equipment needs, 2012. 
 
BON Lamprey JSATS   
Provided by UI   
400 HDX-PIT tags & surgery supplies 5/15/2012 
Boat and mount for hydrophone/mobile tracking all 
Weights for autonode deployment all 


  Provided by USACE   
400 JSATS tags for P. lamprey 5/15/2012 
Up to 30 (14 new)  JSATS receivers, traditional         
autonode 5/1/2012 
Up to 10 (10 new) JSATS cabled hydrophones 5/1/2012 
Up to 14 (14 new) JSATS receivers, tributary 
autonode 2/15/2012 
30 Acoustic releases 5/1/2012 
Acoustic release controller 2/15/2012 
Access to data from PNNL arrays end of season 


JSATS mobile tracking hydrophone 
5/1/2012-
12/1/2012 


 
 
E.  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 2010. 


 
Assistance from project personnel will be required as follows: 


 
1.   Provide access to the Adult Fish Facility (AFF) adjacent to the Washington shore ladder 


at Bonneville Dam during daytime and at night from late May through October for 
lamprey collection and processing. 


2.   Provide access to dam forebay release sites at Bonneville Dam. 
3.   Provide access to the BRZ for installation of some tailrace fixed nodes and deployment 


and maintenance of pot traps. 
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F.  Biological Effects 
 


Procedures for trapping and tagging lamprey at Bonneville and McNary dams will be 
similar to prior years.  Fish will be collected using the lamprey traps at the AFF during night 
only.  Trap boxes are used in the bypass ladder adjacent to the Washington-shore fishway at 
Bonneville Dam and the South-shore Fishway at McNary dam.  Funnel traps will be placed in 
areas blocked to salmonid passage such as behind picketed leads at count stations.  Fish are 
transferred into a water-filled plastic tank.  The fish are then anesthetized, measured, and 
weighed. We expect little to no mortality from the marking and release operations. 


 
Key Personnel and Tasks 


Project planning, administration, reporting: 
Project leader: C. Caudill 
 


Work plan preparation, protocols, computer programs, permits: 
C. Caudill, E. Johnson, C. Boggs, M. Jepson, G. Naughton 
 


Equipment specifications and purchase: 
E. Johnson, C. Noyes, C. Boggs, E. Johnson,  
 


Lamprey collection and tagging: 
E. Johnson, C. Boggs, C. Noyes, G. Naughton 
 


        Boat mobile tracking and fixed site deployment, maintenance and downloading: 
        E. Johnson, S. Lee, D. Joosten, C. Noyes, G. Naughton 
 


Maintenance of acoustic telemetry database 
        M. Jepson, T. Clabough 
 
Analysis of data and preparation of report segments: 


                  C. Caudill, M. Keefer, C. Noyes 
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Technology Transfer 
 


    Information and analyses from this study will be provided regularly to managers via reports 
and verbal presentations (e.g., the annual AFEP review).  Information that is appropriate will be 
published in peer-reviewed technical journals.  Special efforts will be made to provide 
information to managers as needed.  A draft final report will be submitted to the USACE prior to 
15 April 2013.  A finalized report will be submitted by 31 May 2013 after regional review.   
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