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


FY-2013 RESEARCH SUMMARY 
 
 
STUDY CODE:  SPE-P-13-1 
 
FISH PROGRAM FEATURE:  sys: Survival Methodologies 
 
TITLE:  Performance evaluation of the newly developed injectable JSATS transmitter.  
 
2010 BIOP MEASURE:  RM&E Strategy 2: RPA 52.9 Monitor and Evaluate Effects of Configuration and Operation 
Actions and RPA 55.8 Investigate Hydro Critical Uncertainties and Investigate New Technologies  
 
MANAGEMENT PURPOSE:  This evaluation will provide information on the performance of an injectable acoustic 
transmitter in the laboratory and field environment.  This information will provide assurance that the new tag will 
function as designed prior to its full implementation in field studies in the Snake, Columbia, and Willamette rivers.   
 
BACKGROUND:  In 2011-12 the Corps funded the development of a miniaturized JSATS acoustic transmitter for use 
in juvenile salmon.  This ongoing effort will provide the necessary plans and specifications for use in competitive 
procurement by the Corps in 2013.  By design this tag has been reduced in size without loss of functional 
performance relative to the current JSATS transmitter.  Implementation of this new tag in field studies is planned 
for the 2014 juvenile salmonid outmigration.  This evaluation will verify functional performance of this tag in fish 
by comparing it to the performance of the JSATS transmitter currently in use.  To minimize cost of this evaluation 
fish implanted with the injectable JSATS tag shall be compared to fish implanted with the current tag and released 
concurrently with fish released for the Snake River performance testing studies.   
     
OBJECTIVES:  The following objectives, where applicable, apply to run-of-river subyearling Chinook salmon. 


1. Laboratory Bench Testing 
a. Evaluate and compare transmitter source level and directivity of the injectable tag and current 


tag implanted in fish. 
b. Evaluate the optimal position of the acoustic element for the injectable tag when implanted in 


fish (i.e. anterior or posterior positioning of the transmitters acoustic element) 
2. Controlled Field Testing 


a. Evaluate and compare detection range and efficiency of the injectable and current JSATS tags on 
a cabled array in the forebay of dam. 


b. Compare 3D position estimates between the injectable and current JSATS tags. 
3. Field Performance Testing 


a. Evaluate and compare the performance of subyearling Chinook salmon implanted with the 
injectable tag with those implanted with the current transmitter using the JSATS cabled and 
autonomous receivers.   Estimate and compare the following metrics: 


i. On the JSATS cabled array compare detection efficiency, number of detections, signal-
to-noise ratio, 3D tracking rates and number of 3D tracked points. 


ii. On the JSATS autonomous receivers compare detection efficiency and number of 
detections. 


 







SCHEDULE:  Summer, 2013 
 
CONTACT: Brad Eppard (503) 808-4780 
 USACE Portland District 
 matthew.b.eppard@usace.army.mil 
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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 
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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.  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 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-
2011; and we collected otoliths from PIT-tagged juveniles in 2007-2012.  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 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 
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history strategies and natal origins residing during downstream migration, and when do they 
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 
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understanding the geologic variability within the study area and quantifying the extant of spatial 
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 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 2013 with spring, and duplicate summer, fall 
samples collected in 2014.  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 
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sampling bottles using clean technique to minimize contamination. Samples will be centrifuged 
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 in 2013 and analyzed for 
growth and microchemistry. Both sagittal 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 at least 500 fish per year, and these fish will represent a random sample of 
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the entire population. 
 
2) We will also sample otoliths from up to 100 adults per year that were marked with a passive 
integrated transponder (PIT) 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 PIT tag, and released at 
known locations in Hells Canyon on the Snake River and the Clearwater River. These fish will 
be captured later 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. 
 
4) For our comparison of wild versus natural origin fish, we will collect 10 juveniles from Lyons 
Ferry Hatchery to establish a baseline.   
 
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-







 9 


automated macros that assist in counts and measurements of otolith growth increments. 
 
 
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 
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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 
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 
substantial 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 
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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. 
 
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, 2013.  This will require 3-4 visits to the hatchery.  We will process previously 
collected otoliths at WSU during three 1-week periods in the summer of 2013 according to lab 
availability.  We will obtain otoliths from the juvenile samples in late summer, 2013.  These 
samples will be processed at WSU during a 1-week period in autumn, 2013.  We will prepare a 
report of activities and results in June, 2014. 
 
 
 
 


Overwintering Location of


Snake River Fall Chinook Salmon


Overwintering Location Grouping
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6
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Classification
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Lower
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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. 


 
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) 
 







 15 


- 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. 
 
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 
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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 
A. Goals 


The goal of this study is to evaluate passage success and survival for adult steelhead, 
Chinook salmon and sockeye salmon in the Snake River and identify potential sources for loss 
and delay in relation to meeting or exceeding the adult conversion/survival performance standard 
established in the 2008 FCRPS BiOp.  


 
B. Objectives 
1.  Estimate conversion rates of PIT-tagged A- and B-run steelhead, sockeye salmon, and 


spring/summer Chinook salmon for each reach between McNary (MCN) and LGR dams.   
 
2. Estimate tailrace delay and passage metrics (including those related to FPP ladder operation 


criteria) of spring Chinook and sockeye salmon and steelhead at LGO, LMO, and LGR across the 
season for adults tagged at Ice Harbor Dam (IHR). 


 
3. Estimate loss of sockeye in partitioned reaches between LGR and Stanley Basin and correlate 


migration fate and conversion with environmental and temporal factors to identify potential trigger 
mechanisms for adult sockeye transport.  


 
4. Estimate tributary overshoot, straying rates, and fate of adult spring Chinook salmon and steelhead 


from IHRto hydrosystem exit.  
 


4a. Diagnose behavior of known-source Tucannon River spring Chinook salmon and steelhead 
related Tucannon River confluence hydraulic conditions. 


4b. Evaluate downstream passage and fate of known-source Tucannon River spring Chinook 
salmon and steelhead overshoots tagged at LGR that passed back through LGR and LGO during 
summer and winter using retrospective PIT-tag detection history analysis. 


5. Methods 
For 2013, we propose to use a combination of passive integrated transponder (PIT) and 


radiotelemetry (RT) to evaluate the success and behavior of adult sockeye salmon, Chinook 
salmon, and steelhead in the Snake River1


 


. Fish would be tagged at Ice Harbor and or Lower 
Granite Dam and monitored at the remaining lower Snake River dams as they continued their 
upstream migration.  


Radio-tagged Chinook salmon, sockeye salmon and steelhead would be monitored at Ice 
Harbor, Lower Monumental, Little Goose and Lower Granite dams as those tagged adults 
migrate upstream to estimate conversion rates, observe passage performance and evaluate effects 
of route of passage, spill operations and water temperatures on passage. To accomplish this, we 
propose to use an array of fixed-site receivers in the tailraces, at the lower and upper concrete 
face, within the ladder entrances, collection galleries, and ladder weir sections and exits at each 
dam. In addition, sockeye salmon would be monitored as they continue to the spawning grounds 
in the Sawtooth Basin. This latter portion would be coordinated with a separate telemetry study 


                                                           
1This proposal includes tagging all three species at Ice Harbor Dam for passage evaluations in the lower Snake River and monitoring sockeye 
salmon between Lower Granite Dam and spawning areas. However, regional managers have recommended that sockeye salmon be primarily 
collected and tagged at Lower Granite Dam to address Objective 3 in FY13. A proposal has been submitted by the authors to tag sockeye salmon 
only a Lower Granite Dam in the event that option is selected. 







being conducted by Idaho Department of Fish and Game (IDFG) and NOAA Fisheries to 
evaluate the downstream migration of juvenile Snake River sockeye salmon. Temperature 
profiles from recovered fish will be compared to records from in-river monitors to determine the 
relationship between migration success and temperature exposures. Overwintering, straying and 
fall back adult bias on counts and conversion rates at lower Snake River dams will be examined 
and analyzed from telemetry and PIT-tag detection data. 


 
6. Relevance 


Snake River spring/summer Chinook salmon were listed as a threatened species on April 
22, 1992 and the threatened status reaffirmed on June 28, 2005. The Evolutionarily Significant 
Unit (ESU) includes all naturally spawned populations of spring/summer-run Chinook salmon in 
the mainstem Snake River and the Tucannon River, Grande Ronde River, Imnaha River, and 
Salmon River subbasins, as well as fifteen artificial propagation programs. Snake River sockeye 
salmon were listed as endangered under the Endangered Species Act in November 20, 1991 and 
reaffirmed on June 28, 2005 because of the eminent risk of extirpation (NMFS 1991).  


  
Work described here addresses research needs outlined in ADS-W-13-1 of the 


Anadromous Fish Evaluation Program (USACE, Northwestern Division) and will aide the 
Action Agencies achieve compliance with several adult RM&E actions as outlined in the 2008 
NOAA Biological Opinion and 2010 Supplemental FCRPS Biological Opinion (NOAA 2008; 
2010) dealing with management of ESA-listed anadromous salmonids. Multiple Reasonable and 
Prudent Alternative Actions (RPAs; 16, 28, 42, 52 and 54) of the 2008 Biological Opinion for 
the Federal Columbia River Power System (FCRPS) (NOAA 2008) deal with adult salmonid 
passage. RPA 16 calls for implementing water quality measures (including water temperature) to 
enhance ESA-listed adult fish survival. RPA 28 calls for investigating adult passage and 
determine whether structural, operational, or tailrace modifications can alleviate adult passage 
delays or blockages during spill operations at Little Goose Dam and investigating adult fishway 
modification to improve upstream adult passage conditions impaired by temperature differentials 
at Lower Granite Dam. In addition, the FCRPS 2010 Progress Report documented that the 5-year 
(2006-2010) rolling average survivals from Bonneville to Lower Granite dams for Snake River 
spring-summer Chinook salmon and steelhead had not met standards outlined in the 2008 
FCRPS Biological Opinion, as measured using PIT-tag conversion rates, indicating that 
investigations for potential sources of passage improvement are warranted. 


 
“In accordance with section B.2.6 of the Biological Assessment and RPA #52 regarding 
evaluating adult reach survival, the FCRPS Action Agencies shall annually estimate adult 
survival through key reaches of the migration corridor (Bonneville to Lower Granite dam for 
Snake River species and Bonneville to McNary Dam for Upper Columbia and Middle 
Columbia River species) in accordance with the PIT-tag conversion rate methodology used in 
this Opinion, compare averages of the resulting annual mortality estimates (1-survival) to the 
values reported in Table 14.1, and inform NOAA Fisheries of the results of this comparison. 
This will minimize take by identifying potential problems areas within the adult migration 
corridor and allow for potential changes to configurations or operations to benefit the 
species.” 
 
The 2008 NOAA Biological Opinion and 2010 and Supplemental FCRPS Biological 


Opinion (NOAA 2008; 2010) did not include performance standards for sockeye salmon because 







insufficient information was available. In addition, general evaluations of passage performance 
for sockeye salmon have not been possible for Snake river dams. For example, radio telemetry 
evaluations to address delays for adult salmon and steelhead in the tailrace of Little Goose Dam 
in 2009 and 2010 did not include sockeye salmon but hourly conversion rates indicate sockeye 
experience similar delays. In 2011, loss of PIT-tagged sockeye salmon was 34-35% between 
Bonneville and Lower Granite dams. This proposed work would help identify sources of loss and 
where passage performance improvement could be implemented. Currently, Lower Granite dam 
to Sawtooth Basin conversion rates vary annually between the 60-80+%. The only previous 
study conducted to assess sources of loss was based upon a small sample size of radio tagged 
fish and thus could not conclusively identify the source(s) of loss and delay. Specifically, we 
wish to determine if lost fish can be attributed to either un-captured tributary turnoff (i.e. straying 
or seeking water temperature refugium) and/or deleterious physiological effects due to stressful 
water temperatures encountered up- (unimpounded corridor) and downstream (lower Snake 
River hydrosystem) of Lower Granite Dam.    
  







Project Description 
 


Background 
A focus of recovery efforts for depressed stocks of Pacific salmon Oncorhynchus spp. has 


been assessing and improving fish passage conditions at mainstem dams on the Columbia and 
Snake rivers. In the last 15 years, improved research techniques and technology have provided a 
better understanding of the hydrosystem operational effects on adult salmonid dam passage timing, 
distribution, behavior, and physiology. From 1996 to 2002, upstream migration rates were 
determined for more than 12,000 radio-tagged adult spring–summer and fall Chinook salmon (O. 
tshawytscha) and steelhead (O. mykiss) past Columbia and Snake River dams, reservoirs, and longer 
hydrosystem reaches that included multiple dams and reservoirs. Passage rates were also calculated 
for 1,800 spring/summer Chinook salmon as they passed through 12 unimpounded reaches and 
tributaries. Most radio-tagged fish (90% or more) from all runs passed individual mainstem 
Columbia and Snake River dams in 24 to 48 hours. Migration behavior in reservoirs and through 
multiple dam/reservoir reaches varied substantially within and between years and between species. 
Within years, spring–summer Chinook salmon migrated more rapidly as water temperature 
increased; between years, spring/summer Chinook salmon migrated quickly in low-discharge years 
and slowly in high-discharge years. Steelhead migrations slowed dramatically when summer water 
temperatures peaked within each year, then increased as rivers cooled in fall. Mean summer 
temperatures explained more between-year variation in steelhead passage rates than did differences 
in discharge. Fall Chinook salmon also slowed migration through the mainstem Columbia River 
during warm water periods. The two primary areas of interest to the Corps and other action agencies 
associated with this body of work are the structural features and operational procedures that influence 
adult fish passage and survival. This proposal addresses both areas of interest, specifically the 
identification of potential sources of loss and delay that may be adversely affecting attaining target 
conversion rates through the lower Snake River projects and developing passage metrics for sockeye 
salmon, a previously unstudied species.   


 
Structures and Spill 


Studies on passage structures and operations vary from evaluating how a spill pattern or 
spillway structure, such as The Dalles Dam spill wall, affect passage time and distribution of passage 
to evaluating how overwintering steelhead and steelhead kelts use surface passage routes in 
December and March. In recent years, surface spill structures have been implemented as a means to 
improve juvenile salmonid passage but their use requires modified spill patterns to achieve maximum 
benefits. At Little Goose Dam, spill modifications resulted in delayed passage for adult 
spring/summer Chinook and sockeye salmon O. nerka  prior to 2008 and/or the TSW since 2009. As 
a result, a new spill pattern that added bay 8 priority was to be tested in 2011. But sustained high 
flows throughout 2011 eroded the NSE environment and did not allow an evaluation of the spill 
pattern change. New spill patterns intended to eliminate adult passage delays in the tailrace of 
Lower Monumental, Little Goose, and Lower Granite Dams need to be evaluated for Chinook 
and sockeye salmon and steelhead. Specifically, we propose to evaluate how salmon migrants 
react to current hydraulic conditions existing in the tailrace and fish ladders at Little Goose Dam 
and what conditions may contribute to passage delays. This information will be used to assess 
future potential spill modifications with surface spill structures at other dams. We propose to use 
analyses of PIT tag information, augmented with new radiotelemetry data to monitor adult 
sockeye and Chinook salmon and steelhead migrating through the Snake River and to evaluate 
for sources of delay related to operational and environmental conditions.   







For several recent years, especially average to above average flow years that have 
occurred since 2008, Little Goose SSE subsurface velocity has been continually out of criteria 
and weir depths for SSE and NSE has been difficult to maintain for certain tailwater elevations. 
Many ladder entrance weirs, including NSE, at Little Goose have been fixed on sill during 
maintenance deferral and the spillway facing ladder entrances have been permanently closed. 
During the recent years of BiOp increased spill volumes and associated operations for juvenile 
passage enhancements, certain adult passage structures appear to be falling out of criteria due to 
wear or simply established hydraulic criteria may not be adequate enough for spill-oriented 
ladder entrances to function optimally in providing attraction to adult salmon while competing 
with the higher spill flow and distribution. 
 
Water quality/Temperature 


Adult salmonids migrating through the Columbia-Snake River hydrosystem, as well as the 
historic free running river, experience some amount of time with body temperatures widely 
considered to be physiologically stressful, even in years with moderate river temperatures. 
Researchers found evidence that some Chinook salmon and steelhead will slow migration and 
postpone entry into the Snake River during warm water conditions and will pass dams later, on 
average, in years when mean summer-time water temperatures are high. Prior to impoundment, water 
temperatures in the Snake River were also high in mid to late summer, often exceeding 20 ºC. But 
currently, similar or slightly higher maximum temperatures occur during the summer and persist 
longer into the fall than historically on the lower Snake River. Systemwide tracking of fish tagged 
with temperature archiving tags have helped determine exposure levels and behaviors such as use 
and location of thermal refugia in the FCRPS.  From this work we found that temperature exposure 
of migrating adults varies greatly by season and species. In a study using data storage tags in 2000 
and 2002, spring Chinook salmon had only a mean 2% percentage exposure time to temperatures 
above 20 ºC while summer Chinook salmon and steelhead exposure time was 20-22% and 45% for 
fall Chinook. Three years of evaluations in the South Fork Salmon River in Idaho found the lowest 
spawning success in summer Chinook salmon (29-36%) during years with high temperatures in the 
spawning areas (9-12 days of exposure to temperature > 20 ºC) and higher spawner density. No 
relationship between spawning success and the number of high temperature days at LGR was found 
but sample sizes were limited. 


 
During the summer months, primarily July and August, fish ladders have been identified as 


areas where adult migrants encounter warm temperatures. Body temperatures of salmon and 
steelhead outfitted with archival temperature sensors were warmest during fish ladder passage 
compared to tailrace and reservoir passage at lower Columbia and Snake River dams. As water 
temperatures exceeded 20 °C fish tended to have longer passage times through ladders, backed out of 
ladders into the tailrace more often, and increased passage during the early morning hours. In 
addition to the effects of warm temperatures per se, thermal gradients in fish ladders (see below) 
have been associated with slowed migration. These differential temperatures can exceed 1-2 °C 
during fish passage events at most FCRPS but the majority of each run for all species pass when 
temperature differences between the top and bottom of the ladders are from 0-1°C. In 2011 at Lower 
Granite Dam, temperature differentials were 1 °C or higher, reached up to 4 °C for an extended 
period (Figure 1).    


 
Dworshak operations –Dworshak Dam forms a relatively deep and narrow reservoir on the 


North Fork of the Clearwater River that is typically thermally stratified. The dam is equipped with 
selector gates, which can move vertically and draw water from varying elevations in the reservoir 







allowing operators to manage the temperature of the project releases. The 2008 BiOp calls for cold-
water releases from Dworshak reservoir in July and August with the objective of maintaining Lower 
Granite tailwater temperatures at or below 68 ºF (RPA 4). These releases are intended to enhance 
migration conditions for juvenile salmonids by increasing flow and by reducing travel time and the 
risk of disease through the lower Snake River projects. A second purpose for releasing stored cool 
water from Dworshak Dam during the summer is to reduce water temperatures in the lower Snake 
River for returning adults. Complex mixing of Clearwater and warmer Snake River water masses 
results in vertical and lateral temperature gradients below the confluence of these two rivers that 
persists into Lower Granite reservoir. These gradients represent variation in the thermal environment 
from which adult salmonids may potentially select to regulate body temperature during upstream 
migration (behavioral thermoregulation). Studies in 2001, 2002, and 2004 using Chinook salmon and 
steelhead tagged with acoustic Multiple Array Processor (MAP) tags which indicated fish position 
and transmitted temperatures and depths of fish, supported the hypothesis that upstream migrating 
adults use the cool water released from Dworshak Reservoir and that these releases reduce thermal 
stress during warm summer months. Although a reservoir passage benefit to adult salmon exists, the 
cooler water typically remains deep (>60-80 feet) in Lower Granite reservoir, and to a lesser extent at 
downstream Snake River reservoirs, becoming progressively more mixed as it passes through the 
powerhouses. Thus, the cooler water in the forebay is not available to enter the upper segments of 
fish ladders but is pumped from the tailrace into the lower segments, resulting in temperature 
differential of 1 to 4 degrees °C within fishways that can delay adult salmon passage.  


 


 
Figure 1.  Temperature differential (between upper and lower ladder segments) in Lower 


Granite Dam fishway during 2011.   
 
Count conversions 


Adult salmonid counts and PIT tag detections at dams are used extensively by managers 
to determine run size and track run timing through the Columbia River. These actions are also 
used to track problems that may arise with adult passage in relationship to changes in river 
conditions, dam operations, or emergency situations. For example, the conversion rate method 
used by NOAA Fisheries to assess adult survival through the mainstem Columbia and Snake 
Rivers accounts for estimated harvest and straying rates of adults within the FCRPS migration 
corridor. They also capture all other sources of mortality manifested within the identified 
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reaches, including those resulting from the existence and operation of the FCRPS as well as 
mortalities from other sources (e.g., unreported or delayed mortality caused by fisheries, marine 
mammal predator attacks, etc.), and natural mortaly (i.e. levels of mortality in the migratory 
corridor that would have occurred without human influence) (2008 BiOp Incidental Take 
Statement, 14-4). Table 1 summarizes NOAA Fisheries’ updated adult conversion rate analysis 
which was the basis for Adult Performance Standards in the 2008 BiOp (see 2008 RPA Table, 
Table 7 and 2008 SCA Appendix A). Conversion rates of SR fall Chinook salmon and UCR 
steelhead exceeded average 2008 BiOp expectations in both 2007 and 2008. Conversion rates of 
SR spring-summer Chinook salmon, SR steelhead, SR sockeye salmon, and UCR spring 
Chinook salmon were lower than average BiOp expectations for both 2007 and 2008. 2007 
estimates were within the observed ranges with two exceptions: 2008 SR steelhead and sockeye 
salmon conversion rates were about 4-5% lower than the lowest estimates made since 2003 for 
SR steelhead and 2006 for sockeye. As survival rates appeared to be higher than typical in the 
Bonneville to McNary reach for SR steelhead, it would appear that these losses occurred 
primarily in the Snake River. For sockeye salmon, losses appear to have been higher in the 
Bonneville Dam to McNary reach than in the past two years for which there are data. As this 
estimate is expanded to include the McNary to Lower Granite reach, it is not surprising that the 
overall Bonneville to Lower Granite conversion rate estimate would also be lower than the 2008 
BiOp average. Conversion rates of SR fall Chinook, and UCR steelhead in 2007 and 2008 
exceeded the average expectations presented in the 2008 BiOp. Conversion rates of SR 
spring/summer Chinook, SR steelhead, SR sockeye, and UCR spring Chinook were lower in 
2007 and 2008 than the average values presented in the 2008 BiOp. Adult evaluations required 
by RPAs 52 and 54 need to be conducted to assess possible causes (i.e. contribution of straying 
and transport history; Table 2) of these lower than expected values for 2007 and 2008, as well as 
calculating the PIT-tag derived conversions for 2009 through 2011 for the BiOp Annual Reports 
and check-ins. 


 
When obvious errors occur in counts it is difficult to determine the cause and how to best 


interpret the available information. For example, in the lower Snake River there are numerous 
events where counts for Chinook salmon, steelhead and sockeye at a project are higher than 
those reported at downstream dams. Potential sources of error include fallback where fish are 
counted passing a dam but then fall back causing an overcount. If a fish then reasends a dam it 
will be counted twice producing an overcount. Another source of error are steelhead that 
overwinter between projects and thus are counted in the fall at a downstream project but then 
during the spring of the following year at the next upstream project. We propose to use existing 
PIT and telemetry records to assess the most likely sources of count discrepancies among the 
lower Snake River dams.   


 
Sockeye salmon 


Snake River sockeye salmon originate from lakes in the Sawtooth Valley of central Idaho 
(Figure 2). This population is unique in that it has the highest elevation (2,000 m) and longest 
freshwater migration (1,500 km) of any sockeye salmon population (Waples et al. 1991). For 
multiple reasons, sockeye salmon production from the Snake River declined to just a few 
individuals per year in the late 20th century (Figure 3), prompting listing as endangered under the 
Endangered Species Act (ESA) in 1991 and the initiation of a captive broodstock program in 
1994. From 1991 to 1999, fewer than ten adult sockeye were observed at Lower Granite Dam 
and an estimated three adults reached spawning areas in the Sawtooth Valley, approximately 750  







Table 1. Conversion rate estimates (adjusted for harvest and straying) of known origin adult salmon and 
steelhead (which migrated inriver as juveniles) through key reaches of the mainstem Federal Columbia River Power 
System in 2007 and 2008. Bold text indicates numbers used for the adult performance standard. Source: NOAA 
Fisheries, Analysis dated Sept. 29, 2009. 
ESU/DPS Conversion rate 


from BON to 
MCN 


  Conversion rate 
(s.e.) from 
BON to LGR 


  


 BiOp Avg 
(range) 


2007 2008 BiOp Avg 
(range) 


2007 2008 


SR fall 
Chinook 
salmon12


88.0% 


 


89.1% 95.7% 81.0% (58.8%-
98.6%) 


83.5% 91.9% 


SR spr-sum 
Chinook 
salmon 


94.9% 94.1% 88.9% 91.0% (81.6%-
97.9%) 


89.1% 86.0% 


SR steelhead3 95.3%  95.7% 99.4% 90.1% (85.6%-
93.8%) 


86.6% 80.8% 


SR sockeye 
salmon4


91.4% 
 


90.4% 88.3% 81.1% (79.1%-
83.2%) 


79.1% 74.9% 


UCR spr 
Chinook 
salmon 


90.1% (86.1%-
96.1%) 


87.5% 87.6% NA NA NA 


UCR steelhead 84.5% (77.6%-
90.7%) 


85.3% 86.9% NA NA NA 


2 2007 estimates of Chinook salmon were adjusted to reflect updated harvest estimates. 
3 2007 estimates for SR steelhead and UCR steelhead were reported in the 2008 SCA-but were not used in the calculated average because returns 
were incomplete as of May 2008. These numbers have been adjusted to reflect the completed migration and updated harvest estimates, if 
applicable. 
4 Uses mostly adults from the Okanogan River and Lake Wenatchee ESUs as surrogates (and expands the BON to MCN conversion rate estimate 
[3rd root] to estimate a BON to LGR conversion rate for SR sockeye [7th root]). 
 
 
km distance upstream (D. Baker, IDFG, pers. comm.). In recent years, releases of 150,000 to 
200,000 smolts annually from the captive broodstock program in combination with favorable 
ocean conditions have resulted in increased numbers of adult returns to Lower Granite Dam in 
2008, 2009 and 2010 of 909, 1,219 and then 2,201, respectively. The increase in sockeye salmon 
escapement in the Snake River corresponded with a similar increase for upper Columbia River 
sockeye salmon stocks. This increase in returning Snake River sockeye salmon in combination 
with a significant increase in the number of PIT-tagged juveniles (over 64,000 annually) 
beginning in 2009 provides an opportunity to measure basic passage metrics within the 
hydrosystem comparable to those previously documented for Chinook salmon and steelhead. For 
example, in 2010, 40 unique PIT-tagged Snake River sockeye salmon were detected in the 
fishways at Bonneville Dam and 30 were detected at Lower Granite Dam. In 2011, 516 unique 
adult Snake River sockeye salmon were detected at Bonneville Dam.   
 


Although escapement has increased for Snake River sockeye salmon, data is needed to 
evaluate the effect of temperature on passage success, particularly for differentials within the 
fishway at Lower Granite Dam as has been observed for Chinook salmon (Peery et al. 2003; 
Caudill et al. 2006). New spill patterns intended to eliminate delays in the tailrace of Little Goose 
Dam also need to be evaluated for Chinook and sockeye salmon.   


                                                           
 
 
 







Table 2 Estimates of average adult salmon and steelhead mortality (wild and hatchery origin fish 
combined) based on fish detected (via PIT tags) at Bonneville Dam and later at the uppermost (for the species 
detected) federal dam (2002 to 2007) that were known to migrate in-river or to have been transported as juveniles. 
These estimates have been adjusted to account for estimated harvest and straying rates of adults within the FCRPS 
migration corridor, but otherwise capture all other sources of mortality manifested within the identified reaches, 
including those resulting from the existence and operation of the FCRPS, unquantifiable levels of mortality from 
other potential sources (e.g., unreported or delayed mortality caused by fisheries, marine mammal predator attacks, 
etc.), and unquantifiable levels of “natural” mortality (i.e. levels of mortality in the migratory corridor that would 
have occurred “naturally” without human influence). Shaded cells denote ESUs that required estimates be made 
using other ESUs as surrogates. (See SCA, Adult Survival Estimates Appendix for details regarding the calculations 
used in this analysis.) 
ESU/DPS Estimated 


Mortality In-
river Adults1 


 Estimated 
Mortality 
Transported 
Adults1 


 Reach Notes 


 Average Range Average Range   
SR fall 
Chinook 
salmon 


19.0% 1.4-41.2% 25.1% 5.3-37.6% BON to LGR 
(7 dams) 


 


SR spr-sum 
Chinook 
salmon2 


9.0% 2.1-18.4% 15.9% 12.0-26.3% BON to LGR 
(7 dams) 


 


SR sockeye 
salmon3 


18.9% 16.8-20.9% Unk Unk BON to LGR 
(7 dams) 


Estimate using 
surrogates3 


SR steelhead4 9.9% 6.2-14.4% 16.7% 10.2-21.8% BON to LGR 
(7 dams) 


Excludes 2007 
data (adult 
returns 
incomplete at 
time of 2008 
BiOp) 


UCR spr 
Chinook 
salmon** 


9.9% 3.9-13.9% NA NA BON to MCN 
(3 dams) 


 


UCR steelhead 15.5% 9.3-22.4% NA NA BON to MCN 
(3 dams) 


Excludes 2007 
data (adult 
returns 
incomplete at 
time of 2008 
BiOp) 


MCR 
steelhead4,5 
1 dam 
2 dams 
3 dams 


 
 
1.5% 
3.0% 
4.4% 


 
 
0.9-2.2% 
1.8-4.4% 
2.3-6.5% 


NA NA BON to TDA, 
JDA, MCN, or 
tributaries 
above MCN 


Populations 
enter Columbia 
River in 
different 
mainstem 
reservoirs. 


 
1 Generally calculated as 1 – Adjusted Survival Estimates (estimates of harvest and “natural” stray rates are removed) for the pertinent reach (see SCA, Adult Survival Estimates Appendix for 
details). 
2 These estimates do not include the estimated 8.5% of spring run Chinook salmon and 21.8% of winter run steelhead populations killed by marine mammals downstream of Bonneville Dam (see 
Marine Mammal Appendix) – which is covered by this ITS. 
3 The estimated mortality of SR sockeye is estimated by expanding ‘06-‘07 PIT tagged Okanogan River and Lake 
Wenatchee sockeye survival estimates from the Bonneville to McNary Dam reach (3 dams) to a Bonneville to 
Lower Granite Dam reach (7 dams). There are no available estimates of adult passage survival for transported sockeye salmon, however, it is reasonable that transported SR sockeye might 
exhibit higher mortalities similar to those differentials observed for SR spring/summer Chinook (6.9%) and SR steelhead (6.8%). 
4 Because some adults steelhead over-winter and migrate to their natal spawning areas during the early spring, 2007 adult return data for steelhead are not included in this analysis. 
5 Uses SR steelhead as a surrogate estimate (the average per project survival estimate ^ Nth power) – where N corresponds to the number of dams upstream of Bonneville passed during the 
migration - estimate of survival from Bonneville Dam to the natal tributaries of these fish entering within the lower Columbia River reservoirs. 
6 Uses SR fall-run Chinook salmon as a surrogate estimate (the average per project survival estimate is used as a conservative estimate of survival from Bonneville Dam to the natal tributaries of 
these fish entering within the Bonneville reservoir). 
7 Uses SR spring-run Chinook salmon estimates as a surrogate estimate (the average per project survival estimate is used as a conservative estimate of survival from Bonneville Dam to the natal 
tributaries of these fish entering within the Bonneville reservoir). 


 
 
 







Figure 2.  Study area including the lower Snake River upstream to the Sawtooth Valley, 
upper Salmon River.   


 
 
 


 
Figure 3.  Adult sockeye salmon counted at Ice Harbor and Lower Granite dams over 


time. (Source: http://www.cbr.washington.edu/dart/adultpass.html). 
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The percent of adult sockeye salmon that successfully migrate from Lower Granite Dam 
to spawning areas in the Sawtooth Valley have ranged widely from 9 to 86%, typically from 
50% to 75%. During 2008, 2009 and 2010, 72%, 68% and 61%, respectively, of adult sockeye 
salmon counted at Lower Granite Dam were collected at the Sawtooth Hatchery and Red Fish 
Lake Creek weirs. In 2000, a study in which 29 adult sockeye salmon migrants were monitored 
using raiotelemetry to investigate the potential sources of loss upstream from Lower Granite 
Dam was conducted (Keefer et al. 2008a). The primary conclusion of that study was that sockeye 
salmon that migrated later in the season, more likely to be exposed to warm (> 20˚C) water 
temperatures, experienced the highest en route mortality or straying behavior into non-natal 
tributaries. This conclusion agrees with a similar study for upper Columbia River sockeye 
salmon (Naughton et al. 2005) and Fraser River sockeye salmon (although there early migrants 
were exposed to warmer water temperatures and experienced lower survival; Cooke et al. 2004; 
English et al. 2005). Managers have discussed collecting adult sockeye salmon and transporting 
them to the Sawtooth Valley and hatcheries to increase numbers of spawners for natural 
production and broodstock for the hatchery program. The 2008 NOAA Biological Opinion (RPA 
42) and 2010 Supplemental FCRPS Biological Opinion recommended studying the feasibility of 
transporting adult sockeye salmon from Lower Granite Dam to the Sawtooth Valley and a pilot 
study was initiated for 2010 (M. Peterson, IDFG, pers. comm.). If shown to be effective, the 
intent would be to use transportation when conditions reach levels likely to impair  
in-river migration success. For 2012, we propose to use radiotelemetry to augment what we 
learned during the 2000 study. Our goal is to identify what conditions affect migration success to 
inform managers in order to determine when transportation would produce a net benefit to this 
population. Specifically, we propose to evaluate the relationship between timing, fish condition, 
river environment, and migration success in the river reaches upstream from Lower Granite 
Dam. This effort would be conducted in concert with a separate study being conducted NOAA 
Fisheries to evaluate sockeye salmon smolts migrating downstream to Lower Granite Dam which 
will provide equipment and cost savings to this study.     


 
A. Objectives  


 
1.     Estimate conversion rates of PIT-tagged A- and B-run steelhead, sockeye salmon, and 


spring/summer Chinook salmon for each reach between McNary (MCN) and LGR dams.   
 
2. Estimate tailrace delay and passage metrics (including those related to FPP ladder 


operation criteria) of spring Chinook and sockeye salmon and steelhead at LGO, LMO, 
and LGR across the season for adults tagged at Ice Harbor Dam (IHR). 


 
3. Estimate loss of sockeye in partitioned reaches between LGR and Stanley Basin and 


correlate migration fate and conversion with environmental and temporal factors to 
identify potential trigger mechanisms for adult sockeye transport.  


 
4. Estimate tributary overshoot, straying rates, and fate of adult spring Chinook salmon and 


steelhead from IHRto hydrosystem exit.  
 


4a. Diagnose behavior of known-source Tucannon River spring Chinook salmon and 
steelhead related Tucannon River confluence hydraulic conditions. 







4b. Evaluate downstream passage and fate of known-source Tucannon River spring 
Chinook salmon and steelhead overshoots tagged at LGR that passed back through LGR 
and LGO during summer and winter using retrospective PIT-tag detection history 
analysis. 


Methods 
 


Objective 1. Estimate conversion rates of PIT-tagged A- and B-run steelhead, sockeye salmon, 
and spring/summer Chinook salmon for each reach between McNary (MCN) and LGR 
dams.   


 
Objective 2.Estimate tailrace delay and passage metrics (including those related to FPP ladder 


operation criteria) of spring Chinook and sockeye salmon and steelhead at LGO, LMO, 
and LGR across the season for adults tagged at Ice Harbor Dam (IHR). 


 
For 2013, we propose to use a combination of passive integrated transponder (PIT) and 


radio5


 


 telemetry to evaluate the passage performance and conversion rates of adult Snake River 
Chinook salmon, sockeye salmon, and steelhead migrating through the lower Snake River dams. 
Study animals would be returning adults that received PIT tags as juveniles and new fish 
collected at the Ice Harbor and or Lower Granite Dam adult trap, outfitted with radio telemetry 
and monitored using an array of fixed-site receivers as they migrate upstream passed Lower 
Monumental, Little Goose and Lower Granite dams. PIT tag detections at Bonneville, McNary, 
Ice Harbor and Lower Granite dams will allow estimations of migration success and correlations 
with river (water temperature) and operational (spill) conditions through the lower Columbia and 
Snake rivers. We also propose to outfit a subsample of fish with radio transmitters with archival 
temperature recording tags to document exposures in and upriver (for sockeye salmon) of the 
lower Snake River hydrosystem (see Objective 3).   


Sample size—Determining the appropriate sample size must balance a sufficient sample 
size to produce valid scientific inferences with the need to minimize handling individuals from a 
severely diminished population. A general rule of thumb for measuring passage metrics such as 
conversion rates and passage time is to use a minimum of 100 fish for each group of fish you 
wish to evaluate so that no single fish represents more than 1% of your sample. In this instance, 
our interest is to accurately describe passage behavior for fish exposed to a variety of conditions 
(spill, flow, temperature) at Lower Monumental, Little Goose and Lower Granite dams to 
minimize adult passage delays and to compare fish that are and are not successful in migrating to 
the Sawtooth basin (sockeye salmon; Objective 3), which suggests an ideal sample size of 200 
fish to provide sufficient data to perform robust regression and ANOVA analyses. With the 
current upswing in adult returns (approximately 1,000 to 2,000 fish to Lower Granite Dam for 
past two years) this would represent about 10 to 20% of the population. During 2000, we tagged 
31 adult sockeye salmon, which represented a little more than 10% of the run for that year, a rate 
judged acceptable by managers and partners. Using a similar sampling rate in 2013 would yield 
approximately 200 radio-tagged individuals from a run of about 2,000 returning adults. We feel a 
sample of 200 sockeye salmon (Table 3) to be sufficient to produce solid inferences on patterns 
related to migration success, particularly since data from 2000 indicated that the sockeye salmon 
                                                           
5There have also been discussions on use of JSATS acoustic telemetry for portions or the whole of this evaluation.  Use of this 
option will depend on availability of equipment and final decision on the objective(s) to be funded in 2013. 







behavior in the study area was relatively consistent among individuals (i.e. there were few 
outliers).  If, as has been recently predicted, the number of sockeye salmon returning to the 
Snake River in 2013 is lower than recent years, fewer fish would be tagged and studies would 
need to be spread over multiple years.   


 
Table 3. Recommended sample sizes for adult sockeye and Chinook salmon and 


steelhead to be collected and radio tagged, sampling location for 2013 research objectives. 


Sockeye salmon 200 Ice Harbor or 1,2,3 
Species Sample Size Location Objectives 


  Lower Granite 3 
Chinook salmon 300 Ice Harbor 1,2,3,4 


 
 
Steelhead 300 Ice Harbor 1,2,3,4  


Comparable sample sizes would be required to adequately evaluate passage conditions 
for Chinook salmon and steelhead for the proposed objectives. Temperature conditions have the 
greatest potential to influence summer-run Chinook salmon and steelhead in the lower Snake 
River (Figure 4). Spill at Little Goose Dam occurs primarily during the spring and summer 
Chinook salmon runs (Figure 5). We recommend a sample size of 300 spring and summer 
Chinook salmon (combined for analyses) and 300 steelhead. Three hundred steelhead are 
recommended (rather than 200) to increase the number of fish available to monitor for 
overwintering and straying behavior. We would target to tag about half the spring/summer 
Chinook salmon group before water temperatures reach about 16°C and the rest after this to 
assure that fish were exposed to the range of water temperature conditions that occur in the 
system. The latter group would be collect concurrent with sockeye salmon run in the lower 
Snake River. We would start collecting steelhead as soon as water temperatures allow safe 
handling of fish after the summer peak.  


 
Figure 4.  Water temperature differential (Delta T) and water temperature at top of 


transition pool (Exit temperature) at time of passage for radio-tagged Chinook salmon and 
steelhead at Lower Granite Dam during 2000-2003.  Source; Caudill et al. (2006).   







 


 
Figure 5.  Ten year average adult Chinook salmon, steelhead and spill at Little Goose 


Dam, 2001 to 2010. Source: DART (http://www.cbr.washington.edu/dart/adultpass.html). 
 
 
Fish will be tagged as they are available, but as in 2000, we will attempt to sample a 


constant number of fish per day during the run rather than sampling proportional to the run to 
assure that the widest range of river conditions are sampled. Sampling will also need to consider 
other actions, such as the transport feasibility study, and anticipate that collections will halt at 
some point during the run when water temperatures exceed the allowable levels to handle fish. 


 
Collection and tagging—Adult salmon used for this study would be collected using the 


adult fish trap at Ice Harbor (Columbia River rkm 538) and or Lower Granite Dam (rkm 695).  
 
At Ice Harbor Dam, the fish trap is located near the top of the south-shore fishway (Lee 


2005). When deployed, pickets guide fish into a viewing area from where they can be manually 
diverted to holding pens (Figure 6). Currently, once the desired number of fish have been 
collected, the holding pens are lifted by crane and the fish are transferred to an aerated tank.  
Individual fish are then moved to an anesthetic tank using a rubber dip net. We have been in 
discussion with the COE on proposed plans to update the trap during the winter of 2012/13 to 
improve operations and reduce handling needed to transfer fish to the anesthesia stage. Once 
anesthetized, we will measure length, weight, lipid level, record injuries and marks, a small 
section of caudal tail will be taken for genetic analysis and a radio transmitter (16 mm x 45 mm, 
approximately 16 g in air) will be inserted to the stomach through the mouth and a PIT tag is 
inserted to the pelvic girdle using a hypodermic needle if one is not already present.  Half of the 
sample will receive a transmitter containing an integrated temperature sensor that will store the 
fish’s body temperature at 10 minute intervals. Tagged fish are placed into the transport tank and 
will be allowed to recover before release approximately one km upstream of the dam. The trap 
will be raised out of the water when not in use.   
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Figure 6. Photograph of Ice Harbor Trap in operation as seen from above.  Trap operating 


is facing the viewing section of the trap.  Small holding pen is shown at the top of figure.  
Source: Lee (2005).   


 
 
The adult trap facility at Lower Granite Dam is located adjacent to the south shore adult 


fish ladder. When in operation, a diversion gate is swung across the fish ladder to guide fish into 
the trap. Fish enter the trap attraction pool and pass through pipes with coded-wire-tag (CWT) 
and PIT-tag detectors. Gates can be opened for fixed periods of time to divert fish to a holding 
area or be activated when pre-determined PIT-tagged fish are detected. In this “sort-by-code” 
mode, non-targeted fish continue through the pipes to the main fish ladder. At intervals, a 
gravity-flow dewatering system is used to raise collected fish directly from the holding area to an 
anesthetic tank without being handled. Once anesthetized, fish will be sampled as described 
above. Most tagged fish will then be transferred to a freshwater recovery tank for release back to 
the fish ladder. A sub-sample of fish will be released approximately 2 miles downstream of the 
dam to assess fallback and effect of fishway temperatures on passage at Lower Granite Dam. 


 
Telemetry monitoring—Radio-tagged salmon and steelhead will be monitored as they 


migrate upstream through the lower Snake River using a network of fixed-receiver sites (Table 
4). At the dams, receivers and antennas will be used to monitor all fishway entrances, transition 
pools and fishway exits. In addition, telemetry sites will be added to the tailrace at Little Goose 
Dam to better define the behavior of fish as they encounter to spill discharge and attempt to  


 







Table 4. Radiotelemetry receiver sites proposed for research objectives described in this proposal.  


Site Number Site Description 
1 above Red Fish Lake Creek confluence (Buckhorn Bridge)        
2 below Little Redfish Lake                 
3 above Valley Creek confluence                                
4 below Lower Stanley                                 
5 above East Fork Salmon River confluence             
6 below East Fork Salmon River confluence             
7 above Pahsimeroi River confluence 
8 below Pahsimeroi River confluence  
9 above Lemhi River confluence              


10 below Lemhi River confluence (Morgan Bar) 
11 above North Fork Salmon River confluence                
12 below NorthFork Salmon River confluence (Loydd Ranch) 
13 above the Middle Fork Salmon River confluence (Sayer Ranch)         
14 Vinegar Creek boat launch                    
15 above Little Salmon River confluence (Shorts Bar)                    
16 below Little Salmon River confluence (Riggins weigh station)        
17 Hammer Creek Recreation Area 
18 Rice Creek  bridge           
19 Above the mouth of the Salmon River 
20 below Grande Ronde River confluence 
21 above Clearwater River confluence west bank (Swallow's nest) 
22 above Clearwater River confluence east bank (Hells Gate) 
23 below Clearwater River confluence south bank (Chief Timothy Island) 
24 below Clearwater River confluence north bank (Chief Timothy Island) 
25 Lower Granite Dam forebay north bank (wing wall) 
26                   "             forebay mid-channel (RSW) 
27                   "             forebay south bank 
28                   "             tailrace US north bank 
29                   "             tailrace US south bank 
30                   "             tailrace DS north bank 
31                   "             tailrace DS south bank 
32                   "             South Shore entrance 
33                   "             North Shore entrance 
34                   "             Power House channel entrances 
35                   "             South shore transition pool 
36                   "             South Shore fishway exit/vertcal slots 
37 Little Goose Dam forebay north bank (wing wall) 
38                   "             forebay mid-channel (TSW) 
39                   "             forebay south bank 







40                   "             tailrace US north bank 
41                   "             tailrace US south bank 
42                   "             tailrace DS culdesac 
43                   "             tailrace DS north bank 
44                   "             tailrace DS south bank 
45                   "             tailrace DS culdesac 
46                   "             tailrace DS powerhouse 
47                   "             tailrace DS spillway 
48                   "             South Shore entrance 
49                   "             North Shore entrance 
50                   "             Power House channel entrances 
51                   "             South Shore transition pool 
52                   "             South Shore fishway exit/vertcal slots 
53 Lower Monumental Dam forebay north bank (wing wall) 
54                   "             forebay mid-channel (TSW) 
55                   "             forebay south bank 
56                   "             tailrace US north bank 
57                   "             tailrace US south bank 
58                   "             tailrace DS north bank 
59                   "             tailrace DS south bank 
60                   "             South Shore entrance 
61                   "             North Shore entrance 
62                   "             Power House channel entrances 
63                   "             South Shore transition pool 
64                   "             Nouth Shore transition pool 
65                   "             South Shore fishway exit/vertcal slots 
66                   "             Nouth Shore fishway exit/vertcal slots 
67 Ice Harbor Dam forebay north bank (wing wall) 
68                   "             forebay mid-channel (RSW) 
69                   "             forebay south bank 
70                   "             tailrace US north bank 
71                   "             tailrace US south bank 
72                   "             tailrace DS north bank 
73                   "             tailrace DS south bank 
74                   "             South Shore entrance 
75                   "             North Shore entrance 
76                   "             Power House channel entrances 
77                   "             South Shore transition pool 
78                   "             Nouth Shore transition pool 
79                   "             South Shore fishway exit/vertcal slots 
80                   "             Nouth Shore fishway exit/vertcal slots 







locate fishway entrances, particularly inside and along the powerhouse collection channel and 
north shore entrance. Receivers will be downloaded at regular intervals and telemetry records 
will be loaded to an indexed database to be used for developing migration histories and for 
statistical analyses. 


 
Analyses—In 2007, use of a bulk spill intended to be used with TSW was associated with 


reduced numbers of salmon counted at Little Goose Dam. In 2008, a blocked treatment study 
was conducted to compare tailrace flow conditions and fish behavior among bulk, an alternate 
bulk and uniform spill patterns (Jepson et al. 2009). Results of that test confirmed that bulk spill 
was more likely to form back eddy currents along the north and south shores than uniform spill 
and that these conditions correlated with poor passage performance by Chinook salmon. In 2009, 
a TSW was installed in spillbay 1 but when operated appeared to delay passage for spring 
Chinook and sockeye salmon. The TSW was subsequently closed and a uniform spill pattern was 
applied which resulted in an increase in adult migrants counted passing the dam. For 2011, a 
physical model exercise defined a new spill pattern for use with the TSW designed to facilitate 
adult passage hydraulics while not compromising juvenile passage efficiency. The new pattern 
appeared effective in minimizing adult passage delay except for periods when spill was increased 
during periods of high flow (up to 200 kcfs) in the Snake River.  


 
In 2013, the new spill pattern will be applied to improve juvenile egress while 


minimizing delays to adult salmonids in the tailrace of Little Goose Dam. Operations include 
operating turbine unit 1 to approximately the upper 25% of the 1% of best efficiency range 
(about 16-17.5 kcfs) to ensure a strong current along the south shore to counter the eddy that 
forms when the TSW is in operation. Adult salmon and steelhead passage behavior associated 
with spill operations using a Removable Spillway Weir (RSW) at Lower Monumental and Lower 
Granite Dams will also be evaluated. 


 
Using passage time metrics described below, we propose to evaluate general passage 


behavior and success for radio-tagged adults at Little Goose and Lower Granite dams under 
prevailing spill conditions. Specifically, we will use telemetry records to describe paths fish use 
as they enter tailraces, encounter spill plumes/eddies, approach fishway entrances along north 
and south shores and behavior of fish once inside fishways at the dams. Proportional use of 
fishways to pass dams relative to spill conditions will be compared to previously collected data 
for Chinook salmon and steelhead. We will relate time for fish to locate (approach) and enter 
fishways, the proportion of fish that enter and pass fishways on their first attempt, and overall 
dam passage times relative to tailrace conditions using multivariate regression and time-to-event 
analyses. Along with spill pattern, spill level (kcfs), and percent spill we will also include river 
discharge, water temperature, time of day, and time of year as independent variables in the 
regression and time-to-event analysis. Results from the telemetry monitoring and regression 
modeling for salmon will be compared to that for Chinook salmon with the uniform spill which 
was associated with the best passage performance in 2008 (Jepson et al. 2009).     


 
A primary objective for this study is to relate fish behavior to temperature conditions, 


particularly to temperature gradients that may form in fishways at lower Snake River dams. 
Caudill et al. (2006) reported that differences in temperatures in fishways (typically between 
bottoms of ladders and tops of the transition pool) and correlations between Chinook salmon 
passage times were greatest at Lower Granite Dam due to thermal layering that occurred in the 







Lower Granite pool and forebay. Using radiotelemetry, we propose to relate passage times for 
salmon to tailrace water temperatures and temperature differentials in fishways at the time fish 
first encounter fishway entrances.   


 
Telemetry records will be used to calculate the following passage times: 
 
- Reach travel times (top of ladder to upstream tailrace). 
- Total dam passage time (tailrace to top of ladder). 
- Dam segment times: 
 - Time from ladder exit at downstream dam to reach tailrace, 
 - Time to approach fishways (tailrace to fishway entrance), 


- Time to enter fishways, 
- Time from entrance to reach base of transition pool (i.e. collection channels), 
- Time to transit transition pool, and 
- Time to ascend ladder (transition pool to top of ladder). 


 
We will also classify the proportion of fish that complete these passage segments on their 


first attempt relative to temperature conditions. Hourly water temperatures will be collected 
using a series of thermographs placed in fishways at locations comparable to those used 
previously (See USACE 2004) and from USACE-operated water quality monitoring stations 
located throughout the hydrosystem (DART: http://www.cbr.washington.edu/dart/river.html). 
Temperature differentials will be calculated from the difference in water temperatures at the base 
and top of transition pools as this is where water from forebay mixes with water pumped from 
the tailrace. Temperature differentials at the time radio-tagged fish first reach the base of 
fishways will be classified as < 1° C, 1-2° C, or > 2° C. 


 
In the previous study (Caudill et al. 2006), log-transformed mean passage times were 


compared among the three temperature differential classes using analysis of variance (ANOVA). 
For consistency, we will repeat these analyses and compare results. Given that salmon swim 
speed is affected by temperature, we will also conduct an analysis of covariance (ANCOVA) 
using absolute water temperature at time of ladder entrance as the covariate. Because we are 
dealing with relatively small samples (200 or fewer fish likely) across a range of temperature 
conditions, we will also use a Monte Carlo analysis in which temperature categories are 
randomly reassigned to study fish 1,000 times and the averaged outcomes will be reanalyzed as 
described above and the results compared to the outcome of the observed data.   


 
Conversion rates for PIT tagged adult salmon and steelhead are used to estimate survival 


of ESA designated ESUs during their upstream migration through the FCRPS. We propose to 
use existing PIT tag detection records at Bonneville, McNary, Ice Harbor, Lower Granite and 
Priest Rapids dams for 2008 through 2012 calculate conversion rates for Snake River and upper 
Columbia River spring/summer Chinook, fall Chinook, sockeye salmon and steelhead stocks. 
Calculations will be consistent with methods used by NOAA Fisheries and reported in the 
FCRPS Biop and supplemental Biop (see Background section and Table 1 above).   


 
The 2008 NOAA Fisheries’ Biological Opinion for the FCRPS did not include adult 


performance standards for Snake River sockeye salmon because adequate data has not been 
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available. In 1997, 577 adult sockeye salmon were tracked through the lower Columbia River 
using radiotelemetry (Naughton et al. 2005). A primary finding from that work was that water 
temperatures had a significant influence on migration success. None of the fish with transmitters 
tracked in 1997 entered the Snake River. The increased number of Snake River sockeye salmon 
recently returning to the Columbia River with PIT tags provides a unique opportunity to address 
some basic passage questions for sockeye salmon. In 2011, over 500 Snake River sockeye 
salmon with PIT tags have been detected at Bonneville Dam. PIT-tagged migrants can be 
detected at Bonneville, McNary, Priest Rapids Ice Harbor, and Lower Granite dams. We propose 
to use these detection points to evaluate adult sockeye salmon migration though the hydrosystem 
using information from the 2011, 2012 and 2013 runs (numbers of PIT tags released were 
insufficient to analyze for previous years). Primary variables of interest will be reach survival 
and passage times. We propose to use regression analyses to relate survival and passage times to 
river conditions, primarily discharge and water temperature.   
 
Objective 3. Estimate loss of sockeye in partitioned reaches between LGR and Stanley Basin and 


correlate migration fate and conversion with environmental and temporal factors to identify 
potential trigger mechanisms for adult sockeye transport.  


 
Adult sockeye salmon outfitted with radio transmitters as described above will be 


monitored as they pass Lower Granite Dam and continue their migration to the Sawtooth basin. 
The primary goal of this portion of the project will be to determine migration success and 
identify factors associated with escapement to the Sawtooth basin upstream of Lower Granite 
Dam.    


 
Telemetry monitoring—Radio-tagged sockeye salmon will be monitored as they migrate 


upstream using a network of fixed-receiver sites (Figure 7). Most receiver sites will be 
established for a separate study to evaluate juvenile sockeye salmon smolts downstream 
migration. Nineteen sites are located at the Sawtooth Hatchery weir, at major tributary 
intersections along the Salmon River and at Lower Granite Dam. For the adult sockeye salmon 
study we will also establish sites at the mouths of the Clearwater and Grande Ronde rivers. 
These tributary sites will be used to determine if salmon are straying into non-natal tributaries. 
We will also have the option to perform mobile tracking surveys by truck to locate fish in areas 
between fixed receiver sites and in tributary streams. Data will be downloaded from receivers to 
computers at fixed intervals and loaded to an indexed database that will collate tag, detection, 
mobile track, and recapture records.  Migration histories will be used to determine behavior 
(including fallback) at Lower Granite Dam, migration rates by river reach and identify last 
known locations and timing of fish.  River reaches will include Lower Granite reservoir, Snake 
River to mouth of the Salmon River, Snake River upstream from the Salmon River, lower 
Salmon River up to Little Salmon River, and the remaining Salmon River reaches delineated by 
the Middle, South, North and East Forks.   


 
Behavior and migration histories will be statistically related to fish condition and river 


condition variables using similar methods as described in Keefer et al. (2008a). Tags will be 
retrieved from fish that return to weirs and traps in the Sawtooth Valley to allow recovery of 
archived temperature information. Since these fish will be those that successfully reach spawning 
areas, this information will provide a description of river conditions within range of tolerance for 
adult sockeye salmon migrants. Temperatures experienced by unsuccessful migrants will be 







inferred from telemetry records and water temperature monitoring. Flow data will be provided 
from gauge stations operated by the Corps at Lower Granite Dam and by USGS in the Snake and 
Salmon rivers. Water temperatures in the Snake and Salmon rivers will be from a network of 
thermal recorders operated by researchers from U.S. Forest Service (USFS), NOAA Fisheries, 
and at gauge stations (Figure 8). Any key locations not covered by these ongoing efforts will be 
identified and monitored for this project using HOBO temperature recording stations or the like. 


Figure 7.  Map of study area showing migratory path from release at Lower Granite 
Dam in blue, fixed-site radio telemetry monitoring locations (black dots ), and location of 
Sawtooth Hatchery and Redfish Lake. 


 
 
Data analysis—Data collected for this evaluation include biological and environmental 


variables we believe most likely to be related to sockeye salmon migration delays and loss. 
Biological variables are primarily related to fish condition and include fish length, weight, lipid 
level, presence of injuries and group of origin (determined from PIT or genetic identification). 
Environmental factors include water temperatures fish are exposed to, fish body temperature, 
flow, and timing of their migration. Statistical analyses for this study will be similar to those 
used for the 2000 study. Correlation and multiple regression analyses will be used to examine 
associations between passage rates (rkm/day) and migration success (yes/no) through each reach 
with biological (fish size, condition) and environmental conditions (water and fish body 
temperatures and flow) encountered at the time of reach entry. Among-group differences in 
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median migration rates (e.g., between successful and unsuccessful migrants, males and females) 
will be compared using Kruskal–Wallis tests for passage through each reach. Mean 
environmental conditions encountered by successful and unsuccessful fish will be compared 
using separate t-tests, although we note that likely correlations among environmental variables 
will limit our ability to infer causal mechanisms (e.g., Naughton et al. 2005).  Associations 
between migration success and fish characteristics (e.g., length, sex, and injury) will be tested 
using either t-tests or Pearson’s Chi-square tests.   


 
Objective 4. Estimate tributary overshoot, straying rates, and fate of adult spring Chinook 


salmon and steelhead from IHR to hydrosystem exit.  
 


4a. Diagnose behavior of known-source Tucannon River spring Chinook salmon and 
steelhead related Tucannon River confluence hydraulic conditions. 


4b. Evaluate downstream passage and fate of known-source Tucannon River spring 
Chinook salmon and steelhead overshoots tagged at LGR that passed back through 
LGR and LGO during summer and winter using retrospective PIT-tag detection history 
analysis. 


In some years, 50 to 55% of Tucannon River Chinook salmon will pass Lower Granite 
Dam, as determined from PIT tag records. At the same time, fish from the John Day River and 
other stocks stray into the Tucannon River and other locations. Similar behavior has been 
observed for steelhead at this and other locations. While some of these fish may eventually return 
to natal areas (temporary strays), the proportion is not well understood, nor is the fate of the 
permanently strayed fish. For this objective, we propose to add fixed receivers in and near 
mouths of the Tucannon River and conduct some targeted mobile tracking to identify final 
locations and potentially final fates of adult migrants. From genetic analyses and/or PIT tag 
records for fish, we will estimate stock of origin to identify straying and non-straying behaviors. 
Analyses of telemetry records and river conditions will be used to evaluate if timing and 
conditions (i.e. temperature) are correlated with straying behavior. Monitoring will continue 
through the fall to better document associate linkages between fallback, straying and final fates.    


 
D.  Facilities and Equipment  


Salmon would be collected and tagged at Ice Harbor and Lower Granite dams.  Receiver 
sites and antennas will need to be installed at most of the Snake River dams.  Most receiver sites 
required upstream from Lower Granite Dam are in place and available from a separately funded 
project to evaluate the downstream migration of Snake River sockeye salmon smolts.  Additional 
receiver sites may need to be installed at or near tributary streams of the Snake River such as 
Clearwater and Grande Ronde rivers, etc.  Receivers will be supplied by NOAA Fisheries 
electronics shop.  Transmitters would be ordered directly from the manufacturer by the COE. We 
will work with the transmitter manufacturer to make sure the specifications of transmitters, 
namely dimensions, tag life and temperature archival features, match study requirements.  Other 
equipment necessary for the proposed work, trucks, computers, and the like, will be provided to 
the project by researchers on a rental basis.    


 
 







 
Figure 8.  Temperature monitoring stations proposed for use in 2011.  Source: D. Issak, 


RMRS USFS. 
 
 


E.  Impacts of study on Corps projects and other activities 
Division or District Corps 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 at Lower Granite Dam to collect and tag 


adult Chinook and sockeye salmon.  
2. Provide access to Ice Harbor fishway trap, including locating mobile crane on 


powerhouse to operate trap to collect adult Chinook and sockeye salmon for tagging. 
3. Provide access to fishway and tailrace areas of Ice Harbor, Lower Monumental, Little 


Goose, and Lower Granite dams to install, maintain and regularly download receiver 
sites.   


4. Provide power to operate fishway receiver sites at and near Ice Harbor, Lower 
Monumental, Little Goose, and Lower Granite dams.   


 
F.  Biological Effects 


 
Adult salmon to be used for the proposed project will be anesthetized for approximately 8 to 


11 minutes and then released to the return channel from which they will volitionally exit to the 
fishway once recovered at Lower Granite Dam.  At Ice Harbor Dam, study animals will be held 







for several hours prior to, during, and following tagging, and then released approximately one 
km upstream from the dam.  NOAA Fisheries and USFWS biologist have extensive experience 
operating the trapping facility, handling and radio-tagging adult salmon.        


 
G.  Key Personnel 


Project planning, administration, work plan preparation, protocols, permits, data analysis, 
reporting: 


Project leaders, C. Peery, and G. Axel 
 


Fish collection and tagging operations: 
1. D. Ogden (NOAA) and C. Peery (USFWS) 


 
Telemetry systems: 


Bruce Jonasson (NOAA Electronics Engineer), NOAA Electronics Shop 
 


Downloading receivers and data transfer: 
Bruce Jonasson (NOAA Electronics Engineer), NOAA Technicians,  
B. Simpson (USFWS) 


 
Database maintenance: 


B. Burke (NOAA) 
 


H. 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 technical 
journals.  Special efforts will be made to provide information for managers as needed.  
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II. PROJECT SUMMARY 


 


 


A. Goals 


 


1. Understand the processes that contribute to high percentages of out-of basin 


salmon straying and spawning with endangered and threatened populations of 


Columbia River salmon 


2. Develop methods to reduce wandering and straying of steelhead Oncorhynchus 


mykiss and spring Chinook salmon Oncorhynchus tshawytscha that are collected 


and barged from the Snake River to below Bonneville Dam 


 


B. Objectives 


 


1. Assess imprinting of barged and in-river migrants by monitoring imprinting 


associated changes in physiological function and gene expression as indicators of 


imprinting success. 


2. 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. 


 


C. Methodology 


 


1. We will use physiological correlates of successful imprinting to allow for efficient 


and cost-effective assessments of different transport methods developed to 


minimize straying of Snake River steelhead and other salmonids.  Juvenile 


steelhead and spring Chinook salmon 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 


barging protocols.  


2. To help facilitate development of barging protocols that optimize imprinting 


success, controlled laboratory studies will be initiated to assess whether orienting 


current will affect imprinting-associated changes in physiological function. 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.   


D. 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 
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fish transportation 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. 


 


 II.  PROJECT DESCRIPTION 
 


A. 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 and rearing, and 


conspecifics for breeding.  At the same time, some degree of straying facilitates 


colonization of new habitat, protection against population-specific genetic losses due to 


catastrophic events, and provides new genetic material for recipient populations (Quinn 


2005).  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).  


 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 from 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. 2012).   
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 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 neuronal function.  Both developmentally regulated and 


environmentally induced changes in thyroid hormone function may play an important 


role in successful imprinting (Hasler and Scholz 1983; 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 


1999; 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 (Keefer and Caudill 2012).  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 steelhead and Chinook salmon 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).  


 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. (2012) 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 
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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 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.  While barging smolts results in elevated stray rates, barging of Snake River 


steelhead and Chinook 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 and Chinook are also listed as a threatened 


species under the Endangered Species Act, developing a transport method that reduces 


the rate of straying, while maintaining the benefit in SARs provided by barging is 


important.   


 


 


B. Project objectives 


 


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 three specific objectives.  


 


1.  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 and 


spring Chinook 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 barge.  


 


2. 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, 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.  
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Altering barge configurations or barging protocols to address environmental factors that 


may be important for successful sequential imprinting may be difficult and costly.  These 


experiments will allow for cost-effective assessments of different alternative barging 


protocols to develop optimum in-situ river tests designed to minimize straying in 


subsequent years.   


 


 


C. Methodology 


 


Objective 1. 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 and 


spring Chinook salmon that are migrating in-river or are barged to assess the impacts of 


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 salmonids for comparison with alternative transport protocols, 


3) an assessment of effects of standard barging protocols on physiological imprinting 


markers.  


 In 2013, two groups of juvenile steelhead and spring Chinook 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, and 2) fish barged under standard protocols. For in river migrants, Snake River 


steelhead and spring Chinook 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 fish 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 (tentatively the first and third week of May).  Barged fish will be sampled 


prior to barging at Lower Granite Dam, at McNary Dam and at Bonneville Dam just prior 


to release.  These fish will be maintained in net pens within the barge holding tanks so 


they are accessible for sampling. Some changes in gene expression may not be apparent 


until several days post-stimuli because initiation and processing of new mRNA 


transcription may not be immediate.  To account for this potential lag in barging- or 


migration-related changes in imprinting-associated gene expression, we will hold barged 


fish and in-river migrants in tanks at the Bonneville Dam Juvenile Bypass facility for 3-7 


days prior to sampling.  


At each sampling point, 10-20 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 
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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. 


Imprinting associated genes will be analyzed using RNA-SEQ techniques and 


quantitative PCR analysis using steelhead- and Chinook-specific primers and probes 


developed under the 2011 and 2012 work plan for this project. To identify imprinting 


associated genes, we will isolate olfactory RNA (RNeasy Plus Minikit, Qiagen) from a 


subset of fish and generate TruSeq cDNA libraries for paired end Illumina sequencing. 


Specific candidate genes, including genes representing 4 distinct odor receptor families, 


markers for olfactory cell differentiation and proliferation, and thyroid signaling (Table 


1) will be assessed using quantitative PCR.  Briefly, RNA will be isolated from 


individual rosettes, olfactory bulbs and pituitaries of salmon, treated with DNase 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 2.  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 study was initiated under the 2011-2012 work plan to assess whether key 


environmental parameters (e.g., novel tributary water exposure, orienting current) would 


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, 


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 


2013 and 2014, we will assess the importance of key environmental factors that may be 


important for successful imprinting, but may require significant changes to barges and 


barging protocols.   


 In 2012, we examined 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 
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experienced by salmon while being barged may be very different than 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. 


Once laboratory analyses from this study are completed, these results will be used to 


determine if these tributary experiences are critical for successful imprinting,  and 


whether efforts to either alter barge navigation protocols or to expose salmon to waters 


collected from key tributaries may be warranted.   


 In 2013, we will examine whether orienting current is critical for successful 


imprinting. Several studies have suggested that the act of migrating itself may be part 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 


experienced during barging may impair the developmental processes necessary for 


successful imprinting (Dittman and Quinn 1996).  In spring 2013, we will conduct 


experiments to assess the importance of orientation current and downstream migration for 


successful imprinting.  As part of our 2012 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 2012 


to initiate imprinting studies.  Wallowa River steelhead were chosen because they have 


demonstrated the highest stray rates among populations 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 2013.  


In January 2013, juveniles will be size selected to ensure that all experimental fish will 


smolt in 2013.  Beginning in February, 20 fish 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 1.  As fish begin to 


demonstrate negative rheotactic behavior, experimental treatments will be initiated by 


transferring fish to experimental raceways.  To test the importance of experiencing 


downstream current and active migration for imprinting, we will expose fish to different 


flow regimes designed to mimic natural flow rates in the mainstem Columbia River 


during spring flows or in current barge operations.  In addition one group of fish will be 


allowed to “migrate” in experimental circular flumes.  After initiation of the experimental 


treatments,  twelve fish per tank will be sampled every week for 6 weeks to assess 


imprinting related physiological parameters.  Sampling and physiological assessments 


will be conducted as described above.  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.  


 Finally, we will initiate an additional experimental group for any follow-up 


experiments deemed appropriate based on the 2012 results.  For these studies, we will 


obtain eyed Wallowa River steelhead embryos from the Lyon’s Ferry hatchery in May 
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2013 and rear these fish at BBC to produce one-year old smolts for experimental 


treatments in Spring 2014.  


 


FISH REQUIREMENTS FOR FY 2013 


Snake/Columbia R Dams 


 About 1,200 hatchery and wild steelhead and spring Chinook will be collected from 


the barge and at juvenile bypass facilities and sacrificed each year for physiological 


assays (Objective 1).  A similar number (~2000) juvenile Snake River hatchery steelhead 


will be taken to the NWFSC each year where they will be reared and used for behavioral 


and physiological tests of imprinting (Objective 2). 


 


SCHEDULE 


 


     Activity      FY13  Outyears  


 


Objective 1 


 Barge sampling   Apr-Jun  Same 


Objective 1 


 Physiological analysis  Feb-Jan  Same 


Objective 2 


 Laboratory trials   Feb-Jun  Same 


Objective 2 


 Physiological analysis  Feb-Jan  Same 


 


PROJECT IMPACTS, FACILITIES, AND EQUIPMENT 


 We will collect and sample fish at Lower Granite, McNary and Bonneville Dam. 


For barge work, we will need access to the barge while loading fish at LGD and the locks 


at McNary and Bonneville. We hope to use the USACE funded net pens again in May for 


holding fish in the barge. For sampling in-river migrants we will collect PIT tagged fish 


at the McNary and Bonneville SbyC facilities. At all sites we will need space (covered, 


access to electrical outlets) for collecting physiological samples.  


 


PROJECT PERSONNEL AND DUTIES 


 


Andrew Dittman   Biologist and co-principal investigator 


Douglas M. Marsh Biologist and co-principal investigator  


Darran May   Research Scientist/Engineer 2  


Paul Hoppe   Fish Biologist 3  


TBD    Fish Biologist 1 


 


 


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 31 July.  In this way, physiological data that requires extensive 
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laboratory time and analysis should be complete.  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  


TH Receptor  


TH Receptor  


Glycoprotein Hormone 


  


BTEB 


TH signaling (pituitary)
 
 


TH signaling (target tissues)
 
 


TH signaling (target tissues)
 
 


TH signaling (pituitary)
 
 


 


TH mediated gene transcription 
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Project Summary 
 
A. Goals 


The goal of this study is to evaluate migration success for adult Redfish Lake sockeye 
salmon Onchorynhus nerka migrating from Lower Granite Dam to the Sawtooth Basin and 
identify locations and potential causes for loss and delay.   


 
B. Objectives 
 
1. Estimate loss of sockeye in partitioned reaches between LGR and Stanley Basin and correlate 


migration fate and conversion with environmental and temporal factors to identify potential 
trigger mechanisms for adult sockeye salmon transport.  


 
1a. Determine temperature and migration timing conditions related to migration success to 


spawning areas. 
 
1b. Determine areas of loss and straying for adult sockeye salmon migrating between Lower 


Granite Dam and spawning areas. 
 
1c. Estimate conversion rates for PIT-tagged sockeye salmon migrating through the 


hydrosystem and compare survival and travel times between Lower Granite Dam and 
spawning areas for radiotagged and PIT only adult sockeye salmon.  


 
C. Methods 


For 2013, we propose to use a combination of passive integrated transponder (PIT) and 
radio telemetry (RT) to evaluate the success and behavior adult Snake River sockeye salmon 
migrating through the Lower Snake River and upstream to the Sawtooth Basin. PIT-tag 
detections at McNary, Ice Harbor and Lower Granite dams and in spawning areas will allow 
estimations of migration success, conversion rates and passage times and correlations with river 
(primarily water temperature) and operational (spill) conditions through the lower Snake River 
dams. Sockeye salmon would then be collected at Lower Granite Dam adult trap, outfitted with 
radio transmitters and temperature archival tags and monitored using an array of fixed receivers 
as they migrate upstream to the Sawtooth Basin. This work would be conducted in coordination 
with a separate radiotelemetry study being conducted by Idaho Department of Fish and Game 
(IDFG) and NOAA Fisheries to evaluate the downstream migration of juvenile Snake River 
sockeye salmon. Temperature profiles generated for the lower Snake River from PIT tag records, 
recovered archival RT tags, and in-river monitors will be used to determine the relationship 
between migration success and temperature exposures. RT records for fish will also be used to 
verify comparable data collected using PIT tags. This proposal was developed separately from 
other study objectives listed under study code ADS-W-13-1 based on recommendations from 
regional managers who wish to reduce handling of endangered sockeye salmon at alternate 
(downstream) locations. 


  
D. Relevance 


Snake River sockeye salmon were listed as endangered under the Endangered Species 
Act in November 20, 1991 and reaffirmed on June 28, 2005 because of the eminent risk of 
extirpation (NMFS 1991). The 2008 NOAA Biological Opinion and 2010 Supplemental FCRPS 
Significant management efforts and favorable ocean conditions have helped increase returns of 
adult sockeye to the Snake River recently, but this population is still primarily the progeny of an 







intensive captive broodstock program. Biological Opinion (NOAA 2008; 2010) list multiple 
Reasonable and Prudent Alternative Actions dealing with adult salmonid management. RPA 16 
calls for implementing water quality measures (including water temperature) to enhance ESA-
listed adult fish survival. RPA 28 calls for investigating adult passage conditions impaired by 
temperature differentials at Lower Granite Dam. The Biological Opinions did not include 
performance standards for sockeye salmon because insufficient information was available at the 
time. However, the Biological Opinions included contingency adaptive management options 
such as a study on the feasibility to transport adult sockeye salmon from Lower Granite Dam to 
the Sawtooth Valley (RPA 42). A pilot study performed by Idaho Department of Fish and Game 
in 2010 supported the successful concept of high survival during truck transport of adult sockeye 
salmon, just as Idaho had been transporting adult sockeye to-and-from the Stanley Basin lakes to 
their Eagle hatchery facilities for several years. The AMIP Adult Sockeye Transport Plan cannot 
be completed until more resolute investigations on factors that affect unsuccessful migration 
success have been conducted to determine the appropriate biological trigger(s) for initiation of 
adult sockeye transport. Currently, Lower Granite dam to Sawtooth Basin conversion rates vary 
annually between the 60-80+%. The only previous study conducted to assess sources of loss was 
based upon a small sample size of radio tagged fish and thus could not conclusively identify the 
source(s) of loss and delay. Specifically, we wish to determine if lost fish can be attributed to 
either un-captured tributary turnoff (i.e. straying or seeking water temperature refugium) and/or 
deleterious physiological effects due to stressful water temperatures encountered up- 
(unimpounded corridor) and downstream (lower Snake River hydrosystem) of Lower Granite 
Dam.   


 







Project Description 


A. Background 
Snake River sockeye salmon originate from lakes in the Sawtooth Valley of central Idaho 


(Figure 1). This population is unique in that it has the highest elevation (2,000m) and longest 
freshwater migration (1,500 km) of any sockeye salmon population (Waples et al. 1991). For 
multiple reasons, sockeye salmon production from the Snake River declined to just a few 
individuals per year in the late 20th century (Figure 2), prompting listing as endangered under the 
Endangered Species Act (ESA) in 1991 and the initiation of a captive broodstock program in 
1994. From 1991 to 1999, fewer than ten adult sockeye were observed at Lower Granite Dam 
and an estimated three adults reached spawning areas in the Sawtooth Valley, approximately 750 
km distance upstream (D. Baker, IDFG, pers. comm.). In recent years, releases of 150,000 to 
200,000 smolts annually from the captive broodstock program in combination with favorable 
ocean conditions have resulted in increased numbers of adult returns to Lower Granite Dam, 
ranging from 909 to 2,201 during 2008 to 2011. This increase in sockeye salmon escapement in 
the Snake River corresponded with a similar increase for upper Columbia River stocks. The 
increase in returning Snake River sockeye salmon in combination with a significant increase in 
the number of PIT-tagged juveniles (over 64,000 annually) beginning in 2009 provides an 
opportunity to measure basic passage metrics within the hydrosystem comparable to those 
previously documented for Chinook salmon O. tshawytsha and steelhead O. mykiss. For 
example, in 2010, 40 unique PIT-tagged Snake River sockeye salmon were detected in the 
fishways at Bonneville Dam and 30 were detected at Lower Granite Dam. In 2011, over 300 
PIT-tagged sockeye salmon were detected in the lower Snake River.  


 
The percent of adult sockeye salmon that successfully migrate from Lower Granite Dam 


to spawning areas in the Sawtooth Valley have ranged widely from 9 to 86%, typically from 
50% to 75%. During 2008, 2009 and 2010, 72%, 68% and 61%, respectively, of adult sockeye 
salmon counted at Lower Granite Dam were collected at the Sawtooth Hatchery and Red Fish 
Lake Creek weirs. In 2000, a study in which 29 adult sockeye salmon migrants were monitored 
using radiotelemetry to investigate the potential sources of loss upstream from Lower Granite 
Dam was conducted (Keefer et al. 2008a). The primary conclusion of that study was that sockeye 
salmon that migrated later in the season, more likely to be exposed to warm (> 20˚C) water 
temperatures, experienced the highest en route mortality or straying behavior into non-natal 
tributaries. This conclusion agrees with a similar study for upper Columbia River sockeye 
salmon (Naughton et al. 2005) and Fraser River sockeye salmon (although there early migrants 
were exposed to warmer water temperatures and experienced lower survival; Cooke et al. 2004; 
English et al. 2005).    


 
Managers have discussed collecting adult sockeye salmon and transporting them to the 


Sawtooth Valley and hatcheries to increase numbers of spawners for natural production and 
broodstock for the hatchery program. The 2008 NOAA Biological Opinion (RPA 42) and 2010 
Supplemental FCRPS Biological Opinion recommended studying the feasibility of transporting 
adult sockeye salmon from Lower Granite Dam to the Sawtooth Valley and a pilot study was 
initiated for 2010 (M Peterson, IDFG, pers. comm.). If shown to be effective, the intent would be 
to use transportation when conditions reach levels likely to impair in-river migration success. For 
2013, we propose to use radiotelemetry to augment what we learned during the 2000 study. Our 
goal is to identify what conditions affect migration success to inform managers in order to  







Figure 1.  Study area including Snake River from Lower Granite Dam, upstream to the 
Sawtooth Valley, upper Salmon River.   


 
 
 


 
Figure 2.  Adult sockeye salmon counted at Ice Harbor and Lower Granite dams over 


time. (Source: http://www.cbr.washington.edu/dart/adultpass.html). 
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determine when transportation would produce a net benefit to this population. Specifically, we 
propose to evaluate the relationship between timing, fish condition, river environment, and 
migration success in the river reaches upstream from Lower Granite Dam. Monitoring RT 
sockeye salmon will also allow us to evaluate fallback behavior and effects of water temperature 
in the fishways on passage behavior at Lower Granite Dam. This effort would be conducted in 
concert with a separate study being proposed by the second author (G.A.) to evaluate sockeye 
salmon smolts migrating downstream to Lower Granite Dam which will provide equipment and 
cost savings to this study.     


 
B.  Objectives 


 
1. Estimate loss of sockeye in partitioned reaches between LGR and Stanley Basin and 


correlate migration fate and conversion with environmental and temporal factors to 
identify potential trigger mechanisms for adult sockeye salmon transport.  


 
1a. Determine temperature and migration timing conditions related to migration success to 


spawning areas. 
1b. Determine areas of loss and straying for adult sockeye salmon migrating between Lower 


Granite Dam and spawning areas. 
1c. Estimate conversion rates for PIT-tagged sockeye salmon migrating through the 


hydrosystem and compare survival and travel times between Lower Granite Dam and 
spawning areas for radiotagged and PIT only adult sockeye salmon.     


2. Methods 
 


Objective 1. Estimate loss of sockeye in partitioned reaches between LGR and Stanley Basin 
and correlate migration fate and conversion with environmental and temporal factors to 
identify potential trigger mechanisms for adult sockeye transport.  


Adult sockeye salmon outfitted with radio transmitters will be monitored at Lower 
Granite Dam and as they continue their migration to the Sawtooth basin. The primary goal of this 
portion of the project will be to determine migration success and identify factors associated with 
escapement to the Sawtooth basin upstream of Lower Granite Dam.    


 
Objective 1a. Determine temperature and migration timing conditions related to migration 


success to spawning areas. 
 
Objective 1b. Determine areas of loss and straying for adult sockeye salmon migrating 


between Lower Granite Dam and spawning areas. 
 


Sample size—Determining the appropriate sample size for a study of this nature must 
balance a sufficient sample size to produce valid scientific inferences with the need to minimize 
handling individuals from a severely diminished population. A general rule of thumb is to use 
100 fish for each group of fish you wish to evaluate so that no single fish represents more than 
1% of your sample. In this instance, our interest is to compare fish that are and are not successful 
in migrating to the Sawtooth Valley, which suggests an ideal sample size of 200 fish to provide 
sufficient data to perform usable regression and ANOVA analyses. With the current upswing in 







adult returns (approximately 1,000 to 2,000 fish to Lower Granite Dam per year) this would 
represent about 10 to 20% of the population. During 2000, we tagged 31 adult sockeye salmon, 
which represented a little more than 10% of the run for that year, a rate judged acceptable by 
managers and partners. Using a similar sampling rate in 2013 would yield approximately 200 
radio-tagged individuals from a run of about 2,000 returning adults. We feel a sample of 200 
sockeye salmon to be sufficient to produce solid inferences on patterns related to migration 
success, particularly since data from 2000 indicated that the sockeye salmon behavior in the 
study area was relatively consistent among individuals (i.e. there were few outliers).  


 
As in 2000, we propose to sample a constant number of fish per day during the run rather 


than sampling proportional to the run to assure that the widest range of river conditions are 
sampled. Sampling will also need to consider other actions, such as the transport feasibility 
study, and anticipate that collections will halt at some point during the run when water 
temperatures exceed the allowable levels to handle fish at Lower Granite Dam.     


 
Collection and tagging—Adult sockeye salmon used for this study would be collected 


using the adult trap facility at Lower Granite Dam (rkm 695).  The adult fish trap is located 
adjacent to the south shore adult fish ladder.  When in operation, a diversion gate is swung across 
the fish ladder to guide fish into the trap. Fish enter the trap attraction pool and pass through 
pipes with coded-wire-tag (CWT) and PIT-tag detectors. Gates can be opened for fixed periods 
of time to divert fish to a holding area or be activated when pre-determined PIT-tagged fish are 
detected. In this “sort-by-code” mode, non-targeted fish continue through the pipes to the main 
fish ladder. At intervals, a gravity-flow dewatering system is used to raise collected fish directly 
from the holding area to an anesthetic tank without being handled. Once anesthetized, we will 
measure length, weight, lipid level, record injuries and marks, a small section of caudal tail will 
be taken for genetic analysis and a radio transmitter will be inserted to the stomach through the 
mouth. Transmitters (16 mm x 45 mm, approximately 16 g in air) will contain an integrated 
temperature sensor that will store the fish’s body temperature at 10 minute intervals. Most tagged 
fish will then be transferred to a freshwater recovery tank for release back to the fish ladder.  A 
sub-sample of 50 fish will be released approximately 2 miles downstream of the dam to assess 
fallback and effect of fishway temperatures on passage at Lower Granite Dam.   


 
Telemetry monitoring—RT sockeye salmon will be monitored as they migrate upstream 


using a network of fixed-receiver sites (Figure 3). Most receiver sites will be established for a 
separate study to evaluate juvenile sockeye salmon smolts downstream migration. Nineteen sites 
will be located at the Sawtooth Hatchery weir, at major tributary intersections along the Salmon 
River and at Lower Granite Dam.  For the adult sockeye salmon study, we will also establish 
sites at the mouths of the Clearwater, Imnaha, Grande Ronde rivers and Asotin Creek. These 
tributary sites will be used to determine if salmon are straying into non-natal tributaries. We will 
also have the option to perform mobile tracking surveys by truck to locate fish in areas between 
fixed receiver sites and in tributary streams, such as areas downstream of collection weirs, etc. 
Data will be downloaded from receivers to computers at fixed intervals and loaded to an indexed 
database that will collate tag, detection, mobile track, and recapture records. Migration histories 
will be used to determine behavior (including fallback) at Lower Granite Dam, migration rates 
by river reach and identify last known locations and timing of fish. River reaches will include 
Lower Granite reservoir, Snake River to mouth of the Salmon River, Snake River upstream from 







the Salmon River, lower Salmon River up to Little Salmon River, and the remaining Salmon 
River reaches delineated by the Middle, South, North and East Forks.   


 
Behavior and migration histories will be statistically related to fish and river condition 


variables using similar methods as described in Keefer et al. (2008). Tags will be retrieved from 
fish that return to weirs and traps in the Sawtooth Valley to allow recovery of archived 
temperature information. Since these fish will be those that successfully reach spawning areas, 
this information will provide a description of river conditions within range of tolerance for adult 
sockeye salmon migrants. Temperatures experienced by unsuccessful migrants will be inferred 
from telemetry records and water temperature monitoring. Flow data will be provided from 
gauge stations operated by the Corps at Lower Granite Dam and by USGS in the Snake and 
Salmon rivers. Water temperatures in the Snake and Salmon rivers will be from a network of 
thermal recorders operated by researchers from Forest Service, NOAA Fisheries, and at gauge 
stations (Figure 4). Any key locations not covered by these ongoing efforts will be identified and 
monitored for this project using Hobo temperature recording stations or the like. 


 
 


 
Figure 3.  Map of study area showing migratory path from release at Lower Granite Dam 


in blue, fixed-site radio telemetry monitoring locations (black dots ), and location of Sawtooth 
Hatchery and Redfish Lake. 
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Data analysis—Data collected for this evaluation include biological and environmental 
variables we believe most likely to be related to sockeye salmon migration delays and loss.  
Biological variables are primarily related to fish condition and include fish length, weight, lipid 
level, presence of injuries and group of origin (determined from PIT or genetic identification).  
Environmental factors include water temperatures fish are exposed to, fish body temperature, 
flow, and timing of their migration.  Statistical analyses for this study will be similar to those 
used for the 2000 study. Correlation and multiple regression analyses will be used to examine 
associations between passage rates (rkm/day) and migration success (yes/no) through each reach 
with biological (fish size, condition) and environmental conditions (water and fish body 
temperatures and flow) encountered at the time of reach entry. Among-group differences in 
median migration rates (e.g., between successful and unsuccessful migrants, males and females) 
will be compared using Kruskal–Wallis tests for passage through each reach. Mean  


 


Figure 4.  Temperature monitoring stations proposed for use in 2011.  Source: D. Issak, 
RMRS USFS.  
 
 
environmental conditions encountered by successful and unsuccessful fish will be compared 
using separate t-tests, although we note that likely correlations among environmental variables 
will limit our ability to infer causal mechanisms (e.g., Naughton et al. 2005). Associations 
between migration success and fish characteristics (e.g., length, sex, and injury) will be tested 
using either t-tests or Pearson’s Chi-square tests. 
 







Fallback events at dams contribute to bias in fish counts is associated with reduced 
survival for adult salmon migrants. Fallback for adult sockeye salmon has not been documented 
for lower Snake River dams and may account for some of the perceived loss of fish between 
Lower Granite Dam and spawning areas. For 2013, we propose to release a portion of the RT 
sockeye salmon downstream of the dam to assess passage times and measure fallback rate and 
percentage. Observed fallback will be compared to reascension rates from PIT-tagged fish to 
ecvaluate use of PIT records to estimate overall fallback rates and percentages.  


 
Objective 1c. Estimate conversion rates for PIT-tagged sockeye salmon migrating through 
the hydrosystem and compare survival and travel times between Lower Granite Dam and 
spawning areas for radio-tagged and PIT only adult sockeye salmon.    


The 2008 NOAA Fisheries’ Biological Opinion for the FCRPS did not include adult 
performance standards for Snake River sockeye salmon because adequate data has not been 
available. In 1997, 577 adult sockeye salmon were tracked through the lower Columbia River 
using radiotelemetry (Naughton et al. 2005). A primary finding from that work was that water 
temperatures had a significant influence on migration success. None of the fish with transmitters 
tracked in 1997 entered the Snake River. The increased number of Snake River sockeye salmon 
recently returning to the Columbia River with PIT tags provides a unique opportunity to address 
some basic passage questions for sockeye salmon. In 2011, over 500 Snake River sockeye 
salmon with PIT tags were detected at Bonneville Dam. PIT-tagged migrants can be detected at 
Bonneville, McNary, Priest Rapids Ice Harbor, and Lower Granite dams. We propose to use 
these detection points to evaluate adult sockeye salmon migration though the hydrosystem using 
information from the 2011 and 2012 runs (numbers of PIT tags released were insufficient to 
analyze for previous years). Primary variables of interest will be reach survival and passage 
times. Calculations will be consistent with methods used by NOAA Fisheries and reported in the 
FCRPS Biop and supplemental Biop. We propose to use regression analyses to relate survival 
and passage times to river conditions, primarily discharge and water temperature. 


 
We will follow PIT-tagged sockeye salmon destined for the Sawtooth Valley but not 


tagged with radio transmitters. All fish collected in the Sawtooth Valley are scanned for PIT 
tags. We will use detections of PIT-tagged sockeye salmon at McNary, Ice Harbor and Lower 
Granite dams and in the Sawtooth Valley to gauge migration success for fish that were migrating 
at approximately similar times as the radio-tagged sample. While only a course approximation, 
this comparison will suggest if the radio-tagged sample experienced more or less en-route loss 
than the run at large.  


 
D.  Facilities and Equipment  


 
Sockeye salmon would be collected and tagged at the Lower Granite Dam adult fish trap 


operated by NOAA Fisheries with assistance from USFWS.  Most receiver sites required for the 
proposed work should be available from a separately funded project to evaluate the downstream 
migration of Snake River sockeye salmon smolts.  Additional receiver sites may need to be 
installed at or near tributary streams of the Snake River such as Clearwater and Grande Ronde 
rivers, etc.  A receiver site will also be located at the fishway ladder exit to confirm when fish 
have entered the forebay of the dam. Site(s) in the tailrace of the dam would be used to confirm 
if any tagged fish fall back at the dam. Receivers will be supplied by NOAA Fisheries electronic 







shop.  Transmitters would be ordered directly from the manufacturer by the COE. We will work 
with the transmitter manufacturer to make sure the specifications of transmitters, namely 
dimensions, tag life and temperature archival features, match study requirements.  Other 
equipment necessary for the proposed work, trucks, computers, and the like, will be provided to 
the project by researchers on a rental basis.    


 
E.  Impacts of study on Corps projects and other activities 


 
Division or District Corps personnel will be needed to provide technical review of 


research proposed for 2013. 
 


Assistance from project personnel will be required as follows: 
 
1. Provide access to the Adult Fish Facility at Lower Granite and Bonneville dams to 


collect and tag adult sockeye salmon.   
 


2. Provide access to fishway and tailrace areas of Lower Granite to install, maintain and 
regularly download receiver sites.   


 
3. Provide power to operate fishway receiver sites at and near Lower Granite Dam.   


 
F.  Biological Effects 


 
Adult sockeye salmon to be used for the proposed project will be anesthetized for 


approximately 8 to 11 minutes and then released to the return channel from which they will 
volitionally exit to the fishway once recovered.   NOAA Fisheries biologist have extensive 
experience operating the trapping facility, handling and radio-tagging adult salmon.        


 
G.  Key Personnel 


 


Project planning, administration, work plan preparation, protocols, permits, data analysis, 
reporting: 


Project leaders, C. Peery, and G. Axel 
 


Fish collection and tagging operations: 
2. D. Ogden (NOAA) 


 
Telemetry systems: 


Bruce Jonasson (NOAA Electronics Engineer), NOAA Electronics Shop 
 


Downloading receivers and data transfer: 
Bruce Jonasson (NOAA Electronics Engineer), NOAA Technicians,  
B. Simpson (USFWS) 


 
Database maintenance: 







B. Burke (NOAA) 
 


H. 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 technical 
journals.  Special efforts will be made to provide information for managers as needed.  
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Performance Work Statement for Professional Services, Biological 
Direct Injury of Adult Steelhead 


2 October 2012 
 


Project Title: Direct Injury and Relative Survival of Adult Steelhead Passing Turbines and Spillway 
Weirs at McNary Dam 


 
Appropriation: Columbia River Fish Mitigation-Construction General 
 
Purpose: Temporary spillway weir (TSW) and conventional spillway operations beneficial to juvenile 
salmon and steelhead passage survival increase fallback of upriver migrating pre-spawn adult salmon and 
steelhead. Similarly, the implementation of surface spill weirs at most of the FCRPS dams has also 
increased passage proportion and rates of downriver migrating post-spawn steelhead kelts.  It is 
hypothesized adult steelhead experience the same survival benefits as juveniles when passing over the 
TSW; however, specific adult survival estimates relative to TSW passage are not currently available. 
Additionally, steelhead stocks primarily originating from the John Day River Basin have been shown to 
overshoot the John Day mouth and pass above McNary Dam. These overshoots have limited downstream 
spill passage routes at McNary dam (summer spill ends August 31st at McNary Dam) and passage occurs 
mainly through turbine units or back through the Juvenile Bypass System which shuts down in Early 
October.   
 
In recent years, a higher proportion of adult steelhead have been observed overwintering in dam forebays 
and tailwaters relative to pre-2000 observations and early season ladder passage metrics. Overwinter 
passage is restricted to turbine passage with the seasonal closing of the bypass systems and spillway 
passage during in-voluntary spill events. Although smolt direct survival estimates through spill and 
bypass systems have been shown to be routinely high and typically as much as 10% higher than turbine 
direct survival estimates, the generalized assumption that these high direct survival estimates could be 
applicable to adult steelhead and salmon has not been verified.  
 
The hypothesis is that direct injury and mortality of an adult steelhead passing over a surface weir (TSW) 
or through turbine units is greater than that for a steelhead smolt given the larger mass of adult fish. 
Evaluation of turbine and TSW passage injury and survival of adult steelhead will provide insight into the 
efficacy of using winter TSW spill at McNary Dam to pass downstream migrating steelhead in a safer 
manner. The injury and survival estimates can be applied to adult steelhead pre-spawn fallback, 
downriver migrating, and overwintering kelts in order to estimate achievement of the adult conversion 
standards of the 2008 NOAA Fisheries Biological Opinion for the FCRPS.   
 


1.0 Introduction 


 Steelhead are winter spawners that begin their spawning migration during the summer months 
and continue into the fall and early winter. As these fish migrate upriver from the ocean they rely 
on environmental cues as a roadmap to guide them to their natal stream. While migration to natal 
habitats is typically successful, straying may occur leading these adults into different areas of the 
Columbia River Basin (CRB), or cause overshoot of their natal stream or river system. While 
straying, particularly overshoot, may be temporary, these fish may return downstream in order to 
continue their migration to natal spawning locations.  This may then require the downstream 
passage through one or more dams.  


Unlike their salmon counterparts, steelhead are an iteroparous anadromous salmonid meaning 
they do not necessarily die upon spawning.  Steelhead are also more likely to spend considerable 
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amounts of time in mainstem rivers (overwintering behavior) until late winter and early spring 
when freshets or rain on snow events trigger their final migration to tributary spawning locations.  
Similarly, these fish may not immediately return to the ocean after spawning, but overwinter in 
the dam pools where habitat is suitable.  


In recent years, adult steelhead have been documented in the forebay at McNary Dam during the 
winter months. These adults may have arrived in the forebay at McNary as overshoot strays from 
the John Day River, or overwintering kelt from other reaches of the CRB. During the winter 
months these John Day adult steelhead overshoots may fallback and overwintering pre-spawn 
steelhead and post-spawn kelts may migrate downstream in search of natal tributaries. 
Downstream passage routes during this time period may be limited. During the winter when 
smolts are not emigrating the fish guidance screens are removed and spill is shut, leaving the 
turbines as the only down river passage route. . This is a particular concern for fallback of John 
Day and Tucannon River overshoots.  


Downstream migration of adult steelhead raises another passage route concern. While temporary 
spillway weirs (TSW) have been installed at McNary to provide a passage survival benefit to 
juvenile emigrating salmon and steelhead, an increased proportion of adult steelhead passing 
through the TSW has been observed. While steelhead smolts may experience higher survival 
through the TSW, this information cannot be extrapolated to adults. 


A multi-year (2010-2011) hydroacoustic study has been conducted to determine adult steelhead 
vertical distribution and enumeration of powerhouse passage by adult steelhead sized fish at 
McNary Dam. The fish of appropriate size are presumed to be adult steelhead since hydroacoustic 
evaluations only determine the approximate size of fish passing but cannot identify fish by 
species. It is of importance to the region that this data is collected to evaluate direct injury and 
survival of adult steelhead passing through turbines and over the TSW’s at McNary Dam. The 
results of this study will provide fishery managers and regulators with information leading to 
potential improvements for passage survival of adult steelhead. 


 


2.0 Objectives 


1. Determine the size distribution of fish to test for direct injury and survival of adult fish passing 
through the turbine units and the TSW’s at McNary Dam. This size distribution should include 
adult migratory bull trout and steelhead kelts to include A and B run steelhead. 
 


2. Estimate sample sizes to achieve a range in survival probabilities and precision between turbine 
and TSW passage. This objective will provide the SRWG with the necessary information to 
choose a sample size that will produce statistically significant differences in survival and injury 
estimates between turbine and TSW passage. 
 


3. Estimate direct survival (1 hr and 48 hr) and injury of adult hatchery steelhead passing through 
two priority turbine units and through the TSW’s in spillbays 19 and 20 at McNary Dam with 
α=0.05 and ±4% precision with 95% confidence. Turbine units should be operated at a 
typical winter discharge (approximately lower 1% or peak efficiency) and best geometry 
(~14,000 cfs). The TSW stops are designed to spill 5.5kcfs in bay 19 and 5.2kcfs in bay 
20. 


 
a.) Compare the survival (1 hr and 48 hr) and injury between turbine operations, and 


turbine and TSW passage 
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b.) Provide a range of survival probabilities and associated precisions between turbine 
and TSW passage routes  


 
 


3.0 Site Description 


The work to be performed under this Task Order shall be performed on the Lower Columbia 
River at McNary Dam. Likely balloon tagged fish will be released in selected turbine unit intakes 
and at the TSW in spillbays 19 and 20.  
 


 


4.0 Task Descriptions 


Appropriate preparation, sampling and analysis technology will be used to estimate direct injury 
and survival of adult steelhead passing through turbine units 12 and 13 and over TSW’s at 
McNary Dam. Study design and implementation shall be sufficient to detect significant 
differences in turbine and TSW survival (1 hr and 48 hr) between turbine operations and TSW 
passage with α=0.05 and ±4% precision with 95% confidence.  Study results will be useful in 
future biological study design and implementation, as well as management and operations 
decisions. 
 
4.1 Task 1 – Prepare and submit a detailed study plan/proposal for review by the region’s 


Study Review Work Group (SRWG) and approval by the COE Technical Point of 
Contact (POC). The detailed study plan shall provide a thorough discussion of all 
methods, sample sizes, release groups, size ranges of fish to be tested, equipment, 
specific equipment placement locations, and analysis for all data collection, 
interpretation, and presentation. Sample sizes must be estimated in this study design for a 
range of survival probabilities and detection precisions for turbine and TSW passage for 
SRWG review. 


4.2 Task 2 – Prepare and submit a Quality Assurance Surveillance Plan due to the POC no 
later than 2 weeks post contract award. A QASP reference is provided in Annex A. 


4.3 Task 3 – Install equipment necessary to conduct direct releases at McNary Dam. 


4.4 Task 4 – Test for significant differences in direct injury and survival (1 hr and 48 hr) of 
turbine passed fish with turbines operated at a typical winter discharge (approximately 
lower 1% or peak efficiency) and best geometry (~ 14,000 cfs). Conduct such data 
collection and analysis sufficient to estimate turbine passage direct injury and survival 
with α=0.05 and ±3-4% precision with 95% confidence. Fish should be released behind 
the trashrack in the A slot approximately 2m below the intake ceiling.  


- Estimate direct injury of turbine passed adult steelhead post passage and 
compare injury rates or severity between turbine operations 


- Estimate turbine passage survival for adult steelhead at 1 hour and 48 
hours post passage for each turbine operation and compare estimates 
between turbine operations. 


4.5 Task 5 – Test for significant differences in direct injury and survival (1 hr and 48 hr) of 
fish passing the TSW in spillbays 19 and 20. Conduct such data collection and analysis 
sufficient to estimate TSW passage direct injury and survival with α=0.05 and ±3-4% 
precision with 95% confidence. The TSW stops are designed to spill 5.5kcfs in bay 19 
and 5.2kcfs in bay 20. Fish should be released approximately 2m above the weir crest. 
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- Estimate direct injury of TSW passed adult steelhead post passage. 


- Estimate TSW passage survival for adult steelhead at 1 hour and 48 
hours post passage. 


4.6 Task 6 – Test for significant differences in direct injury rates or severity and 1 and 48 
hour survival between turbine operations and TSW passage with α=0.05 and ±3-4% 
precision with 95% confidence. 


4.7 Task 7 – Removal of equipment necessary to conduct direct releases at McNary Dam. 


4.8 Task 8 – Reporting of data collected and results (See Section 6.0 Deliverables) 


Data collection will be conducted on a schedule and methods presented in the approved 
Study Plan (Task 1). 


 


5.0 Fish Procurement and Handling 


Hatchery adult steelhead ranging in size representative of A and B run steelhead and adult bull 
trout shall be used for the study. Possible facilities for acquiring study fish are Columbia 
Hatchery in Umatilla, OR, or Lyons Ferry Hatchery in Lyons Ferry, WA. Collection or 
procurement, tagging and handling methods shall be included in the detailed study plan. Fish 
selection criteria to ensure only healthy specimens are tagged and released for direct injury and 
survival evaluation shall be detailed in the Quality Assurance Surveillance Plan (Task 2 and 
Section 12.0). 


 


6.0 Deliverables 


**Contractor shall propose appropriate submittal dates for all deliverables with the 
exception of the QASP (Task 4.2/Deliverable 6.2). Quick reporting will be 
considered in performance evaluation.  


6.1 A detailed study plan (Task 4.1) shall be submitted electronically to the COE POC at a 
date proposed by the Contractor. 


6.2 A Quality Assurance Surveillance Plan (Task 4.2) shall be submitted electronically to the 
COE POC no later than 2 weeks post contract award. 


6.3 Weekly meetings shall be scheduled at McNary Dam to allow the Contractor to 
communicate difficulties encountered, lost data, and any other significant problems that 
may reduce the accuracy and quality of the data.  


6.4 The Contractor shall prepare and submit a Preliminary Data Report describing the 
findings of the study Intake Gate Position Effects on FGE at McNary Dam.  The report 
shall be in sufficient detail that future biological study designs and implementation plans 
may be drafted using the data and results.  The data shall be presented at the COE Walla 
Walla District Headquarters in Walla Walla, WA.   


6.5 The Contractor shall prepare and deliver a presentation for the Annual AFEP Meeting to 
be held in Portland, OR, or Walla Walla, WA, in late November/early December 2013 
describing the methods and results of the McNary FGE study. Abstract and presentation 
shall be submitted to the POC 2 weeks prior to AFEP for review. 
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6.6 The Contractor shall prepare a Draft Final Report for Government and Regional review 
formatted to American Fisheries Society style guidelines, or another research manuscript 
format specified by the Contractor. Style guidelines for report formatting other than those 
of the American Fisheries Society shall be provided to the study POC by the Contractor 
upon submission of the report. The Draft Final Report shall provide a detailed description 
of data analysis, data processing and analysis methodology shall be described in 
sufficient detail for the Government to understand the temporal and spatial level of data 
analysis and summarization. Quality Assurance and Quality Control measures and 
methodology for screening out errant data shall be described in detail. The results of this 
study should be discussed relative to similar studies, applicably to results at other projects 
and the application of the report to turbine survival studies.  


6.7 The Contractor shall provide the POC with written response to each Government 
comment on the draft report.  The response shall include a description how the final 
report will be changed to address the comments. 


6.8 The Contractor shall prepare a Final Report for the Government incorporating changes to 
the Draft Final Report as agreed upon and formatted to American Fisheries Society style 
guidelines, or another research manuscript format specified by the Contractor. Style 
guidelines for report formatting other than those of the American Fisheries Society shall 
be provided to the study POC by the Contractor upon submission of the report. Cleaned 
data will be archived and delivered in a COE specified electronic format at this time as 
well. 


 


7.0 Government-furnished Services/Equipment 


The Government will not provide equipment required to conduct the study. 


The Contractor shall be self sufficient.  McNary staff support will be minimal, and must be 
coordinated well in advance. 


The Contractor shall be responsible for fabrication of release pipes as needed and equipment 
install/removal. 


 


8.0 Situation Limiting Factors 


Estimating direct injury and survival of adult steelhead passing through turbines and over TSW 
will require a great deal of vigilance and QAQC effort to ensure that fish release mechanisms are 
properly functioning during the study period. It is important to ensure balloon tags are properly 
developed to ensure that chemical reactions causing inflation allow appropriate time for passage 
and subsequent collection.  
 
Holding equipment for study fish should be able to maintain appropriate water circulation to 
provide oxygen and temperatures required by study fish for survival both pre and post passage 
and collection. Failure to maintain proper holding facilities may result in biased survival 
estimates caused by pre-release or post-recapture conditions not related to turbine or TSW 
passage. 
 
Operations at McNary Dam during the study period may need to be altered to provide the 
required test operations. Coordinating operations changes will require ample notice and may 
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cause further delay in data collection depending upon the type of change requested and level of 
regional coordination required for change approval. 
 
Other limiting factors may apply to the study relative to seasonal and environmental conditions. 
These limiting factors are to be included by the Contractor in submitted study plans and 
accounted for in the Quality Assurance Surveillance Plan. 


 


9.0 Schedule 


A tentative schedule layout for the McNary FGE study is provided in the table below.  A final 
work schedule will be developed collaboratively during the initial Pre-work/Safety meeting, post 
contract award. 
 


McNary Adult Steelhead Direct Injury and Survival Study Schedule FY13 
Event Date 


Pre-work and safety meeting at McNary Dam To Be Determined 
Detailed Study Plan To Be Proposed (TBP) by Contractor 
Quality Assurance Surveillance Plan 2 weeks post award 
Begin data collection TBP by Contractor 
End data collection TBP by Contractor 
Produce in-season status reports Weekly throughout data collection 


period 
Preliminary Data Report  TBP by Contractor 
AFEP Presentation in Walla Walla, WA Late November or Early December 


2013 
Draft final report TBP by Contractor 
Government provide review and comments TBP by Contractor 
Response to Government comments 21 days after receipt of Govt comments 


Submit Final Report TBP by Contractor 
 
 


10.0 Coordination and Planning 


A pre-project planning session with COE Planning, Engineering and Operations personnel in 
Walla Walla, WA, shall be held at McNary Dam soon after award.  The purpose of the meeting 
will be to familiarize the Contractor with the worksite(s), as well as discuss any issues with 
planning and Project personnel to assure that the study goes forward as planned.  Potential issues 
will be identified and discussed regarding the placement and function of equipment, safety and 
coordination while the study is in progress, project assistance, project access and security.  The 
extent, timing, and coordination of Project support will be a major agenda item for the pre-project 
meeting.  Other meetings during the study period will be conducted as-needed and may be held at 
the COE Walla Walla District office or at the work site. 
 
Services by Government Project personnel will be limited.  The Contractor shall be prepared to 
be self-sufficient in regard to providing crane services and divers for equipment installation, 
removal, and all routine activities. 


 
For the Contractor to meet the schedule associated with this study, it is essential they coordinate 
closely with the designated POC, Brad Trumbo.  Requests by the Contractor for operational 
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changes or specific project assistance during the course of this study shall be provided in writing 
to the POC at least 72 hours in advance of the need. 


 


11.0 Diving Services  


The Contractor is expected to obtain and coordinate all necessary diving activities. All diving 
activities will be coordinated with the COE Dive Coordinator, Mike Remington [201 North 3rd, 
Walla Walla, WA 99362, phone (509) 527-7361, fax (509) 527-7827; 
michael.b.remington@usace.army.mil]. It may be necessary for the COE to provide a Diving 
Safety Officer on site during dive operations. 
 
 


12.0 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 Assurance Surveillance Plan will be prepared by the Contractor 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. 
 
The COE POC will make random visits to the field and laboratory sites to ensure that 
hydroacoustic equipment is being properly calibrated and monitored, and data processing is being 
executed methodically by trained personnel. 
 
12.1 The following is a list of potential QA/QC measures for implementing a balloon tag 


study. 
 


12.1.1 Proper installation of release equipment to ensure that fish are release 
appropriately within turbine intakes and at the TSW. 


 
12.1.2 Proper material used to fabricate release and holding equipment to ensure no 


injury may occur during release or holding due to sharp edges or rough surfaces. 
 


12.1.3 Proper set-up of fish holding equipment to provided the proper temperature and 
dissolved oxygen to keep study fish healthy for the study. Failure to provide 
adequate holding conditions may lead to biased survival estimates. 


 
12.1.4 Properly train all personnel to install equipment, tag and recapture fish (including 


radio tags and tracking equipment), and evaluate injuries. 
 
12.1.5 Random tagger checks during tagging to ensure no tagger effects are realized in 


survival estimates.  
 
12.1.6 Properly develop all balloon tags to inflate with appropriate timing. 
  


12.1.6.1 Select a sample of balloon tags (from each lot if applicable) and test for 
inflation and timing. 


 
12.1.7  Select a sample of radio tags (from each lot if applicable) and test for tag life and 


proper signal transmission. 
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12.1.8 Proper fish selection to ensure healthy, injury free fish are used for the study. 
 


 


13.0 Expenditure Report 


The Contractor shall provide a schedule showing projected monthly costs, cumulative monthly 
costs, and funding balance for the current month and the remainder of the contract period. The 
Expenditure Schedule shall be updated monthly to reflect actual expenditures and revised 
projections.  Three copies shall be submitted to the POC by the 20th of every month throughout 
the contract period. 


 


14.0 Payments 


The Contractor may submit invoices (original and two copies) indicating actual work and services 
performed to date for approval by the Government.  
 
Submit monthly invoices to: 


 
Brenda Jones 
Walla Walla District (G4) 
201 North 3rd Street 
Walla Walla, WA  99362 
 
The COE reserves the right to terminate work; any work authorized and performed through the 
date of termination shall be reimbursed. 


 


15.0 Safety 


The Contractor shall conform to all safety standards of the most recent edition of the U.S. Army 
Corps of Engineers Safety and Health Requirements Manual EM-385-1-1, which will be made 
available to the Contractor safety coordinators upon request.  A Job Safety Analysis shall be 
prepared as required in Section 1 of EM-385-1-1 by the awarded Contractor prior to initiation of 
the work tasks required for this Task Order. Contractor personnel at a COE Project shall submit 
the Job Safety Analysis to the COR prior to any work.   
 
Safe clearances will be obtained by an authorized Project employee appointed by the Project 
Manager and shall be jointly inspected by the Government Diving Safety Officer and the 
Contractor's dive supervisor.  Safe clearance procedures will comply with ER 385-1-1 and the 
Project’s Safe Clearance Procedures.  Entrance into the Boat Restricted Zone of the forebay or 
tailrace at McNary Dam will require Powerhouse Control Room clearance. 
 


 


16.0 Security 


The Contractor shall submit information (names, photographs, etc.) for all Contractor or 
Subcontractor personnel who will be working on site during this requirement.  Please note that 
any personnel who are not U.S. citizens need approval from COE headquarters in Washington D. 
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C. prior to accessing the Project.  The approval process may take six to eight weeks, sufficient 
advance notice is required. 
 


 


17.0 Correction of Unsatisfactory Work 


The COR maintains the right to reject any work that is found to be in error, incomplete, illegible, 
or in any way non-conforming to the specifications outlined in this Task Order.  The Contractor 
shall be liable for all costs in connection with correcting such errors.  Corrective work may be 
performed by the Government forces or by Contractor forces at the discretion of the Contracting 
Officer. 
 
 


18.0 Use of Information 


The information developed, gathered, assembled, and reproduced by the Contractor, their 
consultants, Subcontractors, or their associates in fulfillment of the contract requirements as 
defined in or related to the Performance Work Statement will become the property of the 
Government and will, therefore, not be used by the Contractor for any purpose at any time 
without the written consent of the Contracting Officer. 
 


 
19.0 Release of Information 


19.1 Reports and information generated under this contract will become the property of the 
U.S. Army Corps of Engineers and distribution by the Contractor or Subcontractors to 
any source, at any time, without the written consent of the Contracting Officer, is 
prohibited. 


 
19.2 The publication of any results of this research should adhere to following terms: 
 


19.2.1 Lead and/or secondary COE District Fishery Biologists shall be given the 
opportunity to be involved and included as co-authors in the publication of a 
manuscript. This clause is included to keep the COE biologist(s) actively 
involved with the research at all levels while maintaining relations with the 
contractor and ensuring the accuracy of the reporting relative to the COE roles 
and application of any results. 


 
19.2.2 Provide acknowledgement to the COE for funding and participation.  The COE 


supports publication of this research effort after Government review of the 
manuscript. 


 
19.2.3   The COE funding is not provided for any reporting beyond that identified in: 


Section 6.0 Deliverables. 
 


 


20.0 Contractor’s Release of Claims 


The Contractor shall submit a written "Release of Claims" signed by the firm's president or 
authorized representative with the final invoice for services rendered under the terms of this Task 
Order. 
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21.0 Points of Contact: 


CONTRACT ADMINISTRATION 
TBD: Contract Officer 
US Army Corps of Engineers, Walla Walla District 
201 N. Third Ave. 
Walla Walla, WA 99362-1876 
509-527-7201 
 
 
DIVING  
David Needham: Safety and Occupational Health Specialist 
US Army Corps of Engineers, Walla Walla District 
201 N. Third Ave. 
Walla Walla, WA 99362-1876 
509-527-7363 
David.R.Needham@usace.army.mil 
 
Rick Benoit: Dive Safety Officer 
US Army Corps of Engineers, Portland District 
333 SW First Ave. 
Portland, OR 97208-2946 
503-808-4312 
Richard.A.Benoit@usace.army.mil  


 
 


PROJECT CLEARANCES (McNary Dam) 
Powerhouse Control Room - 541-922-1326 
Security Clearance and Safety – 541-922-1345 
Project Manager – David Coleman (541-922-2251) 
Supervisory Project Biologist– Carl Dugger (541-922-2263) 
Project Biologist – Bobby Johnson (541-922-2212) 
 
 
TECHNICAL POC and COR 
Brad Trumbo: Fishery Biologist 
US Army Corps of Engineers, Walla Walla District 
201 N. Third Ave. 
Walla Walla, WA 99362-1876 
509-527-7253 
FAX 509-527-7825 
bradly.a.trumbo@usace.army.mil
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EXAMPLE 


Quality Assurance Surveillance Plan: 


 


STUDY TITLE 
Contract # 


Principle Investigators (names) 


Agency/Firm 


 


Introduction: 


Quality assurance and quality control (QA/QC), along with surveillance of quality during the project, will 
be critical to successful study implementation.  In addition to 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 that data are accurate and defensible.  The following actions will satisfy 
necessary QA/QC measures to provide accurate study results and these actions including surveillance 
efforts are detailed throughout the procedures of the study plan. 


 


Pre-field QA/QC 


1.0 Study Design 


1.1 Development (short detail paragraph) 


1.2 Peer-Review (short detail paragraph include government review) 


1.3 Finalizing (short detail paragraph including response to government review) 


 


2.0 Equipment Install 


2.1 Details  


 


3.0 Equipment calibration 
 


3.1 Details  
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4.0 Train personnel 
4.1 Details  


5.0 Anything else necessary 


 


 


QA/QC Throughout Data Collection 


 


1.0 QA/QC field methods (e. g. equipment use, fish releases, tagging, monitoring, etc) 
1.1 Details  


 


2.0 Other protocols  
2.1 Details  


 


3.0 Testing Assumption and preventing violations 
3.1 Details  


 


 


Post-field QA/QC 


 


1.0 Data  


1.1 Data Collection details 


 


1.2 Data Processing details 


 


1.3 Data Analysis details 
 


2.0 Final reporting 


2.1 Consistency, formatting, government review, etc. 


 


 


Conclusions 
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Department of Energy 
Pacific Northwest Site Office 


P.O. Box 350 
Richland, Washington 99352 


 
 
 
Jon Rerecich   
U.S. Army Corps of Engineers -Portland District 
P.O. Box 2946 
Portland, OR   97208-2946 
 
Dear Jon Rerecich: 
 
BONNEVILLE DAM SECOND POWERHOUSE ORIFICE LIGHT     —   PNNL No. 63659 
 
Pursuant to technical discussions between staff at the Pacific Northwest National Laboratory (PNNL) 
and the Army, enclosed is the subject proposal that PNNL has prepared for your consideration.  PNNL 
anticipates that the objectives stated within the enclosed statement of work will be completed by 
August 31, 2013 at an estimated cost of $65,133. 
 
If you wish to authorize this proposal, please reference PNNL No. 63659 and forward your authorization 
to the U.S. Department of Energy, Pacific Northwest Site Office, P.O. Box 350 (Mail Stop K9-42), 
Richland, Washington 99352.  Please refer to the enclosed Administrative Instructions for information 
required by DOE prior to acceptance of work for other Federal agencies. 
 
The proposed work will be performed in PNNL facilities.  The Army is responsible for reviewing the 
entire effort for compliance with the National Environmental Policy Act prior to PNNL commencing 
work 
Consistent with DOE’s full cost recovery policy, DOE collects, as part of its standard indirect cost rate, a Laboratory 
Directed Research and Development (LDRD) cost levied on all monies received at the laboratory.  The estimated 
amount of LDRD costs is identified in the proposal cost estimate section.  DOE believes that LDRD efforts provide 
opportunities in research that are instrumental in maintaining cutting edge science capabilities that benefit all of the 
customers at the laboratory.  DOE will conclude that by approving and providing funds to DOE to perform the work 
under this proposal, you acknowledge that such activities are beneficial to your organization and consistent with 
appropriations acts that provide funds to you.  Please note that the LDRD costs do not represent a new charge.  
Rather, the new Congressional requirement is for DOE to separately identify this indirect cost element. 
 
All work will be performed on a best-efforts, cost-reimbursement basis under the terms and conditions of 
DOE's Operating Contract DE-AC05-76RL01830 with Battelle Memorial Institute.  These proposed services 
are within the scope of this Contract and have been approved by the DOE Contracting Officer.  If you have 
any questions, please contact Genice Madera of the WFO Office at (509) 372-4010. 
 
       Sincerely, 
  
 
 
 
 Melanie P. Fletcher  
LSD:GM Contracting Officer  
 
Enclosures 
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PRELIMINARY PROPOSAL 
SUBMITTED TO THE U.S. ARMY CORPS OF ENGINEERS  


2013 ANADROMOUS FISH EVALUATION PROGRAM  


I.  Basic Information 
A. Title  


Bonneville Dam Second Powerhouse Orifice Improvements Study, 2013 


B. Project Leaders 
Robert P. Mueller 
Pacific Northwest National Laboratory 
P.O. Box 999, Richland WA, 99354 
509-371-7229 
Email:  robert.mueller@pnnl.gov 
 
Jake Tucker 
Pacific Northwest National Laboratory 
P.O. Box 999, Richland WA, 99354 
509-375-2811 
Email:  jake.tucker@pnnl.gov 
 


C. Study Code 
BPS-P-13-1: Validation of CFD Analysis and Evaluation of Fish condition and Gatewell Residence 
Time for Juvenile Salmonids in a Modified Gatewell at the Bonneville Dam’s Second Powerhouse. 


 


D. Duration 
October 1, 2012 to August 31, 2013 


E. Date of Submission 
August 3, 2012 


  



mailto:robert.mueller@pnnl.gov

mailto:jake.tucker@pnnl.gov
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II.  Project Summary 
A. Project Goal(s) 
The goal of this study is to provide biologists and engineers with a prototype light ring comprised of 
programmable LED lights arranged in a circular pattern to be deployed at the orifice opening at a gatewell 
at Bonneville Dam second powerhouse in the spring of 2013.  The light ring will be tested to determine 
the egress rate from PIT-tagged juvenile salmonids released in the gatewell (associated NMFS study).  
The light array can be programmed to operate at various intensities and will have a built in sensor to 
determine light output during the season.  PNNL also proposes to obtain light intensity measurements of 
the new LED light ring to be installed at the orifice opening.  Measurements of light intensity at the 
orifice will be made during the PIT-tagged fish releases to assess egress from the gatewell into the lighted 
orifice.    


B. Approach 
Task 1. 


Pacific Northwest National Laboratory (PNNL) will utilize an existing circular light array which was used 
for a similar study at McNary Dam in 2010 ( Figure 1).  The light array will be deployed on metal track at 
the outer orifice opening in gatewell slot 14A at Bonneville Dam.  The inside diameter of this array will 
be modified to account for the slightly larger orifice opening of 12.62” from the current inside diameter of 
12.0 ”.  The modified light array will also be a lower profile ~ 2.5” from the base and will incorporate one 
ring of LED lights.  A new custom-made acrylic lens and machining of the aluminum pedestal plate will 
also be needed to allow for the wider opening.  All leading edges will be rounded to reduce the possibility 
of fish injury and limit the water turbulence near the opening.  The light array will be controlled with a 
programmable logic controller and data logger to control the light output and will have an integrated 
sensor to determine the light intensity produced.  


 


Figure 1.  Light ring array with shroud and deployment railing used at McNary Dam in 2010 
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The light ring array will be deployed on a metal railing which will extend down the gatewell at Unit 14A 
at Bonneville Dam to the orifice opening at an elevation of 65.5 ft.  The light ring will use  Cree™ 
XLamp XP-E (XPEWHT-L1-R250-00AE5) neutral white LED’s, 4000 K wavelength with a beam angle 
of 115°. The light array will use one ring of LED’s (12 lights per ring) along the outer portion of the lens.  
The individual LEDs will be spaced at 30 degrees spacing (~4.1-in).  The  light output as measured at 1 ft 
from the array will be 300 lux.  The array will incorporate an internal light sensor which can be used to 
determine light output and determination of light operation.  The light ring will be pressure tested in a 
tank at PNNL prior to use at the dam.   
 
The basic components of the lighting and control system consist of the following:  
1. Aluminum pedestal assembly  


2. Acrylic lens and shroud  


3. LED lights  


4. Internal and external light sensors  


5. Sensor/power cables  


6. Control and datalogger module  
 
Task 2. 


We propose to take light intensity measurements using an available light meter daily during the PIT-
tagged fish release treatments.  We will use an existing  bracket with a light sensor which will be lowered 
into the gatewell 14A using a rope to measure the light intensity at meter positioned 30.5 cm from the 
center axis of the light ring order to characterize the light intensity (Figure 2).  Light level 
measurements will be recorded on a datasheet and also electronically logged using the control module.  


 
Figure 2.  External light sensor on deployment railing at McNary Dam  
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C. FACILITIES AND EQUIPMENT  
The following list of equipment will be necessary for this study (all furnished by PNNL).   


 Notebook field computers 
 Vehicle (leased from GSA) 
 Light meters  
 Light control and data logging module 


D. IMPACTS 
Assistance will be required from Corps personnel to temporarily turn off the orifice flow during the 


periods of light measurements (expected outage time ~ 1hr).  Access to the project and sampling areas 
will be required.  


 


E. Schedule 
 


Task  Completion Date 


Design and fabricate light ring  January 15, 2013 


Pressure test light ring at PNNL 


 


 March 01, 2013 


Deploy light ring at Unit 14A  March 17, 2013 


Measure light output during March-June 2013 
 


 June  30,  2013 


Technical Document  August 31, 2013 


   


F. TECHNOLOGY TRANSFER 
A technical document describing the specifications of the light array apparatus and control module will be 
distributed to the USACE point of contact. 


III.  Project Description 
A. Background 
i. Problem Description 
In 2011, research was conducted by the Pacific Northwest National Laboratory (PNNL) to provide 
USACE biologists and engineers with general design guidelines for using artificial lighting to enhance the 
passage of juvenile salmonids into the collection channel at the Bonneville second powerhouse (Mueller 
and Simmons 2008).  There were three primary objectives of the research: (1) review and synthesize all 
relevant studies where artificial light was evaluated in a field or laboratory setting for the potential to 
guide fish at passage barriers within juvenile salmonid outmigration corridors; (2) conduct a field study at 
the Bonneville second powerhouse to evaluate the output levels of two artificial light sources at one 
orifice entrance within gatewell 12; and (3) compare, in a laboratory setting, the performance of three 
light sources in terms of light intensity values.  
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PNNL reviewed 36 sources in the published gray and peer-reviewed literature and prepared a synopsis 
that included study objectives, species and life stage, experimental conditions, type of lighting used, and a 
summary of results. It was found that artificial lighting has been used in two general applications: (1) as a 
means to induce avoidance behavior by altering the fishes’ swimming pathway, and (2) as a guide or 
attractant to assist fish in locating safe passage routes.  The literature review indicated that several factors 
play a role in the fishes’ ability to safely navigate passage barriers.  These factors included genetic 
makeup (species and subspecies), life stage, season, time of day, light levels, presence of predators, 
distance to cover, water temperature, group size, noise regime, and water current.  
 
The review by PNNL determined that juvenile salmonids can be attracted to illuminated regions during 
nocturnal periods and can perceive light levels down to approximately 0.25 lux or 10-2 foot-candles (ft-c), 
equivalent to the light produced by moonlight.  At the other end of the spectrum, we found that juvenile 
salmonids generally avoid or are startled when exposed to more intense light levels that correspond to 
daylight conditions or near 400 lux (10-1.5 ft-c).  To guide fish through manufactured structures using 
artificial lights requires an understanding of the types of illumination and the nature of salmonid light 
perception.  To respond to a light source, the fish visual system must be able to respond to the appropriate 
wavelengths that correspond to peaks in the spectral response of the photo receptors in the eye. Studies 
that have examined the use of artificial light to guide salmonids safely through migration barriers such as 
hydroelectric dams show measurable differences in juvenile responses to both the quantity and quality of 
the light stimulus.  The literature review concluded that any fish passage guidance structure must be based 
on an understanding of fish behavior and environmental and hydraulic conditions at the specific location.  
 
The field study at the Bonneville Dam’s second powerhouse found the existing lighting conditions at the 
orifice tubes in the downstream migration channel to be less than ideal to illuminate the entrance of the 
orifice. Based on review of the lighting studies, a minimum luminance value of approximately 200-300 
lux is needed at the orifice entrance.  While some studies, in controlled laboratory experiments, have 
shown that this light intensity could possibly startle test fish (if exposure is sudden), light intensity values 
are expected to decrease rapidly within a short distance from the orifice.  High water turbidity present for 
much of the spring outmigration period in the Columbia River also would play a role in decreasing light 
intensity at the orifice.  


Field measurements of light intensity from the existing light-emitting diode (LED) light bulbs at a single 
orifice in gatewell 12 were low, at approximately 0.1 lux with a water-scaled lens.  Light output for a 90-
watt halogen light with a water-scaled lens was 0.25 lux at the opening.  The halogen lights were far more 
effective at producing illumination near the orifice regions and outward to approximately 16 inches on 
axis with the opening, where the values were similar to the ambient light background measurements.  The 
LEDs were less effective at illuminating the region; this was especially evident when the water-scaled 
lens was used. Both light sources produced light levels below effective minimum luminance values noted 
in the literature. 


 


B. Objectives 
The overall objective of this study is to provide USACE district engineers and biologists a prototype 
orifice light ring devise which will not interfere with the hydraulic environment within the gatewell or the 
orifice jet exiting the orifice and provide a light source which will attract juvenile salmonids to the region 
near the orifice openings.  This in turn would reduce egress periods for fish entering the gatewells and 
exiting into the downstream migrant system.   
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IV.  List of Key Personnel and Project Duties 


Name (Affiliation) Duties 


Robert Mueller 
(PNNL) 


Project Management/Field data collection, reporting 
 


Jake Tucker (PNNL) Design and fabrication of light array and control module 


V.  Technology Transfer 
Information acquired during the proposed work will be transferred in the form of a technical document 
describing the specifications of the light array apparatus and control module.  Presentations may be made 
at the Corps’ annual AFEP Review.   


VI.  Literature Cited 
Mueller R.P., and M.A. Simmons.  2008.  Characterization of Gatewell Orifice Lighting at the Bonneville 


Dam Second Powerhouse and Compendium of Research on Light Guidance with Juvenile 
Salmonids.  PNNL-17210, Pacific Northwest National Laboratory, Richland, WA.   


VII.  Budget 
The budget will be submitted with the final proposal under separate cover. 







Total Task 1
1. Direct Labor (Schedule B) AMOUNT AMOUNT


Research Scientist/Eng $15,938 $15,938
Technicians $2,049 $2,049
Crafts $1,510 $1,510
Clerical/Secretarial $65 $65


Total Direct Labor $19,563 $19,563


2. Overhead
Organization OverHead (Schedule C) $9,774 $9,774
Program Dev. and Mgmt $2,325 $2,325


Total Overhead $12,099 $12,099


3. Travel (Schedule D)
Transportation $814 $814
Subsistence $3,474 $3,474


Total Travel $4,288 $4,288


4.  Other Direct Costs (Schedule E)
Procurement Svc Charges $552 $552


Total Other Direct Costs $552 $552


5.  Value Added $36,502 $36,502


6. Direct Materials (Schedule F)
Materials $8,100 $8,100
SEE Programs $1,942 $1,942


Total Direct Materials $10,042 $10,042


7.  Lab-Directed R&D $3,285 $3,285


8.  Gen. & Admin Exp. $12,228 $12,228


9.  SubTotal $62,057 $62,057


10.  Service Assessment $1,179 $1,179


11. Total PNNL Cost $63,236 $63,236


12.  Fed Admin Charge $1,897 $1,897


13. Total COST + FED Admin $65,133 $65,133


Schedule  A
Cost Summary


Proposal Number: 63659







LABOR SUMMARY BY TASK


CATEGORY HOURS AMOUNT HOURS AMOUNT
Research Scientist/Eng 200 $15,938 200 $15,938
Technicians 50 $2,049 50 $2,049
Crafts 24 $1,510 24 $1,510
Clerical/Secretarial 2 $65 2 $65
TOTAL LABOR SUMMARY BY TASK: 276 $19,563 276 $19,563


Total Task 1


Schedule  B
Labor Summary


Proposal Number: 63659







ORG OVERHEAD - REGULAR STAFF


COST CODE TITLE HOURS AMOUNT HOURS AMOUNT
D1158 Maintenance and Fabrication Services (MFS) 24 $504 24 $504
D7P43C Engineered Sensor Systems 50 $1,820 50 $1,820
D7PA3C Optics 40 $1,456 40 $1,456
D9H57 Ecology 122 $4,514 122 $4,514
D9H66 Engineering Mechanics & Structural Materials I 40 $1,480 40 $1,480


TOTAL ORG OVERHEAD - REGULAR STAFF 276 $9,774 276 $9,774


Total Task 1


Schedule  C
Indirect Costs


Proposal Number: 63659







Task 1(10/1/2012 thru 8/31/2013)
DESTINATION: Cascade Locks
REASON: fld work


FY Num Staff Num Staff Days Num Trips
2013 1 12 4


Rate Amt. Escl. Total Amt.
AUTO $67 $804 $10 $814
PERDIEM $186 $2,231 $28 $2,259
OTHER $1,200 $15 $1,215


$4,235 $53 $4,288
Task 1 TOTAL: $4,235 $53 $4,288


TRAVEL TOTAL: $4,235 $53 $4,288


Travel Escalation Rates
Travel Estimate Date: 8/7/2012
Fiscal Year Escalation Rate


2013 1.019


Schedule  D
Travel Summary


Proposal Number: 63659







OTHER DIRECT COSTS
DESCRIPTION Total Task 1


AMOUNT AMOUNT
Materials Service Charge $552 $552


TOTAL OTHER DIRECT COSTS $552 $552


Schedule  E
Other Direct Costs


Proposal Number: 63659







MATERIALS


PURCHASE CARD: AMOUNT AMOUNT
Light Sensor Cable $500 $500


Escalation $6 $6
Subtotal PURCHASE CARD $506 $506


PROCUREMENTS NON DIRECT:
Circuit Boards $2,000 $2,000
Connectors/Cabling $1,000 $1,000
Lens $3,300 $3,300
Light Sensor $1,200 $1,200


Escalation $94 $94
Subtotal PROCUREMENTS NON DIRECT $7,594 $7,594


TOTAL MATERIALS $8,100 $8,100


SEE PROGRAMS - Science & Engineering Education HOURS AMOUNT HOURS AMOUNT
SEE Fellow $0 $0
SEE Labor


Graduate Students 65 $1,942 65 $1,942
SEE Travel $0 $0


TOTAL SEE PROGRAMS $1,942 $1,942


Material Escalation Rates
Material Estimate Date: 8/7/2012
Fiscal Year Escalation Rate


2013 1.019


Total Task 1


Schedule  F
Materials, Subcontracts/Consulting, and SEE Programs


Proposal Number: 63659


Total Task 1
10/1/2012 thru 8/31/2013







FY


Salary Increase 
(compounding 


annually)
Fringe Benefit 


Rate Productive Hours
2013 1.70% 36.50% 1832


2012 5.50%
2013 5.50%


2013 1.90%


2012 7.00%
2013 7.00%


2012 4.10%
2013 4.10%


COST ELEMENT INFORMATION


DIRECT LABOR
Direct labor costs are based on average charge-out rates for specific job categories.  Average charge-out rates are computed 
as follows:


Average Salary x (1 + Fringe Benefit Rate)
Productive Hours


Average charge-out rates are calculated each fiscal year (FY is October 1 through September 30) as follows:


The fringe benefit rate for limited term and hourly employees is 16.4%. Productive hours in a year exclude holidays, vacation, 
and other absences.


OVERHEAD


Organizational Overhead
Organizational Overhead for technical organizations represents costs for management, supervision, and administration of 
technical departments. Organizational Overhead for each respective research organization also includes costs for building and 
utilities, small tools, lab supplies, laundry, decontamination/waste disposal, maintenance, and expenses associated with 
equipment unless the equipment is assigned to a specific equipment center.  The Organizational Overhead rates per direct 
labor hour have been proposed to the US Department of Energy, Pacific Northwest Site Office as part of Battelle‘s provisional 
rate package and are pending approval.


Program Development and Management (PDM)
The Program Development and Management (PDM) pool is used to accumulate the costs associated with business 
development and program integration activities.  PDM is allocated to objectives by applying the appropriate rate to value-added 
(excluding PDM) costs, plus materials and subcontracts costs (excluding Science and Engineering and Education Program, 
Inter-entity Work Order, and Inter-Laboratory Administrative costs).  The PDM rates have been proposed to the US Department 
of Energy, Pacific Northwest Site Office as part of Battelle‘s provisional rate package and are pending approval.  The PDM rate 
per fiscal year is as follows: 


TRAVEL
Airfare rates have been estimated utilizing non-refundable quotes from Travel Management Partners (TMP).  Subsistence 
costs (meals and lodging) have been estimated using per diem rates published in the Federal Travel Regulations.  Travel rates 
have been escalated at the annual rates listed below:


OTHER DIRECT COST


Procurement & Subcontracts Support


The support costs for acquisition of goods and services are recovered by applying the appropriate rate to all cost objectives. 
The acquisition service rates have been proposed to the US Department of Energy, Pacific Northwest Site Office as part of 
Battelle’s provisional rate package and are pending approval. The rate applied per FY is as follows: 


Purchasing Card


The support costs for acquisition of goods and services using P-cards are recovered by applying the appropriate rate to all cost 
objectives.  The acquisition service rates have been proposed to the US Department of Energy, Pacific Northwest Site Office 
as part of Battelle’s provisional rate package and are pending approval.  The rate applied per FY is as follows:







2012 4.10%
2013 4.10%


2012 9.00%
2013 9.00%


2012 31.50%
2013 33.50%


2012 1.90%
2013 1.90%


2012 3.00%
2013 3.00%


Business to Business


The support costs for acquisition of goods and services using B2B are recovered by applying the appropriate rate to all cost 
objectives.  The acquisition service rates have been proposed to the US Department of Energy, Pacific Northwest Site Office 
as part of Battelle’s provisional rate package and are pending approval.  The rate applied per FY is as follows:


SCIENCE AND ENGINEERING EDUCATION PROGRAMS


The Science and Engineering Education Programs (SEE) is a separate accounting segment under Battelle’s Pacific Northwest 
Division (PNWD) that administers education fellowships, limited-term employee (LTE), and collaborator appointees.


OTHER INDIRECT COST


Federal Administrative Charge
The Federal Administrative Charge (FAC) includes costs for administrative effort of the Department of Energy allocable to the 
Work For Others (WFO) Program.  The Federal Administrative Charge is a percentage of total cost, including service 
assessment.  The Federal Administrative Charge per fiscal year is as follows:


Lab Directed Research and Development
LDRD is research and development work of a creative and innovative nature for the purpose of maintaining the scientific and 
technological vitality of the Laboratory and/or responding to new scientific or technological opportunities.  Costs are pooled and 
then allocated to final objectives by applying the predetermined rate to the value added base.  The value-added base includes 
labor, organizational overhead, Program Development and Management, travel, service and equipment centers, building and 
utility, and other direct costs.  Excluded from the base costs are procurements, subcontracts, Science and Engineering and 
Education Program, and other Hanford contractor service costs.  The LDRD rates have been proposed to the US Department 
of Energy, Pacific Northwest Site Office as part of Battelle‘s provisional rate package and are pending approval.  The LDRD 


General and Administrative Expense
G&A includes general functions such as Accounting, Legal, and Personnel department costs, contract administration, 
replacement cost of laboratory support equipment and the purchase of general research equipment. G&A is allocated to final 
objectives by applying the appropriate rate to the value-added base.  The value-added base includes:  labor, travel, service and 
equipment centers, organizational overhead,  program development and management, building and utility costs and other 
direct costs.  Excluded from the base costs:  procurements, subcontracts, Science and Engineering Education (SEE), and 
Other Hanford Contractor (OHC) services. The G&A rates have been proposed to the US Department of Energy, Pacific 
Northwest Site Office as part of Battelle‘s provisional rate package and are pending approval. The G&A rate(s) per FY is as 


Service Assessment
Service Assessment includes the fee Department of Energy pays its Management and Operations (M&O) contractor, costs paid 
to DOE for plant-wide support services such as fire, library, mail, and road maintenance. Service Assessment costs are 
allocated at applicable rate of total estimated costs.  The Service Assessment rates have been proposed to the US Department 
of Energy, Pacific Northwest Site Office as part of Battelle's provisional rate package and are pending approval.  The Service 
Assessment rate per fiscal year is as follows:







AADDMMIINNIISSTTRRAATTIIVVEE    IINNSSTTRRUUCCTTIIOONNSS    
 


For Submission of Interagency Agreements (Funding Documents)  
To DOE, Pacific Northwest Site Office (PNSO) 


From Other Federal Agencies for Reimbursable Work 
 
 
The following information is required by DOE prior to acceptance of work for other Federal agencies. 
 
1. EACH BASIC FUNDING DOCUMENT SHALL INCLUDE THE FOLLOWING OR SIMILAR STATEMENT: 
 
 This agreement is entered into pursuant to the Authority of the Economy Act of 1932, as amended (31 


U.S.C. 1535), and adheres to Federal Acquisition Regulation (FAR) 6.002.  To the best of our 
knowledge, the work requested will not place the DOE and its contractor in direct competition with 
the domestic private sector.   


 
 NOTE FOR INFORMATION ONLY:  If your statutory authority is other than the Economy Act, please 


amend the above statement by citing your appropriate authority. 
 
2. DETERMINATIONS & FINDINGS:  In September 2010, a Memorandum of Agreement was signed to define 


the working relationship between DOD and DOE for the conduct of work undertaken in support of and 
directly funded by the DOD under the DOE Work for Others (WFO) program.  As a requirement of this 
MOA, the D&F must be provided with the MIPR. 


 
3. PART A:  In December 2010, DOD and DOE signed a Standard Interagency Agreement to be used for all 


new WFO projects.  The terms and conditions that govern the provision of this agreement are documented 
in “PART A.”  This Agreement specifies that DOD must provide this "Part A" with all MIPRs for new 
actions -- or at least reference this "Part A" on the MIPR itself. 


 
4. PROVIDE NAMES AND PHONE NUMBERS OF PROGRAMMATIC & FINANCIAL POINTS OF CONTACT.   
 
5. STATE FUNDS EXPIRATION DATE for obligation AND contractor's WORK COMPLETION DATE. 
 
6. PROVIDE BILLING INSTRUCTIONS AND ADDRESS of office responsible for payment of invoices, 


including the Area Location Code (ALC) Number. 
 
7. PROVIDE THE ACCOUNTING/APPROPRIATION DATA 
 
8. PROVIDE THE FOLLOWING DATA ELEMENTS (required by the Intragovernmental Business Rules) 


  Treasury Account Symbol (TAS) – (Department Code, Period of Availability, Basic Symbol) 
  Business Partner Network (BPN) Number – (a.k.a. DUNS number) 


 
9. PROVIDE STATEMENT OF WORK (a reference to the DOE contractor proposal is acceptable). 
 
10. PROVIDE REPORTING PROVISIONS, if any (reference to the reporting provisions in the DOE 


contractor proposal is acceptable). 
 
11. PROVIDE SECURITY CLASSIFICATION GUIDANCE for classified tasks or reference guidance already 


provided.  In the event the work is classified, work will not commence until classification guidance is 
received. 


 







12. SPECIFY THE DISPOSITION OF PROPERTY.  Any property/equipment acquired as part of the project that 
is not a part of the deliverable will be tagged as DOE property upfront and title will vest with the DOE 
unless otherwise stated in the agreement.  The equipment will be accounted for and maintained during 
the term of the project in the same manner as DOE property. At the end of the project, title will remain as 
DOE or the property will be returned/disposed of as previously instructed by the requesting agency. 


 
13. PROVIDE WRITTEN CERTIFICATION.   If the work directly supports counter terrorism and/or 


homeland security objectives and is Congressionally directed to achieve these objectives, then DOE is 
able to waive their Federal administrative charge of 3%.  A written certification must be provided on 
the funding authorization that states:  “The work being funded is Congressionally directed at 
achieving counter terrorism or homeland security objectives”. 


 
14. NOTE:  If a work completion date is not provided on your funding document, DOE will accept the 


funds with the work completion date cited in the contractor's proposal.  Future contractor requests for 
work completion date extensions will require a formal amendment to your funding document.  An 
amendment will not be required if the following or similar statement is included on your funding 
document:  "Funds expire September 30 for obligation.  Contractors performance under this order 
may be extended beyond September 30 or until the work is accomplished."  If the above statement is 
provided, DOE will obtain written approval from your technical program manager prior to 
authorizing the contractor an extension to the project deliverable date. 


 
 NOTE:  For acceptance in FY 2012, DOE must receive funding documents no later than 


SSeepptteemmbbeerr  1144,,  22001122. 
 
 NOTE:  Specify any statutory or other limitations imposed on the use of funds relative to the 


work/services to be performed, e.g., prohibition against purchasing ADP and/or other capital 
equipment, etc. 


 
 NOTE:  Please provide guidance if there will be any restriction on the distribution of technical 


documents generated or received under the subject project or if the contractor is to withhold 
unclassified technical data from public disclosure. 


 
 NOTE:  All funds will be accepted on a reimbursable basis.  DOE is unable to accept direct cite 


funds. 
 
 NOTE:  DOE's pricing policy is that prices and charges to other Federal agencies are at DOE's full 


cost.  As part of DOE's full cost, invoices will include a Federal administrative charge of 3% for FY 
2012. 


 
 NOTE:  Please address your funding authorization to: 
 


 Genice Madera     PHONE:    (509) 372-4010 
 U.S. Department of Energy     FAX:  (509) 372-4038 
 Pacific Northwest Site Office    
 P.O. Box 350 (Mail Stop K9-42)        WFO@pnso.science.doe.gov 
 Richland, WA  99352  
 


OVERNIGHT DELIVERY ADDRESS: 
  Environmental Technology Building (ETB), Rm1238 
   3200 Q Avenue, Richland, WA  99354 



mailto:WFO@pnso.science.doe.gov
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II. PROJECT SUMMARY 


 


A. Goals 


 


 Work outlined in this preliminary proposal continues progress toward the 


long-term goal of improving fish passage conditions for juvenile salmonids at Bonneville 


Dam Second Powerhouse.  Discussions regarding specific study objectives are ongoing at 


the time of this writing, and modifications are likely.  Our final proposal will be written 


to incorporate these changes. 


 The research summary for Study Code BPS-P-13-1 includes four objectives for 


evaluation at Bonneville Dam Second Powerhouse in 2013.  Objectives 1 and 2 will be 


conducted by an engineering firm under contract to the U.S. Army Corps of Engineers.  


The engineering contractor will validate results from computational fluid dynamics 


(CFD) modeling studies which suggested traveling screen slot filler devices could 


dampen gatewell turbulence, thereby reducing associated negative passage effects such as 


mortality and descaling.   


 If the modeled gatewell turbulence reduction is verified by field measurements in 


Objectives 1 and 2, then potential benefits will be tested by release and recapture of 


juvenile salmonids (Objectives 3 and 4).  NOAA Fisheries proposes to conduct the 


biological evaluations specified in these objectives. 


 


B. Objectives 


 


3. Estimate mortality, descaling, and passage timing for juvenile salmonids released 


into turbine intakes at upper 1% operation.  Obtain estimates for fish exposed to 


passage through a gatewell of existing configuration and gatewells equipped with 


STS slot fillers and prototype orifice lighting. 


 


4 Compare treatment groups against the control (unmodified) condition and identify 


the best combination of slot filler and lighting conditions from within treatment 


groups. 


 


C. Methodology 


  


 Releases of PIT tagged test fish will be made through a release hose through a 


steel pipe sleeve mounted on the trash racks (used in 2008-2009 tests) into Second 


Powerhouse Turbine Intakes 14A and 15A.  Passage effects, including descaling,  


mortality rates, and timing from turbine intake release to recapture at the Second  


Powerhouse Juvenile Fish Monitoring Facility (JFMF) will be estimated.  Test fish will  


be recaptured at the JFMF using programmable separation-by-code (SbyC), anesthetized, 


examined for passage effects, and returned to the river.  Test species are not identified in  


the research summary, but could include subyearling Chinook salmon obtained directly 
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from Spring Creek National Fish Hatchery as well as run-of-river (ROR) yearling and 


subyearling Chinook salmon obtained from the Bonneville Dam Smolt Monitoring  


Program. 


 


D. Relevance 


 


 This research is pertinent to the 2010 Biological Opinion Measure Hydropower 


Strategy 2: RPA No. 18 (Modify Columbia and Snake River Dams to Maximize Juvenile 


and Adult Fish Survival – Bonneville PH2 Gatewell Modification Testing). 


 


 


II.  PROJECT DESCRIPTION 
 


A. Background  


 


 The Bonneville Dam Second Powerhouse includes a juvenile bypass system 


designed to divert juvenile salmonids from turbine intakes into a collection and transport 


system terminating in the powerhouse tailrace, thereby avoiding turbine passage and 


improving survival.  An initial evaluation of fish guidance efficiency (FGE) in 1983 


determined FGE lower than the 70% design criteria for all species (Krcma et al. 1984).  


In ensuing years, structural modifications were installed and tested.  Estimates of FGE 


improved, but not to criteria levels (Gessel et al. 1991; Monk et al. 1994; Monk et al. 


1995; Ploskey et al. 1998). 


 Further modification of Second Powerhouse intakes was initiated in 2001, with 


the objective of increasing FGE.  Modifications included: 1) increasing the length of 


vertical barrier screens by removing a portion of the concrete beams located below, 


2) installation of a turning vane below the picking beam on STSs, and 3) installation of 


gap closure devices on the intake ceiling downstream from the top edge of STSs.  


Evaluation of the prototype modifications conducted by NOAA Fisheries in 2001 and 


2002 (Monk et al. 2002, 2004) suggested promising FGE increases in modified intakes 


and that descaling was not significantly different between modified and unmodified 


intakes. 


 In 2007, Bonneville Dam Smolt Monitoring Program (SMP) data indicated that 


substantial Second Powerhouse mortality occurred during initial passage of Spring Creek 


NFH Chinook salmon released in March and April.  Reducing turbine operation from 


upper 1% to lower levels within the 1% peak efficiency range reduced the incidence of 


mortality.  Inspection of passage facilities did not identify problems nor did necropsy find 


evidence of fish health problems that could have contributed to the observed passage 


mortality.  The mortality events led to further examination of fish condition effects 


related to turbine operational level. 


 In 2008 and 2009, NOAA Fisheries evaluated mortality, descaling, and bypass 
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system passage timing for fin-clipped (2008 only) and PIT-tagged (2008 and 2009) 


juvenile Chinook salmon released and recaptured at Bonneville Dam Second 


Powerhouse.  Test series were conducted using subyearling Chinook salmon obtained 


directly from Spring Creek NFH, ROR yearling Chinook salmon, and ROR subyearling 


Chinook salmon.  Baseline groups were released into the bypass system collection 


channel.  Treatment groups were released into Gatewells 12A and 14A (2008 only) and 


into the “A” intake of Turbine Unit 14 (2008 and 2009).  Comparisons of mortality, 


descaling, and timing were made between treatment groups released at low, 


lower-middle, middle, middle-upper, and upper 1% turbine operation.  Target turbine unit 


flows corresponding with nominal 1% operations were as follows (in kcfs): low, 11.7; 


lower-middle, 13.5; middle, 14.7; middle-upper, 16.3; and upper, 17.8.  Tests were 


designed to detect 3% additive differences in mortality and descaling (α = 0.05, β = 0.2). 


 Test releases of fin-clipped and PIT-tagged Spring Creek NFH subyearling 


Chinook salmon in 2008-09 provided consistent evidence that passage mortality in this 


stock increases in a stepwise manner as Second Powerhouse turbine operation is raised to 


higher levels within the 1% peak efficiency range.  In 2009, ROR yearling and 


subyearling Chinook salmon showed statistically significant increases in mortality, 


descaling, and passage time as turbine operation increased from middle to upper 1%.  


Results are summarized in Table 1. 
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Table 1.  Results summary for juvenile Chinook salmon released to evaluate bypass 


system passage effects at Bonneville Dam Second Powerhouse in 2008-09.  


Turbines were operated at lower (L), lower-middle (LM), middle (M), and 


upper (U) settings within the 1% peak efficiency range.  Abbreviations: S = test 


series, G = gatewell release, and I = turbine intake release.  Dashes indicate data 


were insufficient for statistical analysis.  An asterisk identifies significant 


differences between turbine operating levels (P≤0.05). 


 


       
Species/       


Year/  Mortality (%)  Descaling (≥20%)  Passage time (hours) 


Test series  L LM M U Δ  L LM M U Δ  L LM M U Δ 


                   
                   Spring Creek Hatchery subyearling Chinook salmon 


                   2008 S
1-G


  1.9  14.2  +12.3*             


                   2008 S
1-G


  1.9   32.3 +30.4*             


                   2008 S
1-G


    14.2 32.3 +18.1*             


                   2008 S
2-G


  4.3   6.6 +2.3             


                   2008 S
2-I


  1.8   6.9 +5.1             


                   2008 S
3-G


  0.8   6.3 +5.5*        6.8   2.5 −4.3* 


                   2008 S
3-I


  1.3   12.7 +11.4*        6.9   0.8 −6.1* 


                   2008 S
4-G


    1.3 12.4 +11.1*          2.0 0.9 −1.1 


                   2008 S
4-I


    2.8 17.8 +15.0*          1.4 0.8 −0.6 


                   2009 S
1
   4.5 7.0  +2.5*         1.9 1.3  −0.6 


2009 S
2
   1.8 3.0  +1.2         5.1 3.0  −2.1 


                   
Run-of-river yearling Chinook salmon 


                   2008 S
1
    -- -- --    -- -- --    -- -- -- 


                   2009 S
1
    0.5 4.4 +3.9*    1.0 11.5 +10.5*    1.7 2.7 +2.0* 


                   
Run-of-river subyearling Chinook salmon 


                   2008 S
1
    0.6 2.6 +2.0    0.4 3.3 +2.9    2.7 4.0 +1.3 


                   2009 S
1
    2.6 4.3 +1.7*    0.5 2.6 +2.1*    2.6 6.4 +3.8* 
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B. Project objectives 


 


 Evaluation of STS slot fillers and orifice lighting in the same year will require 


more Bonneville Project support than past studies.  In the 2008-09, we were able to use a 


single gatewell for testing, since the only variable was unit operation.  In the 2013 


evaluation, however, a minimum of two gatewells will be required, one equipped with a 


prototype light assembly and a second with existing lighting.  If only one slot filler device 


is fabricated, it will be alternated between gatewells using the Second Powerhouse 


turbine intake extension (TIE) crane.  Also, the addition of a second test gatewell will 


require fabrication and installation of a second hose release assembly.  A significant 


commitment of Bonneville Project resources will be needed.  


 From our reading of the research summary, we assume that “A” gatewells, 


probably 14A and 15A, will be selected for testing.  The prototype orifice light would be 


installed in 15A while 14A would remain unmodified with respect to lighting.  


Comparison of results from tests conducted in the two gatewells assumes that the 


gatewells have similar flow characteristics.  Hopefully this will be confirmed by the 


preseason hydraulic measurements. 


 We recommend separate test series using tule stock fall Chinook salmon obtained 


directly from Spring Creek NFH, ROR yearling Chinook salmon, and ROR subyearling 


Chinook salmon.  Spring Creek NFH fish are more likely to show potential benefit from 


the slot filler and lighting treatments and are available before arrival of ROR species.  


The results of March to mid-April tests with Spring Creek NFH stock could be used to 


adjust test procedures before arrival of ROR species.  Use of steelhead and sockeye 


salmon in testing is not practical.  It would be difficult to obtain enough steelhead for 


testing because of Second Powerhouse Corner Collector passage.  For sockeye salmon, 


past experience at Bonneville Dam suggests that mortality from tagging and handling 


would likely mask any mortality from treatment group differences.  


 Fish will be handled using water-to-water transfer techniques, anesthetized with 


tricaine methanesulfonate at a concentration of about 50 mg/L, and tagged with passive 


integrated transponder (PIT) tags.  Spring Creek NFH subyearling Chinook salmon 


released in April may include fish as small as 55-60 mm fork length.  Because of this, we 


will use 8.3-mm PIT tags for this test series.  Later tests with yearling and subyearling 


Chinook salmon will use standard length (12.3 mm) PIT tags.  Tag injection needles will 


be disinfected before reuse in a 30% ethanol solution, in accordance with the standard 


disinfection protocol.  Tagged fish will be held at the Second Powerhouse JFMF for a 16- 


to 24-hour recovery period before release.  Tagging files will be submitted to the 


PTAGIS database. 


 Releases of PIT tagged test fish will be made through a release hose through a 


steel pipe sleeve mounted on the trash racks (used in 2008-2009 tests) into Second 


Powerhouse Turbine Intakes 14A and 15A.   


 Test fish will be recaptured at the JFMF using programmable SbyC, anesthetized, 


examined for passage effects, and returned to the river.  Recaptured test fish and bycatch 
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will be entered into P3 files and uploaded to PTAGIS.  Mortality rates and passage timing 


will be obtained for Spring Creek NFH subyearling Chinook salmon.  Descaling rates are 


typically very low in Spring Creek fish, so meaningful descaling information will 


probably not be obtained from this test series. 


 Run-of-river yearling and subyearling Chinook salmon will provide information 


on mortality, descaling, and passage timing.  Descaling classification for fish recaptured 


live will be determined using standard descaling criteria (Ceballos et al. 1993).  Three 


levels of descaling were established by the standard criteria: 1) if cumulative scale loss on 


one side of a fish equals or exceeds 20%, the fish is classified as descaled; 2) if 


cumulative scale loss on one side that is greater than 3% but less than 20% the fish is 


“partially descaled”; and 3) fish with no descaling or minor descaling up to 3% are 


“non descaled.”  In this study, recaptured fish will be individually identifiable through 


reading of PIT tag codes.  Careful pre- and post-passage observations of descaling will be 


made to yield an estimate of “new” descaling for each test fish (Gilbreath et al. 2004).  


With this technique it will be possible to use ROR Chinook salmon with minor 


preexisting descaling as test fish, greatly reducing the number of fish handled during 


selection of test fish. 


 Travel times for fish recaptured live will be computed as elapsed time from 


release to detection at the JFMF (SbyC Separator Gate Monitor).  Passage timing data for 


individual PIT-tagged fish will be obtained via query of the PTAGIS database.  The 


downloaded CSV data files will be imported into spreadsheet and database programs for 


calculation of minimum, maximum, and 10
th


, 50
th


, and 90
th


 percentile passage times. 


 Mortality and descaling data at recapture will be logged using P3 software.  Later 


comparison of tagging and recapture data in a relational database program will determine 


group identity and changes in descaling status of individual test fish.  Statistically 


significant differences between control and treatment groups will be determined by 


Analysis of Variance. 


 


C. Methodology


 


Objective 3 


 


Estimate mortality, descaling, and passage timing for juvenile salmonids released 


into turbine intakes at upper 1% operation.  Obtain estimates for fish exposed to 


passage through a gatewell of existing configuration and gatewells equipped with 


STS slot fillers and prototype orifice lighting. 


 


 In Objective 3, passage effects, including descaling and mortality rates and timing 


from turbine intake release to recapture at the Second Powerhouse JFMF will be 


estimated for the following configurations: 


 1)  Control.  No STS slot filler device and existing orifice lighting. 
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 2)  Treatment 1.  Slot filler installed and existing lighting. 


 3)  Treatment 2.  No slot filler and prototype lighting. 


 4)  Treatment 3.  Slot filler and prototype lighting. 


  


 Turbine operation during all tests will be at the upper end of the 1% peak 


efficiency range.  Test species are not identified in the research summary, but could 


include subyearling Chinook salmon obtained directly from Spring Creek NFH as well as 


ROR yearling and subyearling Chinook salmon obtained from the Bonneville Dam Smolt 


Monitoring Program. 


Based on past experience conducting studies of this type at Bonneville Dam, we 


estimate that identifying 3% additive differences between control and treatment groups 


will require six to eight test blocks in each release series.  With two test gatewells, four 


conditions, a minimum 24-h waiting period between releases in each gatewell, and 


allowance for switching the STS slot filler from gatewell to gatewell, one test block will 


require three days.  The blocking design could be systematic or random.  An example of a 


systematic design producing two completed test blocks is given below in Table 2.  


Releases would not be made on Mondays or Thursdays of the block to allow for moving 


the STS slot filler.  The sequence could be repeated over four weeks to complete an eight 


block test series. 


 


Table 2.  Release schedule to complete two test blocks.  Abbreviations: Exist. = existing 


orifice lighting, Proto. = prototype orifice light ring.  14A and 15A are test 


gatewells. 


      Control Treatment 1 Treatment 2 Treatment 3 


 No slot filler Slot filler No slot filler Slot filler 


Day Exist. lighting Exist. lighting Proto. lighting Proto. lighting 


          
     


Sat 14A   15A 


     Sun 14A   15A 


     Mon Slot filler is transferred between gatewells 


     Tue  14A 15A  


     Wed  14A 15A  


     Thu Slot filler is transferred between gatewells 
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Objective 4 


Compare treatment groups against the control (unmodified) condition and identify 


the best combination of slot filler and lighting conditions from within treatment 


groups. 


 


 Objective 4 specifies statistical comparison of Treatments 1, 2, and 3 with the 


existing (control) condition and identification of the treatment with the most potential for 


improvement.  Sufficient numbers of fish will be released to allow detection of a 3% 


additive difference in fish condition parameters at α = 0.05 and β = 0.2.  The associated 


null and alternate hypotheses for Objective 4 are as follows: 


 


1)  Slot filler effectiveness, H0: FCS = FCNS and H1: FCS ≠ FCNS, where FC = fish 


condition parameter, S = STS slot fillers installed, and NS = STS slot fillers 


not installed. 


 


2)  Lighting effectiveness, H0: FCL = FCNL and H1: FCL ≠ FCNL, where FC = fish 


condition parameter, L = prototype lighting installed, and NL = exiting orifice 


lighting. 


 


3)  Slot fillers and passage timing, H0: PTS = PTNS and H1: PTS ≠ PTNS, where 


PT = passage time, S = STS slot fillers installed, and NS = STS slot fillers not 


installed. 


 


4)  Lighting and passage timing, H0: PTL = PTNL and H1: PTL ≠ PTNL, where 


PT = passage time, L = prototype lighting installed, and NL = exiting orifice 


lighting. 


 


 Analysis of variance will be used to identify significant differences in fish 


condition parameters.  The validity of comparisons between tests conducted in different 


gatewells will be questionable if flow measurements indicate substantial differences.  If 


flow differences are found, we suggest dropping the lighting comparison and conducting 


the slot filler tests in Gatewell 14A. 


 


Sample Size Calculation 


 


 We calculated treatment group sizes necessary to detect an additive difference, d, 


given a background or control effect, p1, with  = 0.05 and  = 0.20 by using the 


following equation from Zar 1999: 
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 The research summary specifies a detectable additive difference of 3%.  At this 


level of sensitivity, application of the equation results in estimated treatment group sizes 


of 846, 1,024, and 1,199 fish (number of fish to recapture) at p1 values of 0.03, 0.04, and 


0.05, respectively.  The total number of fish released for each treatment will be split 


among six to eight replicate releases to allow statistical analysis by ANOVA. 


  The research summary specifies a total of four groups, consisting of a control and 


three treatments.  For the Spring Creek NFH test series, we estimate a 90% overall 


recapture rate and p1 = 0.05.  If 1,200 fish are needed for each of 4 groups, then 


(1,200 × 4) / 0.90 = 5,333 fish would be required.  In addition, we will release 100 fish 


into the collection channel on 8 dates (one in each test block), so 5,333 + 800 = 6,133 fish 


will be needed for the Spring Creek NFH test series. 


 Estimates of the number of ROR yearling and subyearling Chinook needed differ 


from the Spring Creek NFH test fish calculations in that we estimate recapture of a higher 


percentage (95% rather than 90%) of fish released into turbine intakes.  The higher 


recapture rate allows the total number of ROR fish needed for each test series to be 


reduced slightly to 5,053 + 800 = 5,853 fish. 


 


Suggestions for Other Lines of Investigation 


 


 Based on our observations at the Second Powerhouse in 2008-09 and past 


experiences at other locations, we suggest that juvenile salmonids confined in the 


turbulent gatewell environment may be affected by fatigue, resulting in lessened ability to 


avoid VBSs.  This could explain the impingement mortalities observed for Spring Creek 


NFH subyearling Chinook salmon as well as increases in mortality and descaling for 


ROR yearling and subyearling Chinook salmon at upper 1% turbine operation.  


Relatively modest studies could address this possibility using measurement of plasma 


lactate levels or swim tunnel performance for fish of known duration of confinement. 


 


 SCHEDULE (2013) 


 


March  Fabricate a new intake hose release assembly.  Install release 


hose assemblies into Second Powerhouse Turbine Intakes 14A 


and 15A. 


 


March and April Obtain, PIT-tag, release, and recapture subyearling Chinook 


salmon obtained from Spring Creek NFH. 
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April and May Obtain, PIT-tag, release, and recapture ROR yearling Chinook 


salmon obtained from the Bonneville Dam SMP. 


 


June and July Obtain, PIT-tag, release, and recapture ROR subyearling 


Chinook salmon obtained from the Bonneville Dam SMP. 


  


August  Remove research gear from Second Powerhouse. 


 


August- February Data analysis and report writing.  


 


February Final report due. 


  


 


D. Facilities and equipment 


 Physical space and fish holding facilities needed for the study are available at the 


Second Powerhouse JFMF.  Equipment needs will be met largely through use of existing 


gear supplemented by fabrication of equipment at our Pasco shop facility.  Some 


specialized equipment such as PIT-tag detection gear and digitizer boards may be 


purchased. 


 


E. Project impacts 


 


1. Other ongoing or proposed research 


 


a.   At this writing, we are not aware of any conflicts with ongoing or proposed  


      research projects.   


 


2. Coordination at Bonneville Dam 


 


a. We will request that COE reinstall the trashrack sections and steel pipe sleeve 


used in 2008-09 tests and fabricate and install another release assembly for 


use in the second location.  NOAA Fisheries personnel will install the flexible 


release hoses and PVC support pipes during COE placement of trashrack 


sections and steel pipe.  These activities should take place in February or early 


March 2013. 


 


b. In 2008, we found gaps in the neoprene seal material between the solid and 


profile-wire VBS sections.  These gaps led to loss of test fish from the 


gatewells, negatively affecting test results.  To prevent a recurrence of this 
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problem, we request that COE raise the barrier screen assembly in each test 


gatewell on a weekly basis for seal inspection and screen cleaning. 


 


c. Use of the intake deck river water system will be needed to provide life 


support for fish during pre-release holding and for flushing water during 


releases. 


 


d. Acquisition, holding, tagging, and recapture of test fish will require use of 


JFMF facilities.  We anticipate study personnel will be on the Bonneville 


Project grounds outside of normal working hours, on weekends, and on 


holidays 


 


3. Biological impacts 


 


a. The numbers of juvenile Chinook salmon to PIT-tag and release for the study 


are detailed in the previous section and in Table 3.  Recapture of study fish 


using SbyC at the JFMF will generate impacts to listed and non-listed 


salmonids captured as bycatch during SbyC operation.  In addition, the 


acquisition of ROR yearling and subyearling Chinook salmon will involve 


handling additional listed and non-listed salmonids. 


 


b. Turbine operation at upper 1% loading may result in increased incidence of 


mortality, descaling, and injury to ROR salmonids not associated with the 


study.  This is unavoidable, given the requirement to investigate the 


relationship between slot filler and lighting treatments at upper 1% operation. 


 


c. The total numbers of salmonids which may be handled during the course of 


this study are estimated in Table 3 (listed species) and Table 4 (non-listed 


species).  These tables are attached for reference. 


 


F. Collaborative arrangements or subcontracts  


 


IV. List of Key Personnel and Project Duties 


 


Lyle G. Gilbreath NOAA Fisheries Principal Investigator 


Benjamin P. Sandford NOAA Fisheries Statistician 


Lila Charlton PSMFC Tagging Crew Leader 


 


 V. Technology Transfer  
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Study findings will be communicated in the form of written or oral research 


reports, including a presentation at the annual COE AFEP research review.  A draft report 


will be provided to the COE following completion of the work and a final report will be 


submitted to COE after appropriate review. 
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Table 3.  Estimated number of listed species that will be handled during the 2013 study “Validation of CFD Analysis and 


Evaluation of Fish Condition and Gatewell Residence Time for Juvenile Salmonids in a Modified Gatewell at the 


Bonneville Dam Second Powerhouse.”  Abbreviations: HR = handle and release. 


 


ESU/Species Life Stage Origin Take Activity 
Number 


Handled 


Unintentional 


Mortality 


Snake River Spring-Summer Chinook Yearling Naturally produced HR 329 3 


Snake River Spring-Summer Chinook Yearling Hatchery (ad clip) HR 398 4 


Snake River Spring-Summer Chinook Yearling Hatchery (ad clip) PIT Tag 121 3 


Snake River Spring-Summer Chinook Yearling Hatchery (no ad clip) HR 183 2 


Snake River Fall Chinook Yearling Hatchery (ad clip) HR 46 1 


Snake River Fall Chinook Yearling Hatchery (no ad clip) HR 66 1 


Upper Columbia Spring Chinook Yearling Naturally produced HR 1,590 16 


Upper Columbia Spring Chinook Yearling Hatchery (ad clip) HR 487 5 


Upper Columbia Spring Chinook Yearling Hatchery (ad clip) PIT Tag 121 3 


Upper Columbia Spring Chinook Yearling Hatchery (no ad clip) HR 698 7 


Lower Columbia Spring Chinook Yearling Naturally produced HR 38 0 


Snake River Fall Chinook Subyearling Naturally produced HR 381 4 


Snake River Fall Chinook Subyearling Naturally produced PIT Tag 1 0 


Snake River Fall Chinook Subyearling Hatchery (ad clip) HR 10,330 104 


Snake River Fall Chinook Subyearling Hatchery (ad clip) PIT Tag 28 1 


Snake River Fall Chinook Subyearling Hatchery (no ad clip) HR 7,024 71 


Snake River Fall Chinook Subyearling Hatchery (no ad clip) PIT Tag 19 0 


Lower Columbia Tule Fall Chinook  Subyearling Naturally produced HR 1,598 16 


Lower Columbia Tule Fall Chinook  Subyearling Hatchery (ad clip) HR 14,410 144 


Lower Columbia Tule Fall Chinook  Subyearling Hatchery (no ad clip) HR 442 5 


Lower Columbia Tule Fall Chinook  Subyearling Hatchery (ad clip) PIT Tag 8,023 562 


Lower Columbia Tule Fall Chinook  Subyearling Hatchery (no ad clip) PIT Tag 248 17 


Lower Columbia River Coho Juvenile Naturally produced HR 113 2 


Snake River Sockeye Juvenile Naturally produced HR 13 0 
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Table 3.  Continued. 


ESU/Species Life Stage Origin Take Activity 
Number 


Handled 


Unintentional 


Mortality 


Snake River Steelhead Juvenile Naturally produced HR 66 1 


Snake River Steelhead Juvenile Hatchery (ad clip) HR 128 2 


Snake River Steelhead Juvenile Hatchery (no ad clip) HR 31 0 


Upper Columbia River Steelhead Juvenile Naturally produced HR 128 2 


Upper Columbia River Steelhead Juvenile Hatchery (ad clip) HR 317 3 


Upper Columbia River Steelhead Juvenile Hatchery (no ad clip) HR 145 2 


Middle Columbia River Steelhead Juvenile Naturally produced (summer run) HR 837 8 


Middle Columbia River Steelhead Juvenile Naturally produced (winter run) HR 17 0 


Middle Columbia River Steelhead Juvenile Hatchery (ad clip) HR 237 2 


Middle Columbia River Steelhead Juvenile Hatchery (no ad clip) HR 41 1 


Lower Columbia River Steelhead Juvenile Naturally produced (summer run) HR 22 0 


Lower Columbia River Steelhead Juvenile Naturally produced (winter run) HR 28 0 


Lower Columbia River Steelhead Juvenile Hatchery (winter run) HR 44 1 
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Table 4.  Estimated number of unlisted species that will be handled during the 2013 study “Validation of CFD Analysis and 


Evaluation of Fish Condition and Gatewell Residence Time for Juvenile Salmonids in a Modified Gatewell at the 


Bonneville Dam Second Powerhouse.”  Abbreviations: HR = handle and release. 


 


Species Life Stage Take Activity Number Handled Unintentional Mortality 


Chinook Yearling HR 22,653 227 


Chinook Yearling PIT Tag 5,496 109 


Chinook Subyearling HR 15,364 154 


Chinook Subyearling PIT Tag 5,805 116 


Coho Juvenile HR 7,595 76 


Sockeye Juvenile HR 1,745 17 


Steelhead Juvenile HR 812 8 
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II. Project Summary 


 


A. Goals 


 


Determine the biological and debris handling impacts of converting the current 10-inch 


orifices to overflow weirs or 14-inch orifices in the Lower Granite JBS. 


 
B. Objectives 


 
1. Determine how overflow weirs and/or larger orifices affect orifice passage efficiency 


(OPE) or gatewell residence time compared to current orifice configuration for juvenile 


salmonids and lamprey. 


 


2. Determine fish condition (injury and descaling) impacts of overflow weirs and/or larger 


orifices compared to current orifice configuration for juvenile salmonids. 


 


3. Determine debris passage impacts of overflow weirs and/or larger orifices relative to 


current orifice configuration. 


 


4. Determine the difference in gatewell residence/retention time for adult salmon and 


steelhead (including kelts) at the new overflow weirs and/or larger orifices relative to 


standard operating orifices. 


 


5. Investigate salmonid fish behavior patterns in gatewells with overflow weirs relative to 


current orifice configuration. 


 


C. Methods 


 


For 2013, we propose to use passive integrated transponders (PIT tags) to evaluate the 


biological implications for juvenile salmonids, lamprey, steelhead and adult salmonids and/or 


steelhead (including kelts) passing through the Lower Granite juvenile bypass system with 


respect to gatewell passage modifications.  PIT-tags will allow us to recapture study fish in the 


sort-by-code tanks at Lower Granite Dam, below the planned modifications, to investigate fish 


condition (injury and descaling) impacts of overflow weirs and/or larger orifices compared to the 


current gatewell configuration.  In addition, we can use the detection data to determine the 


difference in gatewell residence/retention time for salmon, steelhead (including kelts) and 


lamprey at the new overflow weirs and/or larger orifices relative to standard operating orifices. 


Juvenile study fish would be collected at the Lower Granite Dam juvenile fish collection 


facility, PIT tagged, and released into the test gatewells below the orifice elevation to evaluate 


fish condition and gatewell residence time.  We will try and obtain surplus hatchery steelhead 


collected from upstream hatcheries to use as surrogates for migrating adults to evaluate adult 


passage.  Debris-related impacts will be evaluated by releases of debris into the test gatewells 


and monitored at the separator downstream.  Didson cameras could be incorporated to attempt to 


gain additional behavioral information as fish approach and pass the planned modifications. 


 







 


 


D. Relevance 


 


This study addresses BPS-W-13-4 of the Anadromous Fish Evaluation Program 


(USACE, Northwestern Division), and Reasonable and Prudent Alternative Action 25 and 54 of 


the 2008 Biological Opinion for the Federal Columbia River Power System (NMFS 2008).   


 


Snake River spring/summer Chinook salmon were listed as a threatened species on April 


22, 1992 and the threatened status reaffirmed on June 28, 2005.  The Endangered Species Unit 


(ESU) includes all naturally spawned populations of spring/summer-run Chinook salmon in the 


mainstem Snake River and the Grande Ronde River, Imnaha River, and Salmon River subbasins, 


as well as fifteen artificial propagation programs.  Snake River fall Chinook salmon were listed 


as a threatened species on April 22, 1992 and the threatened status reaffirmed on June 28, 2005. 


The ESU includes all naturally spawned populations of fall-run Chinook salmon in the mainstem 


Snake River below Hells Canyon Dam, and in the Grande Ronde River, Imnaha River, Salmon 


River, and Clearwater River subbasins, as well as four artificial propagation programs.  Snake 


River sockeye salmon were listed as endangered under the Endangered Species Act in November 


20, 1991 and reaffirmed on June 28, 2005 because of the eminent risk of extirpation (NMFS 


1991).  Significant passage improvements and favorable ocean conditions have helped increase 


returns of adult sockeye to the Snake River recently, but this population is primarily the progeny 


of an intensive captive broodstock program. 


 


The 2008 NOAA Biological Opinion and 2010 Supplemental FCRPS Biological Opinion 


(NOAA 2008; 2010) call for the Corps to investigate and implement reasonable and effective 


measures to reduce passage delay and increase survival of fish passing through the forebay, dam, 


and tailrace as warranted.  Initial modifications will likely include a new juvenile fish facility 


including orifice configuration changes, primary dewatering, holding for transport, and primary 


bypass to improve direct and indirect survival for all collected fish (RPA 25).  The BiOp also 


calls for monitoring and evaluating the effectiveness of traditional juvenile bypass systems and 


modifications on smolt survival and condition (RPA 54.2) 


 


III. Project Description 


 


A. Background 


 


A primary focus of recovery efforts for depressed stocks of Pacific salmon Oncorhynchus 


spp. and steelhead O. mykiss in the Columbia River Basin has been assessing and improving fish 


passage conditions at dams (Williams 2008).  Juvenile bypass has been identified as a viable 


alternative for increasing survival and fish passage efficiency at hydroelectric dams on the Snake 


and Columbia Rivers (Muir et al. 2001).  However, the condition of migrating juvenile 


salmonids diverted from turbines into juvenile bypass systems (JBSs) at hydroelectric projects is 


an ongoing concern because the operating criteria for turbines or the JBS may influence passage 


timing as well as injury or mortality rates.  


 







Contemporary fish bypass systems consist of numerous components, including diversion 


screens, flumes, barrier screens, orifices, and fish sampling and holding facilities.  At Lower 


Granite Dam, for example, extended-length submersible bar screens with flow vanes guide fish 


upward and away from turbine intakes.  Guided fish then enter gatewells, where improved 


modified balanced flow vertical barrier screens confine fish near underwater orifices.  Fish pass 


through one of two orifices into a collection channel, which extends along the length of the 


powerhouse.  From the collection channel, fish can either be returned to the river below the dam, 


diverted to holding raceways for transport, or diverted for tagging or examination within the 


juvenile fish facility.  Each component of this system may contribute to delay in the downstream 


migration of juvenile salmonids.  


 


At McNary Dam, two studies found considerable delay associated with gatewell egress.  


Beeman and Maule (2001) found that juvenile spring Chinook salmon O. tshawytscha spent 83% 


and steelhead O. mykiss spent 96% of their total time in the JBS within the upper 11 m of the 


gatewell.  Axel and Dey (2001) found similar results for subyearling Chinook salmon at McNary 


Dam, with gatewell residence accounting for 90 to 98% of total passage time through the JBS.  


Since the majority of passage delay within the JBS is in the gatewell, modifications that reduce 


gatewell residence time have the greatest opportunity to decrease passage times for bypassed 


fish. 


  


Results of this study will be used to inform management decisions for structural 


modifications and operation at Lower Granite Dam to optimize survival and passage for juvenile 


salmonids.  Preliminary plans for a new Juvenile Fish Facility at Lower Granite include the use 


of larger orifices and/or overflow weirs for fish to pass from the gatewells to the collection 


channel.  Hydraulic modeling has been conducted in a 1:4 scale model at the Corps Engineer 


Research and Development Center (ERDC) in Vicksburg, MS.  Prototype overflow weirs and 


14-inch orifices are planned for intake gatewells 5A and 6A with construction taking place in the 


winter of 2012/2013.  Testing would occur in spring and summer of 2013.   


 


B. Objectives 


 


1. Determine how overflow weirs and/or larger orifices affect orifice passage efficiency 


(OPE) or gatewell residence time compared to current orifice configuration for juvenile 


salmonids and lamprey. 


 


2. Determine fish condition (injury and descaling) impacts of overflow weirs and/or larger 


orifices compared to current orifice configuration for juvenile salmonids. 


 


3. Determine debris passage impacts of overflow weirs and/or larger orifices relative to 


current orifice configuration. 


 


4. Determine the difference in gatewell residence/retention time for adult salmon and 


steelhead (including kelts) at the new overflow weirs and larger orifices relative to 


standard operating orifices.   


 







5. Investigate salmonid fish behavior patterns in gatewells with overflow weirs relative to 


current orifice configuration. 


 


 


C.  Methods 


 


Objective 1.  Determine how overflow weirs and/or larger orifices affect orifice passage 


efficiency (OPE) or gatewell residence time compared to current orifice 


configuration for juvenile salmonids and lamprey. 


 


For 2013, we propose to use passive integrated transponders (PIT tags) to evaluate the 


biological implications for juvenile salmonids and steelhead passing through the Lower Granite 


juvenile bypass system with respect to gatewell passage modifications.  PIT-tags will allow us to 


recapture study fish in the sort-by-code tanks at Lower Granite Dam, below the planned 


modifications, to investigate fish condition (injury, stress, etc.) impacts of overflow weirs and/or 


larger orifices compared to the current gatewell configuration.  In addition, we can use the 


detection data to determine the difference in gatewell residence/retention time for the new 


overflow weirs and/or larger orifices relative to standard operating orifices.  


Juvenile Chinook, coho O. kistuch, and sockeye O. nerka salmon and steelhead would be 


collected at the Lower Granite Dam juvenile fish collection facility, PIT tagged, and released 


into the test gatewells to evaluate gatewell residence time. 


Juvenile pacific lamprey Entosphenus tridentatus may also be evaluated under this 


objective, with regional approval.  Juvenile lamprey would be obtained at the Lower Granite 


Dam JFF, PIT tagged as described in Mesa et al. (2012), and released in test gatewells.  Specific 


study design will depend on the number of animals that can be obtained and the logistics 


involved with tagging, handling and release.  Ideally, sufficient numbers will be collected for 


numerous releases under each of the test conditions and a control release directly into the 


collection channel.  We do not anticipate recapturing these fish with the sort-by-code system as 


will be done with salmonids. 


 


Sample size 
 


The juvenile salmonid outmigration at Lower Granite Dam is generally separated into a 


spring (late March through May) and summer (June - August) run (Figure 1).  The spring 


outmigration consists of yearling Chinook salmon, coho salmon, sockeye salmon, and steelhead.  


The predominant species are typically yearling Chinook salmon and steelhead, but substantial 


numbers of sockeye salmon will also pass Lower Granite Dam during the month of May.  


Subyearling Chinook salmon are the predominant species during the summer outmigration and 


will make up in excess of 95% of the fish that are passing during this period. 


 


To compare the biological effect of gatewell weirs and 14” orifices on juvenile salmon 


passage rates into the Lower Granite Dam JBS, we will PIT tag groups of fish, release them for 


entrainment into each test gatewell, and record subsequent PIT tag detection either at the facility 


detectors or at temporary detectors located within the collection channel.  We will release fish for 


one treatment per day, during the morning and evening, and monitor detections for a 12-hour 







period.  Therefore, if two treatments are conducted, a two-day “block” will be required.  For each 


fish group released, we will calculate the median passage time from release until first detection 


in the juvenile bypass system.  The estimated medians are not expected to be affected by 


censoring of fish passing after 12-hours unless they are actually greater than during the first 12 h. 


 


Differences between median passage rates for treatments will be statistically compared 


using a Block ANOVA.  While medians (and other percentiles) may not be normally-distributed, 


we expect the mean of medians across blocks to be approximately normally-distributed by the 


central limit theorem (Mood et al., 1974).  We will examine graphical plots of the data versus 


model residuals to assess this assumption.  Additionally, we will model the travel time 


distributions using time-to-event methods (e.g., Kaplan-Meier; Hosmer et al., 2008) to assess 


whether the treatments alter the shape of the distributions as well as their central location (i.e., 


medians).  If needed, measurable covariates (e.g., fish length, debris load, turbidity) can be 


included in the models to help explain variation in these distributions. 


 


The study objective is to test for a minimum difference, d, in median passage rates 


between fish experiencing different passage conditions at each of the weir designs and the 10” 


and 14” orifices (calculations are for pair-wise comparison regardless of number of treatments).  


The number of x-day blocks, b, (x = number of treatments) that are required can be calculated 


from 


 


    


 


for α (0.05), β (0.20; i.e. power = 80%), desired detectable difference stated in hours, and where 


s
2
/b is the estimated variance of d (Steel and Torie 1980).  We estimated s


2
 from similar PIT-


tagged releases at McNary Dam in 2005 as twice the mean-squared error term (MSE) from an 


ANOVA on replicate medians of 0.08948 for yearling Chinook salmon (medians averaged 


roughly 1.0 hour) and 0.02302 for subyearling Chinook salmon (medians averaged roughly 0.25 


hours).  Note that the term with the t values depends on b, so the solution is found iteratively.  


The data used to estimate s
2
 was based on group sample sizes of roughly 100-200 fish.  We will 


tag and release similar group sizes for all species, if possible.  Table 1 shows numbers of blocks 


needed for various detectable differences using the criteria above. 


 


During the spring migration, sufficient numbers of smolts should be available for 6-8 


replicates of each 2-d block for both yearling Chinook salmon and steelhead to achieve a 


detectable difference of 0.35-0.40 h.  Therefore, we anticipate PIT tagging from 1,800-5,400 


smolts of each species.  Sockeye and coho salmon collection is less consistent so we will attempt 


to achieve similar replicates, but chances are that we will have fewer replicates for these species.  


During the summer migration, we anticipate tagging from 6-8 replicates for each 2-d block for a 


detectable difference of 0.15-0.17 h.  Therefore, we anticipate PIT tagging from 3,600-5,400 


subyearling Chinook salmon.  


 


Table 1.  Required numbers of two-day blocks to achieve a range of detectable differences of 


median passage rates (TT) based on daily treatment groups of 300 PIT-tagged salmon, 


with α=0.05 (two-sided test) and β=0.20 (i.e., power = 80%).  These should be 
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considered minimum numbers due to unpredicted experimental error and unplanned 


fluctuations in numbers sampled per test. 


 
Yearling Chinook salmon Subyearling Chinook salmon 


Required 


blocks 


Detectable difference 


 in median TT (hours) 


Required 


blocks 


Detectable difference 


 in median TT (hours) 


72 0.10 203 0.03 


33 0.15 74 0.05 


20 0.20 39 0.07 


13 0.25 20 0.10 


10 0.30 15 0.12 


8 0.35 10 0.15 


6 0.40 8 0.17 


5 0.45 6 0.20 


5 0.50 5 0.25 


 


 


Collection and tagging 
 


Fish used for this study would be collected using the juvenile fish facility (JFF) at Lower 


Granite Dam (rkm 695).  Fish will be selected that do not have any gross injury or deformity, 


were not previously PIT tagged, and are at least 60 mm in length.  Fish will be anesthetized with 


tricaine methanesulfonate (MS-222) and sorted in a recirculating anesthetic system.  Once 


anesthetized, we will record length, injuries and marks, and a PIT tag will be inserted using 


techniques described by Prentice et al. (1990a,b).    


 


 


 


 
 







 
 


Figure 1.  Smolt passage index for juvenile yearling Chinook salmon, steelhead, sockeye salmon, 


coho salmon and subyearling Chinook salmon at Lower Granite Dam, 2002 to 2012.  


Source: DART (http://www.cbr.washington.edu/dart/ pass_hrt.html). 


 


 


Immediately following tagging, fish will be transferred through a water-filled 10.2-cm 


pipe to a 935-L holding tank that will be maintained with flow-through river water.  Fish will be 


held a minimum of 20 h for recovery and determination of post-tagging mortality and tag loss.  


After the post-tagging recovery period, holding tanks will be driven to the release locations on 


the forebay deck.  All holding tanks will be aerated with oxygen during transport.   


 


Fish will be released through a 10.1-cm diameter release hose directly into the gatewells.  


The hose will be connected to the holding tank with its terminus positioned in the center of each 


gatewell approximately 15’ below the orifices.  The trashrack design at Lower Granite Dam does 


not allow for release hoses to be located behind the trashracks. 


 


The USACE plans to install a broad-crested overflow weir in gatewell 5A and a sharp-


crested weir in gatewell 6A.  During the spring test period (until approximately June 2013), 


Turbine Unit 6 will be out of service for repairs, so testing will be conducted only in Unit 5.  


There are also plans to include 14” orifices to replace existing 10” orifices.   


 


During the spring test period a sample release scenario would be to release fish into 


gatewell 5A with the overflow weir operating and 5B with the south 10” orifice open.  Twenty-


four hours later, release fish into gatewell 5A, with the overflow weir shut down and the 14” 


orifice open, and into gatewell 5B with the north 10” orifice open.  We will release groups of fish 


for each treatment twice per day at approximately 0600 and 1800 PDT.  In that regard, we will 


be able to test existing operations with modified operations without biasing results due to 


variations in unit loading and trash rack differentials by using other turbine units.  Thus, each 


week will have two study replicates, and the 6 weeks provides temporal replication over the 


smolt migration season. 


 


When Turbine Unit 6 returns to service as scheduled in June, we plan to release fish into 


gatewells 5B and 6B to obtain results for the existing 10” orifices.  We will release groups of fish 


for each treatment twice per day at 0600 and 1800 PDT.  A sample release scenario would be to 


release into 5A and 6A with overflow weirs operating and release into 5B and 6B with south 10” 







orifices open; twenty-four hours later release into 5A and 6A with weirs shut down and 14” 


orifices operating and into 5B and 6B with 10” orifices operating.  This provides eight different 


tests, each with a unique diel period, repeated twice each week.  Thus, each week will have two 


study replicates, and the 6 weeks provides temporal replication over the smolt migration season.     


 


Fish will be released and the time of release recorded as the start of the test for 


calculating the time until gatewell egress.  Gatewell egress timing will be accomplished by either 


the installation of temporary PIT detectors on the orifices and weirs, or by the release of a control 


group of fish directly into the collection channel at Turbine Unit 5.  The median time from 


release into the collection channel to detection at the JFF can then be subtracted from the elapsed 


time of gatewell released fish to more closely determine gatewell residence time. 


 


 


 


 


Data Analyses  


The primary research question is to determine the biological impacts of converting the 


current 10-inch orifices to overflow weirs or larger orifices in the Lower Granite Dam JBS.  To 


address this question, we plan to conduct a statistical analysis that compares passage 


distributions for a 10” orifice, 14” orifice, broad-crested weir, and a sharp-crested weir.  To 


evaluate passage, we will use a class of statistical procedures developed to analyze "time-to-


event" data (Lawless 1982; Tableman and Kim 2004; Sandford et al. 2012).  In this study, the 


"event" of interest is passage of fish through the orifice, and thus time to event is the time each 


individual fish required to complete a passage event after it is released, defined as ti.  Benefits of 


this type of analysis are that it 1) considers the entire distribution of fish, and is thus more 


powerful than methods that reduce the data to means or medians, and 2) accounts for fish that did 


not complete the event during the study period.  Data from these fish are "censored,” although 


still included in the analysis (to avoid bias toward shorter travel time).   


To determine passage times for each fish, a PIT tag detection system located downstream 


from the release locations will interrogate test fish as they exit each gatewell.  Gatewell egress 


time, ti, is calculated as the difference between release time and time of PIT detection.  Each test 


is conducted for a 12-h period, and detections after 12 h will be considered "right-censored" at 12 


h for the purpose of forming egress time distributions (see description below).   


Fish that are not detected will be omitted from analysis because their passage time could 


not be measured.  Study fish are not detected for a variety of reasons; they may have been able to 


swim away from the intended intake, or they may have passed through the gap at the top of the 


intake screen, in which case they passed via an unmonitored route.  We assume that the 


probability of non-detection, and the passage distribution of non-detected fish, is not related to 


treatment (Hosmer et al. 2008).   


For each release group, we will estimate median passage time from release until first 


detection at the PIT-tag detectors.  Estimates will be made by modeling passage distributions.  


Although we are primarily interested in the effects of the gatewell modifications, we will include 


other variables in our model selection process that might influence passage time.   


Time to passage will be censored at 12 h, when the next treatment is implemented.  We 


censor the data from these fish because even though we have records of when they actually pass, 
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their passage timing may potentially be impacted by the subsequent release.  Data from these fish 


contributes to passage information until the time they are censored.  To omit them from analysis 


would bias the passage distribution estimates downward (toward a shorter passage time).   


The analysis is based on the survivor function, S(t), which describes the proportion of 


individuals that have not passed by time t.  Note that S(t) is always 1.0 when t = 0.0 (beginning 


of a release for a given treatment), and decreases through time to 0.0.  The shape of S(t) is based 


on a parametric model, wherein the factors and covariates included determine how quickly S(t) 


declines from 1.0 to 0.0.  In the simplest case, S(t) is modeled as a negative exponential function, 


and the predictor variables determine its rate of decline.  The probability distribution function, 


f(t), determines the probability of passage during a specified time period, and is derivable from 


S(t) (Lawless 1982; Tableman and Kim 2004; Hosmer et al. 2008).   


 


To relate the model to the data, this distribution can be expressed as   


 


 


 


 


where {n } =  is a vector of regression coefficients; {x1, x2,…, xn } = x is a vector of 


factors, factor interactions, and covariates; zi is a residual from the specified distribution; and  is 


a scale parameter (Tableman and Kim 2004).   


 


Thus,  and z determine the shape of the survival distribution and the form of the 


probability distribution function, f(t), while the regression coefficients, factors, and covariates 


determine the relative passage rates among individuals in a cohort.  We will use the exponential 


distribution to describe passage data because this type of data is expected to be "right-tailed" 


(i.e., a majority of fish pass early, with a smaller proportion straggling behind). 


To estimate model parameters and determine model fits, the likelihood must be specified.  


The general form of the likelihood function for a sample of size, n, when data are censored is:  


 


 


 


 


where ti is the recorded time of passage for individual i, Ci is the time of censoring (i.e., 12 h), 


and δi = 1 for an individual i whose passage time is less than 12 h, and δi = 0 for an individual 


whose passage time is censored (Lawless 1982).  Estimates of model parameters will be obtained 


using maximum likelihood methods (Hosmer et al. 2008; Tableman and Kim 2004; Sandford et 


al. 2012).   


The candidate set of models for this study is all models from the largest (including all 


factors, all two-way interactions between factors, and all covariates) to the smallest (only block).  


All models that included interactions also included corresponding main effects.   


We will compare models using Akaike’s Information Criterion corrected for sample size 


(AICc; Burnham and Anderson 2002).  AICc is calculated as twice the log estimated likelihood 
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function adjusted for sample size (number of PIT-tagged fish) and number of model parameters.  


We will obtain AICci for each model i in the candidate set.  We will then compute differences 


from the minimum value (of the candidate set of models) as Δi = AICci – AICcmin.  Next, we 


compute AICc weights for the ith model as   


 


 


 


 


 


Each wi is interpreted as the weight of evidence supporting model i among our set of 


models (Burnham and Anderson 2002).  In addition, predicted values will be “model-averaged” 


by making estimates for each model and then constructing a weighted average across models 


using AICc weights.  For instance, we will estimate median passage time under a specified 


model by determining the value of t such that S(t) = 0.5.  We will then determine the model-


averaged by median by taking a weighted average (across models) of the estimated medians.  


More details of this overall approach are provided in Sandford et al. (2012). 


 


Objective 2.  Determine fish condition (injury, descaling, etc.) impacts of overflow weirs 


and/or larger orifices compared to current orifice configuration. 


For 2013, we propose to use passive integrated transponders (PIT tags) to evaluate the 


biological implications for juvenile salmonids and steelhead passing through the Lower Granite 


juvenile bypass system with respect to gatewell passage modifications.  PIT-tags will allow us to 


recapture study fish in the sort-by-code tanks at Lower Granite Dam, below the planned 


modifications, to investigate fish condition (injury and descaling) impacts of overflow weirs 


and/or larger orifices compared to the current gatewell configuration. 


 


Sample size 


 


 The study objective is to evaluate fish condition by examining fish prior to the fish 


passage season to determine that the modifications to gatewell passage do not cause detriment to 


fish.  We plan to PIT tag and release 100 juvenile salmonids for each treatment (400 fish total) to 


evaluate preseason descaling. 


 


Collection and tagging 


 We plan to obtain fish from a hatchery, PIT tag them, and release them into the test 


gatewells proportionately to test both weirs and 14” orifices against current orifice 


configurations.  Study fish will be recaptured in the sort-by-code tanks located below the fish 


separator in the juvenile fish bypass system. 


We will also recapture a subsample of the fish that we collect and PIT tag for objective 1 


throughout the study to evaluate descaling and fish condition.  All fish tagged will be examined 


for any descaling/injury and noted for comparison when reexamined in the sort-by-code tanks.  


The number of fish collected for examination from those released in objective 1 will be 


dependent on the capacity of the sort-by-code tanks and the number of non-target fish collected 







during the sort-by-code activities.  Our goal is to examine as many of our test fish as is possible 


while minimizing impact to both our test fish and the non-target fish collected. 


 


Data Analyses  


The methodology for determining whether a smolt fits the criteria of being descaled has 


been developed over a number of years, beginning in the mid–1970’s (Ceballos et al. 1992).  


Fish are considered descaled if more than 20% of the scales are missing from either side of the 


fish.  Therefore, an estimate of 6% descaled (for a given test condition and a given species), 


means that 6/100 of the fish examined were descaled.  Partial descaling will also be recorded and 


is defined as scale loss > 3% and < 20%.  Other injuries will also be recorded, including those to 


the head, operculum, eye, and body of the fish. 


 


To appropriately compare descaling rates between treatment and reference groups, we 


will use an experimental design which attempts to average across these factors.  During the 


spring outmigration, using only Unit 5, descaling will be measured between the test 


configuration in gatewell 5A and the existing 10” orifice in gatewell 5B.  With the addition of 


Turbine Unit 6 during the subyearling Chinook salmon evaluation, to average across temporal-


related factors, we will measure descaling simultaneously in two turbine unit slots (5A and 6A) 


with one gatewell using a broad-crested weir and the other under the reference condition (10” 


orifice).  Conducting a series of these blocks will allow us to statistically compare treatments 


using essentially a paired-t test.  We note that if the assumption is incorrect and there is a 


differential change in descaling rate for the two treatments through time (i.e., a time by treatment 


interaction), this t-test will not be appropriate.  We will then use a regression approach to model 


the difference through time.  


 


Whether the weir treatment is used in Unit 5A on day 1 or 2 will be determined randomly 


for the first block and then will be switched every other day for the length of the study.  The test 


for significant differences in descaling rates by species between weirs and 10” orifices will be 


the standard t-test and 95% confidence interval.  The null hypothesis is that the descaling rates 


are not different between treatments. 


 


Objective 3.  Determine debris passage impacts of overflow weirs and/or larger orifices relative 


to current orifice configuration. 
 


 To evaluate this objective we will introduce wood chip debris into the gatewells during 


the initial test period in March and note arrival timing at the separator for the overflow weir, 10” 


and 14” orifices.   


 


Objective 4.  Determine the difference in gatewell residence/retention time for adult salmon 


and steelhead (including kelts) at the new overflow weirs and larger orifices 


relative to standard operating orifices. 


 


 We anticipate obtaining surplus hatchery steelhead to evaluate this objective during the 


March time period.  Fish will be PIT tagged, and their condition noted, prior to release into the 







study gatewells.  After recapture, fish will again be examined for condition/injury.  Evaluation of 


this objective will depend primarily on number of fish available. 


 


Objective 5.  Investigate salmonid fish behavior patterns in gatewells with overflow weirs 


relative to current orifice configuration. 


 


 To evaluate this objective, Didson and/or optical cameras will be used to record fish 


behavior as they approach and pass the overflow weirs.  Cameras will be mounted on a 


removable frame designed to minimize influence to the gatewell environment, as has been done 


at other USACE projects.  This arrangement can also be used during the objective 3 debris 


releases. 


 


 


D.  Facilities and Equipment  
 


Juvenile salmonids used in the initial evaluation of objective 1 and 2 will be obtained 


from a hatchery and held at Lower Granite Dam prior to release.  Adult fish used in objective 4 


will also be transported to Lower Granite Dam and held prior to release.  Juvenile salmonids and 


lamprey required after the initial testing would be collected and tagged at the Lower Granite 


Dam juvenile fish facility.  PIT tags would be ordered directly from the manufacturer by the 


COE.  Other equipment necessary for the proposed work, trucks, computers, and the like, will be 


provided to the project by researchers on a rental basis.    


 


E.  Impacts of study on Corps projects and other activities 


 


Division or District Corps personnel will be needed to provide technical review of 


research proposed for 2013. 


 


Assistance from project personnel will be required as follows: 


 


1. Turbine units designated for this study (5 and 6) will need to be running for a 


minimum of 24 hours after fish release in order to provide adequate time for test fish 


to leave the unit.  


 


2. Cycling of orifices in test units should be similar and done at regular intervals so as to 


not bias passage rates. 


 


3. Most fish for the study will be collected at Lower Granite Dam.  Changes in the daily 


smolt monitoring sampling schedule and sample rates may be required to meet daily 


target numbers for tagging.  Collection operations at Lower Granite Dam during 


March through July will be coordinated with the Project Office and Smolt Monitoring 


Program personnel. 


 


4. Additional juvenile and adult fish will be obtained off site and will need to be held at 


Lower Granite Dam prior to release. 


 







5. Activities related to fish handling may occur during all hours; therefore, unusual 


vehicle traffic and activity may occur outside normal COE duty hours during March 


through August.  NOAA Fisheries personnel will require access to the forebay deck 


and collection channel at all hours of the day during study period.  


 


 


F.  Biological Effects 


 


Fish to be used for the proposed project will be anesthetized for approximately 8 to 11 


minutes, held for a minimum of 20 hours, and then released into gatewells at units 5 and 6 once 


recovered at Lower Granite Dam.  NOAA Fisheries research biologists have extensive 


experience handling and PIT tagging fish.        


 


 


G.  Key Personnel 


Randall F. Absolon    Principal Investigator 


Jesse J. Lamb     Principal Investigator 


Douglas M. Marsh    Research Biologist 


Gordon A. Axel    Research Biologist 


Mary Moser     Research Biologist 


Benjamin P. Sandford    Mathematical Statistician 


Ken W. McIntyre Biological Technician 


Neill N. Paasch    Biological Technician 


Louis Tullos     Maintenance Mechanic 


Rich W. Zabel     Division Director 


Sandra Downing    Budget Coordinator 


 


  


H. 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 technical 


journals.  Special efforts will be made to provide information for managers as needed.  
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I. Basic Information 


A. Title 


McNary Dam Emergency Gate Closure Fish Guidance Efficiency Study 


B. Project Leaders 


P. Scott Titzler 
Pacific Northwest National Laboratory 
P.O. Box 999, MSIN K6-85 
Richland, Washington 99352 
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Pacific Northwest National Laboratory 
P.O. Box 999, MSIN K6-85 
Richland, Washington 99352 
509-371-7156 
Email:  Kenneth.ham@pnnl.gov 
 


C. Study Code 


BPS-W-13-5, McNary Dam Emergency Gate Closure Fish Guidance Efficiency Study 


D. Anticipated Duration 


March 2013 through December 2013 


E. Date of Submission 


August 7, 2012 


II. Project Summary 


A. Project Goals 


This study will test for differences in Fish Guidance Efficiency (FGE) and gatewell descaling rates of 
fish between the turbine emergency gate being stored in the raised and standard-stored (low) position 
at McNary Dam.   
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B. Objectives 


The following objectives apply to run of river yearling and subyearling Chinook salmon and juvenile 
steelhead:  


1. Test for significant differences in FGE at two or more available turbine units at McNary Dam under 
two turbine intake gate storage positions (current raised position and the design storage position) and 
various turbine operations within the 1% range.  


2. Evaluate effects of measured FGE on overall dam passage survival as it relates to BiOp requirements.  


3. Evaluate fish descaling among gate positions, replicates, and operations  


C. Methods 


FGE will be estimated using fixed-aspect hydroacoustic techniques based upon the approach used by 
Moursund et al. (2005, 2006) and Ham et al. (2011) at McNary Dam.  Fish guidance screens at McNary 
dam are extended length submersible bar screens (ESBS).  Fish diverted by the ESBS (Guided) will be 
sampled by a transducer mounted low on the trash rack and aimed downstream and upward above the 
screen.  Fish not diverted by the ESBS (Unguided) will be monitored by a transducer mounted on a 
crossbar of the ESBS frame and aimed slightly upstream and downward behind the ESBS.  The relative 
estimates of passage through these two zones will be used to estimate FGE = Guided / 
(Guided+Unguided).  These estimates will be compared among treatments to identify any significant 
differences in FGE. 
 
Fish passing downstream through the gap between the upper edge of the ESBS and the intake ceiling will 
also be monitored to estimate gap loss.  An additional transducer will be mounted to the crossbar of the 
ESBS frame and will be pointed upward and downstream to sample the area downstream of the ESBS 
gap. 
 
Fish descaling will be evaluated by releasing juvenile PIT-tagged fish near the surface of the intake using 
a release hose that guides these fish downstream of the trash racks of those units under study during the 
treatments (Gessel et al. 2006).  Past studies suggest a large proportion of juvenile salmonids released in 
such a way are likely to encounter the ESBS and be guided into the gatewell.  Fish collected and released 
will represent yearling Chinook and steelhead in the spring and sub-yearling Chinook in the summer part 
of the study.  These fish will be recovered in the Separation-By-Code (SbyC) system in the Juvenile Fish 
Facility at McNary Dam.  Following recovery, fish will be evaluated for injury by visual inspection with 
documentation also provided by analysis of digital images.  The results of the evaluations will be 
compared to determine significant differences among treatments.  


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, RPA 21; RM&E Strategy 2, RPA 54.  This study to estimate FGE and fish injury 
will help decision makers select a strategy for meeting a dam safety requirement related to emergency 
gate closure times that does not compromise the ability of the dam to meet BiOp performance standards 
for juvenile salmonid survival. 
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III. Project Description 


A. Background 


Turbine intake gates serve multiple purposes, including sealing a turbine unit during repairs or emergency 
situations.  A standard gate closure time of ten minutes has been established as the maximum acceptable 
closure time in case of emergency.  Past studies have shown that raising the emergency gates from the 
design storage position to a raised, out of water position has increased fish guidance efficiency in the 
gatewells at McNary Dam.  However, this raised gate position results in a gate closure time exceeding the 
acceptable maximum.  Achieving an acceptable closure time from the raised position is likely to require 
extensive, expensive modifications to the gate closure infrastructure.  No recent estimates of the FGE 
benefit of having the gates raised are available.  If the reduction in FGE is small and will not hinder 
meeting overall BiOp performance standards, lowering the emergency gate to the stored position will be 
considered as a cost efficient alternative to other costly remedies for achieving an acceptable emergency 
closure time.  


B. Objectives 


The following objectives apply to run of river yearling and subyearling Chinook salmon and juvenile 
steelhead:  


1. Test for significant differences in FGE at two or more available turbine units at McNary Dam under 
two turbine intake gate storage positions (current raised position and the design storage position) and 
various turbine operations within the 1% range.  


2. Evaluate effects of measured FGE on overall dam passage survival as it relates to BiOp requirements.  


3. Evaluate fish descaling between and among gate positions, replicates, and operations  


C. Methods 


1. Study Design 


Two aspects of the operations at McNary dam must be taken into account to achieve an effective study 
design:  1) the difficulty of resetting the emergency gates, and 2) the operation of the Juvenile Fish 
Facility (JFF) on alternating days only during much of the study period.  The first aspect requires 
relatively long experimental blocks for emergency gates to avoid costly and time consuming 
reconfiguration.  The second requires that fish condition studies be coordinated carefully within each 
block.  Incorporating two turbine operational categories (Peak Efficiency, and Upper 1%) nested within 
each gate treatment block requires at least 4 days to ensure that each operational level occurs on a day 
when sampling is occurring at the JFF.  An additional day between gate treatment blocks will be needed if 
gate positions differ for the next block.  Turbines will be operated as pairs, so that each gate position is 
represented for every gate treatment block and operational condition, with only one position change per 
season.  This approach will help ensure that differences through time in FGE have the same influence on 
operational treatment conditions.  Sampling two pairs of units will help account for unit-to-unit 
differences that may occur across the powerhouse. 


2. Fish Guidance Efficiency 


To evaluate FGE, split-beam hydroacoustic systems will be used to monitor juvenile fish entering the 
powerhouse.  Data will be used to estimate the number of fish guided and not guided by the ESBS 
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screens. Data collection will be accomplished using Harp–SB Split-Beam Data Acquisition/Signal 
Processing Software; a DOS-based application that controls a PAS-103 Split-Beam Multi-Mode 
Scientific Sounder.  Each PAS-103 Split-beam Sounder controls a PAS-203 Split-Beam 4-Channel 
Transducer Multiplexer that multiplexes two PAS 420-kHz Split-Beam Transducers.  The sounder 
controls the pulses (pings) emitted by the transducers and processes the signals received.  When a fish 
passes through the sample volume of the beam, pings are reflected and received as an echo at the 
transducer.  Ping rates of around 25 pings per second are typically used during juvenile studies.  Echo 
data are captured using the Harp−SB data acquisition and signal processing software that controls the 
sounder and stores the data.  Hydroacoustic transducers will sample areas where fish are guided by the 
ESBS screens and areas where they have already moved past the screen (unguided or gap loss).  Sampling 
will occur in the A slot (one of three) in each turbine unit.  Each turbine unit studied would therefore have 
three hydroacoustic transducers sampling fish passage.  Hydroacoustic sampling will be conducted at the 
dam 24 hours per day, seven days a week.  The sounder and the data-acquisition equipment will be 
housed in one or more equipment shacks on the forebay deck for the duration of the study.   
 


Three Precision Acoustic Systems, Inc. (PAS) 420-kHz split-beam transducers with a nominal beam 
angle of 6 degrees (Figure 1) will be used for each unit sampled.  Transducers for sampling guided fish 
will be attached to the center of the trash rack horizontal member at an elevation of 239 feet above mean 
sea level (ft MSL), oriented to look up towards the intake ceiling and aimed 31 degrees downstream of 
the trash rack plane (Figure 2).  In order to protect the transducer cables from debris and trash rack raking, 
cables will be secured to the downstream side of the trash rack as they are routed up to the intake road 
deck.  Transducers for sampling unguided fish will be attached to the ESBS top horizontal beam at an 
elevation of 270 ft MSL, oriented to look down towards the intake floor and aimed 24 degrees upstream 
of the vertical plane (Figure 2).  Cables will be routed horizontally along ESBS top horizontal beam to 
either edge, then up through the screen slot to the surface and intake deck.  Transducers for sampling Gap 
Loss fish will be attached to the ESBS top horizontal beam at an elevation of 250 ft MSL, oriented to look 
up towards the intake ceiling and aimed 11 degrees downstream of the vertical plane (Figure 2).  Cables 
will be routed horizontally along ESBS top horizontal beam to either edge, then up through the screen slot 
to the surface and intake deck.  
 
 


 


Figure 1.  Transducer Installed in an Adjustable Mount and Prepared for Installation. 
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Figure 2. Side View of the Unit Intake Split-Beam Transducer Deployments 


 
Data analysis for fixed-aspect hydroacoustics will consist of estimating fish passage numbers and 
integrating them with treatment and operational conditions within specific time periods and passage 
routes.  These general analysis results will then be summarized to address specific questions of 
interest, such as how FGE or gap loss differs among the gate position treatments.  Both spatial and 
temporal variations in the sampling will be taken into account.  The variances are calculated and 
carried through to the final estimates.  ANOVA will be used to identify whether FGE differs 
significantly between the raised or stored gate positions. 


3. Gatewell Retention Time and Fish Condition 


With the emergency gate in the standard stored (low) position, water flow up the gatewell slot is expected 
to be less than if the emergency gate were to be stored in the raised position.  This could possibly lead to 
longer gatewell retention time for fish.  Slower flows through the vertical barrier screen would likely 
reduce fish descaling, unless debris loading changes in such a way that pockets of high flow areas are 
created.  Therefore, it is important to compare the two emergency gate positions to determine if gatewell 
retention time increases or high-flow pockets increase descaling. 
 
Fish acquisition and Tagging 
 
Fish will be attained from hatchery stocks and reared at the PNNL Aquatic Research Laboratory (ARL).  
Spring and fall Chinook salmon and steelhead will be reared at the ARL prior to use in the study.  Fish 


Guided 


Unguided 
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will be PIT tagged either at JFF or at the PNNL ARL and then held overnight prior to transport and 
release at McNary Dam.   
  
Permitting 
 
PNNL will apply for Federal (National Marine Fisheries Service [NMFS]) and state (Washington 
Department of Fish and Wildlife [WDFW] and Oregon Department of Fish and Wildlife [ODFW]) 
scientific collection permits and state transport permits as required so that fish can be recaptured at 
the McNary Dam JFF.  This will include permitting for bycatch of fish that will be caught when the 
fish we intend to capture are diverted.  The ability to tag smolts is contingent on approval from NMFS 
and WDFW to collect, tag, and transport fish.  The time to obtain permits can vary depending upon 
agency workloads, so we will begin the process as soon as notification to proceed is provided.  Smolt 
handling and collection records for all fish handled will be retained for permit accounting.  In 
addition, animal care permits will be done to ensure that all fish handling and tagging techniques are 
appropriate. 
 
Releases.  
 
Following tagging, fish will be transported to the McNary Dam intake deck and released into a 
system of a holding tank, hoses and pipes that releases fish into turbine intakes at a shallow depth 
downstream of the trash rack and upstream of the ESBS screen (just below the intake ceiling).  A 
large proportion of fish released are expected to be guided by the ESBS into the gatewells monitored 
for FGE (see previous section on FGE monitoring).  Releases will be coordinated to occur during 
each treatment condition (Gates Raised, Gates Stored) and each turbine operational level (Peak 
Efficiency, Upper 1%) within each experimental block.  Releases will not occur on days when the 
McNary Dam JFF is operated in full flow bypass mode because the SbyC system is not available 
during that mode.  Approximately 35-40 fish would be released into each gatewell every other day 
during a treatment block. 
 
Retrieval PIT Fish 
 
After release in the McNary Dam turbine intakes, PIT-tagged fish will be recovered at the McNary 
Dam JFF using the SbyC system.  Upon entering the McNary Dam JFF, fish are directed through a 
series of chutes and pipes eventually leading to the McNary Dam tailrace release pipe.  The SbyC 
system operates every second day, and if a target PIT tag is detected, a gate will open and redirect the 
PIT-tagged fish to a holding tank so that they are available for examination.  As PIT-tagged fish are 
collected, it is fairly common for non-target fish to be collected as bycatch at the same time.  
Therefore, once fish collection is complete, they must be sorted so that juvenile fish without PIT tags 
can be released.  Fish will be netted from holding tanks into 5-gallon buckets of 40 to 80-mg/L MS-
222 (approximately 20 individuals per bucket) for sorting.  All bycatch will be allowed to recover 
from anesthesia before being released back to the river.  Upon recovery of the PIT tagged fish, photos 
and detailed notes will be taken to evaluate any injury.  Methods similar to Deters et al. (2012) will be 
used to quantify any injuries.  Photos of each fish will be taken.  Image analysis software (Image-Pro 
Plus and Image-Pro Analyzer, version 7.0.1, Media Cybernetics, Bethesda, Maryland) will be used to 
quantify the area of descaling.  The grading of injuries will be done so that descaling can also be 
compared to the techniques currently used to examine fish at the McNary JFF.  Currently they 
consider any fish with more than 25% or more scale loss on one side to be descaled. 
 
Data Analysis 
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Rates of fish descaling will be compiled by block and compared between the two treatment conditions 
(Gates Raised, Gates Stored).  Descaling will be graded so that levels can be compared on a 
continuous scale.  This will allow robust statistical analysis to be conducted.  ANOVA tests of 
descaling rates will be used to identify statistically significant differences among treatment 
conditions.   


D. Impacts 


Deployment of hydroacoustic gear and release hose systems will require close coordination with the 
McNary Dam project personnel to ensure that equipment installation occurs during screen installation 
to avoid unnecessary outages.  Transducers mounted on trash racks will require installation by divers.  
Installation of the release hose may also require divers.  Outages for diving are much easier to 
coordinate before increasing spring flows, so timing will be important.  Hydroacoustic sampling does 
not require tagging or handling of fish, so no impacts to fish are expected for that portion of the study. 
Fish descaling evaluation will require coordination with the JFF staff, to ensure that the collection and 
evaluation is compatible with the procedures of the smolt monitoring program. 
 


E. Schedule 


Installation – February, April 2013 
Data Collection – April 2013 – July 2013 
Summary data report –September 2013 
Draft report – October 2013 
Final report – December 2013 
 


IV. II. LIST OF KEY PERSONNEL AND PROJECT DUTIES 


Scott Titzler (PNNL) Scientist and Co-Principle investigator - all aspects 
Kenneth Ham (PNNL) Senior Scientist, Co-Principle investigator - Hydroacoustics 
Rich Brown (PNNL) Senior Scientist, Fish Injury 


V. Technology Transfer 


Comparisons of fish passage performance of the bypass facility under varying conditions will help 
guide the operation of dams to achieve fish survival and operational objectives. 


VI. Literature Cited 


Deters KA, RS Brown, JW Boyd, MB Eppard, and A Seaburg.  2012.  Optimal Suturing Technique and 
Number of Sutures for Surgical Implantation of Acoustic Transmitters in Juvenile Salmonids.  
Transactions of the American Fisheries Society 141:1-10.  


Gessel MH, DA Brege, BP Sandford, and GM Matthews. 2006. Effects of Turbine Operations and a 
Prototype Rotating Vertical Barrier Screen on Fish Condition at McNary Dam, 2005. Prepared by the 
National Oceanic and Atmospheric Administration, National Marine Fisheries Service, Seattle, 
Washington, for the U.S. Army Corps of Engineers, Walla Walla District, Walla Walla, Washington, 
under Contract W68SBV20655422. 
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Ham KD, PS Titzler, RP Mueller, and DM Trott.  2011.  Hydroacoustic Evaluation of Adult Steelhead 
Fallback and Kelt Passage at McNary Dam, Winter 2010-2011.  PNWD-4301.  Report prepared for 
the U.S. Army Corps of Engineers, Walla Walla District, Walla Walla, Washington. 


Moursund RA, KD Ham, and PS Titzler.  2006. Effects of Turbine Loading on FGE, Gap Loss, and 
Debris Performance of Prototype VBS's at McNary Dam in 2005. PNWD-3567. U.S. Army Corps of 
Engineers, Walla Walla District, Walla Walla, Washington. 


Moursund RA, KD Ham, and PS Titzler.  2005.  Evaluation of the effects of turbine loading on fish 
guidance efficiency at McNary Dam in 2004.  PNWD-3567.  Report prepared for the U.S. Army 
Corps of Engineers, Walla Walla District, Walla Walla, Washington. 


 


VII. BUDGET 


The budget will be submitted under separate cover. 
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I.   Basic Information 


A.  Title 
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B.  Project Leaders 
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Pacific Northwest National Laboratory 
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Principal Investigator: 
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II.   Project Summary 
         


A. Goal 
 


The primary goal of this project is to understand more about the movements of adult and sub-
adult bull trout in the lower Snake River and to document any potential interactions with, and 
passage through, Little Goose and Lower Monumental dams. 


 


B. Objective 
 
Determine if and how bull trout approach and pass Little Goose and Lower Monumental dams in 
the lower Snake River. 
 


C. Methodology 
 
Briefly, Juvenile Salmon Acoustic Telemetry System (JSATS; McMichael et al. 2010) acoustic 
transmitters will be implanted in adult and sub-adult bull trout captured in the lower Tucannon 
River and at fish collection facilities at Little Goose and Lower Monumental dams, and detected 
at several JSATS detection arrays located throughout the lower Snake River.  Detailed methods 
can be found in Section III.C. 
 


D. Relevance to the USFWS 2000 Biological Opinion 
 
This study directly addresses Reasonable and Prudent Measure 10.A.3.1 as outlined in the U.S. 
Fish and Wildlife Service’s 2000 Biological Opinion (USFWS 2000) regarding the effect of the 
Federal Columbia River Power System (FCRPS) on bull trout: 


 
“The action agencies shall determine the presence of, and use by, bull trout in the mainstem 
Snake River, and shall implement monitoring and studies to provide critical information on 
bull trout distribution, timing, and usage of the Lower Snake River dams and reservoir 
system”. 


  


E. Management Implications 
 
The information generated as a result of this effort will provide the basis for understanding the 
seasonality of bull trout use of the lower Snake River in an area influenced by the FCRPS.  
While sample sizes are expected to be relatively low, we anticipate being able to document 
migratory behavior of sub-adult and adult bull trout that enter Lower Monumental Reservoir, 
either through the juvenile bypass system at Little Goose Dam or from the lower Tucannon 
River.  Reservoir residence times, travel rates, and movement patterns will be useful to managers 
attempting to understand the usage of these lower Snake River reservoirs by bull trout. 







III.  Project Description 
         


A. Background 
 
Bull trout Salvelinus confluentus in the Columbia River basin were listed as a threatened species 
under the Endangered Species Act in 1998 (USFWS 1998).  Subsequently, a Biological Opinion 
was released that outlined potential impacts on bull trout from the Federal Columbia River 
Power System, including Little Goose and Lower Monumental dams on the lower Snake River 
(USFWS 2000).   


 
The Biological Opinion directed the action agencies to “determine the presence of, and use by, 
bull trout in the mainstem Snake River, and shall implement monitoring and studies to provide 
critical information on bull trout distribution, timing, and usage of the Lower Snake River dams 
and reservoir system”. 


 
Small numbers of bull trout are sampled annually in juvenile bypass systems at lower Snake 
River dams and in sampling conducted by the Washington Department of Fish and Wildlife 
(WDFW) in the lower Tucannon River.  To opportunistically take advantage of access to these 
fish, we propose to surgically implant small JSATS acoustic transmitters into available bull trout 
and monitor their movements with JSATS receiver arrays between the forebay of Little Goose 
Dam and the reservoir upstream of Ice Harbor Dam to elucidate the behavior of bull trout within 
the lower Snake River portion of the FCRPS. 
 


B. Objective 
 
Determine if and how bull trout approach and pass Little Goose and Lower Monumental dams in 
the lower Snake River. 
 


C. Methodology    
 
Task 1 – JSATS Installation 


 
Prior to implantation of transmitters and transponders, JSATS autonomous acoustic receivers 
owned by the U.S. Army Corps of Engineers (USACE) will undergo quality assurance testing at 
the Pacific Northwest National Laboratory (PNNL) and will be deployed in 10 arrays in the 
lower Snake River (Figure 1).  Each array will consist of about 3 receivers; however, the exact 
number of receivers needed for each array will depend on site characteristics (i.e., channel 
morphology) in order to maximize the detection probability of passing fish.  Two arrays will be 
located in the Snake River immediately upstream (~1 km) and downstream (~1 km) of the mouth 
of the Tucannon River to detect bull trout entering and exiting the tributary.  Arrays will also be 
located in each of the tailraces and forebays of Little Goose and Lower Monumental dams to 
detect bull trout that approach or pass each dam.  Three additional arrays will be located 
throughout Lower Monumental Reservoir (Lake Herbert G. West) to provide additional 







movement resolution.  Forebay and tailrace arrays will allow us to estimate project passage time 
(forebay entrance to tailrace exit; i.e., BRZ to BRZ) and direction of travel.   


 


 
Figure 1.   Map of study area including locations of 10 acoustic arrays to detect adult and sub-adult bull 


trout implanted with JSATS acoustic transmitters. 


 
Task 2 – Fish Capture and Tagging 
 
Adult and sub-adult bull trout will be captured by screw trap, hook-and-line, or snorkel dip-
netting in the lower Tucannon River and at the Little Goose and Lower Monumental dams’ 
juvenile bypass facilities.  We are assuming a screw trap will be operated by staff with the 
Washington Department of Fish and Wildlife from mid-October 2012 through early August 2013 
and that bull trout collected in these traps will be available for tagging.  Sampling will also occur 
at the juvenile bypass facilities (in the sample room and on the separator) at Little Goose and 
Lower Granite dams by staff with the Oregon Department of Fish and Wildlife and WDFW, 
respectively.  Captured bull trout that meet a minimum length requirement will be held 
temporarily in a live cage and an on-call surgery team with PNNL will be notified to perform the 
surgery.  The on-call surgery team will make every effort to leave immediately from PNNL upon 
hearing of the captured bull trout and thus, most surgeries will occur within 2.5 hours of 
notification (i.e., drive time to the farthest sampling site, Little Goose Dam, plus surgery time).  
Bull trout may also be captured by PNNL staff using hook-and-line sampling or by hand dip-nets 
while snorkeling at night, which has been effective for capturing sub-adult bull trout in the 
Middle Fork East River, Idaho (Geist et al. 2004).   
 







A minimum bull trout total length (TL) of 160 mm will be required for tagging based on 
previous tag-effects research on juvenile salmon because no similar data have been published 
specifically for bull trout.  A maximum acoustic transmitter weight burden of 6.7% has been 
recommended for juvenile Chinook salmon Oncorhynchus tshawytscha (Brown et al. 2010); 
however, we chose a more conservative tag burden of 5.5% because juvenile and sub-adult bull 
trout are typically more thin than juvenile Chinook salmon and consequently may not have as 
much available volume within the intraperitoneal cavity for implantation of a transmitter.  
Although the body cavity volume is based on speculation, we believe a more conservative tag 
burden is necessary to minimize tagging-related impacts on bull trout.  The minimum tagging 
length was then calculated based on a published standard-weight equation for bull trout (Hyatt 
and Hubert 2000) and an estimated transmitter weight of 1.9 g.   
 
Up to 30 adult and sub-adult bull trout will be implanted with a JSATS transmitter and a 12-mm 
passive-integrative transponder (PIT) tag during the sampling period from about mid-October 
2012 through mid-October 2013.  Two JSATS transmitter types will likely be available for use 
and will be implanted depending on the size of the fish.  Transmitters will have a pulse-repetition 
interval of 7 s and an output voltage of 3 V.  The smallest transmitter would weigh a maximum 
of 1.9 g with a battery life of about 1 year and would be emplaced in the smallest sub-adult bull 
trout at least 160 mm in total length and weighing at least 34 g.  A larger JSATS transmitter 
weighing no more than 4.0 g with a battery life of about 3 years will be implanted in the larger 
bull trout with a minimum total length of 203 mm or minimum weight of 72 g.  This larger 
JSATS transmitter will allow the largest individuals to be tracked over multiple years of study. 
 
Bull trout will be initially anesthetized with about 80 mg/mL of MS-222 until they reach stage 4 
anesthesia (Summerfelt and Smith 1990).  Fish will then be placed ventral side up in a foam 
trough with a piece of tubing placed in the mouth of the fish.  During the surgery, a maintenance 
dose of anesthesia solution (MS-222, ~40 mg/mL) will be flushed through the gills through the 
plastic tubing.  Using a sterile scalpel, a 6-mm incision will be made on the linea alba anterior to 
the pelvic girdle (similar to Panther et al. 2012).  A JSATS transmitter and PIT tag will be 
inserted into the coelom of the fish through the incision and the incision will be closed with two 
absorbable monofilament sutures similar to Deters et al. (2012).  Following surgery, fish will be 
placed in a recovery bin with fresh river water until they have recovered from anesthesia (i.e., 
regained equilibrium and steady opercular movements).  Bull trout collected and tagged in the 
screw trap will be released downstream of the trap into the river and bull trout collected and 
tagged at the Little Goose or Lower Monumental juvenile fish facilities will be released into the 
tailrace of each dam, respectively.  Bull trout captured and tagged during hook-and-line sampling 
or night dip-netting in the Tucannon River will be released at the point of capture. 
 
 
Task 3 – Tag-Life Analysis 
 
Tag failure violates one of the primary assumptions of fish telemetry studies and thus an 
assessment of tag failure is necessary to ensure that tags meet the manufacturer-specified battery 
life.  A subsample of transmitters will be randomly selected from each of the two acoustic 
transmitter types (up to 5 each) and retained for tag-life analysis.  The time to the end of battery 







life will be recorded for each selected tag to estimate the battery life of transmitters in the field 
and to verify the assumption that at-large transmitters were active throughout the study period.  
 
Task 4 – In-Season Data Collection and Maintenance 
 
Autonomous acoustic receivers will be retrieved approximately once every 28 days during the 
study period to download data and replace batteries.  Data will then be uploaded to a SQL Server 
database and data will be filtered to exclude false-positive detections.  Following the data 
collection season, detection data on all study fish will be queried to form detection histories for 
individual fish. 
 
Task 5 – Analyses 
 
Due to the low number of bull trout that may be captured, analyses will likely be confined to 
simple descriptive statistics.  Based on acquired detection histories, calculated metrics may 
include: 
 


o Dam passage time (forebay array to tailrace array or vice versa),  
o River reach travel time (first detection at one array until the first detection at an 


adjacent array),  
o Forebay residence time (time from first to last detection at a forebay array),  
o Tailrace residence time (time from first to last detection at a tailrace array), and 
o Direction and timing of travel after exiting the Tucannon River  


 
Task 6 – Deliverables 
 
Deliverables will include both a draft and final report detailing the methods and results of the 
study, and presentation of results at the Annual Anadromous Fish Evaluation Program (AFEP) 
Meeting to be held in Walla Walla, WA in fall 2013. 
 
Task 7 – Project Management 
 
Project management duties include coordinating communication between Washington 
Department of Fish and Wildlife staff operating the Tucannon screw trap, fish sampling staff at 
the juvenile fish facilities at Little Goose and Lower Monumental dams, and the on-call surgery 
crew at PNNL.   


 


Justification of the proposed study area or laboratory 
 
The Lower Monumental Reservoir was selected as the focal point for this research to take 
advantage of the opportunity to tag the largest number of bull trout that would be possible within 
the FCRPS (i.e., the robust population within the Tucannon River).  The lower Tucannon River 
screw trap operated by WDFW typically samples 12 to 15 bull trout annually, while the smolt 
monitoring personnel at LGS and LMN typically encounter 1 to 5 bull trout each year.  By 
tagging these fish that are likely to enter the FCRPS area, we will optimize our ability to collect 







information that will allow us to determine if and how bull trout approach and pass FCRPS 
dams. 


 


Method of analysis 
 
Because expected sample sizes will be low in comparison to juvenile salmon survival studies 
performed in the FCRPS, we do not intend to estimate the survival of tagged bull trout.  The data 
will be analyzed to produce meaningful metrics of bull trout movement rates and directions, as 
well as dam passage times (if tagged fish pass the either LGS or LMN).  Additional information 
relating to residence time by reach and any seasonal or life-stage-related patterns will also be 
produced. 


 


Numbers and species and source of required fish  
 
We will be prepared to tag a maximum of 30 bull trout during the study period (October 2012-
October 2013).  Bull trout in the Tucannon River will be collected by WDFW and those 
collected in the smolt monitoring facilities will be collected by ODFW and/or WDFW staff.  
Direct capture of bull trout by hook-and-line and/or night snorkeling/dip-netting will be 
attempted in the lower reaches of the Tucannon River in an attempt to increase sample size.  


 


Limitations of proposed methodology and expected difficulties 
 
Access to fish will be the primary factor limiting the amount of data that will be generated.  Loss 
of acoustic receivers would also result in a loss of data; however, we do not expect to lose any 
data.  We operated 30 JSATS autonomous receivers within the lower Snake River for 5 months 
during 2012 without loss of equipment or data. 


 


Expected results and applicability 
 
We expect to be able to tag and determine the movement patterns of bull trout in the lower Snake 
River portion of the FCRPS.  Further, we expect to be able to determine if and how tagged bull 
trout approach or pass FCRPS dams. 


 


Schedule 
 
The milestone and task schedule is as follows: 
 


1. Kick-off meeting, early October 2012 







2. Sample and tag fish, October 15, 2012 (pending receipt of permits) through 
October 15, 2013 


3. Maintain acoustic receivers, October 15, 2012 through October 15, 2013 
4. Present results at AFEP Review, November or December 2013 
5. Draft report to USACE, November 15, 2013 
6. Final report to USACE, December 31, 2013 


 


D.  Facilities and Equipment 


Requirements 


Success of this project will rely on operation of the screw trap in the lower Tucannon River by 
the Washington Department of Fish and Wildlife, as well as operation of the juvenile fish 
sampling facilities at Little Goose and Lower Monumental dams.  It is expected that 35 JSATS 
autonomous acoustic receivers (i.e., 30 for arrays plus 5 extras), 75 rechargeable batteries to 
power receivers, 35 acoustic release units (i.e., 30 for receivers plus 5 extras), and 2 acoustic-
release control units will be made available for this work by the USACE for use throughout the 
duration of this project.  It is also presumed that 40 acoustic transmitters (i.e., 20 each of 2 types 
(specified by PNNL) will be procured by the USACE.   


Justification for special or expensive equipment or services    
 
A vast majority of the expensive equipment required for this project is already owned by the 
USACE.  The price for acoustic transmitters is reasonable (~$250/each) and is comparable to 
other similar telemetry technologies. 


 


E.  Impacts 


E.1  Other ongoing or proposed research 
 
It is possible that this project may impact other ongoing research at the WDFW screw trap or the 
Little Goose and Lower Monumental juvenile fish facilities and thus, communication between 
the various project leads will be critical to success of all projects.  However, due to the very low 
numbers of bull trout that are expected to be sampled in either the screw trap or the juvenile fish 
facilities, we expect that the impact to other projects will be minimal.  Autonomous receiver 
maintenance and downloading of data should have minimal impact on other ongoing or proposed 
research.  Currently we are unaware of other proposed research projects involving bull trout or 
sampling at the juvenile fish facilities or the WDFW screw trap that may be impacted by this 
project. 


E.2  Projects 
 
This project will not affect project operations at either Little Goose Dam or Lower Monumental 
Dam.  However, at least 3 staff from PNNL will require access to the juvenile fish facilities from 
October 15, 2012 to October 15, 2013 at both dams to obtain and implant transmitters in 







collected bull trout.  Further, bull trout will be held at the project for several hours following 
separation in the juvenile fish facility until an on-call PNNL surgery team arrives.  We will 
specifically outline this holding procedure within our application for the Section 7 permit to 
ensure approval of this methodology prior to the start of this study.  Work to recover and 
maintain autonomous acoustic receivers will also occur in navigable waters and although the 
projects will not be affected, we will outline our procedures in our Section 10 permit application, 
which will be approved prior to the start of work.   
 
  


F.  Collaborative Arrangements and/or Sub-Contracts 
 
This study will require collaboration between staff at WDFW, ODFW, PSMFC, USACE, and 
PNNL.  None of the work outlined in this proposal will be sub-contracted and will be performed 
solely by PNNL. 


IV.  List of Key Personnel and Project Duties 
 
Name (Affiliation) Duties 


Geoff McMichael (PNNL) Project Manager 


Brian Bellgraph (PNNL) Principal Investigator 


Kate Deters (PNNL) Lead scientist for surgery training and tagging activities  


Scott Titzler (PNNL) Receiver maintenance lead 


Daniel Deng (PNNL) Lead engineer for autonomous receiver testing and performance, and tag-life verification 


Glen Mendel (WDFW) Lead biologist for collection of bull trout at lower Tucannon River screw trap 


Pat Keniry (ODFW) and 
Monty Price (PSMFC) 


Lead biologists for collection of bull trout at Little Goose and Lower Monumental juvenile fish 
facilities, respectively 


 
 
V.  Technology Transfer 
 
The information gathered from this study is applicable to fisheries management in the lower 
Snake River by increasing the knowledge of the potential interactions between bull trout 
migrating in the main stem Snake River, and the Federal Columbia River Power System.  Due to 
the presumed high detection probability of acoustic receiving arrays outlined for this proposal, 
we expect to detect a very high percentage (near 100%) of transmissions emitted by acoustic 
transmitters within detection range of the receiving arrays.  Thus, if bull trout migrate throughout 
the lower Snake River study area, this high detection probability will provide invaluable new 
information regarding bull trout movements in the lower Snake River and potential interactions 
with hydroelectric dams. 
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II.  Project Summary 
A. Goal   


The overarching hypothesis is that habitat restoration activities in the lower Columbia River and 
estuary (Figure 1) have a cumulative beneficial effect on salmon.  The goal of this study is to evaluate the 
ecological benefits(a) of restoration actions for juvenile salmon at the site, landscape, and estuary scales 
in the lower Columbia River and estuary (LCRE; rkm 0–234).   


 
Figure 1. Map of the Lower Columbia River and Estuary (Bonneville Dam rkm 234 to the mouth 


rkm 0).  The tidal freshwater region is about rkm 56–234.  


B. Null Hypotheses  
In terms of ecological benefits, pre-restoration conditions equal  post-restoration conditions (site 


scale); juvenile salmon density, stock composition, and seasonal distribution are not changing over time 
for a given estuary segment (landscape scale); and multiple restoration actions do not have estuary-wide 
effects (estuary scale). 


C. Objectives   
The overarching objective for this multi-year study (2011–2018) is to evaluate the ecological benefits 


of restoration actions at multiple spatial scales over time.  The spatial scales include the 1) site scale as a 
result of an individual restoration project, 2) landscape scale as a result of multiple restoration actions 
located within a ~50-km segment of the LCRE, and 3) estuary scale as a result of the cumulative effects 
of multiple restoration actions estuary-wide.   


                                                           
(a) For the purposes of this study, “ecological benefit” is defined as a net ecosystem improvement, across space and time 
(=trajectory of change) relative to key response variables:  controlling factors (e.g., hydrology, water quality), structural attributes 
(e.g., habitat type, vegetation, substrate), biological community presence and response (e.g., genetic stock identification, native 
and non-native species interactions, growth and diet, residence, migration, bioenergetics, mean fish density). 
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The objectives of the 2013 project-year (field work January 1 through December 31, 2013) are to 
perform action effectiveness monitoring and research (AEMR) at the multiple scales as follows: 


Objective 1. Site Scale:  Measure responses in habitat opportunity, capacity, and realized function at 
the following five locations:  


 Site Action Stage 
a) Sandy River Delta rechannelization pre- and post-restoration 


(construction in 2013) 
b) Post Office Lake tide gate removal, dike 


breach, etc. 
pre- and post-restoration 
(construction in 2013) 


c) Columbia Stock Ranch tide gate removal, dike 
breach, etc. 


pre-restoration 


d) Julia Butler Hansen 
(mainland) 


dike breach pre-restoration 


Objective 2. Landscape Scale:  Evaluate baseline conditions of juvenile salmon in the lower river 
reaches (rkm 110-135) for the purpose of ascribing juvenile salmon response to ecosystem 
restoration. 


Objective 3. Estuary Scale:  Evaluate collective beneficial effects of habitat restoration using post-
restoration data from multiple sites across the estuary. 


Objective 4. Disseminate Information and Results:  Make research findings accessible to habitat 
restoration planners, engineers, biologists, and researchers. 


D. Methods   
The methods will be similar to those described by Johnson et al. (2009a, 2009b, 2011).  Study 


methods are summarized in Section III.C and presented in Appendix A. 


E. Relevance to the 2010 FCRPS BiOp and Fish Accords   
The study addresses RPA Actions 60.2 and 60.3 as they relate to evaluating the effects of restoration 


actions at project site, landscape, and estuary scales.  The study is also relevant to RPAs 37, 59, and 61, 
and the following BiOp Strategy and adaptive management actions: 


• RM&E Strategy 4 - Estuary Habitat and Ocean Research, Monitoring, and Evaluation: RPA 59 
Monitor and Evaluate Migration Characteristics and Estuary/Ocean Conditions. Study 
investigates migration through and use of a shallow-water habitats (0-5-m); RPA 60 Monitor and 
Evaluate Habitat Actions in the Estuary. Study evaluates the effects (changes over time) of 
individual habitat restoration actions at project sites, landscape, and estuary scale; RPA 61 
Investigate Estuary / Ocean Critical Uncertainties: Study builds scientific understanding of 
salmon - ecosystem relationships and responses to habitat changes.  


• Adaptive Management Actions – RPA 1 Implementation Plan, RPA 2 Annual Progress Report, 
RPA 3 Comprehensive RPA Evaluations: Study findings will be described in FCRPS related 
reports.  


F. Management Implications   
Estuary research funded by the Corps’ Columbia River Fish Mitigation project through the 


Anadromous Fish Evaluation Program (AFEP) supports the Corps’ and region’s Columbia Estuary 
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Ecosystem Restoration Program (CEERP).  The goal of the CEERP is to understand, conserve and restore 
ecosystems in the LCRE.  This study supports this goal by executing action effectiveness research at a 
site, landscape and estuary-wide scales.  Findings inform management decisions on habitat restoration 
location, type and design, e.g., where and what types of projects results in the greatest biological and 
environmental benefit?  The study also contributes to our understanding of salmon ecology in the LCRE 
to support management decision-making.  This study will provide a systematic assessment of physical 
and biological response (“ecological benefit”) resulting from restoration actions in the LCRE.  Ecological 
benefits, based on ecological relationships and responses at site, landscape, and estuary-wide scales, will 
inform the Action Agencies’ adaptive management process for LCRE restoration, including project 
selection and prioritization, project and alternatives development, and project evaluation. 


III.  Project Description 
A. Background   


The Multi-Scale Action Effectiveness Monitoring and Research (AEMR) study, formerly titled 
Ecology of Juvenile Salmon in Shallow Tidal Freshwater Habitats of the Lower Columbia River, was 
transferred from the Bonneville Power Administration (BPA) to the U.S. Army Corps of Engineers 
(USACE or Corps) in 2011 under a Memorandum of Agreement between the Action Agencies and the 
State of Washington.  Also, plans under the Anadromous Fish Evaluation Program (AFEP) call for the 
Multi-Scale AEMR study to incorporate research at JBH NWR and Tenasillahe Island previously 
conducted within project EST-P-05-01.  AFEP’s estuary research is used in adaptively managed decision-
making for the federal Columbia Estuary Ecosystem Restoration Program (Figure 2) which is conducted 
by the Action Agencies in response to mandates in the Biological Opinions (BiOps) on operation of the 
Federal Columbia River Power System (FCRPS) (NMFS 2000, 2004, 2008, 2010).   


 
Figure 2. CEERP Adaptive Management Process.  Brown and blue boxes signify adaptive management 


phases and deliverables, respectively.  Red outlines denote adaptive management phases to 
which the Multi-Scale Study pertains.  Modified from Thom et al. (2012a). 


A.1  Problem Description 


Annually, the CEERP is a multi-million dollar effort to restore LCRE ecosystems for the benefit of 
juvenile salmon stocks listed as endangered or threatened under the Endangered Species Act (ESA).  
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Evaluation of the ecological benefits of the restoration actions is essential to inform decision-makers 
about questions, such as:  Did a particular action have the desired effect and, if not, why not?  Which 
restorations actions are most effective at improving habitat opportunity, capacity, and realized functions 
supporting juvenile salmon?  Where are restoration actions most effective?  Is the trend in juvenile 
salmon density increasing over time?  Are multiple restoration actions having a positive effect on juvenile 
salmon ecosystems estuary-wide?  Answers to these and other basic questions about CEERP’s 
effectiveness are not well-understood.  The Multi-Scale AEMR is focused on remedying this situation 
with science for the Monitor/Research and Synthesize and Evaluate phases of CEERP adaptive 
management (Figure 1).   


A.2  Current Knowledge 


In the LCRE (Figure 1), the substantial loss of shallow water habitats (e.g., Thomas 1983) through 
diking, filling, dredging, and development has been associated with the decline of salmon in the 
Columbia basin (Bottom et al. 2005).  Shallow water habitats in the tidal freshwater and estuarine 
portions of the LCRE are important to the many life history strategies adopted by juvenile salmon (Fresh 
et al. 2005; Roegner et al. 2008).  Restoration of shallow water habitat could enhance performance (e.g., 
foraging success and growth) and, thus, increase the survival of juvenile salmon (NMFS 2000, 2004, 
2008, 2010).   


The federal listing status of several salmonid stocks within the Columbia River basin and the resulting 
BiOps elucidated the need for a comprehensive understanding of salmon ecology within the LCRE.  
Improved understanding has resulted from key studies of juvenile salmon ecology in the LCRE, including 
studies by Johnson et al. (2011), Campbell (2010), Haskell and Tiffan (2011), Johnson et al. (2009a, 
2009b), Maier and Simenstad (2009), Roegner et al. (2008), Bottom et al. (2005), and Dawley et al. 
(1986).  Unlike basic juvenile salmon ecology in the LCRE, questions surrounding the effectiveness of 
restoration actions remain under investigation.  Literature describing action effectiveness research in the 
LCRE include studies by Diefenderfer et al. (2008), Diefenderfer and Montgomery (2009), Diefenderfer 
et al. (2010a), Haskell and Tiffan (2011), Johnson et al. (2009a, 2009b), and Thom et al. (2011b).  
Restoration is costly and outcomes are often uncertain.  Without AEMR, resource managers will not be 
able to evaluate past restoration actions within the context of salmon recovery efforts.  Furthermore, the 
planning and implementation of future actions may be hindered by the inability to link restoration actions 
and subsequent ecosystem responses.   


A.3  Relationship to Other Relevant Research 


The study will be coordinated with the BPA Fish and Wildlife (F&W) Program studies, such as the 
Lower Columbia River Estuary Partnership’s (LCREP’s) Ecosystem Monitoring Project (BPA 2003-007-
00) and Action Effectiveness research within the Habitat Restoration Project (BPA 2003-011-00).  In 
addition, the Multi-Scale AEMR study is pertinent to five other recently completed or ongoing AFEP 
studies and one BPA study. 


• EST-P-02-04 – Evaluating Cumulative Ecosystem (CE) Response to Restoration Projects in the 
LCRE:  Our study will incorporate indicators of fish habitat opportunity, habitat capacity, and 
realized function of the habitats and fish response identified in the CE study.  In out-years, our 
study will apply the levels-of-evidence analytical approach developed under project EST-P-02-
04, which is closing out in 2012. 


• EST-P-05-01 – Action Effectiveness Research and Monitoring of Ecosystem Restoration Actions 
within the CRE JBH NWR:  This project was merged into EST-P-11-01 in 2012. 
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• EST-P-09-01 – Evaluation of Life History Diversity, Habitat Connectivity, and Survival Benefits 
Associated with Habitat Restoration Action in the CRE:  Data collected during  our study may 
also be applied by others to assess methods developed under EST-P-09-01 for habitat 
connectivity (access and opportunity), and life history diversity and survival benefits (salmon 
performance) at the site and landscape scales.  Our study will apply the methodology to index 
early life history diversity for salmon and steelhead at the landscape scale. 


• EST-P-10-01 – Contribution of Tidal Fluvial Habitats in the Lower Columbia River Estuary to 
the Recovery of Diverse Salmon Stocks and the Implications for Strategic Estuary Restoration:  
Our study will coordinate with this project’s efforts to establish a genetic stock-specific basis for 
strategic restoration and its effects on salmon population viability in tidal fluvial habitats. 


• EST-P-12-01 – Synthesis of Research, Monitoring, and Evaluation and Restoration Project Data 
in the LCRE:  Our study will be coordinated with this project’s efforts to develop a LCRE 
database. 


• BPA 2003-007-00 -- The Ecosystem Monitoring project is conducting AEMR at selected 
restoration projects.  Four restoration sites have been intensively researched since 2008: Mirror 
Lake (off-channel and riparian improvements); Sandy River Delta (invasive plant control); 
Hogan’s Ranch (riparian improvements and invasive plant control); Fort Clatsop (hydrological 
reconnection).  During FY13, the AEMR study sites for the Ecosystem Monitoring project may 
be updated.  We will coordinate with this work so that the collective results can be synthesized. 


B. Objectives   


The overarching objective for this multi-year study (2011–2018) is to evaluate the ecological benefits 
of restoration actions at multiple spatial scales over time.  The spatial scales include the 1) site scale as a 
result of an individual restoration project, 2) landscape scale as a result of multiple restoration actions 
located within a ~50-km segment of the LCRE, and 3) estuary scale as a result of the cumulative effects 
of multiple restoration actions estuary-wide.   


The objectives of the 2013a project-year (field work January 1 through December 31, 2013) are to 
perform action effectiveness monitoring and research (AEMR) at multiple scales as follows: 


Objective 1. Site Scale:  Measure responses in habitat opportunity, capacity, and realized function at 
the following five sites (Figure 3): 


 Site Action Stage 
a) Sandy River Delta rechannelization pre- and post-restoration 


(construction in 2013) 
b) Post Office Lake tide gate removal, dike 


breach, etc. 
pre- and post-restoration 
(construction in 2013) 


c) Columbia Stock Ranch tide gate removal, dike 
breach, etc. 


pre-restoration 


d) Julia Butler Hanson 
(mainland) 


dike breach pre-restoration 


                                                           
a Note: The 2013 study as proposed may not be funded due to constraints caused by the Corps’ spending cap for 
research in the estuary using funds from the Columbia River Fish Mitigation project.  Tasks and activities for a 
reduced study are designated with asterisks** in the material below.  These priorities are subject to change. 
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Objective 2. Landscape Scale:  Evaluate beneficial effects of habitat restoration in the lower river 
reach (rkm 110-135). 


Objective 3. Estuary Scale:  Evaluate collective beneficial effects of habitat restoration using post-
restoration data from multiple sites across the estuary. 


Objective 4. Disseminate Information and Results:  Make research findings accessible to habitat 
restoration planners, engineers, biologists, and researchers. 


 
Figure 3.  Locations for Site-Scale AEMR Activities 


C. Methods 


The methods for this complex study exceed the 10-page AFEP guideline.  Therefore, we are 
presenting the methods in Appendix A.  The section that follows contains a summary of the methods. 


C.1  General approach 


An integrated study design will be informed by the ecological relationships defined in the Columbia 
River Estuary Conceptual Model:  environmental stressors → controlling factors → habitat structure → 
habitat processes → ecosystem functions (Thom et al. 2005) and the relevant methods developed in the 
Salmon Benefits Study (Diefenderfer et al. 2010b).  The study design will support a levels-of-evidence 
analytical approach (Diefenderfer et al. 2011), and generally will evaluate juvenile salmon habitat 
opportunity, habitat capacity, and realized function relative to restoration actions.  Data collection 
methods and sampling across multiple restoration sites (e.g., Sandy River delta, JBH, and Tenasillahe) 
will be coordinated and integrated for consistency to accomplish the study’s goals and objectives.  We 
propose to perform research at restoration sites that are proximally located to each other at the landscape 
scale, assuming such sites are available.  The study will include matched restoration and reference/control 
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sites, also as appropriate and available.  Target habitats include main channel, tributary confluence, off 
channel, wetland channel, and others in which juvenile salmon rearing has been documented (e.g., 
Johnson et al. 2011).   


C.2  Justification for the proposed study area or laboratory 


The Sandy River delta, JBH, Tenasillahe Island, Post Office Lake, and Columbia Stock Ranch sites 
were chosen because they are important upcoming restoration projects in the LCRE.  Similarly, due to the 
likelihood of restoration projects in the river segment between Kalama and the Willamette confluence 
(rkm 110-135), evaluating trends in juvenile salmon density across multiple habitat strata at a landscape 
scale will support AEMR in this section of the LCRE. 


C.3  Power analysis and/or statistical justification for the required sample size, the number of tests, and 
replicates 


The sampling design for juvenile salmon density at the landscape scale, including beach seine sample 
sizes, is presented by Skalski (2010).  The before-after-control-impact design for AEMR at the Sandy 
River delta is described by Sather et al. (2009).  New AEMR at POL, JBH, TEN may necessitate formal 
statistical designs, which would be prepared later.   


C.4  Methods for analysis (reference) 


The study is consistent with ecological parameters outlined in the LCRE conceptual ecosystem model 
(Thom et al. 2004).  As applicable, general methods follow the recommendations in the Estuary RME 
Plan (Johnson G et al. 2008).  Specific methods are similar to those explained by Johnson G et al. (2009a, 
2009b, 2011a) and detailed as effectiveness monitoring protocols by Roegner et al. (2009). 


Objective/Task Method Reference 


1a.  Site-scale AER at Sandy R Delta   


Juvenile salmon densities and fork lengths Beach seine Sather et al. (2009) 


Fish community composition Beach seine Sather et al. (2009) 


Genetic stock identification (Chinook salmon) Fin clips; XXX Teel et al. (2009) 


Diet of juvenile salmon Gastric Lavage Sather et al. (2009); Storch 
and Sather (2011 


Prey availability Multiple prey traps, e.g., 
Fall out, drift, benthos 


Storch and Sather (2011) 


Bioenergetics  Energy balance model Hanson et al. (1997); 
Storch (2011) 


1b.  Site-scale AER at Post Office Lake   


Juvenile salmon and fish community composition Beach seine and trap net Roegner et al. (2009) 


Habitat characterization channel cross sections, 
water surface elevation 


Roegner et al. (2009) 


Genetic stock identification (Chinook salmon) Fin clip Teel et al. (2009) 


Organic and inorganic material flux Biomass, TOC, POC Roegner et al. (2009), 
Diefenderfer et al. (2011) 


1c. Site-scale AER at Columbia Stock Ranch   
Reconnaisiance and AEMR design TBD  
1d.  Site-scale AER at Julia Butler Hansen (mainland)   


Tidegate operations and salmon passage Trap net Johnson J et al. (2009b) 


Juvenile salmon and fish community composition Beach Seine Johnson J et al. (2009b) 
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Habitat characterization YSI, observation Johnson J et al. (2009b) 
Genetic stock identification (Chinook salmon) Fin clip Teel et al. (2009) 
2.  Landscape-scale AER   
Landscape-scale fish density Beach seine Johnson G et al. (2011) 
Winter residence time for juv CH salmon Acoustic telemetry Johnson G et al. (2011) 


 


C.5  Species, numbers and source of required fish 


Specifics on species and sample sizes are noted, where applicable, within the corresponding tasks 
below, e.g., salmon density, genetic stock identification, and diet. 


C.6  Limitations of proposed methodology and expected difficulties 


Limitations/assumptions associated with each task were listed above (C.4).  


C.7  Specific Methods and Tasks for Objective 1, Site Scale 


The intent of an AEMR investigation at the site scale is to quantify ecological benefits resulting from 
restoration actions.  The null hypothesis is that, in terms of ecological benefits, pre-restoration conditions 
are equal to post-restoration conditions.  


C.7.1a  Objective 1a, Continue pre-restoration and conduct post-restoration AEMR to support evaluation 
of the effectiveness of the Sandy River delta rechannelization.  


This research provides data to inform effectiveness of restoration actions at the Sandy River delta 
scheduled for construction in 2013.  The restoration action at the Sandy River delta is expected to increase 
habitat opportunity and capacity for juvenile salmon.  The AEMR plan for SRD is presented in Appendix 
A.1.   


**aContinue deployment of data loggers for water surface elevation and water temperature.  During 
one day in October 2013, we will use a boat with a driver and two scientists to service the loggers and 
collect channel cross-section data at the four main SRD sites.** 


C.7.1b  Objective 1b, Conduct pre- and post-restoration AEMR to support evaluation of the effectiveness 
of the Post Office Lake hydrologic reconnection restoration.  


This research provides data to inform effectiveness of restoration actions at Post Office Lake (rkm 
152) scheduled for construction in 2013.  The restoration action at Post Office Lake is expected to 
increase habitat opportunity and capacity for juvenile salmon.  A control site at the adjacent Green Lake 
has been identified, but a suitable reference site has not.  Lack of a reference site would limit inferences 
from the full AEMR study should it occur.  The AEMR plan for Post Office Lake is presented in 
Appendix A.2.   


** The following activities will be undertaken during CY 2013 at POL and the control site, Green 
Lake:  Photo points during April and October; water surface elevation and temperature logging year-
round with servicing and redeployment in October; dissolved oxygen measurements in the outlet channel 
and POL and Green Lakes during April and October; water velocity measurements in the POL outlet 
channel during April and October; channel cross-sections and sediment accretion measurements during 
October; and, fish work.** 


                                                           
a Asterisks** denote tasks and activities that would be conducted for a reduced study. 
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**Juvenile salmon and fish community composition work includes a 1-d trip in April for equipment 
assessment and trial data collection.  A second 1-d trip in May will be conducted.  Efforts will be made to 
collect fish in the POL outlet channel, POL itself, and Green lake (the control).  A 1/2-d debriefing 
meeting or call will be convened.  A trip report documenting experiences and recommendations for future 
work will be prepared.  Because of its limited scope, fish work during 2013 will not part of an eventual 
BACI analysis for AEMR at POL. USFWS will acquire the fish collection permits.  Representatives from 
ODFW, PNNL, and USFWS will meet for ½-day with Corps restoration designers, engineers, and 
biologists.  Another ½-d conference call will be convened to discuss the formal AEMR statistical design 
with Dr. J.R. Skalski (UW).** 


C.7.1c  Objective 1c, Design and begin pre-restoration AEMR to support evaluation of the effectiveness 
of the Columbia Stock Ranch hydrologic reconnection restoration.  


This research provides data to inform effectiveness of restoration actions at Columbia Stock Ranch 
(rkm 122) scheduled for construction in 2014.  The restoration action at Columbia Stock Ranch is 
expected to increase habitat opportunity and capacity for juvenile salmon.  The AEMR plan for Columbia 
Stock Ranch will be developed in 2013.  Field work will involve reconnaissance surveys.  Water surface 
elevation and temperature loggers will be deployed and channel cross-sections surveyed using the 
Roegner et al. (2009) protocols. 


** Reconnaissance will involve site visits by scientist from ODFW, PNNL, and USFWS (one person 
each) in May during high water and November during low water.  Personnel will drive, hike, and boat 
around the sites to become familiar with site and landscape features.  We assume a tour guide will be 
provided.  Personnel will coordinate with the Corps to have an engineer involved in restoration design 
come along to describe the restoration plan.  Personnel will study the restoration engineering plans and 
the ERTG project description template, take photographs, contemplate sampling locations pre-restoration 
for water quality, fish, and other monitored indicators.  During trips in spring and fall 2013, 
reconnaissance work will involve a 1-d field trip, 1-d travel, ½-d debriefing call, and ½-d to prepare a trip 
report.**    


C.7.1d  Objective 1d, Conduct pre-restoration AEMR to support evaluation of a levee breach at Julia 
Butler Hansen. 


This objective concerns AEMR at Julia Butler Hansen NWR (rkm 59) where an existing levee is 
decaying.  This restoration project would reconnect historical floodplain to Columbia River via Ellison 
Slough.  The intent is to increase habitat opportunity, capacity and realized function for juvenile 
salmonids and other native species within and adjacent to the restoration area.   


**Same a C.7.1.c.  Reconnaissance work for CSR and JBH will be coordinated for cost-
effectiveness.** 


C.7.2  Specific Methods and Tasks for Objective 2 Landscape Scale:  Evaluate beneficial effects of 
habitat restoration in the lower river reach (rkm 110-135; Longview to St. Helens).  


An evaluation of migratory patterns and juvenile salmon density across the landscape of shallow 
water habitats of the LCRE provides a means for measuring the response of juvenile salmon to restoration 
actions.  Restoration actions within the LCRE are expected to increase habitat availability.  The selected 
metrics described in the tasks below are anticipated to change with an increase in habitats and will be 
measured by examining change in salmon density across specific habitats, and describing residence time 
of juvenile salmon across a broad spatial scale.  
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Task 2a.  Collect data quarterly and estimate juvenile salmon density at the landscape scale.  
Monitored indicator(s):  salmon density, genetic stock identification, structural metrics (vegetative 
assessments), and environmental data (water temperature, flow velocity, etc).  Beach seine sampling will 
be used to estimate salmonid density(a) across habitats and river reaches (Figure 4). 


 


 


Figure 4. Sampling Universe Within Geomorphic Reaches D, E, F, and G in the LCRE.  Only the river 
segment from Longview to St. Helens (rkm 110-125) will be sampled during FY13.   


Task 2b.  Estimate mean residence time of large (95–125 mm) Chinook salmon that are present 
during winter months in the lower Lewis River upstream of the Columbia River confluence.  Monitored 
indicator(s):  residence time. 


                                                           
(a) From Skalski (2011). 
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Task 2c.  Develop and apply a statistical approach to use the density landscape fish data as a 
“reference” for fish sampling as part of AEMR studies in the landscape.   


C.7.3  Specific Methods and Tasks for Objective 3 Estuary Scale:  Evaluate collective beneficial effects of 
habitat restoration using post-restoration data from multiple sites across the estuary. 


The levels-of-evidence evaluation will be aimed at elucidating the effects of multiple restoration 
actions across an extensive spatial scale by incorporation of multiple spatial and temporal data sets.  The 
intent of Objective 3 during 2012 is to establish the foundation for undertaking such an analysis and 
evaluation within the LCRE.  


Task 3a.  Update and integrate study designs, methods and sampling protocols across site, landscape 
and estuary scales, including identification of reference/control sites.  Confirm the AEMR data this 
project is collecting are appropriate for the levels-of-evidence evaluation. 


Task 3b.  Coordinate tasks, data collection, analysis, and management with other relevant research in 
the estuary as it supports meta-analysis, environmental flows analysis, and levels-of-evidence evaluations 
of action effectiveness data in the estuary.  **PNNL and USFWS will participate in the annual estuary 
RME coordination effort organized by the Lower Columbia Estuary Partnership.** 


Task 3c.  Integrate and synthesize AEMR data across the five sites in Obj. 1. 


C.7.4  Specific Methods and Tasks for Objective 4 Disseminate Information and Results:  Make research 
findings accessible to habitat restoration planners, engineers, biologists, and researchers. 


Task 4a.  Prepare written documents, such as contributing to the 2013 Synthesis Memorandum and 
writing an Annual Research Report.  Present findings to AFEP SRWG, EP Science Work Group, and 
restoration sponsors.  **PNNL, ODFW, and USFWS will participate in the annual estuary RME update 
organized by the Corps and BPA that supports the CEERP Synthesis Memorandum, which during even-
numbered years will be associated with the Columbia River Estuary Conference.** 


 


D. Expected Results and Applicability   
The subject study is expected to provide a systematic assessment of physical and biological response 


(“ecological benefit”) resulting from ecosystem restoration in the LCRE.  Ecological benefits, based on 
ecological relationships and ecological response at site, landscape, and estuary-wide scales, will inform 
the Action Agencies’ adaptive management process for LCRE restoration.  The study will provide 
managers with local and cumulative effects of ecosystem restoration with emphasis on fish habitat 
opportunity, habitat capacity and realized function (= salmon response).  Study findings will inform the 
Action Agencies’ process for project selection and prioritization, project development, and alternatives 
formulation by testing/validating predicted ecological benefits. 


E. Schedule and Deliverables   
The schedule and deliverables for the 12-month field effort and 15-month total project effort follow: 


• January 1 – Begin year 3 of study (2013). 
• January 1, 2013 to December 31, 2013 – Data collection 
• October 2013 to March 2014 – Data analysis (for period – October 2012 through September 


2013) 
• December 2013 – AFEP Annual Review presentation (deliverable) 
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• January to May 2014 – Report writing 


• May 31, 2014 – End of study year 3 (2013).  Submit key findings, annual report (deliverable) 
(period = January 2013 through December 2013) 


The following two activity matrices convey project work planned for FY 13 and a multi-year matrix 
for FY 11-15, respectively. 


 
 


 
 
F. Facilities and Equipment 


Boats, safety gear, beach seines, YSI meters, data loggers, neuston nets, benthic corers, insect fallout 
traps, flow meters, autonomous acoustic telemetry nodes, etc.  Laboratory space at the Oregon 


Multi-Scale AER Project -- Activity Matrix, 8/1/12
Objective Task J F M A M J J A S O N D
1a.  Site-scale AER at Sandy R Delta Juvenile salmon densities and fork lengths X X X X X X X X X X X X
(Pre-restoration; barrier removal) Fish community composition X X X X X X X X X X X X
(Sites B,C,E,N) Genetic stock identification (Chinook salmon) X X X X X X X X X X X X


Diet of juvenile salmon X X X X X X X X X X X X
Prey availaibil ity X X X X
Bioenergetics modeling X X X X X X X X X X X X
Channel beach slope X
Water surface elevation X X X X X X X X X X X X


1b.  Site-scale AER at Post Office Lake Juvenile salmon and fish community composition X X X X X X X X X X X X
(pre-restoration; tide gate replacedment and dike breach)Habitat characterization X X X X X X X X X X X X


Channel cross-section X
Genetic stock identification (Chinook salmon) X X X X X X X X X X X X
Organic and inorganic material flux X X X X X X X X X X


1c. Site-scale AER at Columbia Stock Ranch Reconnaisiance and AEMR design X X X X X X X X X X X X
1d.  Site-scale AER at Julia Butler Hanson Tidegate operations and salmon passage X X X X X X X X X X X X
(pre-restoration; dike breach) Juvenile salmon and fish community composition X X X X X X X X X X X X


Habitat characterization X X X X X X X X X X X X
Genetic stock identification (Chinook salmon) X X X X X X X X X X X X


1e.  Site-scale at Tenasil lahe Is., Sm. Slough Tidegate operations and salmon passage X X X X X X X X X X X X
(Pre-restoration: tide gate replacement) Juvenile salmon and fish community composition X X X X X X X X X X X X


Habitat characterization X X X X X X X X X X X X
Genetic stock identification (Chinook salmon) X X X X X X X X X X X X
Organic and inorganic material flux X X X


2.  Landscape-scale AER Landscape-scale fish density X X X X
Migration extent from main stem up tributaries X X X X
Winter residence time for juv CH salmon X X X X X


3.  Estuary-widescale AER Integrate AER work across projects in the LCRE X X X X X X X X X X X X
Coordinate across research projects X X X X X X X X X X X X


2013


Multi-Year Activity Matrix (8/1/12, GEJ)
Title Tasks M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S


Site Scale Sandy R Delta X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X


Post Office Lake X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X


Columbia Stock Ranch X X X X X X X X X X X X X X X X X X X X X X X X X X


JBH dike breach X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X


JBH tide date replacements X X X X X X X X X X X X


Tenasillahee (small slough) X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X


Landscape Fish density X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X


Overwintering X X X X X X X X X X X X X X X X X X X X X X X X X X


Tidal tributary movement X X X X X X X X X X X X X X X X X X X X X


Other (TBD) X X X X X X X X X X X X X X X X X X X X X X X X


Estuary-wide Preparation/coordination X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X


Meta-analysis AER X X X X X X X X X X X X


Environmental flows analysis X X X X X X X X X X X X


Estuary LOE X X X X X X X X X X X X


2011 2012 2013 2014 2015
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Department of Fish and Wildlife (ODFW) facility in Clackamas, Oregon will be used to analyze fish diet 
and prey samples.  This study will not require special or extraordinary facilities and equipment. 


G. Impacts  
Other ongoing or proposed research:  No adverse impacts are anticipated.  


Dams:  not applicable.    


Special operations:  not applicable.    


H. Biological Effects   


Scientific collection permits will be required to sample fish in accordance with this research.  
Collection permits will be obtained from the states of Oregon and Washington.  In addition, take of ESA-
listed salmonids will necessitate a letter of determination from the National Oceanic and Atmospheric 
Administration (NOAA) Fisheries’ Hydropower Division’s Federal Columbia River Power Systems 
Branch.  PNNL will obtain permits for sampling at the Sandy River delta, Post Office Lake, and 
landscape salmon density.  The USFWS will obtain permits for sampling for work at Post Office Lake, 
JBH and Tenasillahe Island.  Copies of the previous take permits are available upon request. 


I. Collaborative Arrangements and/or Sub-Contracts   


This study will be performed in collaboration of PNNL, ODFW, USFWS, National Marine Fisheries 
Service (NMFS), and the University of Washington (UW).  PNNL has nationally recognized expertise in 
coastal ecosystem research and restoration.  ODFW’s Columbia River Investigations Unit performs 
research at the crux of fisheries management issues in the region.  USFWS’s Columbia River Fisheries 
Program Office is a leading co-management agency with extensive research expertise in the LCRE.  
NMFS/Northwest Fisheries Science Center is a leading research agency for salmon genetics on the West 
Coast.  UW’s Columbia Basin Research Center is at the cutting edge in environmental statistics.   


IV.  Key Personnel and Project Duties  
Name Organization Duty  


Gary Johnson PNNL Project Manager  


Christine Mallette ODFW Co-Project Leader  


Jeff Johnson USFWS Co-Project Leader  


David Teel NMFS Geneticist  


John Skalski UW Statistician  


Nikki Sather PNNL Fisheries Biologist  


Erick Van Dyke  ODFW Fisheries Biologist  


Adam Storch ODFW Fisheries Biologist  


Tim Whitesel USFWS Fisheries Biologist  


Earl Dawley Retired-NMFS Fisheries Biologist  


Amanda Bryson PNNL Fisheries Biologist  


Cynthia Studebaker USACE USACE Technical Lead  
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V.  Technology Transfer  
This study will provide a systematic assessment of physical and biological response (“ecological 


benefit”) resulting from ecosystem restoration in the LCRE.  Ecological benefits, based on ecological 
relationships and ecological response at site, landscape, and estuary-wide scales, will inform the Action 
Agencies’ adaptive management process for LCRE restoration.  Study findings will inform the Action 
Agencies’ process for project selection and prioritization, project development and alternatives 
formulation by testing/validating predicted ecological benefits. 


Information acquired during the proposed work will be transferred in the form of written and oral 
research reports and scientific publications.  Presentations will be made at the Corps’ annual AFEP 
Review.  Technology transfer activities may also include presentation of research results at regional or 
national fisheries, ecology, and restoration symposia.  For example, we will participate in a biennial 
conferences covering juvenile salmonid and related relevant research in the LCRE.  Such a forum is 
useful to coordinate, exchange information, and integrate across projects.  In 2006, 2008, and 2010, we 
worked with the BPA, USACE, Columbia River Estuary Study Taskforce, the LCREP, NMFS, and others 
for biennial Columbia River Estuary Conferences (www.cerc.laborks.org). 
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Appendix A.  Study Methods 
The methods for this complex study exceed the 10-page AFEP guideline.  Therefore, we are 


presenting the methods in this appendix using the CEERP AEMR template (Johnson et al. 2012).  The 
methods below assume a “full” project, not the reduced effort mentioned above because of the budget 
ceiling constraint. 


 


1. Objective 1a.  Site Scale AEMR at the Sandy River Delta  


AEMR Plan – Sandy River Delta 


DRAFT, 7/3/12, G. Johnson, 8/1/12 N. Sather and A. Storch 


Project Name Sandy River Delta Dam Removal/Rechannelization 


ERTG Project No.    


Project Location 
(rkm/lat/long) 


rkm 199 45o32’21.43”N 122o23’14.33”W 


Control Sites SRD vicinity (see map below) 


Reference Site n/a   


Restoration/Monitoring 
Sponsor 


Contact Email Phone 


USACE Cindy 
Studebaker 


Cynthia.A.Studebaker@usace.army.mil (503) 808 4788 


PNNL/ODFW/UW Gary Johnson Gary.johnson@pnnl.gov (503) 417 7567 


Restoration Goal Improve the functional integrity of the SRD floodplain-deltaic ecosystem. 


Restoration Objectives Remove the dam that plugs the old Sandy River distributary to reestablish 
connectivity of the old channel to its historic confluence with the Col R. 


Restoration:  Physical 
Changes Planned 


Action Dimensions/ acreages/ miles Comments 


 Dam removal xxxxx None 


Limitations and Potential 
Pitfalls 


xxxxx 


Experimental Design and 
Sampling Sites 


Comparison Response Variables Comments 


BACI (see Map 1 below) Impact/Control, 
Sites N/E, C/B 


fish densitya 
channel cross-sectional area 
prey availabilityb 
salmon bioenergeticsc 


 


                                                           
a Fish density will be detailed as follows:  total juvenile salmon, marked and unmarked CH salmon, non-native 
fishes. 
b Benthos, neuston, insect fall-out. 
c Requires field-collected data on salmon diet and water temperature. 
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Hypotheses  


H1 Improve access for juvenile salmon, including upriver stocks, to the shallow water 
habitats in the SRD, i.e., increase unmarked CH salmon densities 


H2 Improve prey availability for juvenile salmon, i.e., increase prey densities. 


H3 Increase juvenile salmon growth rates 


Planned AEMR  Period 


Pre-restoration  January 2008 through May 2013 


Construction June through August 2013 


Post-restoration September 2013 through December 2015 


Monitored Indicatorsa Locations Frequency/Period (see Plate 1 below) Method/Protocol 


Photo points All 4 sites 1X/month since 2007  


Water-surface elevation* All 4 sites Continuous data logger Roegner 


Temperature* All 4 sites Continuous data logger Roegner 


Salinity    


Dissolved oxygen All 4 sites 1X/mon, ancillary to fish catch  


Channel x-sec area*** All 4 sites TBD Roegner 


Sediment accretion n/a   


Elevation 
(bathymetry/topography) 


n/a   


Catchment area n/a   


Plant species comp All 4 sites Summer 2008 Roegner 


Plant percent cover All 4 sites Summer 2008 Roegner 


Plant biomass All 4 sites Oct 2011, Feb 2012 Roegner 


Aerial photos n/a   


Fish 
presence/species/size 


All 4 sites 1X/month since 2007  


Fish density All 4 sites 1X/month since 2007  


Satellite imagery 
landcover 


n/a   


Water velocity All 4 sites 1X/month, ancillary to fish catch  


Water properties (DO, 
TOC, chloro, etc.) 


All 4 sites 1X/quarter since summer 2010  


Nutrients (NH3, PO4, SiO3) n/a   


Fish diet All 4 sites 1X/month since March 2008  


Fish residence time SRD vicinity 
behind Gary Is. 


Feb-April 2010, 2011  


Neuston prey All 4 sites 1X/quarter since summer 2010  


Benthic-invertebrate prey All 4 sites 1X/quarter since summer 2010  


                                                           
a **Asterisk signifies the indicator will be monitored during post-construction as a response variable for the 
BACI analysis. 
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Insect prey All 4 sites 1X/quarter since summer 2010  


Fish condition (FIT) n/a   


Derived Variables    


Hyposographic curve of 
water sfc elev. 


All 4 sites Pre- and post-construction  


Catchment area n/a   


Tidal exchange volume n/a   


Image analysis n/a   


Area-time inundation All 4 sites Pre- and post-construction  


Floodplain wetted area All 4 sites Pre- and post-construction  


Wetted-channel edge 
length 


All 4 sites Pre- and post-construction  


Plant similarity n/a   


Plant biomass flux n/a   


Material flux n/a   


Fish growth All 4 sites Monthly 4 yrs pre-and 2 yrs post-
restortation  


Bioenergetics 
modeling 


Data Management Name Agency Phone 


Custodian TBD   


Weblink TBD   


Reporting Schedule Citation Source/Weblink 


Draft report TBD   


Final report    


Other reporting     


Pertinent References    


Skalski JR.  2007.  Statistical Considerations for the Tidal Water Monitoring Project.  Prepared by JR Skalski (UW) for 
GE Johnson and KL Sobocinski (PNNL).  November 27, 2007. 


Skalski JR.  2008.  Statistical Considerations for the Tidal Water Monitoring Study, 2008–2009.  Prepared by JR 
Skalski (UW) for GE Johnson and KL Sobocinski (PNNL).  October 15, 2008. 


Skalski, J. R., and D. H. McKenzie. 1982. A design for aquatic monitoring programs. Journal of Environmental 
Management 14:237-251. 


PLATES and MAPS 
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Map 1. SRD Sampling Sites: Site N Impact is paired with Site E Control (N/E) and Site C Impact is paired 
with Site B Control (C/B). 


 


 


Plate 1.  Activity Matrix as of July 3, 2012 for the SRD Action Effectiveness Evaluation 2007 through 
2011.  “E” signifies electrofishing was performed because the river was too high for beach seine 
sampling; note, salmon densities cannot be estimated for previous E-fishing events. 


 


  


Updated 7/3/12


Response Variable J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J
Fish Densities: Site A x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x


B x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x E E
C x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x E E
D x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
E x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x E E
F x x x x x x x x x x x x x x x x x x x x
H x x x x x x x x x x x x x x x x x x x x
I x x x x x x x x x x x x x x x x x x x


N x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x E E
Genetic Stock Id' x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
Water Temp x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
Water Sfc Elev x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
Dissolved Oxygen x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
Channel x-section
Plant Community x x
Plant Biomass x x
Salmon Diet x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
Prey Availability x x x x x x x x x x x
Water Properties x x x x x x x
Bioenergetics x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x


2011
BPA -- TFM


2007 2008 2009 2010
Corps -- TFR/MS
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2. Objective 1b.  Site Scale AEMR at Post Office Lake  


AEMR Plan – Post Office Lake 


DRAFT, 6/18/12, J. Johnson and G. Johnson, 8/1/12 N. Sather and A. Storch.  This assumes full funding. 


Project Name Post Office Lake   


Project No.  XXXXX   


Project Site (rkm/lat/long) rkm 152 45o45’14.51”N 122o45’25.44”W 


Control Site (tentative) Green Lakea   


Reference Site (tentative) TBD   


Restoration Stakeholders Contact Email Phone 


USACE (sponsor) Cindy Studebaker Cynthia.A.Studebaker@ 
usace.army.mil 


(503) 808 4788 


USFWS (site management) XXXX   


NMFS (ESA consultation) XXXX   


Restoration:  Physical 
Changes Planned 


Action  Dimensions/ 
acreages/ miles 


Tide gate(s) 
removed/replaced with 
culvert(s) 


Remove a broken tide gate and associated culvert at the exit 
location to reconnect POL to the main stem (see figure below 
in the Attachments) 


xxxx 


Otherb    


Hypotheses  


H1 Channel cross-sections will increase then stabilize 


H2 Sediment will accrete in the wetlands adjacent to POL following reconnection 


H3 Water temperature regime in POL will improve (reduced temperature fluctuationsc) 


H4 Opportunity for juvenile to access POL rearing habitat will increase 


H5a and 5b Juvenile salmon accessing the site will a) feed on prey at the site, and b) show 
positive growth  


H6 Native fish species richness will increase 


H7 Material flux to main stem will increase 


H8 Invertebrate prey density in the main stem immediately outside POL will increase 


AEMR Level Level 1: Intensive suite of monitored indicators of ecosystem structures, processes, 
and functions; mandatory statistical design/reference site; long-term AEMR effort 


                                                           
a Need site visit to determine if this site would be useful as a control. 
b Other restoration actions are being considered for POL.  For purposes of the AEMR plan, focus is placed on the 
hydrologic reconnection of POL to the main stem. 
c If we are assuming the volume of water in the channel/lake will increase after the obstruction is removed and given 
the specific heat capacity of water, a greater amount of heat would need to be added or removed to raise or lower 
temperature, reducing large (abrupt) fluctuations (from our modeling exercises, we caught a glimpse of the effect of 
large temperature changes).  So, during warm summer months, this increased volume could – in effect – reduce 
temperature (or limit temperature increases), but during colder, winter months it might also prevent (insulate) water 
temperatures from dropping “to far”.  There is  a potential two-fold benefit. 
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Experimental Designa Comparison Responses of Interest  


Before-after-reference-
impact 


POL vs Campbell Lk Fish comm, hab char’s, flux, 
etc. 


 


Before-after-control-
impact 


POL vs Green Lk Base habitat features (WSE 
and temperature) 


 


Monitoring/Research  Period 


Pre-restoration  July 2012 thru May 2013 


Construction June thru August 2013 


Post-restoration (3 y) September 2013 thru August 2016 


Post-restoration (1 y) September 2018 thru August 2019 


Post-restoration (1 y) September 2023 thru August 2024 


Monitored Indicators Locations Frequency/Period Method/ Protocol 


Photo points POL, GL, CL Oct 2012, 2013-2016  


Water-surface elevation POL (2), GL (1), CL (2)b Continuous starting in Aug 
2012 


logger 


Temperature POL (2), GL (1), CL (2) Continuous starting in Aug 
2012 


logger 


Channel (and lake) x-sec 
area 


POL channel+Campbell Slough 
(near each end and uniformly 
distributed mid-channel); 6X 
POL+ CL 


1X each Oct.  


Catchment area    


Aerial photos POL, GL, CL 1X each Oct.  


Fish presence/species/size Channel and POL, Campbell 
Slough and CLc 


Every other month starting 
w/ April 2013d 


Fyke net and 
seine(?) 


Fish metric CPUE (TBD)   


Water velocity Channels at POL and CL Continuous starting in April 
2013 


logger 


Water properties (DO, TOC, 
chloro, etc.) 


Channels at POL and CL Continuous starting in April 
2013 


logger 


Nutrients (NH3, PO4, SiO3) Channels at POL and CL Continuous starting in April 
2013 


logger 


Fish genetic stock 
identification 


Channel and POL, Campbell 
Slough and CL 


Every other month starting 
w/ April 2013 


 


Fish diet Channel and POL, Campbell 
Slough and CL, and outside POL 


Every other month starting 
w/ April 2013 


 


Fish residence time Lake and channels at POL and 
CL 


Continuous starting in April 
2013 


PIT 


                                                           
a A formal statistic design will be produced at a later date based on content in this AEMR plan. 
b POL channel and lake (2), Campbell Slough and Lake(2). 
c Sampling by NMFS for another study 
d Start timke should be before the Spring Ck Hatchery release multi-millions of subyearling CH. 
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Drift prey Channels at POL and CL Seasonally starting in April 
2013 


 


Benthic-invertebrate prey 
and benthic TOC 


POL and outside POL, CL and 
outside CL 


Seasonally starting in April 
2013 


Ponar grab 


Insect prey (winged and 
terrestrial prey, i.e., 
fallout)?) 


Channels at POL and CL Seasonally starting in April 
2013 


 


Fish condition (FIT)    


Derived Variables    


Hyposographic curve of 
water sfc elev. 


Yes   


Tidal exchange volume Yes   


Area-time inundation Yes   


Floodplain wetted area Yes   


Wetted-channel edge 
length 


Yes   


Material flux Yes   


Fish growth Yes (modeling)   


Data Management Name Agency Phone 


Custodian TBD   


Weblink    


Reporting Schedule Citation Source/Weblink 


Draft report TBD   


Final report    


    


ATTACHMENTS  
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FINAL PROPOSAL 
submitted to the U.S. Army Corps of Engineers 


Anadromous Fish Evaluation Program 


2013 Study-Year 


I.  Basic Information  
A. Title   


Synthesis and Evaluation of Research, Monitoring, and Restoration Project Data in the Lower 
Columbia River and Estuary 


B. Project Leaders    
Mr. Gary E. Johnson 
Pacific Northwest National Laboratory 
Marine Sciences Laboratory 
620 SW 5th Avenue, Suite 810 
Portland, OR 97204 
gary.johnson@pnnl.gov 


Mr. Andre M. Coleman 
Pacific Northwest National Laboratory 
Hydrology Group 
P.O. Box 999 
Richland, WA 99352 
andre.coleman@pnnl.gov 


Dr. Heida L. Diefenderfer 
Pacific Northwest National Laboratory 
Coastal Ecosystems Research Group 
1529 West Sequim Bay Road 
Sequim, WA 98382 
heida.diefenderfer@pnnl.gov 


C. Study Code   
EST-P-12-01 


D. Anticipated Duration 
Overall Study Period:  2012 through 2014 


Proposal Study Period:  January 1, 2013 through May 31, 2014 


E. Date of Submission   
September 28, 2012  
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II.  Project Summary 
A.  Goal:  The goal of this study is to develop an estuary-wide, geospatial data management system for 
research, monitoring and evaluation (RME) studies and restoration project development under the federal 
Columbia Estuary Ecosystem Restoration Program (CEERP) in the floodplain study area of the lower 
Columbia River and estuary (LCRE). 


B.  Objectives:  The overall (2012 through 2014) objectives for the study are as follows: 
1. Coordination -- Coordinate with CEERP funding agencies and regional stakeholders to establish 


key analysis questions and database needs for RME and ecosystem restoration within CEERP’s 
adaptive management framework. 


2. Database Development -- Develop a geospatial Estuary Data Model and prototype LCRE 
Databasea. 


3. Analysis and Synthesis – Analyze and synthesize data to answer key analysis questions 
addressing CEERP objectives, and provide analytical support at program level within the CEERP 
adaptive management process.   


4. Disseminate Information and Results (NEW) -- Make research findings web-accessible to habitat 
restoration planners, engineers, biologists, and researchers. 


The focus for each of the three study-years by objective is as follows: 


 2012 
Coordinate regionally 


and establish prototype 
database 


2013 
Refine database application 


2014 
Transfer to regional entity 


Obj. 1 
Coordination 


Obtain stakeholder input 
and guidance during 


database development 


Obtain stakeholder review 
and feedback on prototype 


database 


Obtain stakeholder 
coordination for eventual 


transfer of technology 
Obj. 2 


Database 
Development 


Develop estuary data 
model and prototype 


database (example using 
PNNL-collected data); 
confirm that outputs 
support key analysis 


questions; identify and 
coordinate with other 


compatible regional data 
systems 


Continue development of 
data reduction protocols; 


refine the Estuary Data 
Model and continue to build 


the LCRE Database and 
populate or link it with 


regionally available, 
normalized data to prepare 


to support estuary-wide 
meta-analysis of 


effectiveness data 


Finalize geospatial 
database management and 
analysis system; document 
database structure; train 


new users 


Obj. 3 Analysis 
and Synthesis 


Draft and finalize the 
CEERP 2012 Strategy 


Report and Action Plan; 


Analyze and synthesize pilot 
data to address program 


objectives; apply results to 


Analyze and synthesize 
data to address program 


objectives; apply results to 


                                                           
a As used herein, the “data model” is the blueprint or design for a structure and the “database” is the actual structure. 
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draft the 2013 Strategy 
Report and Action Plan 


science-based decisions in 
development of the 2013 
Synthesis Memorandum; 
2014 Strategy Report and 


2014 Action Plan 


science-based decisions in 
development of the 2014 
Synthesis Memorandum; 
2015 Strategy Report and 


2015  Action Plan; perform 
LOE evaluation 


Obj. 4 
Dissemination 


--- Continue web-interface 
development; post pilot data 
and links to other databases 
on the database web portal 


to make it accessible to 
stakeholders 


Continue to post data on 
the database web portal to 


make it accessible to 
stakeholders; continued 
updates to web portal as 


needed. 


C.  Methods:  This is a tools-development and analytical study to support the Action Agencies’ 
implementation of LCRE ecosystem restoration called for in the Biological Opinion (BiOp).  The study is 
intended to be a finite, 3-year effort.  The first year entails proof-of-concept database development.  The 
database tools will be further refined in the second year.  The third and final year will involve finalization 
of the database and training and hand-off of the system to a designated regional entity to carry forward.  
All years will involve coordination and input from practitioners, database experts, spatial analysts, 
environmental and fisheries scientists, and end users, particularly the Lower Columbia Estuary 
Partnership and the Bonneville Power Administration.  State-of-the-art geospatial database technology 
will be applied and implemented within the CEERP adaptive management process.  The intent is to create 
a “living” database.  Annual products at the Corps’ discretion may include draft CEERP Synthesis and 
Evaluation Memoranda, Strategy Reports, and Action Plans to implement CEERP adaptive management. 


D.  Relevance to the 2010 FCRPS Biological Opinion:  RPA 3, Comprehensive Reporting; RPA 
58-61, Estuary RME. 


E.  Expected Results and Applicability:  This study will help assess progress respective to the 
CEERP objectives and key analysis questions (see following table).  The study will inform future RME 
and habitat restoration priorities at the project and program scales.  Study products will support regional 
adaptive management, program-level decision-making, and comprehensive BiOp reporting. 


Analysis Questions CEERP Obj. 1 
Increase the capacity 


and quality of estuarine 
and tidal-fluvial 


ecosystems 


CEERP Obj. 2 
Increase the opportunity 


for access by aquatic 
organisms to and for 


export of materials from 
shallow water habitats 


CEERP Obj. 3 
Improve ecosystem 
realized functions 
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At estuary-wide or 
landscape scales, are 


cumulative restoration 
activities in the LCRE 
resulting in increased 
[monitored indicator] 


compared to 2000 levels? 


[monitored indicator] = 
percentage of cover for 
native plant species, net 
ecosystem improvement 


[monitored indicator] = 
habitat connectivity, 


total floodplain wetted 
area, total physical 


habitat opportunity, 
total realized habitat 


opportunity 


[monitored 
indicator] = mean 
survival rate, early 


life history diversity, 
genetic stock 


diversity, mean 
growth rate, total 
realized habitat 


utilization 


At the site-scale, is a 
restoration activity in the 


LCRE resulting in 
increased [monitored 


indicator] compared to a 
control site, or a positive 
trajectory of [monitored 
indicator] toward that at 


a reference site? 


[monitored indicator] = 
mean water 


temperature, dissolved 
oxygen, channel x-sec, 


sediment accretion, 
prey production, macro-


detritus export, 
nutrients, plant 
similarity index 


[monitored indicator] = 
salmon 


presence/absence, 
salmon density, fish 


community structure, 
richness, species 


diversity 


[monitored 
indicator] = growth 
rate, fish condition, 


total realized habitat 
utilization 


III.  Project Description  
A. Background 


In January 2011, the Independent Scientific Review Panel expressed concern that RME and project 
development in the LCRE did not appear to be well-coordinated or well-organized.  This situation is 
cause for concern especially as it pertains to comprehensive reporting requirements of Federal Columbia 
River Power System (FCRPS) BiOps (NMFS 2008; 2010).  The proposed study is intended to provide an 
organizational system (geodatabase) to store past and future data, facilitate data sharing among research 
and restoration practitioners, and be used as the basis for synthesis and evaluation of LCRE data.  The 
database will be developed in form and function to relate to other relevant regional data systems 
(e.g., cbfish.org) and will provide a publicly accessible, interactive map-centered interface to gain access 
to the estuary database for future comprehensive analysis.  In addition, the subject study will allow 
adaptive management and collaboration of research, monitoring and evaluation and habitat restoration 
project development among regional managers and stakeholders such as the Bonneville Power 
Administration, Lower Columbia River Estuary Partnership (LCREP), National Marine Fisheries Service, 
Oregon Department of Fish and Wildlife, U.S. Army Corps of Engineers, and Washington Department of 
Fish and Wildlife. 


Numerous efforts are underway to increase the survival of Endangered Species Act-listed salmonid 
stocks in the Columbia River basin.  The Reasonable and Prudent Alternatives (RPAs) of the 2008 
FCRPS BiOp specifically identify habitat restoration and associated RME in the LCRE as actions that can 
strongly support this cause.  Accordingly, the Action Agencies and NOAA have designed and are 







AFEP 2012 Final Proposal 
Synthesis and Evaluation of Research, Monitoring and Evaluation and Restoration  


Effectiveness Data in the Lower Columbia River and Estuary 
EST-P-12-01 


 


5 


conducting an extensive RME program related to habitat restoration in the LCRE.  The BiOp RME 
Workgroup Recommendations report (May 2010) identified the following gaps among others in coverage 
of the 2008 FCRPS BiOp—the need for increased action effectiveness research and comprehensive 
summaries (roll-ups) and evaluations of estuary RME to inform adaptive management of the habitat 
restoration effort.  This project would help address these gaps by developing a geospatial database and 
instituting it with the existing collaborative, adaptive management process in the CEERP.  This process 
functions to develop, evaluate, adapt, and implement tools to assess and integrate action effectiveness 
monitoring and research (AEMR) of LCRE habitat restoration projects. 


The LCRE is a 235-km region of the main stem Columbia River and its floodplain, below Bonneville 
Lock and Dam and above the entrance to the river at the Pacific Ocean, which does not include the major 
associated tributary habitats outside of the floodplain.  Diking and a more than 40% reduction in flow 
during the spring freshet (May–July) has reduced the shallow water habitat area available to juvenile 
salmonids in the LCRE by approximately 62% according to modeled estimates (Kukulka and Jay 2003a, 
2003b).  Thus, the reconnection of lateral floodplain habitats with the main stem river by breaching dikes 
and removing/replacing culverts and tide gates is an important element of landscape-scale restoration 
programs currently underway on the river (Johnson et al. 2008).   


Like most large river floodplain landscapes or “riverscapes” (Wiens 2002), the LCRE is an 
exceedingly complex region to evaluate by any single measure, and particularly so because of the oceanic 
influence, which has variable effects depending on the season and on the lateral and longitudinal location 
of a given site.  Regarding habitat types, for instance, the positions of four general tidal wetland 
vegetation habitat classes—Sitka spruce swamps, riparian woodlands, shrub-scrub, and emergent 
marsh—vary with changing hydrogeomorphic conditions from Bonneville Dam to the river’s mouth 
(Borde et al. 2011; 2012).  At the site scale, plant communities whether in reference condition or during 
restoration also vary with microtopography (Diefenderfer et al. 2008).  The influence of controlling 
factors such as large woody debris on pool habitat development ranges from considerable in Sitka spruce 
swamps to perhaps nonexistent in some other plant community types or restoring areas (Diefenderfer and 
Montgomery 2009).  


Anadromous fishes in the LCRE present a complicated situation, because all species, all stocks, all 
Evolutionarily Significant Units, and all life histories must pass through the estuary and their estuarine 
habitat use varies with both biological and environmental factors (Bottom et al. 2005).  Furthermore, the 
survival and physiological condition of juvenile and adult fish collected in the estuary are affected by 
environmental and anthropogenic factors from the entire life cycle including conditions in the tributaries, 
mainstem, and ocean, confounding attempts at direct cause-and-effect assessment of estuarine habitat 
influence and necessitating alternative assessment methods (Diefenderfer et al. 2011a).  The survival 
benefit estimator described in the FCRPS BiOp (NMFS 2008) has been modified in the past year by the 
Expert Regional Technical Group (ERTG; established under RPA 37) to include consideration of 
ecological relationships for the purpose of restoration project prioritization but remains limited by the lack 
of information about fundamental ecological processes in the LCRE and their effects on salmonid 
survival (R. Thom, ERTG member, personal communication).  Nevertheless, numerous studies in the 
West Coast U.S.A. and Canada have shown the importance estuarine habitats play in the life histories of 
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some salmonid stocks.  Research on salmon distribution patterns in the LCRE, as well as other West 
Coast estuarine systems, indicates that diverse stocks of subyearling and yearling salmonids use tidal 
freshwater floodplain and estuarine shallow water habitats (e.g., Reimers and Loeffel 1967; Healey 1980; 
Levy and Northcote 1982; Shreffler et al. 1990, 1992; Levings et al. 1991; Levings 1994; Sommer et al. 
2001; Tanner et al. 2002; Bottom et al. 2008).  The FCRPS 2008 and 2010 BiOps call for an extensive 
habitat restoration program in the LCRE that is currently underway and sponsored in large part by the 
Corps and BPA. 


Habitat restoration and associated RME in the LCRE are being carried out by multiple agencies and 
entities.  However, standard habitat restoration monitoring protocols did not begin to be adopted in the 
LCRE until 2009 (Roegner et al. 2009), although many individuals working in the region had 
collaborated on the development of those protocols over the four preceding years and incorporated some 
elements of them into project-level monitoring.  The Roegner Protocols provide a means of reducing 
barriers to Action Agencies and managers’ informed decision-making about restoration actions by 
coordinating and systematizing future monitoring efforts.  Furthermore, data from the AEMR and 
monitoring are not currently housed in a single database and some are not presently available in electronic 
form.  Thus, data integration, assessment, evaluation and synthesis for BiOp 2013 and 2016 
comprehensive reporting poses a significant scientific and organizational challenge, which also must be 
met if findings are to be applied in adaptive management and restoration prioritization at a programmatic 
level.  


Relationship to Other Relevant Research:  The study is being coordinated with BPA F&W Program 
studies, such as the LCREP’s Ecosystem Monitoring Project (BPA 2003-007-00) and Action 
Effectiveness research within their Habitat Restoration Project (BPA 2003-011-00).  In addition, the 
Synthesis and Evaluation study is pertinent to five other recently completed or ongoing AFEP studies:   


• EST-P-09-01:  Evaluation of Life History Diversity, Habitat Connectivity, and Survival Benefits 
Associated with Habitat Restoration Action in the LCRE:  Our study will incorporate indices for 
habitat connectivity, life history diversity, habitat benefits, and geodatabase that were developed as 
part of EST-P-09-01.  (Project closing out in 2012.) 


• EST-P-10-01:  Contribution of Tidal Fluvial Habitats in the Lower Columbia River Estuary to the 
Recovery of Diverse Salmon Stocks and the Implications for Strategic Estuary Restoration:  Our 
study will be informed by this project’s efforts to establish a genetic stock-specific basis for strategic 
restoration and its effects on salmon population viability in tidal fluvial habitats. 


• EST-P-11-01:  Multi-Scale Salmon Ecosystem Action Effectiveness Research in the Lower Columbia 
River and Estuary (LCRE):  Our study will rely on action effectiveness data collected and a 
geodatabase developed under the Multi-Scale study. 


B. Objectives   
The overall (2012 through 2014) objectives for the study are as follows: 


1. Coordination—Coordinate with CEERP funding agencies and regional stakeholders to establish 
key analysis questions and database needs for RME and ecosystem restoration within CEERP’s 
adaptive management framework. 
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2. Database Development—Develop a geospatial Estuary Data Model and prototype LCRE 
Database. 


3. Analysis and Synthesis—Analyze and synthesize data to answer key analysis questions 
addressing CEERP objectives, and provide analytical support at the program level within the 
CEERP adaptive management process.   


4. Disseminate Information and Results (NEW)—Make research findings web-accessible to habitat 
restoration planners, engineers, biologists, and researchers. 


The focus for the 2013b study-year is to refine database application as follows: 


Objective Description 
Obj. 1 
Coordination 


Obtain stakeholder review and feedback on prototype database 


Obj. 2 Database 
Development 


Continue development of data reduction protocols; refine the Estuary Data Model 
and continue to build the LCRE Database and populate it with regionally available, 
normalized data to prepare to support estuary-wide meta-analysis of effectiveness 
data 


Obj. 3 Analysis 
and Synthesis  


Analyze and synthesize pilot data to address program objectives; apply results to 
science-based decisions in development of the 2013 Synthesis Memorandum; 2014 
Strategy Report and 2014 Action Plan 


Obj. 4 
Dissemination 


Continue web-interface development; post pilot data and links to other databases 
on the database web portal to make it accessible to stakeholders 


 


C. Methods   
This is a tools-development project to support the Action Agencies’ implementation of LCRE 


ecosystem restoration under CEERP and called for in the 2008 FCRPS BiOp.  The study is intended to be 
a finite, 3-year effort.  The first year entailed the identification of key analysis questions and supporting 
data, prototype database schema/Estuary Data Model development, and synthesis and evaluation via the 
CEERP 2012 Strategy Report and Action Plan.  The second and third years will involve deployment and 
refinement of the Estuary Data Model, and development and testing of database tools.  The close-out 
process will involve training and hand-off of the database and analytical tool set to a designated regional 
entity to carry forward.  The intent is to create a “living” database.  All years will involve coordination 
and input from practitioners, database experts, spatial analysts, environmental and fisheries scientists, and 
end users.  State-of-the-art geospatial database technology will be applied and implemented within the 
CEERP adaptive management process (Figure 1).  Annual CEERP reports will be used to inform 
Comprehensive BiOp reporting in 2013 and 2016, and support ongoing adaptive management in the 
LCRE, in accordance with the CEERP process. 


                                                           
b Note: The 2013 study as proposed may not be funded due to constraints caused by the Corps’ spending cap for 
research in the estuary using funds from the Columbia River Fish Mitigation project.  Tasks and activities for a 
reduced study are designated with asterisks** in the material below.  These priorities are subject to change. 
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Figure 1. CEERP Adaptive Management Process.  Brown and blue boxes signify adaptive management 


phases and deliverables, respectively.  (From BPA/Corps 2012.) 


During FY13 we developed certain “philosophies” to guide the database development effort, 
including the following: 


• The LCRE Database is responsive to the CEERP objectives, i.e., Program Objectives >> Analysis 
Questions >> Data Model >> Database (Figure 2). 


• Paradigm shift from project-specific to data category-specific data. 


• Build the most comprehensive data model we can, and include example data for many pieces in 
FY13; the data model needs to be scalable for future additions we cannot foresee at this time. 


• Database allows integrated analyses across habitat capacity/quality and function, projects, etc. 


• Disseminate data as much as reasonable, while protecting data integrity and ensuring proper use. Data 
access rules will affect the structure of the data model; need to identify and coordinate these upfront. 


• The LCRE Database provides an organized, documented archive for users to download data as 
appropriate. 
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Figure 2.  Conceptual Model for the Project (EST-P-12-01) 


Justification of the proposed study area or laboratory:  The study area encompasses the 235-km 
floodplain of the LCRE, from Bonneville Lock and Dam to the mouth of the river.  This area was defined 
in FCRPS BiOps (NMFS 2000, 2004, 2008, 2010).  CEERP restoration actions and action effectiveness 
research are occurring throughout this area. 


Power analysis and/or statistical justification for the required sample size, the number of tests, and 
replicates:  Not applicable. 


Methods for analysis (reference):  Johnson et al. (2012) describe database requirements, the adaptive 
management process, and synthesis memoranda for the CEERP.  Other regional protocols as they become 
available may also be applicable; e.g., a protocol to index early life history diversity (Diefenderfer et al. 
2011b). 


Species, numbers and source of required fish:  Data from other relevant research; the proposed study 
will not involve field work. 


Limitations of proposed methodology and expected difficulties:  The proposed methodology is 
dependent on the quality and availability of action effectiveness data from multiple parties.  As such, the 
study is vulnerable to difficulties arising from this dependence. 


C.1  Specific Methods for 2013 Objective 1:  Obtain stakeholder review and feedback on prototype 
database. 


**Task 1.1c.  Convene meetings of CEERP funding agencies and regional stakeholders. 


Approach.  Three coordination avenues were established in FY13 (see following table).  We propose 
to continue these avenues and collaboration involving funding agencies and regional stakeholders to 
coordinate database needs for RME and ecosystem restoration in the LCRE within CEERP’s adaptive 
management framework.  The LCREP Science Work Group served the overall coordination purpose 


                                                           
c Asterisks** denote tasks and activities that would be conducted for a reduced study. 
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(Avenue A) well in FY12; the plan is to continue to work with this regional estuary body again in FY13.  
The coordination task will also reach out to database technologists working on similar efforts elsewhere 
in the Columbia basin (Avenue B), many of which are funded by BPA on projects conducted under 
federal BiOp RME and salmon recovery.  The third coordination avenue (C) among the Corps, BPA, and 
LCREP is critical because of the respective database work for the LCRE that each party is involved with. 


Deliverable and Due Date:  FY13 – four quarterly meetings with regional stakeholders.  FY 14 – 
Continued quarterly coordination meetings. 


Avenue Composition Frequency Purpose 


A Regional, general: LCREP Science Work Group Quarterly Awareness, feedback 


B Regional, data technologists Quarterly Technical coordination, logistics 


C Corps/BPA/LCREP Monthly Programmatic coordination 


**Task 1.2.  Update the inventory of existing, publicly available datasets and coordinate with restoration 
and RME practitioners in the estuary and with regional database development efforts (e.g., cbfish.org). 


Approach:  This task is a continuation of similar work in FY13.  Identification of and coordination 
with other database efforts in the Columbia basin can only strengthen the LCRE database.  This work is 
included as a regular agenda item early in the meetings in Task 1.1 (Coordination avenues A, B, and C).  
The results will used to inform the database development effort in Objective 2.  Findings and 
recommendations will be documented in a regional database inventory.   


Deliverable and Due Date:  FY13 – Updated inventory of key estuary data sets and their tie to key 
analysis questions by December 2013.  FY14 – Coordinate possible retrieval and sharing of data from 
regional stakeholders. 


**Task 1.3.  Update the data use and access guidelines. 


Approach:  We will work with the funding agencies and stakeholders to continue work to develop 
data use and access guidelines.  For data included in the LCRE database, data characteristics will be 
established describing the intended and appropriate use, scale, data sensitivity, planned update frequency, 
etc.  As the data are assembled, multiple classes of data will resolve (i.e., historical, monitoring, forecast, 
general use, restricted use,  researcher use, manager use, species specific, etc.).  For each of these classes, 
we will work with funding agencies and stakeholders to develop a draft document that specifies common 
data use and access criteria based on the established classes of data and solicit feedback on outcomes.  


Deliverable and Due Date:  FY13 – Final guidelines by January 2014.  FY14 – Institute and refine 
data use and access guidelines. 


C.2  Specific Methods for 2013 Objective 2:  Refine the Estuary Data Model and continue to build the 
LCRE Database and populate it with regionally available, normalized data to prepare to support estuary-
wide meta analysis of effectiveness data. 
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The flow of data from collection in the field to release on the LCRE Database website involves a 
series of steps (Figure 3).   


 


Figure 3.  Data Flow from Field Collection of Raw Data to Release.  Release is subject to Task 1.3: data 
use and access guidelines. 


Task 2.1.  Continue development of Protocols for Habitat Restoration Monitoring Data Reduction and 
Analysis in the Lower Columbia River and Estuary (“Data Reduction Protocols”) and Data Exchange 
Templates (DETs) for key indicators from Roegner et al. (2009). 


Approach:  There is a gap between the Roegner et al. (2009) Protocols, which cover data collection, 
and the creation of a relational database as described in the Estuary Data Model.  The Protocols do not 
discuss in detail the procedures for data reduction and the final metrics and units that should be reported, 
an essential element of standardizing a database for comprehensive reporting.  Therefore, during 2012 we  
are producing a draft companion document to the Protocols, including example spreadsheets.  This 
product will increase the efficiency of individual project monitoring and is fundamental to estuary-wide 
aggregation of the data for comprehensive standardized reporting and adaptive management.   Work in 
FY13 will continue that started in FY12. 


Deliverable and Due Date:  FY13 – Additional draft data reduction protocols as appropriate by 
January 2014.  FY14 – Finalize all data reduction protocols prepared under this project. 


Task 2.2.  Implement components of the Salmon Estuarine Habitat Index (SEHI) in Estuary Data Model. 


Approach:  A Salmon Estuarine Habitat Index (SEHI) model has been developed under the AFEP 
Salmon Benefits project (EST-P-09-01) to index the direct and indirect benefits of habitat restoration 
projects to juvenile salmonids.  Researchers have developed a numerical model of estuarine habitat to be 
used at the restoration site scale, based on the conceptual model developed and peer-reviewed in 2011 
(Diefenderfer et al. 2012).  The purpose of this task is to incorporate the components shown in Figure 4 
into the Estuary Data Model so that eventually the LCRE Database will be able to provide data for the 
practitioners implementing the SEHI. 
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Figure 4.  Salmon Estuarine Habitat Index (draft, K. Buenau et al., April 2012) 


Task 2.3.  Refine the Estuary Data Model as necessary depending on regional feedback. Document the 
Estuary Data Model to prepare for peer-review and publication. 


Approach:  One of the main tasks will be to refine the Estuary Data Model (Figure 5) because it is 
inevitable that we will identify improvements for such a complex undertaking.  The current Estuary Data 
Model is adaptive to new types of data and data structures from other entities.  It is expected that the 
stakeholders (Task 1.1) would continue to make recommendations to aggregate existing data into a 
common relational database usable for BiOp comprehensive reporting related queries and make said data 
accessible to the public.  The current Estuary Data Model supports a web-enabled ArcGIS Server instance 
that can make spatial environmental data from the project publicly available through web map services 
for GIS users and/or through any standard web browser using a customized interactive map and analysis 
environment for non-GIS users. The current state of the Estuary Data Model will be documented, 
including specific descriptions of themes, tables, and fields in addition to specific functions and 
expectations of the data model.  Documentation will be updated as the data model is updated/revised. 


 


Figure 5.  Screen Shot to Show the Complexity of the Estuary Data Model.  (From 
LCRE_DataModel_Draft_r9.pdf.) 


Deliverable and Due Date:  FY13 – Building on the FY12 version, we will refine the Estuary Data 
Model by December 2013; the Estuary Data Model (Figure 5) will be fully documented and presented for 
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peer-review by July, 2013. FY14 – Incorporate all available data types as appropriate into the Estuary 
Data Model; work with ESRI to formally publish the Estuary Data Model. 


**Task 2.4.  Continuing work started in 2012, and using existing PNNL-collected and other data as 
available, perform data reduction and quality assurance as needed to normalize data sets for entry in the 
database.   


Approach:  An in-depth review of official data sets identified in Task 1.2, as well as interaction with 
data stewards, will provide an understanding of the data purpose, type, general category, relationship to 
other data, temporal scale, and the geographic linkage of the data.  The review of the data entails 
determining, case by case, whether or not existing data are covered in the current Estuary Data Model or 
if the data model needs to be expanded/adapted to include new data types.  In addition, communication 
will occur with data stewards to standardize and adopt standards for the data headers, data types, and 
other data structure requirements (i.e., Data Reduction Protocols) necessary for inclusion into the LCRE 
Database.  This is related to Task 1.2. 


Deliverable and Due Date:  FY13 – For data PNNL collected, data reduction and normalization will 
be completed for inclusion in the Estuary Data Model.  FY14 – Using data inventoried in Task 1.2, as 
appropriate, continue data reduction and normalization for inclusion in the LCRE Database. 


Task 2.5.  Continue development of the LCRE Database. 


Approach:  Building from work in 2012, the Estuary Data Model is being implemented to build the 
LCRE Database, an ArcGIS Server/spatial database engine-based geodatabase.  Official data are being 
structured following draft Data Reduction Protocols and checked into the geodatabase.  Web-based map 
services are being used to allow direct access to the data sets via OpenGIS-compliant GIS software, and a 
web-based map and data visualization environment is being developed to interact, explore, and retrieve 
data.  Periodic internal reviews, invited reviews from outside experts, and coordinated reviews through 
the regional avenues (see table above) will ensure the development trajectory is meeting project 
objectives.  


C.3  Specific Methods for 2013 Objective 3:  Analyze and synthesize data to address program objectives; 
apply results to science-based decisions in development of the 2013 Synthesis Memorandum; 2014 
Strategy Report and 2014 Action Plan. 


**Task 3.1.  Finalize the CEERP 2013 Strategy Report and 2013 Action Plan; draft a 2013 Synthesis 
Memorandum, 2014 Strategy Report, and 2014 Action Plan. 


Approach:  The 2013 Synthesis Memorandum will be produced by updating the recent 2012 
Synthesis Memorandum using any new available information; the update may take the form of a 
workshop proceedings or other mechanism to be determined.  The approach will be similar for the 
Strategy Reports and Action Plans. 


Deliverable and Due Date:  FY13 – Draft 2012 Strategy Report by March 1, 2012; 2012 Action Plan 
by March 8, 2012; and 2013 Synthesis Memorandum by March 31, 2013.  FY14 – Analogous annual 
documents. 
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Task 3.2.  Provide analytic and programmatic support to the CEERP adaptive management processes in 
the LCRE. 


Approach:  Such support may include coordination among CEERP funding agencies and 
stakeholders, analysis and compilation of CEERP RME data (the Synthesize and Evaluate phase in 
CEERP adaptive management, Figure 1).  This task will require close coordination among PNNL and 
Corps staff in program management and environmental resources.  Actual tasks are to be determined. 


Deliverables and Due Dates:  FY13 – Work products to be determined.  FY14 – Continued 
programmatic support. 


C.4  Specific Methods for 2013 Objective 4:  Make available research findings web-accessible to habitat 
restoration planners, engineers, biologists, and researchers. 


Task 4.1.  Receive, load, and disseminate pilot AFEP research project data 


Approach:  Multiple research projects have been conducted in the LCRE under the auspices of AFEP.  
This task will entail working with one of those projects (to be determined) to receive, load, and 
disseminate pilot data.  Using AFEP available data, either PNNL or non-PNNL, identify pilot data using 
area, time, space, and/or data theme, receiving support from Task 2.1 (Data Reduction and Data Exchange 
Template Protocols), establish normalization procedures if it doesn’t already exist, update the Estuary 
Data Model if required, and load the data into the LCRE Database. The established pilot data will be 
made available for dissemination through the web-based interface.  The intent is to exercise processes for 
data sharing and access, normalization, upload, and dissemination via the LCRE Database’s web-
interface. 


Deliverable and Due Date: FY13 – Define and document pilot AFEP data, and process and 
disseminate data by March 31, 2013. FY14 – Continue to post data on the database web portal to make it 
accessible to stakeholders 


Task 4.2.  Continue development of the web-interface for the LCRE Database and deploy data access 
rules. 


Approach:  Through the deployment of a custom state-of-the-art map-based web interface, estuary 
research findings, both data loaded locally in the Estuary Data Model and data linked through other web-
available databases, will be made available to habitat restoration planners, engineers, biologists, and 
researchers for the purpose of supporting estuary-wide meta analysis of effectiveness data. The web portal 
supports data interaction, exploration, and downloading.  Data access rules will be established as 
described in Task 1.3. 


Deliverable and Due Date:  FY13 – The LCRE Database, a web-accessible geospatial database 
management system, will be made available to Corps staff and others for formal review, testing, and 
feedback during FY13.  FY14 – Based on analysis questions and requirements identified under Task 1.1, 
the web-based data visualization and analysis environment will be tailored to address needs. Continued 
testing, feedback, and refinement will be conducted. 


**Task 4.3.  Estuary Data Model Dissemination 
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Approach:  Receiving support from Task 2.3, the Estuary Data Model will be presented and peer-
reviewed with the intent of making of making the data model available for public use not only in the 
LCRE, but also in other estuaries.  The design of the Estuary Data Model was built with the intent of 
making it generic and adaptable and thus applicable to many other sites around the country. 


Deliverable and Due Date:  FY13 – The Estuary Data Model will be communicated through public 
presentation and peer-review by July, 2013. FY14 – The Estuary Data Model will be formally published 
and disseminated by July, 2014. 


D. Expected Results and Applicability   
This study will provide the Action Agencies, resource managers, and stakeholders with the LCRE 


Database—the first-ever, web-accessible, geospatial database for ecosystem restoration and associated 
RME in the LCRE.  Analyses produced by the subject study will inform future RME and habitat 
restoration priorities at the project and program scales.  Products will support regional adaptive 
management, program-level decision making, and comprehensive BiOp reporting. 


E. Schedule and Deliverables  
• January 1 – Begin 2013 study 


• January 1, 2013 to December 31, 2013 – Coordination, database development, and analysis and 
synthesis 


• April 1 – Quarterly progress report to the Corps 


• July 1 – Quarterly progress report to the Corps 


• July 31 – Estuary Data Model Presentation (deliverable) 


• October 1 – Quarterly progress report to the Corps 


• October 2013 to March 2014 – Data analysis for the Synthesis and Evaluation (S&E) Memorandum 
(data from period = October 2012 through September 2013) 


• December 2013 – AFEP Annual Review presentation (deliverable) 


• January 3 – Quarterly progress report to the Corps 


• January to May 2014 – Database documentation and report writing 


• May 31, 2014 – Submit annual summary of findings (deliverable) (reporting period = January 2013 
through December 2013) 


F. Facilities and Equipment 
Requirements:  Equipment requirements include a rack-mount server with sufficient disk capacity and 


system memory to deliver multiple data requests and analysis functions over the web.  Facilities and 
required relational database and ArcGIS Server software are being provided.  


Justification for special or expensive equipment or services:  A high-capacity server ensures efficient 
delivery of data and analysis to multiple users over the web.  
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G. Impacts  
Other ongoing or proposed research:  Not applicable. 


Projects (include dates and proposed schedules):  Not applicable. 


Pre-season installation of equipment or other assistance:  Not applicable. 


Special assistance or operation during the research:  Not applicable. 


Special operations:  Not applicable. 


H. Biological Effects   
None, because this is a “paper” study. 


I. Collaborative Arrangements and/or Subcontracts    
Beyond coordination with CEERP stakeholders and funding agencies, no other collaborative 


arrangements are anticipated at this time.  No subcontracts are planned. 


IV.  Key Personnel and Project Duties  
Name Organization Role/Expertise Objectives 


Gary Johnson PNNL Co-Project Manager 1-4 


Andre Coleman PNNL Co-Project Manager, Geospatial Engineer 1,2,4 


Heida Diefenderfer PNNL Co-Project Manager, Restoration Ecologist 1-4 


Joe Lettrick PNNL GIS Developer 2 


Amy Borde PNNL Wetland Scientist 1-3 


John Skalski UW Statistician 2-3 


Nikki Sather PNNL Fisheries Biologist 1-3 


Ron Thom PNNL Restoration Scientist 1-3 


Cynthia Studebaker USACE USACE Technical Lead 1-4 


V.  Technology Transfer  
This study will help assess progress of the CEERP respective to its program objectives:  1) Increase 


the capacity and quality of estuarine and tidal-fluvial ecosystems; 2) Increase the opportunity for access 
by aquatic organisms to and for export of materials from shallow water habitats; and 3) Improve 
ecosystem realized functions.  The study will inform future RME and habitat restoration priorities at the 
project and program scales.  Products will support regional adaptive management, program level decision 
making, and comprehensive BiOp reporting. 


Information acquired during the proposed work will be transferred in the form of written and oral 
research reports and scientific publications.  Presentations will be made at the Corps’ annual AFEP 
Review.  Technology transfer activities may also include presentation of research results at regional or 
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national fisheries, ecology, and restoration symposia.  For example, we will participate in biennial 
conferences covering juvenile salmonid and related relevant research in the LCRE.  Such a forum is 
useful to coordinate, exchange information, and integrate across projects.  In 2006, 2008, 2010, and 2012 
we worked with the BPA, USACE, CREST, the LCREP, NMFS, and others for biennial Columbia River 
Estuary Conferences (www.cerc.laborks.org). 
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     STUDY SUMMARY 
A.  GOALS  


 The aims of the proposed work is to continue efforts to develop a framework for cataloging 
surveys of structures, ladder modifications and hydraulic conditions that may affect adult Pacific 
lamprey passage in fishways through use of a consistent and novel reporting method (3D 
modeling).   Work in 2012 (Year 1) will provide a synthesis of available literature and telemetry 
data and develop 3D models for BON Washington Shore Fishway.  Work in 2013 will: 
 
B.  OBJECTIVES 
  


1) Generate 3D models of other dams and fishways, incorporating findings from Year 1.  
Work with USACE staff and regional fish managers to update list of potential structural and 
operational modifications that could address each identified problem area.  Assign rankings 
to level of certainty to identified targets regarding: 
 1a Mechanisms of passage problem in identified problem areas 
 1b Feasibility of potential solutions 
  1c Certainty that identified solutions will resolve the identified passage problem 
 
2 Under guidance from USACE staff and regional fish managers, update 3D model to 
include capability for tracking potential and implemented passage improvement actions, 
including ranking considerations from Obj. 2.  The tool must be made available to USACE 
and regional fish managers when completed.  Actions include: 
 2a Major fishway modifications 
 2b Minor fishway modifications 
 2c LPS installations and modifications 


2d Operations modifications 
 
C.  METHODS  


We will continue to develop a data visualization tool (3-D models) using newly developed 
and widely available 3D modeling software (Google Sketchup) that allows spatially referenced 
and intuitive synthesis of fishway structure, modification, fish behavior and passage 
performance, and identified areas of passage concern.  During winter dewatering periods, we will 
survey fishways, photographing structures in detail, and inventory structures known to affect 
lamprey passage (square corners, diffuser gratings, etc). Hydraulic measurements of velocity and 
turbulence in representative areas and areas of known passage issues will be mapped onto 
models and related to biological swimming performance; these data will be related to flume tests 
proposed in UI Task 1 (LMP-P-13-1).  Survey data will be incorporated into an inventory 
database/spreadsheet for tracking changes and refined photo-realistic 3D rendered models that 
can be easily downloaded, viewed from any angle, and annotated by users using personal 
computers.  In collaboration with USACE and regional managers, we will rank and prioritize 
identified bottlenecks/issue areas using the 3-D models and a critical literature review of studies 
evaluating swimming performance in Pacific lamprey (Lampetra tridentata/Entophenus 
tridentatus) and synthesis of available telemetry data developed in Year 1.     


 







D.  RELEVANCE  
With diminishing returns of adult Pacific lamprey to lower Columbia River dams in past 


years including very low returns in 2009-2010, 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 Action Agencies and Accord Tribes.   







PROJECT DESCRIPTION 
 
A.  BACKGROUND  


Pacific lamprey (Lampetra tridentata/Entophenus tridentatus) is an ecologically and 
culturally important native species that have exhibited declines in recent decades, prompting 
concern from diverse stakeholders including USACE, USFWS, ODFW, WDFW, and Tribes 
(e.g., Close et al. 2002).  Recent returns have been lower than the ten-year average and the 2010 
run was the lowest on record (DART 2012).   
 


Adult lamprey returning to the interior Columbia Basin pass 1-9 dams before reaching 
spawning habitats, prompting concern that dams inhibit migration to upstream spawning sites.  
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; 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). 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 using 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. 
in press). Specifically, Moser et al. (2002a, 2002b, 2003, 2005) 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.  


 
Knowledge and documentation of fishways structures is currently fragmented, held by 


individual project biologists, researchers, and managers.  Importantly, information on structural 
details at specific locations is frequently difficult to obtain, may be outdated, or may be 
unavailable until ladders are dewatered during winter maintenance (approximately every other 
year).  Additionally, regional managers are currently seeking to prioritize future efforts to 
improve lamprey passage among locations at multiple dams.  Therefore, a systematic and 
synthetic compilation of fishway structure will assist in prioritizing future modifications to 
improve fish passage.  Similarly, fishway hydraulic conditions are known at coarse scales 
(ladders are run within operational criteria).  Knowledge of detailed hydraulic conditions at areas 
of known passage problems will assist in identifying underlying mechanisms and modifications 
to improve passage performance by adult lamprey.  Here we propose to integrate existing 
knowledge, systematic surveys, and hydraulic measurements into a novel reporting and 
visualization tool.   
 
B.  OBJECTIVES 
  


1) Generate 3D models of other dams and fishways, incorporating findings from Year 1.  
Work with USACE staff and regional fish managers to update list of potential structural and 
operational modifications that could address each identified problem area.  Assign rankings 
to level of certainty to identified targets regarding: 
 1a Mechanisms of passage problem in identified problem areas 







 1b Feasibility of potential solutions 
  1c Certainty that identified solutions will resolve the identified passage problem 
 
2 Under guidance from USACE staff and regional fish managers, update 3D model to 
include capability for tracking potential and implemented passage improvement actions, 
including ranking considerations from Obj. 2.  The tool must be made available to USACE 
and regional fish managers when completed.  Actions include: 
 2a Major fishway modifications 
 2b Minor fishway modifications 
 2c LPS installations and modifications 


2d Operations modifications  
 
C.   METHODS 


 
Objective 1:  Generate 3-D models of other fishways.   


 
Recent developments in low- or no-cost and widely available 3-D computer modeling such 


as Google Sketchup and Google Building Maker (http://sketchup.google.com/) and 
Solidworks and Solidworks Viewer (http://www.solidworks.com/) allow the rapid production of 
accurate and realistic renderings of structures such as buildings, houses, or other structures such 
as dams and fishways.  These models can be manipulated in three dimensions on personal 
computers, accessed over the internet, and easily modified and annotated with photos of the 
structures or polygons depicting important structural elements.  Models can be easily viewed by 
non-users in free viewer programs including Adobe Acrobat.  UI will use a software platform to 
render base models of fishways using existing technical drawings.  


 
During winter dewatered periods, UI will walk selected fishways, comprehensively 


photograph fishways, and simultaneously tabulate important fishway elements by location (e.g., 
location of raised weirs, square corners, diffuser gratings, other unusual structures by weir).  The 
photos and inventory will then be incorporated into the models by texturing models with photos 
using a Google Building Maker or similar process and by symbolically identifying important 
elements on the model so they are easily recognized (e.g., highlighting diffuser gratings with red 
shading, raised weirs with yellow).  Emphasis will be placed on locations of potential passage 
difficulty for adult Pacific lamprey. 


 
Completed base and refined models will represent valuable reference resources for lamprey 


passage prioritization and other issues addressed by groups such as FPOM and FFDRWG 
because they will provide detailed and easily accessible visualizations of the fishway structures.  
Models will be easily updated to track improvements and structural modifications through time.  
An accompanying spreadsheet/database template for tracking lamprey modifications will be 
developed simultaneously. 


 
Hydraulic modeling is frequently used to estimate velocities in fishways.  However, models 


are often limited to estimates of mean flow and can become both complex and expensive in 
structurally complex areas.  Importantly, both mean velocity and turbulence affect fish passage 
behavior and success during upstream movement.    



http://sketchup.google.com/�





 
We propose to use acoustic Doppler velocimetry (ADV) and/or acoustic Doppler current 


profiling (ADCP) to map velocity profiles at transects representing important passage points 
(e.g., entrances, collection channels, transition pools, fish ladders, count stations, serpentine 
weirs, AWS, and near LPS entrances).  Turbulence will be quantified as the coefficient of 
variation (CV) of velocity in all axes (x, y, z).  Measurements will be conducted just before or 
after winter maintenance periods to minimize potential impacts on passing fish and will require 
crane support for instrument deployment in some locations.  Measurements will include near-
bottom velocities at and outside fishway entrances and with and without velocity reducing 
structures in place during year two, pending manipulation of structures.  Measurements will be 
coordinated with USACE Portland District Hydraulic Design staff.  Where possible, 
measurements will be taken at multiple tailrace and forebay elevations because lamprey passage 
behavior is associated with variation in these factors.  


 
Results will be incorporated as a clickable layer on the 3D models.  Special attention will be 


taken to make measurements in areas of known passage difficult (e.g., turn pools and serpentine 
weirs near exits), to compare similar areas with and without diffuser inputs, and to identify other 
areas of high velocity or turbulence that may impede lamprey passage.  Comparison of 
conditions in areas of rapid passage will be used to identify potential underlying mechanisms 
related to slowed or failed passage.  
 


 
Objective 2:  Tracking and prioritization of fishway modifications for lamprey 
 


 Using 3-D models, UI will facilitate a series of special lamprey SRWG meetings with 
USACE and regional representatives to identify potential modifications and incorporate updates 
to the models.  Data and models will be used by USACE, Accord tribes and Nez Perce Tribe to 
prioritize future improvements. 
 
 
 
Year 2 Milestone Lead Completion Date 
 
Base modeling of remaining 
fishways at BON 


 
UI 


 
Summer  2013 


 
Base modeling of fishways at TDA 


 
UI 


 
Spring-summer 2013 


 
Base modeling of fishways at JDA 


 
UI 


 
Summer-fall 2013 


 
Annotation with data; photos 
from in-water work periods; prior 
modifications 
 
Hydraulic measurements in 
fishways 


 
UI 
 
 
 
UI 


 
Summer-winter 2013 
(photos to be taken during 2012-
2013 & 2013-2014 IWWPs) 
 
Early 2014, post IWWP 


 
Development of database to 
track fishway improvements 


 
UI with USACE 


 
Spring 2013 







 
Workshop to review fishway 
models and potential areas of 
improvement to SRWG & other 
stakeholders 
 
Prioritization of future 
improvements 


 
UI 
 
 
 
 
USACE, Accord tribes, Nez Perce 
Tribe 


 
Summer 2013 
 
 
 
 
TBD 
 


   
 
D.  Facilities and Equipment  
 
Fishway inspections will occur at dams during winter maintenance periods.  Modeling will be 
conducted at UI using electronic copies of fishway plans (UI has copies for Bonneville Dam).  
UI will provide all instrumentation, software, computers, vehicles, and field supplies on a rental 
basis.  USACE will provide access to dam diagrams for other projects. 


 
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 fishways during winter maintenance period.   
2. Provide crane support during in-water velocity measurements if needed.  
3. Assist with the RWG assembly and meeting coordination. 
 


 
F.  Biological Effects 


 
The majority of work will be data mining/data synthesis and thus will have no biological 


effects.  Fishway inspections will occur during winter work periods.  We will conduct velocity 
measurements during periods of low or no passage and may conduct work at night to minimize 
potential impacts on passing adult fishes.  Details of in-water work will be vetted by FPOM.  


 
Key Personnel and Tasks 


Project planning and administration: 
Project leader: C. Caudill 
 


Work plan preparation, supervision of survey crews: 
C. Caudill, Hattie Zobbot 
 


        Facilitation of RWG workshops: 
          C. Caudill, M. Keefer 
 


Development of database, supervision of modeling: 







                    C. Caudill, M. Jepson, T. Clabough 
 


Velocity measurements and data analysis: 
                   R. Budwig, D. Tonina, C. Caudill 
 
        Project reporting: 
                  C. Caudill, M. Keefer, R. Budwig, D. Tonina 
 
 
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. 
 
 








Agenda Study Code ADULT SALMON & STEELHEAD STUDIES Comments


13:15 ADS-P-12-2
Evaluation of Changes in Steelhead Iteroparity Rates Due to Installation of Surface Flow Outlets in the Federal Columbia 
River Power System (FCRPS)


13:30 ADS-S-13-1 Migration and Passage Behavior of Overwintering Summer Steelhead in the Lower Columbia and Snake Rivers - 2013


13:45 ADS-W-12-1
Steelhead Kelt Passage Distributions and FCRPS Survival and Return Rates for Fish Tagged Above and At Lower Granite Dam 
(Year 2)


14:00 ADS-W-13-1 Adult Steelhead, Chinook and Sockeye Salmon Passage, Survival and Conversion through the Lower Snake River - 2013


14:15 ADS-W-13-1a Adult Steelhead, Chinook and Sockeye Salmon Passage, Survival and Conversion through the Lower Snake River


14:30 ADS-W-13-1b Evaluation of Migration Success for Snake River Sockeye Salmon Upstream from Lower Granite Dam


14:45 ADS-W-13-2 Direct Injury and Relative Survival of Adult Steelhead Passing through Turbines and Over Spillway Weirs at McNary Dam


AVIAN PREDATION STUDIES


15:00 AVS-P-08-1
Evaluate Management Measures and Develop Baseline Information on Double-Crested Cormorants (DCCO) Directed at 
Reducing the Impact of their Predation on Salmonid Smolts in the Columbia River Estuary (CRE)


Placeholder  - pending development of 
Performance Work Statement for 
Contracting Action


AVS-P-08-2
Evaluate Caspian Tern Management Measures Relative to their Impact on Salmonid Smolts in the Columbia River Estuary 
(CRE)


Placeholder  - pending development of 
Performance Work Statement for 
Contracting Action


AVS-W-03-1 Evaluation of Inland Avian Predation Management Actions on Salmonid Smolts from the Columbia and Snake Rivers
Placeholder  - pending development of 
Performance Work Statement for 
Contracting Action


BYPASS SYSTEM STUDIES
15:30 BPS-P-13-1a Bonneville Dam Second Powerhouse Orifice Improvements Study, 2013


15:45 BPS-P-13-1b
Validation of CFD Analysis and Evaluation of Fish Condition and Gatewell Residence Time for Juvenile Salmonids in a 
Modified Gatewell at the Bonneville Dam Second Powerhouse


16:00 BPS-W-13-1 Evaluation of Selectivity  of Juvenile Bypass Systems Placeholder  - On hold pending further 
internal review, potential Special SRWG 


16:15 BPS-W-13-4 Evaluation of Overflow Weirs and 14-inch Orifices for the Lower Granite Juvenile Bypass System Upgrade


16:30 BPS-W-13-5 McNary Dam Emergency Gate Closure Fish Guidance Efficiency Study


BULL TROUT STUDIES
16:45 BT-W-10-2 Bull Trout Movements in the Lower Snake River, Washington


Agenda Study Code ESTUARY STUDIES Comments


8:15 EST-P-10-1 Contribution of Tidal Fluvial Habitats in the Columbia River Estuary to the Recovery of Diverse Salmon ESUs


8:30 EST-P-11-1 Multi-Scale Salmon Ecosystem Action Effectiveness Monitoring and Research in the Lower Columbia River and Estuary


8:45 EST-P-12-1 Synthesis and Evaluation of Research, Monitoring and Restoration Project Data in the Lower Columbia River and Estuary


LAMPREY STUDIES
9:00 LMP-P-11-1 Synthetic Evaluation of Adult Pacific Lamprey Passage, 2012


9:15 LMP-P-12-4 Evaluation of Adult Pacific Lamprey Migration Behavior and Fate in Lower Columbia River using Acoustic Telemetry, 2013


9:30 LMP-P-13-1 Evaluation of Adult Lamprey Passage Behavior in Relation to Lower Columbia River Dam Modifications - 2013


9:45 LMP-W-13-1
Evaluation of Adult Lamprey Passage Behavior in Relation to Fishway Modifications at McNary, Little Goose and Lower 
Granite Dams


Placeholder  - Pending development of 
Performance Work Statement for 
Contracting Action


10:00 LMP-W-13-3 Juvenile Pacific Lamprey Passage and Survival at Columbia and Snake River Dams


PASSAGE & SURVIVAL STUDIES
10:15 SPE-P-13-1 Performance Evaluation of the Newly Developed Injectable JSATS Transmitter Draft proposal in development


10:30 SPE-P-13-2 Determining the Minimum Size Threshold for Implantation of the JSATS Injectable Tag in Juvenile Salmonids Draft proposal in development


TRANSPORTATION STUDIES
10:45 TPE-W-04-1 A Study to Determine Seasonal Effects of Transporting Fish from the Snake River to Optimize a Transportation Strategy


11:00 TPE-W-11-2 Identifying Overwintering Location and Natal Origin for Snake River Fall Chinook Salmon


11:15 TPE-W-11-4 Evaluation of Methods to Reduce Straying Rates of Barged Juvenile Salmonids


15:15
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STUDY SUMMARY 
A.  GOALS  


The goal of this study is to use JSATS telemetry to determine the behavior and fate of 
upstream migrating adult lamprey in the lower Columbia River, focusing on the Bonneville Dam 
reservoir and tailrace. 
 
B.  OBJECTIVES 
 


1. Determine final fate (distribution, mortality, tributary use, etc.) of adult lamprey 
that:  1) are observed passing Bonneville Dam (BON), but do not pass The Dalles 
Dam (TDA); and 2) do not pass BON following release in the BON tailrace. 
 


2. Continue to develop JSATS as an alternative technology for evaluating standard 
upstream passage metrics, including passage times, dam passage efficiency, fishway 
passage efficiency, entrance efficiency, and fallback. 


 
3. Evaluate the efficacy of acoustic telemetry for determining behavior and 


distribution in dam tailrace environments as part of efforts to identify potential 
alternative locations for lamprey passage structures. 
 


4. Evaluate the relationship of environmental and operational variables to migration 
behavior of adult lamprey in Lower Columbia River using historic JSATS, RT, 
HDX-PIT data and other pertinent information. 


 
C.  METHODS  


Dam counts, radiotelemetry, HD-PIT, and JSATS tag studies reveal that a large number 
of adult lamprey entering FCRPS reservoirs do not pass the next dam upstream.  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.  Recent 
advances in JSATS receiver technology provide the ability to track fish in three dimensions as 
they approach or exit dams.   


 
We propose to JSATS-tag a sample of 350 adult lamprey to continue characterizing basic 


migration behavior in reservoirs and the estimation of fate of JSATS-tagged adult lamprey in 
Lake Bonneville and the tailrace of Bonneville Dam (we classify fate using 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 2010-2012, including telemetry monitoring 
with a combination of boat-based mobile tracking and fixed site autonomous nodes.  The tagged 
sample will include a subsample tagged with combination acoustic/radio tags (CART tags) to 
provide detailed migration histories of adult fishes in reservoirs (acoustic) and tributary entry 
(radio; LMP-P-13-1).  The data will be used to further 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.  Specifically the work 
in this proposal will address whether failed passage attempts at Bonneville Dam and 
unaccounted losses in Bonneville Reservoir observed in past studies represent mortality or 
undocumented spawning below Bonneville Dam, in the Bonneville and The Dalles dam tailraces 
or in tributaries to Bonneville Reservoir.   







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 
2012), with the 2010 count the lowest on record.  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; Keefer et al. 2012; 
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, 2011a).  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, 2011b).  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.   


 
In addition to identifying specific passage bottlenecks, these studies observed that many 


tagged adults failed to re-initiate upstream migration after tagging and that substantial 
proportions of tagged samples were unaccounted for between dams.  For instance, dam counts, 
radiotelemetry (RT), and HD-PIT telemetry results all suggest considerable numbers of adult 
lamprey entering Lake Bonneville do not pass The Dalles Dam.  Escapement estimates for 
tagged fish from studies in 2007 and 2008 were 25.3-62.8%, comparable to or higher than the 
conversion rates estimated from counts, and were generally higher in the HD-PIT than in the RT 
samples (Keefer et al. 2009b, 2009c).  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 2009-2011 were similar based on PIT-tag 
evaluations (Keefer et al. 2010, 2011a, 2012; Fox 2012) or a sample of 85 JSATS-tagged adult 
lamprey (Noyes et al. 2012).  The latter study observed final records of adults in the upper 
reservoir and tailrace of TDA.  


 
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. The 
unaccounted number between the two dams could result from: 


 
• death in the reservoir 







• death at The Dalles Dam below the count station,  
• spawning in The Dalles Dam tailrace 
• migration into tributaries of Lake Bonneville (e.g., the Klickitat River) in spring after 


overwintering in the reservoir, and/or  
• systematic overcounting at Bonneville Dam (or undercounting at The Dalles).  
 
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 Bonneville Reservoir in most 
years. 


 
An unknown proportion of the tagged sample may enter tributaries in spring following 


freshwater entry; radio transmitter tag life in previous studies has been too short to monitor this 
behavior (Note, we monitored a portion of the 85 JSTAS-tagged lamprey in 2011 which had tags 
with expected life through the spring spawning period; these data will be analyzed with the 2012 
telemetry data).  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; Keefer et al. 2011b).  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. 
 


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 turbulent areas 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 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).  Recently developed autonomous node arrays also allow 
3-D tracking though an array of fixed-site nodes (Brent Smith, Teknologic Engineering Services, 
pers. comm.).  The latter may be useful for evaluating passage behavior and success at modified 







fishway structures and observing lamprey behavior in relation to fishway structures and 
operations.  In addition to monitoring effectiveness of recent modifications, there is a need for 
information on lamprey behavior in tailraces and fishways in support of future designs including 
the placement of new entrance structures and the placement of additional LPS structures.  
 
  In 2010-2011, 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; Noyes et al. 2012).  Broadly, we found 
that the JSATS system is well-suited to tracking adult lamprey in reservoir environments, 
provided escapement estimates that were similar to HD-PIT and RT-based studies, and that 
JSATS tags could be detected in tributary and fishway environments.  We also performed limited 
mobile tracking using prototype hydrophone systems, with expanded mobile tracking underway 
as part of the 2012 study using the ATS Kraken JSATS mobile tracking system.  Preliminary 
results from 2012 indicate that the mobile tracking system can identify tags in reservoir 
environments, though monitoring effort was hindered by high winds during the early season and 
hardware and software issues.  Efforts continue as of this revision (late September 2012) and we 
hope to use the system to map the distribution of adult lamprey tagged in 2012 in the Bonneville 
Dam tailrace and upper Bonneville Reservoir/The Dalles Dam tailrace in late 2012. 
 


Here we propose to continue our work with the JSATS tag and receiver technology with the 
primary goal of estimating fate (specifically loss) of JSATS-tagged adult lamprey in the lower 
Columbia River, focusing on Lake Bonneville and below Bonneville Dam.  Our pilot-scale study 
during 2011 indicated that adult lamprey moved rapidly through Bonneville Reservoir after 
passing the dam or after direct release to the reservoir at Stevenson, WA and indicated some 
movement into the Klickitat River (the only monitored tributary).  Our study in 2012 is following 
up with a larger sample size, improved fixed array monitoring, including monitoring for 
movement downstream of Bonneville Dam, and we hope to map the final distributions of adult in 
the reaches of highest tag density during 2012-2013.  The work proposed here will aim to further 
improve resolution of final fate, particularly the potential for movement into tributaries or 
spawning activity in tailraces.  Continued monitoring in 2014 would provide the opportunity to 
capture migration behavior across three years of environmental variation (2012-2014), targeted 
monitoring in areas of highest “losses”, monitoring in relation to fishway improvements and 
further development of the JSATS technology.   


 
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 
(RT+JSATS, pending run size) to directly evaluate the comparability of passage metrics obtained 
with JSATS vs. RT under field conditions and to test the efficacy of fixed autonomous receiver 
arrays to provide migration tracks of adults in tailrace and powerhouse environments.    


 
 


B.  OBJECTIVES 
  







1. Determine final fate (distribution, mortality, tributary use, etc.) of adult lamprey 
that:  1) are observed passing Bonneville Dam (BON), but do not pass The Dalles 
Dam (TDA); and 2) do not pass BON following release in the BON tailrace. 
 


2. Continue to develop JSATS as an alternative technology for evaluating standard 
upstream passage metrics, including passage times, dam passage efficiency, fishway 
passage efficiency, entrance efficiency, and fallback. 


 
3. Evaluate the efficacy of acoustic telemetry for determining behavior and 


distribution in dam tailrace environments as part of efforts to identify potential 
alternative locations for lamprey passage structures. 
 


4. Evaluate the relationship of environmental and operational variables to migration 
behavior of adult lamprey in Lower Columbia River using historic JSATS, RT, 
HDX-PIT data and other pertinent information. 


 
C.   METHODS 


 
Objectives 1-3: 2013 Collection, tagging and telemetry monitoring: 


 
We will use similar methods to address Objectives 1-3.  Methods to collect and surgically 


implant tags will be similar to those used by our group in 2010-2012 (Naughton et al. 2011; 
Noyes et al. 2012) 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.  A subsample of adults will also receive a radio-tag 
(or integrated radio-JSATS CART tag if available).  


 
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 2013, UI will coordinate with the 2013 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.  Similar power savings will be applied to 
radio- or integrated CART tag. 
 


1. Specific task 1.1:  Tag and release adult lamprey at Bonneville Dam. 
 


We will collect and tag adults as in 2010-2012.  We propose to JSATS tag up to 400 
adults pending run size, results of 2012 work and consultation with USACE and regional 
biologists (Table 1).  Three release sites will be used to achieve multiple objectives.  Release at 
Skamania-Dodson below Bonneville Dam will test for differences in release location and short-
term recovery behavior on passage metrics at Bonneville Dam and will provide a sample of 







adults moving into the tailrace that should have more “normal” behavior compared to those 
released at Tanner Creek-Hamilton just below the dam.   The latter will be an important control 
for evaluating behavior in the tailrace if a 3-D telemetry array is deployed.  The traditional 
releases at Tanner Creek-Hamilton will be used to estimate passage metrics for Bonneville Dam 
and to evaluate tag effects in JSATS vs. radio tagged adults.  Releases at Stevenson-Cascades 
Locks will directly augment the sample of adults reaching Bonneville Reservoir for the 
estimation of fate in the Bonneville Reservoir.  Given the importance of this objective, we 
propose to release approximately ½ of the adults at this location.  Comparison of the Bonneville 
Dam tailrace release groups to the Reservoir release groups at upstream sites will also allow us to 
examine the effects of Bonneville Dam passage on migration behavior and final upstream 
distribution.  For example, do Reservoir released adults migrate a greater distance upstream?   


 
A subsample of 75 adults could be triple tagged with RT-JSATS-HD-PIT tags to evaluate 


detection efficiencies of JSATS receiver in fishways using jointly RT and JSATS-tagged adults.  
However, we share concerns about potential tagging effects and the use of the triple tagged 
group will be further discussed with the USACE and regional managers.  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).  The triple tag group would be lowest priority in the event of a 
low run size.  Adults will be released at three locations with paired release sites (six sites total; 
Table 1).  The BON tailrace site will be used to estimate passage metrics at BON and upstream 
sites as well as behavior in the tailrace.  We will compare behavior between the BON tailrace 
and downstream releases to test for post-handling recovery rate and to evaluate behavior in the 
tailrace after a longer post-tagging migration to the tailrace (7-8 rkm).  Adults passing BON and 
the samples released at the upstream release will be used to determine passage metrics in the 
BON reservoir and upstream.   The Stevenson, WA boat ramp and Cascade Locks sites were 
selected to minimize the potential for fallback.  Final release site(s) will be determined in 
consultation with the USACE POC and lamprey managers.  In the event of a low run size, we 
will prioritize the JSATS-PIT tag group released to Reservoir and Tanner-Hamilton release sites 
because Objective 1 has been prioritized over other objectives.  Access to the boat-restricted 
zone (BRZ) will be coordinated with Bonneville Dam personnel as necessary. 


 
One potential source of unaccounted loss is spring movements into spawning tributaries 


after overwintering in the upper Bonneville Reservoir.  Pending 2012 results and consultation 
with the regional, the proposed tag allocation may be modified to include a triple-tagged sample 
or sample of CART-tagged adult lamprey released in the reservoir with delayed-start radio-tags 
that would allow effective monitoring into tributaries using yagi antenna fixed-sites.  Use of 
delayed-start tags would allow use of smaller radio tags in an effort to minimize tag effects.   
 
 
 
 
 
 
 







Table 1:  Proposed sample size and release location for adult Pacific lamprey, 2013.  


     
 


    
Release Site  


JSATS-
RT-PIT 


 
JSATS-PIT 


 
Objective(s) 


7-8 km Below BON 
    


 
Skamania, WA 


   
50 Objective 3: Tailrace behavior 


Dodson, OR 
   


50 Objective 3: Tailrace behavior 


     
 


BON Tailrace 
   


 
Hamilton Island, WA 38 


 
38 All Objectives 


Tanner Creek, OR 37 
 


37 All Objectives 


     
 


BON Reservoir 
   


 
Stevenson, WA 


  
75 All Objectives 


Cascade Locks, OR 
  


75 All Objectives 


Total 
 


75 
 


325  
 


2. Specific task 1.3: Deploy, download and maintain fixed arrays of JSATS nodes for 
adult lamprey monitoring.  Integrate data with detections from radiotelemetry 
monitoring to estimate reach conversions.  


 
We will use fixed nodes to evaluate migration behavior and success as in 2011-2 (Table 


2; Figure 1).  Nodes will be placed in gates to partition reservoirs into reaches, at the tails of 
tailraces, and at or inside one or more tributaries to record tributary entry. 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.  However, prior 
attempts to place receivers in tributaries suggest radio-telemetry is better suited to detecting 
movement into reservoirs and sufficient receivers are available to monitor most major tributaries.  
Thus we will primarily use radio-telemetry to monitor tributary entry at sites listed in Table 2.  
Note, radio-telemetry sites will be installed and maintained in conjunction with LMP-P-13-1 (UI 
Task 1) and ADS-P-13-1/ADS-P-13-2/ADS-S-13-1 (UI Tasks 4 and 5).     


 
JSATS autonomous nodes will be deployed in reservoirs and tailraces by boat using 


standard anchoring systems 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.  Data and experience gained through the deployment of 
nodes in 2010-2012 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 1: JSATS receiver array used during 2012 below BON (upper), near Hood River 
(middle), and near the Klickitat River.  Three sites at the mouths of the Deschutes and John Day 
rivers not depicted.  







Table 2:  Candidate JSATS receiver site list, 2013. 
 


 
 


 
3. Specific task 1.3:  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 the ATS Kraken 
JSATS mobile-tracking (MBT) receiver.  The MBT receiver will be mounted on 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 intensively track adult lamprey released at Skamania and Dodson to and 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 


Reach DESCRIPTION Reach DESCRIPTION
Below BON Sand Island 1 The Dalles Reservoir TD Forebay 1


Sand Island 2 TD Forebay 2
Dodson OR shore TD Forebay 3
Dodson Release Site Below Miller Island 1
Skamania Release Site Below Miller Island 2
Skamania WA shore Above Miller Island 1
BON Tailrace 1 Above Miller Island 2
BON Tailrace 2 North Channel of Columbia River North of DES mouth
BON Tailrace 3 Deschutes Upstream
Hamilton Island Release Site JDA Tailrace 1


Bonneville Reservoir BO Forebay WA shore JDA Tailrace 2
BO Forebay OR shore JDA Tailrace 3
Cascade Lock OR shore John Day Reservoir JDA Forebay 1
Stevenson release site JDA Forebay 2
Stevenson WA shore JDA Forebay 3
White Salmon OR shore John Day River trib site
White Salmon WA shore Crow Butte 1 (JD Reservoir Gate)
White Salmon  Middle Crow Butte 2
White Salmon Mouth Crow Butte 3
Hood River Mouth McN Tailrace 1
Hood River OR Shore McN Tailrace 2
Hood River WA Shore
Hood River Middle
Klickitat Downstream
Klickitat Mouth
Klickitat OR shore
Klickitat WA shore
TD tailrace OR shore
TD tailrace WA shore







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), the Columbia River Estuary 
(Keefer et al. 2008), and JSATS-tagged lamprey (Naughton et al. 2011; on-going work).   We 
will integrate lessons learned in 2012 prior to the 2013 season, including further work with ATS 
to de-bug the system, development of an improved mounting system for the JSATS hydrophone 
booms and a larger boat more suitable to the challenging environmental conditions often 
encountered in the Columbia River Gorge.  
 


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? 
 


 
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.  All tagging and downloading activities will be coordinated with the Columbia 
Basin JSATS User Group (CBJUG). 


  
 


Objective 2: Continue to develop JSATS as an alternative technology for evaluating 
standard upstream passage metrics, including passage times, dam passage efficiency, 
fishway passage efficiency, entrance efficiency, and fallback  


 
      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.   


 
We propose to use the triple-tagged a sample of adult lamprey 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).  
Monitoring would use cabled arrays and hydrophones installed by PNNL.  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 3


 


: Evaluate the efficacy of acoustic telemetry for determining behavior and 
distribution in dam tailrace environments as part of efforts to identify potential 
alternative locations for lamprey passage structures. 


  We propose to evaluate the ability of fixed-site JSATS receiver technology to provide 
three dimensional tracks of tagged lamprey in the tailrace and near entrances.  Two receiver 
approaches may be available for such an evaluation: cabled JSATS receiver arrays used in 
juvenile salmonid studies to track juvenile salmon in forebays or newly developed synchronized 
autonomous node arrays (e.g. Teknologic Engineering Services).  Arrays would be placed in the 
BON PH2 tailrace, focusing on the PH2 north entrances because this entrance attracts large 
numbers of lamprey and will be modified during winter 2012-2013.  The evaluation will focus 
on movements during the later portion of the run season when flow and spill conditions are lower 
and the background acoustic environment should be improved.  Tracks near the entrance would 
augment tailrace mobile tracks and would provide the first observations of adult lamprey 
behavior in tailrace environments as lamprey approach, seek and attempt to enter fishways.  As 
with Objective 2, we anticipate that we would collaborate with PNNL, who would install and 
maintain the hydrophones and UI and PNNL would collaborate on site selection (with USACE) 
and data analysis. 
 
 


Objective 4:  Evaluate the relationship of environmental and operational variables to 
migration behavior of adult lamprey in Lower Columbia River using historic JSATS, 
RT, HDX-PIT data and other pertinent information. 


 
 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 2010-2013 to continue 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-13-1 (Moser and Caudill, PI’s).  
 
 
D.  Facilities and Equipment  
 
 Tagging will occur in the Bonneville Dam AFF. UI will provide all surgery supplies, HD PIT 
tags, vehicles, boats, computers and field supplies on a rental basis.  USACE will provide radio 
and acoustic transmitters, mobile tracking hydrophones, cabled arrays, fixed site receiver nodes 
and acoustic releases (Table 3). 
 
Table 3:  Equipment needs, 2013. 
 
BON Lamprey JSATS   
Provided by UI   
350 HDX-PIT tags & surgery supplies 5/15 
Boat and mount for hydrophone/mobile tracking all 
Weights for autonode deployment all 


  Provided by USACE   
400 JSATS tags for P. lamprey 5/15 
50  JSATS receivers, fixed site autonode & spares 5/1 
Up to 10 (10 new) JSATS cabled hydrophones 5/1 
50 Acoustic releases 5/1 
Acoustic release controller 2/15 







JSATS mobile tracking hydrophone 5/1 


   
 
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. 
4.   Support from the TPOC with coordinating lamprey collections with other regional 


stakeholders, particularly in the event of a low run size. 
 
 
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, C. Noyes, M. 
Kirk 
 


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 







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 30 September 2013 after regional review 
and the incorporation of reviewer comments.   
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STUDY SUMMARY 
 


A. GOALS 
 


The goals of this study are to estimate iteroparity rates of Columbia and Snake River 
steelhead Oncorhynchus mykiss populations and to evaluate whether rates have changed in 
response to the development of surface flow outlets (SFOs) and other structural and 
operational changes at FCRPS dams.  A secondary goal is to evaluate the potential benefits 
to steelhead population growth rates that would be gained by management actions that 
increased iteroparity rates in the future. 


 
B. OBJECTIVES 


  
1.  Determine the size(s) of the available sample(s) of PIT-tagged kelt, prespawn adult, 


and/or juvenile steelhead (separated by natural or hatchery origin) at each of the detection 
or release locations and identify target study populations with sufficient sample size. 


  
2.  Determine and categorize (consecutive versus skip) inter-annual trends in iteroparity 


rates (adult-to-adult or kelt-to-adult) in target populations. 
 
3.  Develop a life cycle model that allows for comparing and optimizing potential migration 


pathways and for evaluating the potential benefits of increased iteroparity. 
 


 
C. METHODS 
 


The proposed project will use existing detection histories from PIT-tagged steelhead to 
estimate iteroparity rates for multiple Snake River and Columbia River steelhead populations.  
Steelhead research and monitoring projects by a mix of Federal, state, and tribal agencies have 
PIT-tagged juvenile steelhead at sites throughout the Columbia River basin for more than a 
decade.  Returning adults – including maiden and repeat spawning steelhead – can be detected 
inside FCRPS dam fishways and at a variety of other projects, hatcheries, adult traps, and 
instream monitoring sites basin-wide.  Outmigrating kelts can also be recorded at juvenile bypass 
systems and at some surface flow outlets (SFOs), including the Bonneville corner collector.  All 
detection data are archived in the PIT Tag Information System (PTAGIS) by the Pacific States 
Marine Fisheries Commission (PSMFC). 


 
The data query functions in PTAGIS will be used to identify candidate steelhead populations 


for estimating iteroparity rates.  Populations included in analyses will be selected based on adult 
sample sizes and in consultation with USACE biologists and the SRWG.  Iteroparity metrics that 
could be estimated include: (1) total iteroparity rate (i.e., the proportion of adult steelhead in a 
population that are recorded making two or more spawning migrations); (2) consecutive 
spawning rates (i.e., the proportion of repeat spawners that return in the same calendar year as 
their kelt outmigration); and (3) skip spawning rates (i.e., the proportion of repeat spawners that 
return in the year after their kelt migration).  These metrics can be estimated for known kelts 







(i.e., kelt-to-adult iteroparity) when outmigrating kelts are detected at SFOs or in juvenile bypass 
systems, as well as for prespawn adults (i.e., adult-to-adult iteroparity rates). 


 
To minimize confounding effects of steelhead harvest and other adult prespawn mortality, 


groups of first-spawn adults will be identified at the most upstream FCRPS interrogation site for 
each population.  For example, prespawn adults from Snake River populations will be identified 
using queries of PIT-tag detections at Lower Granite or Ice Harbor dams, whereas prespawn 
adults from lower Columbia River populations such as the Wind, Deschutes, or John Day rivers 
will be identified using detections at Bonneville Dam.  Queries for repeat spawners will begin at 
Bonneville Dam (to identify whether they survived outmigration and ocean residency) and 
progress to upriver sites (to identify whether they survived to potentially breed again). 


 
Year-to-year patterns in steelhead iteroparity estimates will be analyzed in relation to SFO 


construction and operational changes while controlling for variation in other environmental or 
operational factors such as river discharge and spill.  Iteroparity estimates will also be examined 
for potential synchronicity among populations to further isolate effects that can be attributed to 
the FCRPS from those associated with river or ocean environment.  A final study component will 
be to evaluate the potential contribution of iteroparous steelhead to production of Snake River B-
run populations by developing a life cycle model that compares population effects of survival 
during different life history stages. 


    
D. RELEVANCE 
 


This project will address information gaps identified by the National Marine Fisheries 
Service, the U. S. Army Corps of Engineers (USACE), and the Bonneville Power Administration 
in RPA 33 of the 2010 FCRPS Biological Opinion.  The agencies were directed to prepare a 
Snake River Kelt Management Plan to improve the productivity of interior Columbia River basin 
B-run steelhead populations using a variety of measures.  These included increasing the in-river 
survival of steelhead kelts.  One of the principal methods has been to extend operation of surface 
flow outlets (SFO) at FCRPS dams to facilitate downstream passage by outmigrating kelts.  The 
number of projects with SFO routes and the operation of these routes for kelts have increased 
through time but their cumulative effects on kelt survival and iteroparity rates are not well 
understood.  This study would provide critical time series of iteroparity rates for Snake River B-
run steelhead populations as well as for Snake River A-run populations and lower, mid-, and 
upper-Columbia River populations.  The lower river groups, which pass fewer FCRPS projects, 
can be used as partial controls.  In combined analyses, these data can be used to assess the effects 
of SFO development and operations on steelhead iteroparity rates basin-wide.    
 
  







PROJECT DESCRIPTION 
 


A. BACKGROUND 
 


Steelhead (Oncorhynchus mykiss) are unusual among the anadromous Pacific salmonids in 
their expression of iteroparity (i.e., repeat spawning).  Iteroparity rates vary by orders of 
magnitude among steelhead populations and tend to be higher in winter-run populations in 
coastal watersheds and lower for summer-run fish with long distance migrations (Withler 1966; 
Busby et al. 1996; Keefer et al. 2008).  Repeat spawners potentially contribute a variety of 
genetic and demographic benefits to populations (Crespi and Teo 2002).  By spawning in 
multiple years, iteroparous individuals increase their number of mates and genetic crosses.  
Repeat spawners also have greater average lifetime production than single-year spawners, have 
greater fecundity given their larger size, and are thought to have competitive advantages over 
first-time spawners (Fleming and Reynolds 2004).  Across populations, females and wild 
steelhead tend to have higher iteroparity rates than males and hatchery fish, respectively. 


 
The Columbia River basin is located near the center of the steelhead distribution in North 


America and historically supported a great diversity of life history types (Brannon et al. 2004; 
Augerot 2005).  However, historical iteroparity estimates are rare in the Columbia River basin 
literature, particularly for interior summer-run populations.  In the current multi-dam 
environment, iteroparity estimates have ranged from 1-2% for aggregated (i.e., multiple 
population) Snake River summer-run steelhead to > 15% for some winter-run populations 
downstream from Bonneville Dam (Whitt 1954; Leider et al. 1986; Keefer et al. 2008). 
 


The expression of iteroparity is often substantially reduced in impounded rivers.  Dams and 
reservoirs potentially select against post-spawn (kelt) survival by slowing kelt migration to the 
ocean and by increasing direct and indirect mortality risks via passage through turbines or over 
spillways (Wertheimer and Evans 2005; English et al. 2006; Wertheimer 2007).  Kelts are 
particularly vulnerable to outmigration delays because they are often energetically exhausted.  In 
fact, large numbers of kelts have been observed in juvenile bypass systems at lower Snake and 
lower Columbia River dams (e.g., Evans et al. 2004; Narum et al. 2008), but few of these fish 
survive to spawn again (Keefer et al. 2008).  


 
A variety of management approaches have been undertaken to increase kelt survival and 


iteroparity in Columbia basin steelhead over the last decade.  These include the increased 
operation of surface flow outlets (SFOs) for kelts at many FCRPS dams (e.g., Wertheimer 2007; 
Khan et al. 2010), downstream transportation of kelts in juvenile fish barges (Evans et al. 2008), 
and reconditioning of kelts in hatchery facilities (Branstetter et al. 2006).  The installation and 
expanded operation of SFOs potentially benefits run-of-river kelts from all upriver populations, 
and especially fish that spawned in the wild (a mix of wild-origin and hatchery adults).  Small-
scale radiotelemetry and acoustic studies have indicated that kelts use SFOs and they potentially 
have a survival advantage over those that pass via turbines (Wertheimer 2007; Khan et al. 2010).  
However, information is needed on whether the cumulative effects of SFO installations and 
extended operations have increased iteroparity.  There is currently no benchmark data on either 
individual steelhead populations or aggregate management populations (e.g., Snake River B-run 
steelhead, upper Columbia steelhead, etc.).  







 
We propose to query the PTAGIS database to estimate iteroparity rates for a variety of 


Columbia and Snake River populations.  PTAGIS has adult migration detection histories for 
thousands of steelhead (see Table 1 for examples) in most years and it is possible to query the 
database to identify adults detected in multiple migration years (i.e., iteroparous individuals).  
Most fish in PTAGIS were tagged as juveniles, and hence adults can be assigned to specific 
populations, sub-basins, hatcheries, and/or life history groups.  Additionally, some outmigrating 
kelts are detected at juvenile bypass systems and in SFOs, such as the Bonneville corner 
collector.    Collectively, these data will be used to estimate population-specific adult-to-adult 
and kelt-to-adult iteroparity rates.  Time series of these estimates will be used to test for 
associations between iteroparity and SFO installation and operation, other FCRPS operations 
(e.g., spill), and environmental conditions in the outmigration corridor and ocean as the 
availability of data allows.  The project SOW will be refined in consultation with the SRWG.  
For instance, identification of target groups will be conducted in consultation with the SRWG to 
ensure populations of greatest management concern are evaluated in the analyses. 


 
An additional important management question is how increasing steelhead iteroparity 


contributes to overall population productivity.  More specifically, how does increasing 
iteroparity compare to increasing survival during other life stages (i.e., spawner-recruit, juvenile 
survival, smolt-to-adult survival, adult migration survival, etc.)?  We propose to evaluate this 
question by building a steelhead life cycle model that includes the iteroparity information 
generated by the PTAGIS data mining along with published life stage-specific survival 
parameters (e.g., Buchanan and Skalski 2007; Yuen and Sharma 2011).  The focus of the life 
cycle model would be Snake River steelhead, with particular reference to B-group fish.     


 
B. OBJECTIVES 
 


1.  Determine the size(s) of the available sample(s) of PIT-tagged kelt, prespawn adult, 
and/or juvenile steelhead (separated by natural or hatchery origin) at each of the detection 
or release locations and identify target study populations with sufficient sample size. 


  
1.1  Query PTAGIS to identify likely kelts at juvenile bypass and SFO sites. 
1.2  Query PTAGIS to identify prespawn adults at selected adult interrogation sites, 


potentially including Bonneville, McNary, Ice Harbor, Lower Granite, and Priest 
Rapids dams. 


1.3  Query PTAGIS to identify potential juvenile steelhead for use in life cycle models if 
published SARs are not available for relevant groups.  


 
 
2.  Determine and categorize (consecutive versus skip) inter-annual trends in iteroparity 
rates (adult-to-adult or kelt-to-adult) in target populations. 
 
2.1  Estimate total iteroparity rates (consecutive plus skip spawners) for each 


population×year combination. 
2.2  Estimate the proportion of consecutive versus skip spawners for each population×year 


combination. 







2.3  Analyze population-specific trends in iteroparity rates in relation to potential 
predictors, including river environment and SFO development and operation. 


2.4  Test for among-population synchronicity in iteroparity rates and evaluate potential 
causative factors (e.g., changing operations, climate factors).   


 
 
3.  Develop a life cycle model that allows for comparing and optimizing potential migration 


pathways and for evaluating the potential benefits of increased iteroparity. 
 


 
C. METHODS 
 
1.1  Query PTAGIS to identify likely kelts at juvenile bypass and SFO sites. 
1.2  Query PTAGIS to identify prespawn adults at selected adult interrogation sites, potentially 


including Bonneville, McNary, Ice Harbor, Lower Granite, and Priest Rapids dams. 
1.3  Query PTAGIS to identify potential juvenile steelhead for use in life cycle models if 


published SARs are not available for relevant groups.  
 
To address the primary objective of evaluating SFO effects on iteroparity, it will be important to 
identify representative study steelhead populations that were consistently monitored through time 
and that had sample sizes large enough to estimate iteroparity metrics.  During the previous 10+ 
years, hundreds of different groups of juvenile steelhead have been PIT-tagged at sites 
throughout the basin.  Some of these groups are from population aggregates (i.e., those tagged at 
dam collection facilities), while others are specific hatchery or wild populations.  Some 
populations have been relatively consistently tagged across years (e.g., those in the Comparative 
Survival Study) whereas others have been tagged only for specific short-duration projects.  
Sample sizes vary from year to year. 
 
In preliminary scoping for this proposal, we queried for adult steelhead detections at Bonneville 
Dam in 2009-2011.  In those years, ~9,600-14,800 adults were detected from more than 150 tag 
groups.  Table 1 provides a summary of the 2009-2010 samples, with steelhead grouped by 
major sub-basin.  At least 15 groups were identified that had sample sizes > 100 adults in each 
year and several groups had more than 1,000 fish total (i.e., Lower Granite Dam, Grande Ronde 
River, Imnaha River, Salmon River, Wenatchee River).  These samples, particularly when 
combined within river basin, are likely sufficient for estimating basic iteroparity parameters. 
 
We have not yet developed PTAGIS queries to identify adult steelhead (including prespawn fish 
and kelts) that pass through juvenile bypass and SFO routes.  However, such queries are possible 
in combination with other database management tools.  Identifying kelts will allow estimation of 
kelt-to-adult iteroparity metrics.  These estimates would likely be less confounded by fisheries, 
hatchery retention, prespawn mortality, and stochastic environmental effects than adult-to-adult 
iteroparity metrics. 
 
 
 
 







 
 
Table 1. Numbers of PIT-tagged adult steelhead detected at interrogation sites in adult fish ladders at Bonneville 
Dam in 2009-2010.  Data restricted to tag groups that included ≥ 25 adults and multiple groups are pooled within 
sub-basin.  Source: query using Columbia River DART 
(http://www.cbr.washington.edu/dart/pit_obs_adult_obs_de.html) 
 2009 2010  2009 2010 
Snake River   Lower Columbia River1   
  Ice Harbor Dam 42 -   Wind River 185 108 
  L. Monumental Dam 176 147   Hood River 159 428 
  L. Granite Dam 4080 2127   Fifteen Mile Creek 45 89 
  L. Monumental Dam 176 147   Deschutes River 117 114 
  Lyons Ferry Hatchery 75 53   John Day River 283 213 
  Tucannon River 680 311   Umatilla River 98 39 
  Clearwater River 119 778   Walla Walla River 472 309 
  Asotin Creek 30 27    
  Snake River (above LGR) 135 237 Upper Columbia River2   
  Grande Ronde River 1152 645   Rock Island Dam 170 110 
  Imnaha River 885 565   Wenatchee River 858 573 
  Salmon River 1666 1195   Entiat River 71 65 
     Methow 124 38 
1 below Snake River confluence 
2 above Snake River confluence 
 
 
2.  Determine and categorize (consecutive versus skip) inter-annual trends in iteroparity rates 


(adult-to-adult or kelt-to-adult) for populations with sufficient sample size. 
 


2.1  Estimate total iteroparity rates (consecutive plus skip spawners) for each population×year 
combination. 


2.2  Estimate the proportion of consecutive versus skip spawners for each population×year 
combination. 


2.3  Analyze population-specific trends in iteroparity rates in relation to potential predictors, 
including river environment and SFO development and operation. 


2.4  Test for among-population synchronicity in iteroparity rates and evaluate potential 
causative factors.   


 
A series of iteroparity metrics will be estimated for the identified study populations and 
population aggregates.  These will include basic biological information on total iteroparity per 
group and year, the proportions of consecutive versus skip spawners, outmigration timing of 
identified kelts, and return migration timing and distribution of repeat spawners. 
 
Exploratory analyses of the iteroparity time series data will include linear and logistic regression 
modeling.  Predictor variables will include timing of SFO installations, major changes in SFO 
operations, river environment variables, distance and elevation of the source population from the 
ocean, and ocean variables (e.g., PDO).  Steelhead populations will be analyzed separately and in 
combination when appropriate (e.g., B-group, A-group, hatchery, wild, Snake River aggregate, 
upper Columbia River aggregate, etc.) and we will test for synchronicity among populations.  An 
overarching objective of the data analyses will be to isolate which factors most affect iteroparity 
rate differences among years and among populations.     







 
3.  Develop a life cycle model that allows for comparing and optimizing potential migration 
pathways and for evaluating the potential benefits of increased iteroparity. 


 
The iteroparity data collected in the PTAGIS data mining objectives will be incorporated into a 
life cycle model for Snake River steelhead (Caswell 2001).  This objective will be addressed in 
collaboration with Lisa Crozier (Northwest Fisheries Science Center).  The model will also 
include published life history parameters, potentially including spawner-recruit data, juvenile 
survival, smolt-to-adult survival, and adult migration survival.  The model will then be used to 
test hypotheses about how the fitness and productivity of Snake River steelhead are affected by 
each life history parameter.  This tool will allow direct assessments of the population-level 
benefits of increased iteroparity relative to survival increases in other life history stages. 
 
 
D. DELIVERABLES 
 
Project deliverables will include a draft and final report plus a reusable macro or similar 
guidance for future PTAGIS iteroparity queries.  The co-PIs will participate in project 
development meetings (i.e., SRWG) to identify focus populations as needed and will present 
study results at the annual USACE AFEP meeting.  Findings will be published in the peer-
reviewed literature if appropriate. 
 
E. TIMELINE (Tentative)  
 
Pre-work meeting     Fall 2012 
Data queries and synthesis    Fall 2012 – Spring 2013 
Submit draft final report    1 June 2013 
45 Day review period     15 July 2013 
Submit revised final report    31 August 2013 
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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 mainstem hydropower dams  


 


 


B.  OBJECTIVES 


 


1. Evaluate recent and planned modifications to fishways.  Estimate adult lamprey upstream 


passage success rates, relative fishway route use, passage times, and fallback of adult 


lamprey at Lower Columbia and Lower Snake River dams using radio-telemetry, half-duplex 


PIT technology, LPS counts, and visual counts, as appropriate.  


 


2. Modify and evaluate lamprey passage structures (LPSs) at Bonneville and John Day dams 


 


3. Use historic lamprey radio-telemetry data to assess lamprey passage metrics relative to sea 


lion predation, environmental variation, and dam operations 


 


4. Evaluate use of Dual-frequency Identification Sonar (DIDSON) and low light video cameras 


for documentation of lamprey behavior 


 


5. Identify potential lamprey trapping locations and trap improvements at and downstream from 


Bonneville Dam 


 


6. Identify mechanisms of adult lamprey passage failure and bottlenecks to passage 


 


7. Determine opening/gap criteria for adult lamprey and sockeye salmon 


 


8. Develop non-invasive system (camera systems, software) to accurately estimate adult 


lamprey fishway escapement at FCRPS dams.   


 


 


C.  METHODS 


 


Lamprey-specific fishways have been employed to allow lamprey to bypass obstacles in 


traditional fishways.  Lamprey passage structures (LPSs) are currently located at Bradford Island 


and Washington-shore auxiliary water supply (AWS) channels at Bonneville Dam (BON), and 


by spring of 2013 there will be passage structures at three fishway entrances (Cascades Island 


and Washington-shore North Downstream Entrance (NDE) at BON, and at the John Day (JDA) 


North fishway.  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 evaluation of flow requirements for the Lamprey Flume System 


(LFS) at the NDE, extension of the Cascades Island LPS to allow volitional egress by lamprey, 
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installation of refuge boxes to reduce lamprey fallback, and evaluation of lamprey passage, 


collection, and counting structures at John Day Dam.   


 


Monitoring adult lamprey movements via HD-PIT and radio-telemetry 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 of environmental variability, and specific dam structures and 


operations.  We propose to tag up to 900 lamprey with HD-PIT tags in 2013 at Bonneville Dam.  


Up to 600 of these would be equipped with radio transmitters, depending on lamprey abundance.  


Antennas at Bonneville Dam fishway entrances and exits and additional detectors that are 


integrated into each LPS will allow calculation of overall lamprey passage times, passage 


efficiency, and route selection.  HD-PIT readers and radio antennas installed at 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).   


 


Development of non-invasive visual assessment techniques is needed to provide 


information on lamprey behavior at specific structures and to improve capture efficiencies.  In 


2013, we plan to test use of Dual-frequency Identification Sonar (DIDSON) and low-light optical 


video cameras to view lamprey at the Washington-shore NDE and problematic areas in the lower 


fishway sections of Washington-shore and at the newly-installed entrance modifications at the 


JDA North fishway. 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 these and other locations. 


 


While improving lamprey passage is a primary goal, it is critical to concomitantly 


develop methods that minimize impacts to listed salmonids.  To this end, we will assess 


salmonid behavior in the vicinity of strcutural modifications for lamprey (i.e., raised picket leads, 


refuge box openings, etc.).  A series of flume experiments will provide improved passage criteria 


for design of future lamprey passage modifications.  A key work product will be improved 


criteria to protect salmonids while improving lamprey passage and survival at lower Columbia 


River dams.  


 


 


D.  RELEVANCE 


 


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.   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 
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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.   


 


 


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 lower Columbia River dams.   


 


 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. 


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.  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 radio-telemetry 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 
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pressure from sea lions and white sturgeon (R. Stansell, U.S. Army Corps of Engineers, personal 


communication).  Radio-telemetry 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. 


 


 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).  Radio-telemetry 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 


radio-telemetry 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).  


Difficult passage through the serpentine weirs (Figure 1) 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).  The underlying 


mechanism(s) for poor passage through entrance, transition pools, and serpentine weir sections 


remain unknown. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


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). 
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 Radio-telemetry 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 structures to collect adult lamprey from the AWS 


channels at the top of the Bonneville Dam fishways (Keefer et al. 2011a, Moser et al. 2011).  


These structures allowed lamprey to move directly from the AWS to the forebay.  The lamprey 


passage structures (LPSs) were regularly used by adult lamprey and have become a method for 


routing lamprey around passage obstacles in fishways (Moser et al. 2011).   


 


 Radio-telemetry studies and test fishway experiments (Keefer et al. 2009, 2010a, 2011a) 


have demonstrated that lamprey have difficulty entering fishways and passing high-velocity 


sites.  Radio-telemetry 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.  While lowered velocities at night improved lamprey 


passage performance through the entrance (Johnson et al. 2010a), additional modifications were 


needed.   


 


 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 collection system terminates at 37’ elevation in an LPS that allows 


lamprey to volitionally pass through a series of ramps and rest boxes to the deck level (60’ 


elevation).   The Washington-shore NDE structure will be installed during winter 2012-2013 and 


a primary objective of work in 2013 will be assessment of lamprey use of the structure.  


 


  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.   


 


 Similar modifications to improve lamprey passage are being incorporated at the John Day 


Dam North Fishway entrance in 2012-2013 (Figure 4).  Evaluation of these modifications is 


needed to determine whether structures of this type will be generally effective at a variety of 


entrance configurations.  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 
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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 2012-2013, we plan to 


expand this effort to evaluate the new structures at both Bonneville and John Day dams.   


 


 While the primary goal of this proposal is improvement of lamprey passage and survival, 


it is critical to maintain protections for listed salmonids.  To this end, evaluations of 


modifications to improve lamprey escapement (such as raised picket leads and installation of rest 


boxes) should include evaluation of salmonid behavior in the areas that have been altered.  In 


this way, criteria to both protect salmonids and improve lamprey passage can be made available 


for future site selection and design development. 


 


 
 


Figure 2.  Lamprey flume system (LFS) designed for the Washington-shore NDE.   


 


 


 


       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. 


  


 


 


Figure 4.  Planned modification of 


John Day North Fishway entrance to 


be installed winter 2011-2012 and 


2012-2013.  Proposed monitoring 


will be via HD-PIT plate antennas 


(indicated by gold bars) and 
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DIDSON and optical video cameras 


(red rectangles).   


B.  OBJECTIVES 


 


1. Evaluate recent and planned modifications to fishways.  Estimate adult lamprey 


upstream passage success rates, relative fishway route use, passage times, and 


fallback of adult lamprey at Lower Columbia and Lower Snake River dams 


using radio-telemetry, half-duplex PIT technology, LPS counts, and visual 


counts, as appropriate.  Schedule: 2013-2014. 


1.1 Evaluate lamprey passage following modifications to Bonneville Dam fishways,  


including the prototype Washington-shore Lamprey Flume System (LFS) 


1.2 Determine appropriate flow settings for the  LFS water supply system 


1.3 Evaluate the efficacy of John Day North Ladder entrance improvements 


1.4 Assess the effects of providing refuge boxes 


 


2. Modify and evaluate lamprey passage structures (LPSs) at Bonneville and John Day 


dams  


2.1  Extend the Cascades Island (CI) LPS terminus to the  forebay and install a forebay 


release box to minimize lamprey fallback 


2.2 Implement capability for diverting lamprey to a holding tank on the CI forebay deck 


and develop accurate count methodology at these sites 


2.3 Modify LPS rest box entrance slots to reduce lamprey fallout 


2.4 Install prototype refuge boxes in the Washington-shore fishway at Bonneville Dam to  


     reduce lamprey fallout 


 


3. Use historic lamprey radio-telemetry data to assess lamprey passage metrics relative to 


sea lion predation, environmental variation, and dam operations 


 


4. Evaluate use of Dual-frequency Identification Sonar (DIDSON) and low light video 


cameras for documentation of lamprey behavior  
4.1  Mount (DIDSON)cameras and collect imagery of the Washington-shore NDE  


       entrance, B2 junction pool, transition pool and lower ladder submerged orifices  


      during lamprey migration 


     4.2  Mount DIDSON camera and collect imagery at the modified John Day North  


           Fishway entrance and transition pool during the lamprey migration period 


 


5. Identify potential lamprey trapping locations and trap improvements at and 


downstream from Bonneville Dam  
5.1  Conduct pilot testing of new trap designs and locations in the area downstream from   


       Bonneville Dam and at the John Day South Ladder Count Station 


 


6.     Identify mechanisms of adult lamprey passage failure and bottlenecks to passage 


 


7.     Determine opening/gap criteria for adult lamprey and sockeye salmon 


7.1  Conduct incremental picket lead raising experiment at the Washington-shore AWS. 


7.2  Conduct testing to establish optimal criteria for lamprey in the experimental flume at 
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       Bonneville Dam. 


 


8.    Develop non-invasive system (camera systems, software) to accurately estimate adult  


lamprey fishway escapement at FCRPS dams.   


 8.1 Fabricate and install a trapping facility at John Day South Ladder Count Station 


 8.2 Develop accurate escapement estimation methods for Bonneville Dam fishways 


 


 


C.   METHODS 


 


1.  Evaluate recent and planned modifications to fishways.  Estimate adult lamprey 


upstream passage success rates, relative fishway route use, passage times, and fallback of 


adult lamprey at BON, TDA, JDA, MCN and Lower Snake River Dams using radio-


telemetry, half-duplex PIT technology, LPS counts, and visual counts, as appropriate.  


Schedule: 2013-2014.  


 


Radio- and HD-PIT-telemetry monitoring has been conducted with development of each 


structural improvement for lamprey passage (e.g., Clabough et al. 2010, 2011b).  Radio-


telemetry has been used to estimate a wide range of passage behaviors and metrics, while HD-


PIT monitoring allows longer term monitoring (e.g., overwinter), lower tag burden, and lower 


expense.  We propose to conduct concurrent radio- and HD-PIT telemetry monitoring in 2013 to 


evaluate structural modifications and provide samples for estimation of conversion and survival 


through the FCRPS Hydrosystem.   


 


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 (Moser et al. 2011).  HD-PIT antennas have been integrated into 


these designs 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.   


 


For 2013, 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.  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 that the 2% limit is not exceeded.  As in previous years, data on tagging rate will be made 


available to regional managers on a weekly basis.   
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Radio-telemetry will be used to estimate passage times, success, behavior, and patterns of 


fishway use and monitoring will focus on modified areas at lower Columbia River dams (BON 


PH2 NDE, BON Cascades Island entrance, The Dalles North Fishway, John Day Dam North 


Fishway).  Lamprey tagging will be conducted using existing protocols (e.g., Johnson 2010a) 


and radio-tagged adults will be a subsample of the HD-PIT tag group (i.e., lamprey will be 


double-tagged).  Radio-telemetry monitoring will be conducted at sites used in past studies (e.g., 


Figure 5).  Monitoring locations will include tailraces, entrances, transition pools, exits at BON, 


TDA, and JDA (as well as McN and lower Snake River dams, pending funding of parallel 


studies by USACE Walla Walla District).  


 


 


 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 5.  Potential radio-telemetry monitoring sites at Bonneville Dam. Black circles 


represent HD-PIT monitoring sites and hashed symbols represent sites with aerial and/or 


underwater radio antennas used in 2009.  
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Several key metrics estimated from radio-telemetry data will be used to evaluate the 


effectiveness of modified locations.  At BON PH2 NDE and JDA North Fishway entrance, 


entrance efficiency (entrances/approaches) at the structure, passage time, and other metrics will 


be compared to prior years and similar locations within year (e.g., Clabough et al. 2011b).   


 


We note that use and passage rates at the new structures may be relatively poor during the 


first year based on observations of both lamprey and adult salmonids at the BON CI entrance.  


We have hypothesized that the improved passage observed after the first 1-2 years results from 


the combined effects of surface leaching of chemicals post-construction and the simultaneous 


accumulation of biofilms on structures (Jepson et al. 2011).  In addition, passage metrics vary 


considerably from year to year in response to interannual variability in environmental conditions.  


Consequently, we anticipate the need for at least three years evaluation depending on the rate of 


“seasoning” and environmental conditions encountered.   


 


Sample size will depend on size of the run (less than 2% of lamprey count), finalization 


of monitoring questions, and desired statistical resolution.  Annual sample sizes during recent 


radio-telemetry studies (2007-2010) have ranged from 312 to 596 lampreys and we expect final 


samples size to fall within this range.  We anticipate two years of tagging will be necessary to 


obtain sufficient sample size at some locations (e.g., JDA North Fishway Approach, minimum 


samples size of 50 needed for estimation of key passage metrics such as entrance efficiency)    
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Table 1:  Number of expected adult Pacific lamprey detections by site and number of adults 


released.  Data from 2010 radio-telemetry results except JDA North Fishway approaches, which 


are from 2002. 


 


 
 


1.1 Evaluate lamprey passage following modifications to Bonneville Dam fishways,  including 


the prototype Washington-shore Lamprey Flume System (LFS) 


 


The LFS features a series of ramps and rest boxes that allow lamprey to move vertically 


to the deck elevation where they can be trapped, counted, and hauled upstream form the dam.   


HD-PIT- and radio-tagged fish that enter the system will be counted to determine entrance 


efficiency.  In addition, the number of fish trapped at the LFS terminus can be used to evaluate 


the efficacy of this structure.  Based on development of other structures at Bonneville Dam, at 


# Released to  BON tailrace


Location 300 450 600


BON N PH2 % 35.3% 0 35.3%


Approach N 106 159 212


Exit (all) % 40.4% 0 40.4%


N 121 182 242


TDA Tailrace % 33.3% 0 33.3%


N 100 150 200


N Fishway % 29.8% 0 29.8%


Approach N 89 134 179


Exit (all) % 22.4% 0 22.4%


N 67 101 135


JDA Tailrace % 12.5% 0 12.5%


N 38 56 75


N Entrance % 6.4% 0 6.4%


Approach* N 19 29 38


Exit (all) % 10.3% 0 10.3%


N 31 46 62


MCN Tailrace % 3.2% 0 3.2%


N 10 14 19


Approach % 3.2% 0 3.2%


(all) N 10 14 19


Exit (all) % 2.2% 0 2.2%


N 7 10 13
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least three years of evaluation using counts, HD-PIT and radio-telemetry will be needed to allow 


for “seasoning” of metal components and inter-annual changes in lamprey abundance.  Thus 


evaluation should extend through to the 2015 lamprey passage season. 


 


1.2  Determine appropriate flow settings for the  LFS water supply system 


 


Entrance velocities for the LFS (Figure 4) can be controlled by adjusting flow through the 


water supply system.  We propose to randomize flow treatments (0.5 ft/s increments) across the 


season to assess the most effective flow settings under various tailwater elevations and lamprey 


run sizes.   Metrics used to evaluate LFS flow effects will include the entrance efficiency of HD-


PIT and radio-tagged lamprey and the daily number of lamprey trapped at the terminus relative 


to the daily Washington-shore lamprey count. 


 


1.3  Evaluate the efficacy of John Day North Ladder entrance improvements 


 


The changes to the John Day North Ladder entrance incorporated design elements to 


improve lamprey passage (Figure 4), including addition of velocity disruption structures 


(bollards) to provide a low velocity route of entry for lamprey, a variable width entrance weir (to 


reduce near-bed velocities), removal of three transition pool weirs, installation of new Auxiliary 


Water Supply pumps, and a LPS collector that terminates in a trap box.   


 


HD-PIT antennas are 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 (Figure 4).  The 


LPS features a series of ramps and rest boxes that allow lamprey to move vertically to the deck 


elevation where they can be trapped, counted, and hauled upstream form the dam.   HD-PIT-


tagged fish that enter the system will be counted to determine ladder efficiency.  In addition, the 


number of fish trapped at the LPS terminus can be used to evaluate the efficacy of this structure.  


Based on development of other structures at Bonneville Dam, at least three years of evaluation 


will be needed to allow for “seasoning” of metal components and interannual changes in lamprey 


abundance.  Thus evaluation should extend through to the 2015 lamprey passage season. 


 


1.4  Assess the effects of  refuge boxes 


 Two lamprey refuge boxes (Figure 6) were installed in the Washington-shore AWS in 


2011 and 2012 to determine whether lamprey would use them to reside in fishways during the 


day (rather than falling back downstream).  Lamprey are chiefly nocturnal and poor passage 


success at the tops of fishways may be partially due to fallbacks that occur during the day.  By 


providing dark, low-velocity refuges in fishways, lamprey fallback could be reduced.  The boxes 


were equipped with HD-PIT detectors so that the entry of tagged fish and the duration of 


residence could be documented.  Pilot work in the AWS indicated that significant percentages of 


the tagged lamprey entered the boxes and that mean residence time was approximately 9 h.  


Based on these results, we propose to install two refuge boxes in two turn pools in the 


Washington-shore turn pool and/or serpentine weir section in winter 2012-13 to determine 


whether lamprey will use these structures in areas where fallback regularly occurs (See also 


Objective 2.4; Figure 6).  HD-PIT and radio monitoring of tagged-lamprey entries will be used to 


assess the percentage of fish that use the refuge boxes and the duration of residence.  This 


monitoring effort could be extended to other refuge box installations in 2014 and 2015. 
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Figure 6.  Prototype lamprey refuge box design installed at the Washington-shore AWS channel 


in 2011 and 2012 (left).  Turn pool (middle) and serpentine weir section at the Washington-shore 


fishway where refuge box testing would be conducted (right). 


 


 


2. Modify and evaluate lamprey passage structures (LPSs) at Bonneville Dam.  


 


2.1   Extend the Cascades Island (CI) LPS terminus to the forebay and install a forebay release 


box to minimize lamprey fallback 


 


Currently the Cascades Island LPS terminates in a trap to allow enumeration of all 


lamprey that successfully pass through the structure.  In 2012, NOAA-Fisheries initiated plans to 


extend the LPS so that it would terminate in a volitional release box in the dam 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 propose to release a separate small sample of RT-HD-PIT tagged fish (n = 50) directly into 


the LPS to evaluate their success, passage rate, and system monitoring including fallback to the 


BON tailrace (using radio-telemetry monitoring).  This objective is scheduled to be completed in 


2013. 


 


2.2  Implement capability for diverting lamprey to a holding tank on the CI forebay deck and at 


the John Day south fishway count station and develop accurate count methodology at these sites 


 


 The ability to obtain lamprey for research and tribal lamprey restoration purposes at the 


terminus to the Cascades Island LPS has been useful in years of low lamprey abundance.  In 


response to tribal requests, capability for diverting lamprey from the Cascades Island LPS into a 


holding box may be implemented.   During periods of volitional egress, lamprey will be 


automatically counted as they contact a limit switch upon entering a holding tank.  The holding 
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tank will open to a long exit channel that will allow volitional egress to a release box at the LPS 


terminus.  During periods of trapping, access to the exit channel will be shut off and the flow 


through holding box will have enough capacity to maintain approximately 200 lamprey for 


collection within 24 h. 


 


2.3  Modify LPS rest box entrance slots to reduce lamprey fallout 


 


 LPS rest box design currently features a plastic mesh “fyke” or cone at the entrance to 


each box so that lamprey are less likely to fall back downstream and out of the rest box (fallout).  


This “one-way valve” improves LPS passage rates and overall passage efficiency.  With the 


addition of wider crests on LPS ramps, the fyke dimensions have increased such that some 


lamprey can find a passage route out of the rest box and move back downstream.  We propose to 


test several alternative fyke designs to determine the safest and most effective method for 


preventing fallout after lamprey enter the rest boxes.  Installation of the improved fyke designs 


would be conducted at all LPSs in 2014. 


 


2.4  Install prototype refuge boxes in the Washington-shore fishway at Bonneville Dam to  


     reduce lamprey fallout 


 


 Two refuge boxes similar in design to those tested in 2011 and 2012 (see Objective 1.4, 


Figure 6) will be positioned in the turn pool and serpentine weir section at the top of the 


Bonneville Dam Washington-shore fishway.  This area is a common place that lamprey fallback 


and out of the fishway complex.  By providing a dark, low-velocity area for lamprey to reside 


during the day, we hope to reduce fishway fallout.   If successful (based on video observations 


and HD-PIT detections), refuge boxes could be designed and installed in other fishways in 2014 


and 2015. 


 


3.  Use historic lamprey radio-telemetry 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 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 radio-telemetry data from 1997-2002 and 2007-2012 and the HD-PIT data 


from 2005-2013 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 
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(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. 


 


4.  Evaluate use of Dual-frequency Identification Sonar (DIDSON) and low light video 


cameras for documentation of lamprey behavior.  
 


4.1  Mount (DIDSON)cameras and collect imagery of the Washington-shore NDE  


 entrance, junction pool, transition pool and lower ladder submerged orifices  


during lamprey migration 


 


4.2  Mount DIDSON camera and collect imagery at the modified John Day North  


           Fishway entrance and transition pool during the lamprey migration period 


 


Field assessment of lamprey migration behavior and passage success at lower Columbia 


River dams has relied primarily on radio-telemetry 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 


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.   


 


Results from our 2011 studies at Bonneville Dam (Johnson et al. 2012) demonstrated that 


DIDSON cameras can provide imagery that allows adult lamprey to be distinguished from other 


targets (adult salmonids, shad) at ranges of 1-7 m, can be used to qualitatively assess lamprey 


behavior, and quantitative metrics including entrance and exit rates, associations with sturgeon, 


and reaction to fishway structures such as diffuser gratings within the field of view of the camera 


(Johnson et al. 2012; Figure 7).  Notably, confidence in target identity depended on orientation of 


the camera to swimming lamprey. 
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In 2013, we plan to test use of Dual-frequency Identification Sonar (DIDSON) and low-


light optical video cameras to view lamprey at the Washington-shore NDE and problematic areas 


in the lower fishway sections of Washington-shore ladder.  I-beams for deployment of cameras 


will be installed near the NDE LFS entrance and the Washington-shore fishway junction and 


transition pools.  In addition, this technology will be employed to assess lamprey use of the 


newly-installed entrance modifications at the John Day Dam North fishway, focusing on 


behavior across the entrance and bollard field, at the entrance to the LPS (to be installed winter 


2012-2013) and at the transition pool.  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. 


 


The DIDSON system will consist of the sonar unit, DIDSON cable, laptop computer with 


data acquisition software, topside control box and external hard drives.  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 2012 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.   
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Figure 7.  Percent of net movement upstream or downstream by day, night, velocity conditions, 


and presence or absence of sturgeon at NDE during landscape DIDSON deployment.  Sample 


sizes are above each bar (upper panel) and locations where lamprey were first detected in the 


portrait mode deployment at NDE on 6-7 August (lower left panel) and 9-17 August (lower right 


panel), looking downstream.  Dashed lines represent the DIDSON field of view.  The fishway 


walls were located at approximately 1.5 m (south wall) and 6 m (north wall).  Solid circles (●) 


show events scored during reduced fishway velocity operations and open circles (○) show events 


scored during normal operations.  Note different camera depths. From Johnson et al. (2012).   
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5.  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.  


Collection of “naïve” fish, those that have not demonstrated the ability to enter fishway 


entrances, 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.   


 


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.   


 
5.1  Conduct pilot testing of new trap designs and locations in the area downstream from 


Bonneville Dam and at the John Day South Ladder Count Station 


 


In 2011, we designed and installed two portable traps that were deployed adjacent to 


Washington-shore entrances (NDE and SDE) at Bonneville Dam.  These traps were not 


successful and the SDE trap was moved in 2012.  Thus far, both traps have captured few lamprey 


and may impact salmonids due to their proximity to fishway entrances.  Pending final 2012 


results, NDE and SDE portable traps will be removed in 2013 and other potential trapping 


locations that do not pose a risk to salmonids will be considered.  Novel concepts for trap design 


may include “surface splash” or larval pheromone attraction elements. 


 


Trapping of adult lamprey by tribal biologists is ongoing at the John Day South fishway 


count station.  We propose to work with USACE personnel and tribal representatives to make 


these operations safer and more effective, while providing an accurate count of lamprey using 


this area during periods when trapping is not underway.   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.). 


 


 


6.  Identify mechanisms of adult lamprey passage failure and bottlenecks to passage  


 


Flume testing:  The USACE is undertaking several ladder modification designs and there 


is a critical need for acceptable design criteria relating to lamprey swimming and passage 


performance.  Currently, there is some understanding of suitable mean velocities for lamprey 


passage and behavior and performance around various structural elements (Keefer et al. 2010b, 
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2011a), but important and potentially important variables remain unexamined in detail.  For 


instance, we have consistently observed high turn-around at the serpentine weir section of both 


BON fishways and this behavior may be related to relatively high velocities combined with high 


turbulence and/or the length of high velocity sections between serpentine weirs (Figure 8).   


Similarly, several modification strategies rely on the introduction of turbulence to reduce mean 


velocities but little information is available to predict the effects of velocity on passage beyond 


qualitative observations that turbulence may negatively affects passage at higher velocities.   


 


 


 
Figure 9:  Photos illustrating differences in the length (L) among serpentine weirs near 


the exit of the Bonneville Dam Washington Shore fishway.   The length of the weir slot is 


determined by the length of channel formed by weir walls (L; upper photo) and the width by the 


distance between walls (W; lower left).  The length of weirs ranges from approximately 12” to 


20” for weirs that are 24” wide (lower left) and from 12” to 40” for weirs that are 28” wide 


(lower right).  We hypothesize that weirs with long lengths may be more difficult for adult 


lamprey to pass and may contribute to the long observed passage times and high turnaround rates 


in this section.  From Clabough et al. (2011a).   
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We propose to conduct a series of flume experiments in the BON AFF using adult 


lamprey collected at Bonneville Dam aimed at refining our generalized understanding of lamprey 


swimming and improving passage criteria.  The methods will be modified from Keefer et al. 


(2010).   In 2013, we will focus on addressing the three following questions:  How does 


turbulence affect passage success across a range of velocities?  How does passage success 


decrease for longer passage segments at higher velocities (up to approximately 1 m)?  How does 


surface roughness affect success across a range of velocities?  Analyses will use lamprey size a 


covariate to test the hypothesis that size selection at local scale passage barriers results in the size 


selection observed at upstream dams (Keefer et al. 2010a).  The results will benefit the design 


process for lamprey passage modifications by providing improved criteria for flow, turbulence, 


and substrate. 


 


Data mining: Previous years of radio-telemetry have been used to estimate passage times, 


escapement and patterns of fishway use by lamprey at specific areas of interest at lower 


Columbia River dams.  Radio-telemetry data from 2013 study year and the 3,251 adult Pacific 


lamprey that were collected radio-tagged and released downstream from Bonneville Dam in 


previous years of study can be plumbed to assess mechanisms of passage failure and the 


identification of bottlenecks.  This research objective will be closely coordinated with a 


concurrent study (LMP-P-11-1 Systematic Adult Lamprey Passage Documentation).  


 


 


 


7.  Determine opening/gap criteria for adult lamprey and sockeye salmon 


 


7.1  Conduct incremental picket lead raising experiment at the Washington-shore AWS. 


 


Night video observations and radio-telemetry 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 slightly 


to allow lamprey easier access to the AWS.  Results indicated 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 sockeye 


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.   


 


We propose to use underwater video to assess adult salmonid behavior at the base of a 


single picketed lead panel at the Washington-shore count station.  By raising the picketed lead by 


1.2 cm increments each week during the sockeye salmon passage period, the threshold for 


sockeye salmon gap size could be determined.  Techniques employed by UI and UC Davis at 


McNary Dam during 2010-2011 will be used to make these observations.  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 


for a minimum of 200 sockeye approaches.  The proportion of attempts to swim under the slot 


will be determined as a percentage of salmon observed.  The proportion of salmon and lamprey 
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passing under the slots will also be reported.  The goal will be to develop criteria for gap size at 


the end of 2013 that can then be applied at picketed leads in other fishways. 


 


7.2  Conduct testing to establish optimal criteria for lamprey in the experimental flume at 


Bonneville Dam. 


 


Adult Pacific lamprey require at least a 1” gap to pass under a vertical obstruction (Moser 


et al. 2008).  However, the optimum vertical gap needed to maximize lamprey passage in a 


flowing water environment has not been established.  We propose to conduct experiments in the 


existing experimental flume at the Bonneville Dam Adult Fish Facility (AFF) to address this 


question.  Replicated experiments (similar to those documented in Keefer et al. 2010b and 


Keefer et al. 2011a) will be conducted using lamprey collected during AFF trapping at 


Bonneville Dam. 


 


 


8.    Develop non-invasive system (camera systems, software) to accurately estimate adult 


lamprey fishway escapement at FCRPS dams.   


 


8.1   Fabricate and install a trapping facility at John Day South Ladder Count Station 


 


At John Day Dam, trapping of adult lamprey by tribal biologists is ongoing at the South 


Ladder count station to provide fish for tribal lamprey restoration efforts.  We propose to work 


with USACE personnel and tribal representatives to make these operations safer and more 


effective, while providing an accurate count of lamprey using this area during periods when 


trapping is not underway.   If successful, this type of installation could be a model for developing 


indices of lamprey escapement at other fishways. 


  


8.2   Develop accurate escapement estimation methods for Bonneville Dam fishways 


 


Development of an accurate escapement estimate for lamprey at FCRPS dams has 


involved labor intensive review of night video and the evolution of automated counting systems 


at LPS exits.  We propose to collaborate with regional lamprey researchers to compile the results 


of these efforts to determine low-cost methods for accurate estimation of the total number of 


lamprey passing through the top of each fishway at Bonneville Dam.   


 


 


D.  Timeline and Scope of Work 


 


Radio-telemetry and HD-PIT antenna maintenance and radio-tagging 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.  NMFS will maintain the 


radiotelemetry database.  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, refuge boxes, and the John Day South ladder trapping 
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facility will be conducted by NMFS.  The Washington-shore LFS and the John Day North 


Ladder LPS operation and evaluation will be conducted by UI, as will lamprey experimental 


flume work at BON.  Lamprey collection at the BON AFF, HD-PIT tagging, picketed lead 


experiments, and AWS and CI LPS maintenance will be a NMFS responsibility.  Reports will be 


prepared, submitted for review and revised during the period May-September 2014.  USACE 


will provide comments on draft reports within 30 days following submission.  The revised final 


report will be due no later than 30 September 2014.  Estimated timeline for each of the proposed 


study objectives: 


 


Objective         Schedule for FY2013 


  


Evaluate structural improvements and lamprey passage success, passage times, and route 


selection through the lower Columbia River 
Tagging and  data collection       (May 1 – Sept 30)   


 


Modify and evaluate lamprey passage structures (LPSs)  


at Bonneville and John Day dams.  
Cascades Island LPS modifications - Installation    (Dec 15 – Sept 30)                        


Refuge Box – Fabrication and Installation     (Dec 15 – Feb 28)            


John Day Dam trap – Fabrication and Installation    (Dec 15 – Feb 28)            


Evaluate use of Dual-frequency Identification Sonar (DIDSON)  


and low light video cameras 
DIDSON camera install/ Data collection      (Jan 1 – Sept 30)    


Identify potential lamprey trapping locations and trap improvements  


at and downstream from Bonneville Dam      


      Field assessment        (May 1 – Sept 30) 


Determine opening/gap criteria for adult lamprey and sockeye salmon 


       Conduct experiments, collect video observations   (May 1 –July 31) 
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Objective         Schedule for FY2014 


  


Evaluate structural improvements   
Analyze data and develop final report     (Oct 1 – Sept 30) 


 


Determine lamprey passage success, passage times, and route selection  


through the lower Columbia River using HD-PIT detection, visual, and LPS counts. 
Analysis of tagging data and reporting     (Oct 1 – Mar 31)   


Evaluate lamprey passage structures (LPSs)  


at Bonneville and John Day dams.                   
WA-shore, Cascades Island, and John Day LPS- evaluation     (Oct 1 – Sept 30)             


Evaluate use of Dual-frequency Identification Sonar (DIDSON)  


and low light video cameras 
Processing and Analysis of DIDSON data from  


The Dalles and JDA North       (Oct 1 – Mar 31) 


             


Use historic lamprey radiotelemetry data to assess lamprey passage metrics relative 


to sea lion predation, environmental variation, and dam operations.   (Oct 1 – Sept 30)  
 


Identify mechanisms of adult lamprey passage failure and  


bottlenecks to passage       (Oct 1 – Sept 30)  


 


Identify potential lamprey trapping locations and trap improvements  


at and downstream from Bonneville Dam      


     Listing of potential trapping configurations     (May 1 – Sept 30) 


Determine opening/gap criteria for adult lamprey and sockeye salmon 
     Complete analysis and develop criteria     (May 1 –Sept 30) 


 


Develop count system to estimate adult lamprey fishway escapement at FCRPS dams.   
     Complete analysis and develop indices if possible    (May 1 – Sept 30) 
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E.  Facilities and Equipment  
 


Installation of refuge boxes, JDA count station structure, DIDSON/video guides, and 


HD-PIT/radio 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 


2013.  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.   


 


Projected equipment needs, 2013. 


 


Provided by UI Dates 


Video Cameras for Picketed leads 5/1-10/1 


2 Flat-plate HDX Antennas for JDA North fishway all 


HDX PIT antennas and readers BON, TDS, JDA all 


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 


Laptop for AFF data collection and HD-PIT tagging 5/1-10/1 
 
Provided by NMFS Dates 


Lamprey contact counters and web-linked surveillance cameras 5/1-9/1 


Lamprey traps, BON PH2 5/1-10/1 


CI LPS trap box and exit to forebay, rest box fykes           5/1-12/31 


Refuge boxes                TBD 


John Day trapping facility  TBD 
 
Provided by USACE Dates 


2 DIDSON cameras 4/15-10/1 
Crane support at BON and JDA for HDX antennas, DIDSON I-beam installations 
and crane support for LPS and trapping 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 2013. 


 


 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, video, and radiotelemetry equipment. 


4.  Provide access at Bonneville, The Dalles and John Day dam fishways for installation and 


maintenance of LPS, trapping facilities,  and HD-PIT/radiotelemetry 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 AC power to fishway sites for HD-PIT readers,  radio receivers, LPS pumps, and 


the John Day trapping facility.  


 


 


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 and radiotelemetry 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. 


 


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 
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Lamprey collection, 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 


S. Corbett, PSMFC 


Analysis of data and preparation of report segments: 


                     M. Moser, C. Caudill, M. Keefer, E. Johnson, P. Johnson, S. Corbett 


 


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. 


This project may include presenting results at a scientific conference located in a foreign country 


at the discretion of the funding agency. 


 


 


FY13 


Lamprey refuge boxes at Bonneville Dam will be fabricated and installed during inwater work 


period (January-February) 


 


The John Day trapping facility will be fabricated and installed during the inwater work period 


(January 2012). 


 


 


FY14 


 


An interim report of research will be presented at the annual AFEP review and as a preliminary 


report (including error-checked lamprey count data) by December 31.  The final report of 


research has a requested due date of May 31, with final revisions submitted no later than 


September 30, 2014. 
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Study Summary 


A. Goal 
 


     Determine the abundance, distribution and fate of adult summer steelhead overwintering 
in the FCRPS, focusing on upper Columbia River (UCR) and Snake River (SNR) groups.  
Data generated will be used to identify potential mechanisms contributing to observed 
conversion rates below standards establisthed in the 2008 NMFS BiOp and to identify 
potential structural or operationsal modifications that could improve winter passage and 
survival for steelhead. 
 
B. Objectives:  


 
 1. Determine geographic distribution of steelhead overwintering in the mainstem 


Columbia and Snake rivers and tributaries.  
 
 2. Determine downstream passage routes at dams valuate magnitude and temporal 


distribution of downstream movement and/or milling behavior throughout the winter.  
  
 3. Estimate relative upstream and downstream (fallback) route use of overwintering 


steelhead at Lower Columbia and Snake River dams.  
 a. Estimate turbine passage and survival at McNary Dam for John 


Day/Deschutes steelhead overshoots.  
 
 4. Evaluate migration fate and survival of overwintering steelhead that fallback. 
 
C. Methods 


 
     We propose to monitor migration of steelhead in the FCRPS using radiotelemetry.  Adult 
steelhead will be tagged at Bonneville Dam AFF and monitored using an extensive array of 
fixed receiver sites located at dam and major tributaries.  Adult steelhead would be tagged 
and monitored in conjunction with UI Task 4 (ADS-P-13-1, Base Sample) in proportion to 
the run.  The Base Sample would be augmented with a Supplemental Sample of late-run fish 
in Septemeber and October 2013 to increase the overall sample size of adult steelhead 
expected to overwinter in the FCRPS prior to entering spawning tributaries in spring.  
Telemetry monitoring will determine winter distribution and reservoir residence times, up- 
and downstream (fallback) passage rates at dams, passage routes, and eventual fate and 
survival rates for individuals, incluidng those falling back and passing through turbines. 


  
D. Relevance 


The proposed study will address priority research areas related to improving passage and 
survival of adult salmonids identified by the Corps of Engineers, fish agencies, and NMFS in 
the Columbia River Federal Power System Biological Opinions related to recovery of 
threatened and endangered Columbia and Snake River salmon and steelhead.  Specific RPAs 
identified in the 2008 NMFS Biological Opinion (BiOp) and the 2010 Supplemental BiOp 
include RPA’s 28, 52, and 54 which deal with monitoring to assure safe passage and 







 


 3 


maintaining passage metrics as passage structures are modified in the future.  Specifically, 
the distribution, abundance and behavioir data to be collected in this proposal would directly 
address RPA 52.7 “Examine and resolve observed incongruities between conversion rates of 
UCR & Snake River steelhead and spring Chinook” by providing information on survival 
and areas of loss for steelhead overwintering in FCRPS reservoirs. 
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Project Description 
 


A.  Background  
 


Adult salmon and steelhead migrating to their natal streams in tributaries of the 
Columbia River must pass up to nine dams and their reservoirs, four in the lower Columbia 
and Snake rivers and five in the mid Columbia River.  Losses and delays in migration at each 
hydroelectric project must be minimized to maintain the native fish runs and achieve the 
recovery goals outlined by the Northwest Power Planning Council (NWPPC) and by NOAA 
Fisheries (NOAA).  
 
 Adequate upstream passage conditions and continued high survival through the 
FCRPS Hydrosystem are primary requirements of the 2008 BiOp and 2010 Supplemental 
BiOp (hereafter “the BiOp”).  In recent years, record numbers of unmarked steelhead have 
passed Lower Granite Dam, however, the 5 year rolling average conversion rate for adult 
steelhead has been below the standard established in the BiOp.  RPA 52 identifies a need to 
identify factors that might explain the conversion rates for under-performing ESUs including 
fallback and delay.   
 
 Substantial numbers of adult summer steelhead overwinter in reservoirs or migrate 
through portions of the FCRPS in early spring after overwintering in non-natal tributaries 
prior to spawning.  Keefer et al. (2008) found that 12.4% of 5,939 radio-tagged adults 
overwintered at least partially in the Hydrosystem during 1996-1998 and 2000-2004 study 
years.  The probability of overwintering differed among stocks and was higher for later 
arriving individuals and interior stocks (Figure 1).  Overwintering in the Hydrosystem 
provided a survival benefit compared to tributaries, probably because of lower harvest rates.  
However, a substantial proportion (20.5%) of adults moved downstream past dams (fellback) 
at least one time, and approximately a quarter of these fish entered downstream tributaries.   
 


The higher rates of overwintering and fallback observed in steelhead compared to 
other salmonids are consistent with the more flexible migration behavior and schedule of 
steelhead.  Steelhead exhibit more flexible migration timing and use of non-natal tributaries 
(e.g., compare Goniea et al. 2006 and High et al. 2006) and tend to have higher straying rates 
than salmon species (Keefer et al. 2008; Keefer and Caudill 2012).  Consequently, 
observations of overwintering, non-natal tributary use, and downstream passage over dams 
likely represent expressions of natural steelhead life history traits.  Kelting (downstream 
return to marine environments followed by subsequent reproductive events in following 
years; e.g., Wertheimer and Evans 2005) is a separate behavior from fallback associated with 
route finding during upstream migration, further adding to the distinctive set of steelhead 
behaviors. 
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Figure 1:  Proportion of adult steelhead radio-tagged at Bonneville Dam that overwintered in 
the FCRPS during 1996-1998 and 2000-2004 radio telemetry studies.  From Keefer et al. 
2008. 
 
 Downstream movement over dams (fallback) and kelt migration are both of concern 
because downstream passage routes specifically designed to attract and safely pass adult 
salmonids are lacking at FCRPS dams (Wertheimer and Evans 2005, Wertheimer 2007, 
Keefer et al. 2008).  Telemetry (Wertheimer and Evans 2005, Wertheimer 2007) and 
bioacoustic evaluations (e.g., Kahn and Royer 2012) indicate adult steelhead preferentially 
use and are benefited by surface routes when available.  The relative costs and benefits of 
providing surface flow routes (e.g, spill, ice-and-trash sluice operation, operation of juvenile 
bypass structures) in wintertime depends on the abundance and distribution of steelhead, 
frequency of movements and the survival benefit to providing such routes.  
 


Here we propose to radiotag a supplemental sample of late-run steelhead (defined as 
passing BON during September and October) as part of the larger proposed 2013 salmon, 
steelhead, and lamprey radiotelemetry evaluations (UI Tasks 1 and 4).  The supplemental 
sample will increase the sample size of steelhead observed overwintering.  The monitoring 
array and data analyses will focus on addressing the following general questions identified by 
the SRWG using the specific research Objectives 1-4: 
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Questions identified by SRWG:  
A. What is the distribution of overwintering steelhead; where are they overwintering?  
B. How many and when are overwintering steelhead moving downstream throughout the 


winter?  
C. Where and when are milling or migrating steelhead passing dams (i.e. route of passage)  
D. What is the fate following passage at dams?  
 
 
B.  Objectives – Year 2013-2015 
 
1. Determine geographic distribution of steelhead overwintering in the mainstem Columbia 


and Snake rivers and tributaries.  
 
2. Evaluate magnitude and temporal distribution of downstream movement and/or milling 


behavior throughout the winter.  
  
3. Estimate relative upstream and downstream (fallback) route use of overwintering steelhead 


at Lower Columbia and Snake River dams.  
a. Estimate turbine passage and survival at McNary Dam for John Day/Deschutes 


steelhead overshoots.  
 
4. Evaluate migration fate and survival of overwintering steelhead that fallback. 
 


C.  Methods 
 


Methods and analyses for Objectives 1-4 and ADS-P-13-1 are similar with the addition of 
a Supplemental Sample of tagged adults that will augment the Base Sample tagged for ADS-
P-13-1.  Table 1 provides proposed sample sizes and expected numbers of overwintering 
steelhead.  The other major modification to the methods will be the addition of receiver sites 
to monitor turbine passage and downstream passage routes at dams during winter periods.  
Telemetry monitoring of passage routes, especially turbine passage, will focus on locations 
with high fallback rates (e.g., McNary Dam, Objective 3a). 
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Table 1:  Potential sample sizes of radio-tagged adult steelhead for Base and Supplemental samples. 
 
 


No. Tagged BON BON N PH2 TDA N Fishway JDA N Entrance MCN LGR
Focal @ BON AFF Tailrace Approach Exit (all) Tailrace Approach Exit (all) Tailrace Approach Exit (all) Tailrace Approach (all) Exit (all) Exit


Group Objective(s) % N % N % N % N % N % N % N % N % N % N % N % N % N
Base Steelhead 2 400 98.0% 392 49.7% 199 96.6% 386 69.3% 277 23.3% 93 66.2% 265 60.1% 241 33.4% 134 58.1% 232 53.4% 214 52.7% 211 53.0% 212 32.7% 131
 (ADS-P-13-1 & ADS-P-13-2) 2 600 98.0% 588 49.7% 298 96.6% 580 69.3% 416 23.3% 140 66.2% 397 60.1% 361 33.4% 201 58.1% 349 53.4% 320 52.7% 316 53.0% 318 32.7% 196


Entire FCRPS
Expected to Overwinter 2 400 14.6% 58


2 600 14.6% 88


Supplemental Steelhead 2 400 98.0% 392 49.7% 199 96.6% 386 69.3% 277 23.3% 93 66.2% 265 60.1% 241 33.4% 134 58.1% 232 53.4% 214 52.7% 211 53.0% 212 41.0% 164
Late-run  (ADS-S-13-1) 2 600 98.0% 588 49.7% 298 96.6% 580 69.3% 416 23.3% 140 66.2% 397 60.1% 361 33.4% 201 58.1% 349 53.4% 320 52.7% 316 53.0% 318 41.0% 246


Entire FCRPS
Expected to Overwinter 2 400 25.7% 103


2 600 25.7% 154
Total tagged & overwintering 800 20.2% 161


1200 20.2% 242
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   Fish will be collected at the Adult Fish Facility (AFF) located adjacent to the 
Washington-shore ladder.  Tagging will be in approximate proportion to the run for both the 
Base and Supplemental steelhead samples and the tagging schedule will be adjusted 
depending on arrival timing of each run.  Typically, fish will be selected at random in the 
order they enter the trap each morning.  Protocols for collection and outfitting salmon and 
steelhead with transmitters at Bonneville Dam, downloading of data from receivers, recovery 
of information for recaptured fish, coding of the data, and data analysis will be similar to 
those developed in prior years (e.g., Keefer et al. 2004; Keefer et al. 2005).  All tagged fish 
will be released 8 km downstream from Bonneville Dam and monitored as they migrate 
upstream using a series of fixed-site receivers at each project, taking special care to closely 
monitor fishway entrances.  A list of potential monitoring sites in presented in Task 4, 
Appendix 1 and final fixed site receiver locations will be finalized in coordination with 
USACE Biologists depending in part on availability of equipment and prioritization of 
research objectives between UI Tasks 1, 2, 4 and 5 (LMP-P-13-1, LMP-P-12-4, ADS-P-13-1, 
ADS-S-13-1).  We will coordinate with all research groups using radiotelemetry for other 
studies to insure efficient use of the available equipment and resources.  Radiotelemetry 
receivers will be maintained and returned to the manufacturer for repairs and updates, prior 
to the 2013 field season, as required.  All required receivers and antennas will be installed 
prior to the start of tagging of spring Chinook salmon in April 2013.  All adults will have a 
full duplex PIT-tag inserted to the abdominal cavity as a secondary tag (e.g., Keefer et al. 
2005) that will allow estimation of tag loss rates, detection efficiencies and conversion rates 
using both radio- and PIT-detections.   


 
  Final sample size will be determined in coordination with regional fisheries managers 


and refinement of analytical precision goals.  Multiple years of tagging may be required to 
acquire sufficient sample size and characterize interannual variability in metrics.  


 
  As in past years, when receivers are downloaded, data will be transferred to an Oracle 


database hosted on a Linux server.  Because we will be comparing results from 2013 to 
previous years, it is paramount to ensure all steps in the data collection, processing, and 
analysis are identical to those from previous years.  Therefore, we will use our customized 
programs with standardized rules for processing data (e.g., filtering noise) to ensure data 
quality.  The programs are also used to convert filtered raw data into more use-friendly 
summary databases for statistical analyses and reporting.   As in previous years, all data 
(original files as well as summarized data) will be backed up nightly and validated prior to 
analysis.   
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Table 1:  Example potential sample sizes for radio-tagged adult salmonids collected at Bonneville Dam and numbers expected to 
reach key upstream locations. 


 
 


 


 
 
 


*Steelhead conversions from 2004, overwinter proportions are averages reported by Keefer et al. (2008).  Approaches include all adults with at least one detection at a location.


No. Tagged BON BON N PH2 TDA N Fishway JDA N Entrance MCN LGR
Focal @ BON AFF Tailrace Approach Exit (all) Tailrace Approach Exit (all) Tailrace Approach Exit (all) Tailrace Approach (all) Exit (all) Exit


Group Objective(s) % N % N % N % N % N % N % N % N % N % N % N % N % N
Chinook Salmon
Spring-summer 
Adults 1.1-1.4, 2 400 96.0% 384 45.0% 180 91.0% 364 77.3% 309 26.7% 107 73.8% 295 68.3% 273 48.0% 192 67.5% 270 62.2% ## 61.8% 247 62.2% 249 25.8% 103


600 96.0% 576 45.0% 270 91.0% 546 77.3% 464 26.7% 160 73.8% 443 68.3% 410 48.0% 288 67.5% 405 62.2% ## 61.8% 371 62.2% 373 25.8% 155


Jacks 1.2, 2 300 96.0% 288 45.0% 135 91.0% 273 77.3% 232 26.7% 80 73.8% 222 68.3% 205 48.0% 144 67.5% 203 62.2% ## 61.8% 186 62.2% 187 25.8% 78


Fall CK Adults 2 400 94.6% 378 64.0% 256 87.7% 351 72.5% 290 24.5% 98 68.2% 273 58.7% 235 32.3% 129 52.6% 210 45.5% ## 44.7% 179 44.7% 179 4.2% 17


Sockeye 1.2, 2 200 98.1% 196 41.4% 83 97.4% 195 88.9% 178 43.5% 87 85.1% 170 84.1% 168 54.2% 108 80.8% 162 80.6% ## 78.0% 156 79.2% 158 <1%
400 98.1% 392 41.4% 166 97.4% 390 88.9% 356 43.5% 174 85.1% 340 84.1% 336 54.2% 217 80.8% 323 80.6% ## 78.0% 312 79.2% 317 <1%


Steelhead run-of-river (ADS-P-13-1 & AD 2 400 98.0% 392 49.7% 199 96.6% 386 69.3% 277 23.3% 93 66.2% 265 60.1% 241 33.4% 134 58.1% 232 53.4% ## 52.7% 211 53.0% 212 32.7% 131
2 600 98.0% 588 49.7% 298 96.6% 580 69.3% 416 23.3% 140 66.2% 397 60.1% 361 33.4% 201 58.1% 349 53.4% ## 52.7% 316 53.0% 318 32.7% 196
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Data analyses for all objectives will include comparison of passage metrics as described in 


Task 4 and those used in prior years to describe overwintering and kelting behaviors 
(Wertheimer and Evans 2005, Keefer et al. 2008). Analyses will focus on route selection and 
fishway fallout behaviors, passage efficiencies over standard passage segments, and passage 
times. For all analyses, we will statistically control for the effects of environmental and 
operational conditions (e.g., flow, spill pattern) as appropriate.   
 


As in Task 4, we propose to collect fin samples for DNA-based genetic stock identification 
(GSI) of Chinook salmon using microsatellites and/or single nucleotide polymorphisms (SNPs), 
which have been developed for Columbia Basin Chinook salmon (Seeb et al. 2007; Narum et al. 
2010; Hess et al. 2011).  GSI assignments will be used to identify ESU/DPS for tagged adults, 
focusing on unmarked adults.  Samples will be processed pending results of the Chinook salmon 
analyses in Task 4 (e.g., can GSI for Chinook salmon, the taxon with the best available database, 
provide sufficient resolution to provide information useful for management decisions?).  
 


The adult passage research would be a collaborative effort between personnel from 
University of Idaho (UI) and National Oceanic and Atmospheric Administration Fisheries 
(NOAA).  Project leaders Caudill and Burke will be responsible for preparation and submission 
of project proposals and respective work plans.  UI personnel will secure research permits, tag 
fish, install, maintain and download telemetry equipment.  NOAA personnel will process noise 
from data downloaded from receivers and maintain the raw telemetry databases in Seattle.  UI 
personnel will code the telemetry records to define movements and behavior of the fish and 
maintain coded databases in Moscow.  Both groups will participate in the analysis of data and 
preparation of final reports.  
 


 


D.  Facilities and Equipment  
 
UI will be responsible for deploying and maintaining of receivers.  Computers, vehicles, and 
other specialized equipment will be supplied by the researchers as needed on a rental basis.   
Installation of new antennas and repairs to existing antennas will be made during the winter 
maintenance periods at dams and will be completed prior to commencement of tagging in spring 
of 2011.  As in the past, the USACE will provide transmitters and receivers for proposed studies.   
 
 


E.  Impacts of study on USACE projects and other activities 
 


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


 
Assistance from project personnel will be required as follows: 
1.   Provide electrical power supply at Bonneville Dam for electronics gear that will be used 


in the fishways and tailrace areas during 2011. 
2.   During fall and winter maintenance period, access will be needed to inspect and repair 
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antennas at Bonneville Dam.   
3.   Provide access to the BON AFF adjacent to the Washington shore ladder at Bonneville 


Dam from late March through October to collect fish to be tagged.  Provide access to 
USACE tagging trailer(s) for transport of adult salmonids to release locations.  


4.   Provide access to tailrace and fishways for regular downloading of radio receivers. 
 
Biological Effects: 
 


Tagging at Bonneville Dam in 2011 will follow the same procedures used in 2009-2010; 
tagging will take place every day.  Fish will be diverted from the fishway into the AFF, 
selected for tagging, anesthetized, fitted with transmitters, and released 8 km downstream 
from the dam after a suitable recovery period.  Of  nearly 20,000 salmon and steelhead 
tagged with transmitters at Bonneville Dam during 1996-1998, and 2000-2007, there 
were 15 known mortalities (<0.1%) and no known injuries resulting from tagging 
operations.  Indirect effects on salmon from tagging include a 1-2 d delay for fish to re-
ascend the 8 km of river and reenter a fishway at Bonneville Dam.  The 350-450 spring 
Chinook salmon proposed for tagging would be about < 0.3% of the spring Chinook run 
based on the 10-year average (2000-2009) spring Chinook salmon run size.  The 350-450 
tagged fall Chinook salmon would represent < 0.2% of the run based on the 10-year 
average.    


 
Key Tasks and Personnel  


Project planning, administration, final reporting: 
Principle investigators:  
UI: C. Caudill, and  
NOAA: B. J. Burke 


Work plan preparation, protocols, computer programs, permits: 
UI: C. Caudill, M. Jepson 
NOAA: B. Burke 


Equipment installation and maintenance: 
UI: M. Morasch 


Tagging of fish 
UI: Steve Lee 


Storage and maintenance of telemetry database: 
NOAA: K. Frick, Brian Burke 


Data coding: 
UI: M. Jepson 


Analysis of data and preparation of report segments and presentations 
UI: C. Caudill, M. Keefer, M. Jepson 
NOAA: B. Burke 


 
Technology Transfer 
Information and analyses from this study will be provided regularly to managers via final 


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 request 
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PROJECT SUMMARY 


 


 


RESEARCH GOAL 


 


The goal of this work is to increase survival of juvenile lamprey during their seaward migration 


past hydropower dams in the lower Snake and Columbia Rivers.  


 


 


 OBJECTIVES  
 


1. Determine feasibility of methods for the capture, marking, and recapture of juvenile lamprey 


at FCRPS dams that could lead to determining route-specific passage and survival estimates. 


Need to clearly address capture efficiency, sample sizes, recapture rates, and potential biases 


related to sampling, as well as interaction or effects on listed juvenile salmonids.  


 


2. Evaluate the efficacy of using 12 vs. 8.4 mm PIT tags in performance evaluations of juvenile 


lamprey (i.e., recapture rates at JBS detectors).  


 


METHODS 


  


Declines in Pacific lamprey abundance have triggered interest in developing methods to assess 


mortality of juvenile lamprey during their seaward migration past obstacles in the Columbia 


River Basin.  The Bonneville Power Administration has funded an effort to assess juvenile 


lamprey losses at irrigation diversions in the Umatilla River Basin.  We propose to leverage our 


existing tagging efforts in the Umatilla Basin to address juvenile passage evaluations at 


mainstem hydropower dams in the Columbia River.  By increasing the scope of our existing 


juvenile tagging program, questions related to the feasibility of conducting large-scale full-


duplex PIT tagging of juvenile lamprey (macrophthalmia and ammocoetes) can be addressed at 


little additional cost. 


 


In winter 2012-13, we plan to collect both macrophthalmia and ammocoetes using a smolt trap 


deployed near the mouth of the Umatilla River (Rkm 4.2).  For the BPA-funded project, we will 


tag up to 1,000 juvenile lamprey with full duplex PIT tags and release them upstream from 


irrigation diversion dams in the Umatilla River to assess entrainment at these facilities.  Lamprey 


that are not entrained would potentially enter the Columbia mainstem and be detected at juvenile 


bypasses systems (JBSs) at lower Columbia River dams.  We propose to increase the scope of 


this effort by releasing an additional group of 500 tagged macrophthalmia in the lower John Day 


River, where a full-duplex PIT antenna is operated near the river mouth year round.  Half of 


these fish would be tagged with the larger (12 mm) PIT tag to compare detection rates at John 


Day Dam for both 8.4 and 12 mm tags.  Detections at the John Day JBS would provide 


information on “recapture” rates and sample sizes needed to assess both the outmigrant timing 


and movement rates through this area.   
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RELEVANCE 


 
Due to declines of both the anadromous Pacific lamprey (Lampetra tridentata) and the resident 


western brook lamprey (Lampetra richardsoni) throughout the Columbia River basin, a petition 


was submitted in 2002 to the U.S. Fish and Wildlife Service to list them as federally-endangered 


or threatened species (Close et al. 2002).  The U.S. Fish and Wildlife Service has desiginated 


both Pacific lamprey and western brook lamprey as a species of concern (i.e., taxa whose 


conservation status is of concern), while Pacific lamprey has been classified as endangered by 


the Idaho Department of Fish and Game.  To achieve lamprey recovery, the Columbia Basin 


Lamprey Technical Workgroup (a subgroup of the CBFWA Anadromous Fish Committee) 


identified lamprey passage improvement at hydropower dams as the highest priority. This project 


will address concerns raised by tribal agencies, the U. S. Army Corps of Engineers (COE), 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 and survival of juvenile 


Pacific lamprey in the Columbia and Snake rivers.  In addition, this project will 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.    


 


 


PROJECT DESCRIPTION 


 


Background 


  


Pacific lamprey (Lampetra tridentata) are an anadromous, parasitic lamprey species.  Adults 


spawn in freshwater tributaries to the Columbia River and the juveniles (ammocoetes, Figure 1) 


bury into silty substrate and assume a sedentary life style for up to 7 years (reviewed in Close et 


al. 2002).  During this period, ammocoetes may move downstream during freshets, however the 


extent and mechanisms behind freshwater movements are not well understood (Beamish and 


Levings 1991).  After freshwater rearing, ammocoetes metamorphose, developing eyes and 


mouth parts for their parasitic phase in seawater.  The metamorphosed juveniles 


(macrophthalmia) emigrate from freshwater to the sea, much like juvenile salmonids. 


 


Figure 1.  Juvenile lamprey prior to metamorphosis (ammocoete) collected in the Snake River  


           drainage.  Photo courtesy of J. M. Capurso. 
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Western brook lamprey (L. richardsoni) are a resident, non-parasitic lamprey form.  This species 


also resides for extended periods in freshwater tributaries to the Columbia River.  After the 


freshwater residence period, Western brook lamprey become sexually mature and spawn in 


freshwater without making a seaward migration (Pletcher 1963).  However, as is the case for 


Pacific lamprey, Western brook lamprey ammocoetes exhibit downstream movements during 


freshwater residence that could be extensive (C. Luzier, U.S. Fish and Wildlife Service, pers. 


comm.).  The extent and reason for these movements is not known. 


 


During both seaward migration of macropthalmia and downstream movements of ammocoetes, 


anadromous and resident lampreys may encounter up to 8 or 9 hydropower projects on the 


Columbia and Snake rivers.  Recent research has documented impingement of lamprey at 


juvenile bypass facilities (Figure 2) and has determined that lamprey are more likely to suffer 


mortality as a result of screen impingement than from negative effects of passing downstream 


over dam spillways or through turbines (Moursund et al. 2001, Moser and Russon 2009, Moser 


and Vowles 2010).  Consequently, research has recommended that bar screens be sized to reduce 


lamprey impingement to improve lamprey survival (Moursund et al. 2002, 2003).  


Recommendations for increased sizing of raceway tailscreen mesh were also made in an effort to 


protect lamprey juveniles (Moser and Vowles 2010). 


 


Figure 2.  Pacific lamprey macropthalmia impinged on bar screens at the John Day Dam 


 (left, photo courtesy of the Columbia River Intertribal Fish Commission) and at tailrace   


 screens at McNary Dam (right, photo courtesy of the USACE). 
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To further protect lamprey outmigrants, more information is needed about the relative sources of 


juvenile lamprey mortality and the timing of outmigration.  The BPA has funded the 


Confederated Tribes of the Umatilla Indian Reservation (CTUIR) to assess juvenile lamprey 


losses at irrigation diversion dams in the Umatilla River, a tributary to the Columbia River.  We 


propose to expand the scope of this tagging effort to provide information relevant to evaluation 


of lamprey losses at FCRPS dams in the Columbia Basin. 


 


 


Study Objectives 
 


1. Determine feasibility of methods for the capture, marking, and recapture of juvenile lamprey 


at FCRPS dams that could lead to determining route-specific passage and survival estimates. 


Need to clearly address capture efficiency, sample sizes, recapture rates, and potential biases 


related to sampling, as well as interaction or effects on listed juvenile salmonids.  


 


2. Evaluate the efficacy of using 12 vs. 8.4 mm PIT tags in performance evaluations of juvenile 


lamprey (i.e., recapture rates at JBS detectors).  


  


 


Methods 
 


Objective 1.  Determine feasibility of methods for the capture, marking, and recapture of 


juvenile lamprey at FCRPS dams that could lead to determining route-specific passage and 


survival estimates. Need to clearly address capture efficiency, sample sizes, recapture rates, 


and potential biases related to sampling, as well as interaction or effects on listed juvenile 


salmonids.  


 


As part of our BPA-funded research, we plan to tag up to 1,000 juvenile lamprey with full 


duplex PIT tags and release them upstream from irrigation diversion dams in the Umatilla River 


to assess entrainment at these facilities.  In winter 2012-13, we will collect both macrophthalmia 


and ammocoetes using a smolt trap deployed near the mouth of the Umatilla River (Rkm 4.2).  


For the BPA-funded project, we will tag up to 1,000 juvenile lamprey for release in the Umatilla 


River using established protocols (Moursund et al. 2003, M. Mesa, U.S. Geological Survey, 


personal communication).  Lamprey that are not entrained would potentially enter the Columbia 


River mainstem and be detected at juvenile bypasses systems (JBSs) at lower Columbia River 


dams.  


 


We propose to increase the scope of this effort by releasing an additional group of 500 tagged 


macrophthalmia in the lower John Day River, where a full-duplex PIT antenna is operated near 


the river mouth year round.  These fish would allow for identification of the timing of mainstem 


entry and the number of pit-tagged fish detected at the river mouth relative to the number 


originally released (recapture efficiency).  This release group would also allow comparison of 


detection rates for fish released in the two drainages, as fish released in the John Day River 


would traverse less of the John Day Reservoir prior to detection at the John Day Dam JBS than 


fish released in the Umatilla River. 
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Detection rates at John Day Dam would allow evaluation of the numbers of juvenile lamprey that 


would need to be tagged to provide reasonable estimates of reservoir entrance timing and 


passage rates.   For example, in pilot tagging of Pacific lamprey macrophthalmia on the Olympic 


Peninsula outmigration timing exhibited very little variation and detection rates in the tributaries 


monitored were nearly 100% (T. Bennett, NOAA Fisheries, personal communication).  Thus, 


relatively low numbers of fish were needed to provide reliable estimates of timing and recapture 


rates.  In contrast, only a fraction (approximately 1%) of macrophthalmia released into the JBS at 


McNary Dam were detected at John Day Dam (Moursund et al. 2003).  Release of fish into the 


tributaries and with lower tag burdens could significantly increase recapture rates at mainstem 


dams, however this has never been tested. 


 


 


Objective 2.  Evaluate the efficacy of using 12 vs. 8.4 mm PIT tags in performance evaluations 


of juvenile lamprey (i.e., recapture rates at JBS detectors).  


  


During pilot testing of the 8.4mm x 1.4mm PIT tag (Biomark-Allflex PICO),  250 steelhead 


smolts were tagged and released upstream from Lower Monumental Dam detectors on 8 June 


2011 (S. Downing, NOAA Fisheries, unpublished data).  The fish were individually scanned 


before being released once every 30 seconds into the collection channel above the full flow 


antennas.  The USACE turned the sample off during the 2 h fish release period so that most of 


the fish went directly through the juvenile fish bypass facility.   The tags were detected 


surprisingly well (95.6% overall detection rate for full flow monitor, 98.6-100% overall 


detection rates at separator, raceway, and diversion monitors).  Hence, we believe that the 


smaller tag will allow for adequate detection at the JBS facilities while reducing the tag burden 


for small lamprey juveniles. 


 


Half of the fish we propose to release into the John Day River will be tagged with the larger (12 


mm) PIT tag to compare detection rates at John Day Dam for both 8.4 and 12 mm tags.  


Detections at the John Day JBS will provide information on “recapture” rates and sample sizes 


needed to assess both the outmigrant timing and movement rates through this area, while 


providing information on the relative detection efficiencies of the two tag sizes at full flow 


tributary and JBS PIT antennas. 
  


Facilities and Equipment 


 


The CTUIR operates the juvenile lamprey collection facility near the mouth of the Umatilla 


River and has extensive experience with both juvenile lamprey capture and tagging.  NOAA 


Fisheries has extensive experience with operation and data management for full duplex PIT 


detection arrays in both the John Day River and at the John Day Dam JBS. 
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Potential Limitations 


 


The success of this work depends upon the availability of large lamprey juveniles for tagging in 


the lower Umatilla River.  While typical juvenile lamprey collections do not exceed 100 


individuals/ night, up to 400 individuals during a single high discharge event have been recorded 


at the smolt trap in the Umatilla River.  We are planning to conduct trapping and tagging efforts 


throughout the winter to provide sufficient animals for both BPA- and USACE-funded work. 


 


 


Project Impacts 


 


The proposed activities will be coordinated with ongoing projects funded by the Corps of 


Engineers, the Bonneville Power Administration, and others.  Division or district USACE 


personnel will be needed to provide technical review of research proposed for 2013. 


 


 


Technology Transfer 


 


This study has broad applicability to ongoing efforts by state, federal, and tribal fisheries 


managers and hydropower operators to recover lamprey populations.  The principal investigators 


will insure that information and analyses from this work are available to resource managers via 


presentations at professional meetings, workshops, and when otherwise requested.  Technical 


findings may be published in peer-reviewed journals.  This project may include presenting 


results at a scientific conference located in a foreign country at the discretion of the funding 


agency. 
 


 


Deliverables and Schedule 


 


Deliverables shall include tagging of juvenile lamprey in winter of 2012-13 and winter 2013-14, 


analysis of PIT-detection data,  and development of a final report by September 30, 2014. 


 


Objectives 1 and 2        Schedule for FY2013 


  


Tagging and data collection       (Nov 1 – Sept 30)   


 


 


Objective 1 and 2        Schedule for FY2014 


  


Tagging and data collection       (Nov 1 – Jan 1)   


Data analysis and report writing       (Oct 1- Sept 30) 
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Key Personnel and Duties 


 


Aaron Jackson will direct trapping and tagging activities.  Mary  Moser will assist with field 


tagging and will be responsible for data management and analysis.  Both researchers will 


combine forces to report findings of this research.  
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Project Summary 
Project Goal(s) 


The primary goal of this research is to estimate steelhead kelt (Oncorhynchus mykiss) returns to 
Lower Granite Dam (LGR) by passage route and estimate reach survival to the estuary.  Subsequent 
return back to LGR based upon detections of PIT tags could also be addressed by lengthening the 
study period.  In addition, steelhead kelt repeat spawner return rates to LGR by passage route from 
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2013 PIT- and Juvenile Salmonid Acoustic Telemetry System (JSATS)-tagged releases could be 
estimated.  Results should help managers to assess the efficiency and effectiveness of available routes 
for passing kelts through Federal Columbia River Power System (FCRPS) dams, build on information 
collected by Pacific Northwest National Laboratory (PNNL) during the 2013 field season and 
continue to provide a check-in on kelt passage and survival since the study by Wertheimer and Evans 
(2005). 


 


Objectives 
1. Estimate aggregate, A-run, and B-run steelhead kelt repeat spawner return rates (KAR) to LGR by 


passage route from 2013 PIT- and JSATS-tagged releases. 


a. Estimate post-spawning reach survival to the estuary and subsequent pre-respawning 
conversion rate back to LGR and between Snake and Columbia river federal dams for kelts 
returning to spawn in the Snake River. 


2. Estimate annual aggregate, A-run, and B-run steelhead kelt population abundance arriving and 
passing LGR through a combination of kelt releases that are PIT- and JSATS-tagged at the LGR 
Juvenile Fish Facility (JFF) separator and various Clearwater and Snake river tributary weirs.  


3. Estimate route survival and the following passage probability metrics and timing of JSATS-implanted 
kelts at each FCRPS dam outfitted with JSATS receivers 


a. Forebay retention (forebay entrance to route passage lines) providing 3D files 


b. Tailrace egress (route passage lines to tailrace exit) 


c. Project passage (forebay entrance to tailrace exit or BRZ to BRZ) 


 


Methods 
PNNL will collect, tag and release approximately 480 steelhead kelts in the Snake River 


tributaries upstream of LGR (n = 180) and in the LGR JFF separator (n = 300) between the end of March 
and end of June 2013.  JSATS tags will be surgically implanted into the coelom of the fish and PIT tags 
will be implanted in the pelvic girdle or dorsal sinus of the fish. 


PNNL will deploy arrays of cabled hydrophones on the upstream face of LGR with a baseline 
sufficient to track acoustic tagged steelhead kelt movements and determine the route of passage past 
specific areas of the dam.  PNNL will also deploy arrays of autonomous receivers at the upper LGR 
Reservoir influence zones on the Snake and Clearwater rivers and in the forebay and tailrace of LGR.  
Under separate contracts, JSATS detection equipment may be installed at other lower Snake River and 
lower Columbia River dams for smolt dam survival performance standard testing and can be used to 
measure performance metrics.  Detections from forebay, dam-face, and tailrace arrays will be used to 
estimate forebay residence time, tailrace egress time, and project passage time metrics at each project.  
Survival rates of fish passing and the most commonly used passage routes will be estimated from capture 
histories of virtual single releases of fish for each dam in the FCRPS outfitted with JSATS detection 
equipment.  In the event that other lower Snake River and lower Columbia River dams do not have 
JSATS detection equipment installed during the 2013 season, additional arrays of autonomous JSATS 
receivers may be deployed at specific locations throughout the FCRPS.  The location of these arrays will 
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be dependent on the locations of interest determined based on results from the 2012 study (Year 1) and in 
consultation with USACE and Studies Review Work Group personnel. 


 


Relevance to the Biological Opinion  
As a strategy for improving steelhead survival through the FCRPS, the National Oceanic and 


Atmospheric Administration (NOAA) Fisheries identified actions to improve the productivity and 
abundance of steelhead in Reasonable and Prudent Alternatives (RPAs) 33.  RPA 33 deals with interior 
B-run steelhead and mentions measures to increase in-river survival of migrating kelts and research 
necessary to accomplish plan elements.  Understanding the sources of mortality and increasing survival of 
kelts is important for improving the abundance and productivity of Endangered Species Act (ESA)-listed 
steelhead populations in the Snake River and upper and middle Columbia River. 


Project Description 
Background 


Steelhead populations in the Columbia River basin (CRB) have greatly diminished over the past 
few decades and many risk extinction (NMFS 2000, 2004; McClure et al. 2003).  Potential causes are 
numerous and include overharvest, loss and degradation of rearing and spawning habitat, failed hatchery 
supplementation practices, and mortality associated with passage through numerous dams and 
impoundments in the Snake and Columbia Rivers (Lichatowich 2001; Budy et al. 2002; McClure et al. 
2003).  Steelhead are iteroparous and individuals may spawn more than once in a lifetime.  In the CRB, 
post-spawn adults (kelts) may migrate downstream through the FCRPS in the Snake and Columbia rivers, 
passing as many as 8 projects to reach the estuary, all which pose a potential threat to successful 
migration (Wertheimer and Evans 2005).   


The rate of iteroparity among steelhead populations is largely unknown, however in the 1950s, 
prior to the installation of most projects in the lower Snake and Columbia rivers, between 2% and 4% of 
steelhead returning to the Clearwater River were believed to be repeat spawners (Whitt 1954).  To aid in 
the management and recovery of wild steelhead populations in the CRB, research has been undertaken to 
better understand and increase the rates of iteroparity (NMFS 2000).  A focus of this research has been to 
identify potential sources of mortality for downstream migrating kelts. 


 


Problem Description 
Some Snake and Columbia river steelhead populations have been listed as threatened or 


endangered under the ESA.  Data suggest that repeat spawning (iteroparity), which is an important life 
history characteristic of steelhead, is depressed in hydropower systems with many successive dams 
(Meehan and Bjornn 1991; Fleming 1998).  As fish pass downstream at FCRPS projects there are three 
basic routes of passage; over the spillway, through the juvenile bypass system, or through the turbine.  
When spillways on FCRPS projects are passing water, steelhead kelts actively use them to pass dams 
(Wertheimer and Evans 2005; Wertheimer 2007), but information about kelt-passage proportions through 
all routes at dams is sparse.  There is a need to identify the routes of passage utilized by kelts during their 
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downstream migration, and subsequent survival.  It is also necessary to link these passage routes to return 
rates for kelts originating from the Snake and Clearwater rivers’ tributaries. 


 


Site Description 
LGR spans the Snake River in Washington at river km (rkm) 173.  The project is located 


approximately 35 km south of Colfax, WA, and is the fourth project in the Snake River (from the mouth) 
and the last project that has fish ladders to allow adult salmon and steelhead to migrate upstream.  From 
the southern shore, the project is composed of the 6-turbine-unit powerhouse, a removable spillway weir 
(RSW), and an 8-gate spillway (Figure 1).  Primary fish passage routes include the spillway and 
powerhouse; however, within the powerhouse, passage can be through the turbines or the juvenile bypass 
system (JBS).  Fish enter the JBS after encountering screens in the upper part of turbine intakes.  Screens 
divert fish to gatewell slots where they pass through orifices opening into a bypass channel that either 
routes fish to the tailrace or to raceways at the JFF. 


 


 


Figure 1.  Aerial Photograph of LGR.  


 
Objectives 
1. Estimate aggregate, A-run, and B-run steelhead kelt repeat spawner return rates (KAR) to LGR by 


passage route from 2012 PIT- and JSATS-tagged releases. 


a. Estimate post-spawning reach survival to the estuary and subsequent pre-respawning 
conversion rate back to LGR and between Snake and Columbia river federal dams for kelts 
returning to spawn in the Snake River.   


2. Estimate annual aggregate, A-run, and B-run steelhead kelt population abundance arriving and 
passing LGR through a combination of kelt releases that are PIT- and JSATS-tagged at the LGR JFF 
separator and various Clearwater and Snake river tributary weirs.  
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3. Estimate route survival and the following passage probability metrics and timing of JSATS-implanted 
kelts at each FCRPS dam outfitted with JSATS receivers 


a. Forebay retention (forebay entrance to route passage lines) providing 3D files 


b. Tailrace egress (route passage lines to tailrace exit) 


c. Project passage (forebay entrance to tailrace exit or BRZ to BRZ) 


Methods 
Task 1:  Equipment Deployment 


The deployment of JSATS cabled dam-face arrays at LGR in 2013 will be similar to deployment 
methods utilized in the lower Columbia River (LCR) in 2008-2012 at JDA, TDA and BON and in the 
lower Snake River in 2012 at LGR, Little Goose Dam (LGS), and Lower Monumental Dam (LMN).  
These systems proved to be highly successful with >99% detection efficiency (Weiland et al. 2009; 
Ploskey et al. 2010).  The LCR study design also proved to be highly effective at 3D tracking of tagged 
fish and assigning routes of passage.  A similar deployment design may be implemented for the juvenile 
salmonids biological performance studies at lower Snake River dams and/or MCN in 2013.  Project-
specific adaptations were made for LGR and modified from the LCR deployment design to develop a 
LGR implementation plan (McMichael et al. 2011). The 2013 LGR deployment scheme similar to that 
used in 2012 (Year 1).  PNNL will consult with USACE representatives to discuss which spillbays and 
turbine units will be online during the 2013 field season.  Two hydrophones will be deployed at 
appropriate pier noses across the training spillbays and at each main pier nose (unit junction) across the 
powerhouse for appropriate turbines units at LGR (Figure 2).  Hydrophones on each four-hydrophone 
cabled 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 3 shows an example for hydrophones from two 
systems deployed at three adjacent turbines.  Deployment at three adjacent spill bays will have a similar 
pattern.  In addition, two cluster arrays will be used to create a passage line into spillbay 1 (RSW).  This 
deployment scheme provides a systematic and comprehensive detection grid in which tagged kelts can be 
accurately tracked in 3D as they approach and pass the RSW and selected spillbays and turbine units. 
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Figure 2.   Satellite image of LGR (Courtesy of Google Earth).  The image shows hydrophone 


deployment locations (yellow circles) at the powerhouse and the spillway.  Blue stars 
represent cluster arrays that will be deployed to cover a passage line to the RSW (spillbay 1).  
Also shown as red hexagons, are four autonomous receivers in a forebay entrance array (lower 
right) and two autonomous receivers in a tailrace egress array (upper left). 


 


 


 


Figure 3. The 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 in Array 1 and the triangles denote the hydrophones in Array 2. 
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PNNL will deploy autonomous receivers at study entrance lines at the upper Lower Granite 
Reservoir influence zone on the Snake River allowing us to monitor steelhead kelts tagged in the 
tributaries which move downstream into the main stem Snake River (Figure 4).  In addition, autonomous 
receiver arrays will be deployed in the forebay and tailrace at LGR, allowing us to estimate several 
important passage-performance and survival statistics (Figure 2).   


Forebay, dam-face, and tailrace arrays will allow us to estimate forebay residence time (forebay 
entrance to route passage lines), project passage time (forebay entrance to tailrace exit; i.e., BRZ to BRZ), 
and tailrace egress time (route passage lines to tailrace exit).  The dam-face arrays will allow us to 
estimate route-specific passage proportions for kelts passing through the routes being monitored.  We also 
will estimate the survival rate of kelts passing through any route that passes at least 30 fish.  The dam-face 
arrays also can be used to create virtual releases of kelts for each dam and for every route of passage 
being monitored at LGR.  Passage survival will be estimated with a virtual, single-release model using 
TagPro and Atlas software (http://www.cbr.washington.edu/analysis.html; Lady et al. 2010).  The 
deployment of autonomous receivers and dam-face arrays at other projects in the FCRPS (other lower 
Snake River dams, MCN; through independent study contract tasks) will allow us to examine passage 
survival at all of the projects using similar methodology.  Additional cabled and autonomous arrays may 
be added to other FCRPS projects to provide additional insight into the passage routes and survival of 
kelts. 


 


 
Figure 4. Satellite image of the Clearwater (right) and Snake (left) rivers confluence (courtesy of Google 


Earth).  The image shows three autonomous receivers (red hexagons) located at the entrance 
line to the upper Lower Granite Reservoir influence zones on the Snake River. 


 


Task 2:  Tagging of Fish 



http://www.cbr.washington.edu/analysis.html
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PNNL will collect and tag up to 180 steelhead kelts from weirs across the various Clearwater and 
upper Snake River tributaries (including:  Potlach River, Fish Creek of the Lochsa River, Crooked River, 
Asotin Creek, Joseph Creek).  In addition, PNNL will tag up to 300 steelhead kelts (150 wild A-run and 
B-run; 150 hatchery A-run) collected from the LGR JFF separator between late March and late June 
2013.  Regardless of collection location, kelts will be selected for tagging based on their condition and 
availability.  Kelts classified as either in good or fair condition will be anesthetized for surgical 
implantation of transmitters.  Kelts selected for surgical implantation will be immediately anesthetized, 
measured, weighed, and tagged.  Following recovery from anesthesia, kelts will be released.  In addition, 
genetic samples will be removed from all individual kelts collected for the study for subsequent analysis.  


Sample fish will be anesthetized until they reach Stage 4 anesthesia (Smith and Summerfelt 
1990).  Fish will then be placed ventral side up in a foam trough with a piece of tubing placed in the 
mouth of the fish.  During the surgery, a maintenance dose anesthesia solution will be flushed through the 
gills through the plastic tubing.  Using a sterile scalpel, a 6mm incision will be made on the linea alba 
anterior to the pelvic girdle (similar to Panther et al. 2012).  A JSATS transmitter will be inserted into the 
coelom of the fish through the incision and the incision will be closed with absorbable monofilament 
sutures similar to Deters et al. (2012).  PIT tags will be injected into the dorsal sinus or pelvic girdle of 
the fish.  Following surgery, fish will be placed in a recovery bin with fresh river water until they have 
recovered from anesthesia (i.e., regained equilibrium, steady opercular movements).  Steelhead kelts 
collected and tagged in the weirs will be released downstream of the weir into the river once they recover 
from anesthesia (~15 minutes), and kelts collected and tagged at LGR JFF will be held overnight (~24 
hours) and then released into the tailrace. 


JSATS tags will be programmed to transmit signals once every 4 s, which should allow for 
accurate 3-D tracking in forebays of FCRPS projects outfitted with JSATS detection equipment.  These 
transmitters will provide an expected tag life of at least 80 days.   


 


Task 3:  Tag Life Analysis 


Tag loss and tag failure violate one of the basic assumptions of dam passage survival models, so 
an assessment of tag failure is necessary to conduct survival analyses of steelhead kelts at FCRPS projects 
in 2013.  A subsample of tags will be randomly selected from each batch of tags delivered for the study 
(up to 40 tags) to be tested.  The time to the end of battery life will be recorded for each selected tag to 
estimate a tag-life curve.  If necessary, tag life data may be used to perform a tag life correction to 
survival estimates (Townsend et al. 2006). 


 


Task 4:  In-Season Data Collection 


Between late March and mid-August 2013, JSATS detection data will be directly downloaded 
biweekly from the dam-face arrays located at LGR.  In addition, JSATS tag detection data files will be 
acquired from other projects outfitted with JSATS equipment in 2013.  Detection information from 
autonomous node arrays for this study will be downloaded once per month to reduce the labor and 
supplies costs. 


We plan to tag and release about 480 kelts (180 in tributaries of Clearwater and Snake rivers, 300 
into tailrace of LGR).  We expect the number of kelts pass hydropower projects to decline as they migrate 
farther downstream.  Survival estimates based on the relatively small number of fish tagged will likely be 
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imprecise, but route-specific estimates should be informative.  We believe that precision will be adequate 
to inform regional-fisheries managers about indirect-survival rates for kelts passing through each dam in 
the FCRPS outfitted with JSATS detection equipment in 2013, given that this is a non-treatment study 
with emphasis on point estimates.  Three-dimensional tracking of tagged kelts in forebay areas also will 
provide information about passage behavior.  Three-dimensional tracking is described in detail in related 
AFEP proposals on estimating survival of juvenile salmonids passing through LGR in 2012 (McMichael 
et al. 2011), lower Columbia River dams in 2012 (Ploskey et al. 2011) and by Deng et al. (2011). 


 


Task 5:  PIT Tag Detection Data Collection 


PIT tag detection of downriver migrating kelts will be gathered from PTAGIS and will be 
included in the analyses.  PIT detections will be collected if fish pass downstream through fishways or 
bypass systems.  In addition, PIT detections will be collected for adults tagged in 2012 and returning back 
upstream through fishways in 2013.  


 


Task 6: Deliverables 


In-season status reports will be prepared and delivered on a biweekly basis during the field season 
when fish are being released.  These reports will include information pertaining to difficulties 
encountered, lost data, and any other major problems that could compromise the accuracy and quality of 
the data. 


PNNL will prepare and deliver a presentation for the Annual Anadromous Fish Evaluation 
Program (AFEP) Meeting to be held in Portland, OR in late November or early December 2013 
describing the methods and results.  


A draft report comparing the JSATS and PIT tag detection route distributions and survival 
estimates to pre-surface spill weir baselines derived from the Wertheimer and Evans (2005), Wertheimer 
(2007), Boggs et al. (2004, 2008) and 2012 results (Year 1) will be prepared and delivered during the 
winter of 2014.  This draft report will include all methods, results, QA/QC documentation, and ancillary 
data associated with the study.  A final report incorporating changes to the draft report resulting from 
Regional review will be submitted within 60 days after the receipt of comments from the region, 
whichever is later. 


 


Limitations of Proposed Methodology and Expected Difficulty 
Our research depends on the availability of kelts at weirs in tributary streams and at the LGR JFF 
separator.  We do not expect to encounter limitations or difficulties with JSATS telemetry monitoring to 
evaluate forebay passage behavior or survival because both of these techniques have been used 
successfully by our team on many occasions.   


 


Schedule 
The milestone schedule is as follows: 
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1. Monitoring will begin in late March and end in mid-August 2013.  We will provide written in-season 
progress reports via email biweekly during the field season.  


2. Methods and results of this study will be presented at the AFEP Review held in Walla Walla, WA in 
late November or early December 2013. 


3. A draft report will be delivered during the winter of 2014.  This draft report will include all methods, 
results, QA/QC documentation, and ancillary data associated with the study. 


4. The final technical report will be delivered within 60 days after the receipt of comments from the 
region, whichever is later.  We are aware that the study design will be reviewed by various state and 
federal agencies and is subject to the approval of the NOAA Fisheries under the Endangered Species 
Act.  We understand that this means that the study design may be modified prior to the start date.   


 


Facilities and Equipment 
Most of the JSATS monitoring equipment needed for this study is available.  About 500 JSATS 


acoustic tags and PIT tags will need to be purchased, as will expendable surgical equipment needed to 
implant the JSATS and PIT tags.  JSATS and PIT tags not used in 2012 may be used to offset costs in 
2013.   


 


Impacts 
Adult steelhead kelts collected from tributaries will be anesthetized and acoustic tags will be 


surgically implanted into the coelom.  In addition, PIT tags will be injected into the pelvic girdle or dorsal 
sinus.  This will result in a brief outmigration delay for tagged fish.  Very few fish are expected to die 
from handling or tagging.  The acoustic frequency emitted by acoustic transmitters used in this study 
(416.7 kHz) is much higher than can be detected by fish or mammals and will not injure salmonids.  
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 handling and tagging of ESA-listed 
species.  Fish collection, handling, holding, and transport will be done in accordance with PNNL 
Institutional Animal Care and Use Committee (IACUC) and Federal procedures for animal care and 
humane treatment of vertebrate animals.   


We will coordinate our efforts closely with the U.S. Army Corps of Engineers personnel at each 
project to minimize our impact on dam-maintenance activities and operations.  We also 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 will also coordinate with other researchers to avoid conflicts. 


We will need hourly dam-operations data for each turbine unit and mathematical relations 
between SFO discharge and forebay elevation at LGR for deployment of hydrophones.   


 


Collaborative Arrangements and/or Sub-Contracts  
PNNL may subcontract with the Nez Perce Tribe, CRITFC or other appropriate contractors to 


provide biologists to assist with the collection, handling or tagging of fish at the weirs and at the LGR 
JFF. 
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List of Key Personnel and Project Duties 


Name (Affiliation) Duties 


Alison Colotelo (PNNL) Project management and development and execution of tagging activities 


Geoff McMichael (PNNL) Project management and survival estimates for JSATS-tagged steelhead kelts 


Richard Brown (PNNL) Development and execution of tagging activities  


Daniel Deng (PNNL) Lead engineer and oversight of kelt tracking and route-of-passage assignments 


Kenneth Ham (PNNL) JSATS code-space and data processing management 


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 annual AFEP Review.  Technology transfer activities 
may also include presentation of research results at regional or national fisheries conferences or 
publication of results in scientific journals. 
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II. Project Summary 


 


 Efforts to recover threatened and endangered stocks of Columbia River salmon rely 


heavily on estuary restoration but progress is hampered by uncertainties about stock-specific 


salmon distributions and the influence of estuary habitat on adult returns. We propose a research 


program to fill these gaps by addressing four key questions and associated research objectives:  


 How are genetic stock groups distributed throughout the estuary?  


 Do salmon life history, habitat use, and performance vary by stock?  


 Which juvenile life histories contribute to adult returns, and how does estuarine habitat 


restoration benefit population resilience?   


 How much estuary restoration is needed to insure stock persistence? 


 


Research Goal   


Determine the estuary’s contribution to the spatial structure and life history diversity of 


Columbia River salmon stocks and the implications for estuary restoration. 


 


Objectives 


1. Genetic Stock Distribution: Characterize temporal and spatial distribution of Chinook 


salmon genetic stock groups in tidal fluvial reaches of the Lower CR estuary (Rkm 75 to 


Bonneville Dam) (2010-11). 


2. Stock-specific Habitat Use: Investigate stock-specific habitat use, life histories, and 


performance of juvenile salmon in key habitats (2012-16) 


3. Juvenile Salmon Rearing to Adult Returns: Evaluate juvenile salmon life histories and 


their contributions to adult returns in selected tributaries (2014-18) 


4. Hydrologic and Life-Cycle Modeling: Use hydrologic models and life-cycle models to 


evaluate estuary restoration needs and climate-change effects on diverse salmon ESUs 


(2011-2015) 


5. Disseminate Results and Information Needs: Make research findings and analytical 


tools accessible to restoration planners, engineers, biologists, and researchers. 


 


Principal Tasks/Methods Proposed for 2013 


1. Compare indices of the physiological condition of juvenile Chinook salmon and evaluate 


their relationship to early ocean survival 


2. Determine estuary migration and residency patterns of tagged Chinook from different 


ESUs at PIT detection sites in selected wetland habitats (estuary reaches A, C, and F).  


3. Determine salmonid species composition and the temporal abundance, size distribution, 


and genetic composition of Chinook occupying wetland and floodplain habitats in 


Reaches E/F. 


4. Estimate benthic prey and fall-out insect availability, determine Chinook salmon diet 


composition, and estimate diel consumption rates in selected Reach E/F habitats. 


5. Determine experimentally the growth rates, habitat-specific residency, and behavior of 


juvenile Chinook salmon at a forested wetland channel in Reach F. 


6. Reconstruct (from otolith analyses) the contributions of estuarine and freshwater juvenile 


life histories to adult returns in a diversity of populations and ESUs. 
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7. Estimate juvenile residence times within the tidal-fresh portion of the estuary from 


strontium-marked adult salmon returning to the Coweeman River. 


8. Add an estuary life-history component to existing (interior) salmon life-cycle models to 


assess population sensitivities to estuary survival gains, and refine methods for modeling 


estuary survival of Willamette River populations.  


9. Use physical modeling to identify “corridors” and “bottlenecks” of habitat opportunity 


for various salmon stocks and size classes across all estuary reaches, and determine 


thresholds of habitat-opportunity response to changes in river discharge. 


10. Use life-cycle modeling to evaluate effects of habitat-opportunity increases (through 


restoration) on salmon growth potential and the implications for size-selective mortality 


and early ocean survival  


 


Relevance to the 2010 NOAA Fisheries Supplemental Biological Opinion 


This research addresses the following Reasonable and Prudent Alternatives (RPAs) of the 


Biological Opinion for the Operation of the Federal Columbia River Power System:  RPAs 7, 58, 


59, and 61 of RM&E Strategy 4; RPA 37 of Habitat Strategy 2; and RPAs 1, 2, and 3 of 


Adaptive Management Actions.  It provides new tools to assess the benefits of estuary 


restoration to salmon recovery, including improvements to models developed in conjunction with 


the Adaptive Management Implementation Plan (AMIP) life-cycle modeling group. 
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III. Project Description 
 


Background 


 


 Prior to 2002, scientists had not systematically surveyed fish use of tidal wetlands or 


most other shallow backwater habitats in the Columbia River estuary.  Today scores of wetland 


restoration projects totaling millions of dollars have been implemented to support the recovery of 


at-risk salmon populations.  Much of this effort has occurred in the lower estuary (Rkm 0 to 75), 


where previous research on salmon and estuarine ecology has been concentrated (Bottom et al. 


2005b).  While vast areas of shoreline and floodplain habitat also has been removed or modified 


throughout the tidal-fluvial estuary between Rkm 75 and Bonneville Dam, little is known about 


the ecological functions or importance of these habitats to particular salmon stocks. This 


proposal addresses critical uncertainties about the stock-specific contributions of tidal fluvial 


habitats to the estuarine performance and population viability of Chinook salmon.  The results 


apply directly to estuary restoration and salmon recovery needs. 


 


 Interest in restoring estuarine habitat in part reflects recent information about the 


estuary’s role as a productive nursery ground for juvenile salmon (Bottom et al. 2005a, 2008; 


Roegner et al. 2008, 2010). However, genetic survey results have revealed important stock-


specific differences in estuarine habitat use (Bottom et al. 2008; Teel et al. 2009; Roegner et al. 


In press) that have not been considered in the selection or design of restoration projects. 


Moreover, the population response to estuary restoration remains poorly understood because 


Research, Monitoring, and Evaluation (RME) programs have focused exclusively on the life 


histories and ecology of estuarine-rearing juveniles rather than their ultimate contribution to 


adult returns. This proposal continues an integrated program of study to address these key 


uncertainties and support salmon recovery actions throughout the Columbia River basin. 


  


Salmon Stock Distribution and Estuary Restoration  


 


 Surveys in the lower Columbia River estuary funded by the U.S Army Corps of 


Engineers in 2002-07 have demonstrated that wetlands and other shallow estuarine habitats play 


a major role in the life history diversity, food webs, and growth of juvenile Chinook salmon 


(Bottom et al. 2008; Maier and Simenstad 2009; Roegner et al. In press). Recent studies in the 


lower Grays River (Bottom et al. 2009; Roegner et al. 2010) and in the Sandy River delta area 


(Johnson et al. 2011) have reinforced these results, documenting use of a diversity of wetland 


habitats by a suite of salmon species, including chum, Chinook, and coho salmon.  


 


 With the likely exception of spring run fish from interior basin Evolutionarily Significant 


Units (ESUs), which may rarely use shallow estuarine habitats, we found that all Chinook 


salmon ESUs reside in the lower 100 km of the estuary and use a variety of alternative habitat 


pathways for migration and feeding (Bottom et al. 2008; Roegner et al. 2008, In press). Wetland 


habitats contributed to the life history diversity and growth of Chinook salmon by providing 


opportunities for diverse Columbia River ESUs to express subyearling migrant life histories and 


by producing insects and other invertebrate prey consumed by juvenile salmon both inside and 


outside these habitats. Stable-isotope studies revealed that representatives of all ESUs sampled in 


the estuary had interacted directly with wetland food webs for weeks or months and grew 
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substantially before entering the ocean (Anderson 2006; Maier and Simenstad 2009). Despite 


historical declines in wetland detrital sources through diking, filling, and other changes 


(Sherwood et al. 1990), contemporary salmonid food webs appear disproportionately linked to 


wetland-derived prey (Maier and Simenstad 2009).  


 


 The ecological functions and dynamics of tidal fresh habitats for juvenile salmon above 


Rkm 100 have not been as widely investigated as those in lower-estuary reaches. Tidal 


amplitudes in the upper estuary are substantially dampened, and river flows exert a greater 


influence than tides on physical gradients and habitat structure. Flooding frequencies and water 


levels, as influenced by climate, artificial levees, and the hydropower system (Kukulka and Jay 


2003a,b), control fish access and materials transport to and from shallow-water areas. The effects 


of upper-estuary processes on salmon rearing opportunities, prey production, and growth and 


their implications for habitat restoration are poorly understood.  


 


 Preliminary genetics data also suggested that salmon stocks may not be distributed 


uniformly throughout the lower and upper estuary. For example, whereas lower and mid-


Columbia River fall Chinook salmon stocks dominated at lower estuary sites surveyed in 2002-


07 (Bottom et al. 2008; Roegner et al. In press), considerably higher proportions of interior 


Columbia River stocks have been reported at several upper estuary survey sites, including for 


example, at the confluence of the Willamette River, the Sandy River Delta area, and at 


Warrendale, near Bonneville Dam (LCREP 2007; Bottom et al. 2008; Sobocinski et al. 2008; 


Sather et al. 2009; Teel et al. 2009; Johnson et al. 2011). If estuarine habitat use is stock-specific, 


then restoration sites must be distributed appropriately to support the varied migratory pathways 


and rearing behaviors of diverse Columbia River ESUs. However, guidance for selecting and 


distributing restoration sites has been limited by the lack of systematic surveys to determine the 


genetic stock composition of juvenile salmon across the estuary. During the first two years of 


this research program we completed a series of synoptic genetic surveys to define the patterns of 


salmon stock distribution and life history at an estuary scale (river mouth to Bonneville Dam), 


with particular emphasis on poorly studied reaches and habitat types from Rkm 75 and above. 


 


The Estuary’s Contribution to Salmon Recovery 


 


 The ultimate goal of estuarine habitat restoration is to help in the recovery of at-risk 


salmon populations. Restoration efforts assume that improvements in juvenile rearing habitats, 


performance, and survival in the estuary will benefit adult returns of at-risk stocks. Yet present 


RME activities (e.g., action effectiveness research, status and trend monitoring, and critical 


uncertainties research) rely on estuarine survival and performance metrics—for example, 


foraging success, growth, and condition—whose contributions to the viability of Columbia River 


salmon populations have not been directly measured. This proposal builds upon methods and 


tools developed from studies in the lower main-stem Columbia River (Bottom et al. 2008; Teel et 


al. 2009; Roegner et al 2010, In press); in Oregon’s Salmon River basin (Bottom et al. 2005a; 


Hering 2010; Volk et al. 2010); and from life-cycle modeling (e.g., Zabel et al. 2006; Crozier et 


al. 2008) to assess the estuary’s ultimate contributions to salmon recovery. 


  


 The 2008/2010 Biological Opinion on Operation of the Federal Columbia River Power 


System established estuary restoration goals for ten-year survival improvements of 9% for 
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ocean-type and 6% for stream-type ESUs. To support these goals, a qualitative assessment 


process (Columbia River Estuary Recovery Plan Module) was devised to identify limiting factors 


and to prioritize estuary restoration actions based on their presumed survival benefits. The 


method ranks the potential benefits of various restoration projects based on published results and 


professional judgments about their relative effectiveness. However, empirical estimates of 


survival benefits are unavailable, and the actual contributions of single or cumulative estuary 


actions to the survival goals in the Biological Opinion are unknown.  This research program will 


provide the first empirical data quantifying the benefits of estuary restoration for selected 


populations and ESUs.  These results are needed to assess progress toward the survival 


improvement targets of the FCRPS Biological Opinion. 


 


 In recent years, the U.S. Army Corps of Engineers has funded a program to monitor 


juvenile Chinook salmon survival through the estuary (Bonneville Dam to the river mouth) using 


acoustic tags (e.g., McComas et al. 2007). These studies provide useful information about the 


estuarine migration pathways and relative mortality rates of juvenile salmon in various estuarine 


reaches. However, the results do not measure whether restoration activities are achieving their 


survival goals or, if they did, whether the results would recover at-risk stocks.   


 


 The acoustic tagging methodology used to estimate estuary survivals does not track the 


response of smaller salmon size classes and life history types most likely to benefit from habitat 


restoration. Small subyearling migrants typically reside in the estuary for the longest periods 


(Campbell 2010) and utilize the kinds of shallow, near-shore habitat created by most restoration 


projects (Bottom et al. 2008, 2009).  By targeting large migrants (>90mm, often from hatcheries) 


that typically use deeper channel habitats and exit the estuary within days, the acoustic tagging 


studies likely underestimate potential restoration benefits. Furthermore, because the study 


collects and tags fish at Bonneville Dam, the results do not account for the habitat-use patterns or 


survivals of 6 of the 13 listed Columbia River ESUs that enter the estuary below the dam. 


 


 Regardless of the study design, however, estuary survival alone is not a satisfactory 


metric to determine estuary restoration needs or to evaluate progress toward salmon recovery. 


Estuary mortality may or may not influence population run strength in a particular year, 


depending on other factors that regulate ocean survival. Moreover, the proximate sources of 


juvenile mortality may provide little insight about the ultimate causes of population decline, 


including lost rearing opportunities or the ecosystem’s productive capacity. Gradual changes in 


the productive potential of the ecosystem are best reflected in the spatial structure and life 


histories of populations—the timing and sizes of downstream migrants or the proportional 


representation of various stocks and life histories, for example—rather than the total numbers of 


fish that survive or perish in the estuary in any particular year.  


 


 The evaluation of restoration activities requires a more comprehensive suite of long-term 


indicators to interpret the estuary’s contribution to population recovery and persistence.  NOAA 


Fisheries has defined four Viable Salmon Population (VSP) criteria for evaluating salmon 


recovery: abundance, population growth rate, spatial structure, and diversity (McElhany et al. 


2000). Unlike survival and other short-term performance measures, spatial structure and 


diversity of populations are examples of “slow variables”—long-term indicators that often 


exhibit threshold or non-linear responses to changing conditions. The status and trends of slow 
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variables thus provide important information about the potential resilience of an ecosystem or 


population in a variable environment (Scheffer and Carpenter 2003; Folke et al. 2004). 


 


 Diversity and spatial structure are particularly useful for evaluating the effects of estuary 


restoration, because these metrics link the estuary performance of juvenile salmon directly to the 


adult population response (Fresh et al. 2005).  That is, we can determine the contribution of 


juvenile life histories in the estuary to the spatial structure and diversity of returning adult 


salmon. 


  


 The following program of study includes research activities to assess the estuary’s 


contribution to adult returns. Here we outline objectives for monitoring juvenile life histories in 


outmigrants and returning adults in selected estuary tributary populations. We will integrate 


these results in a life-cycle model to determine the estuary’s contribution to population viability 


and evaluate population responses to estuary restoration. The tributary surveys and modeling 


results will measure whether estuary restoration promotes salmon recovery.   


 


Relationship of the Proposed Research to Uncertainties of the Columbia Estuary Ecosystem 


Restoration Program 


 


 The Columbia Estuary Ecosystem Restoration Program (CEERP) instituted jointly by the 


Bonneville Power Administration and the U.S. Army Corps of Engineers uses an adaptive 


management process to guide annual research, monitoring, and evaluation (RME) in the lower 


Columbia River and estuary. As part of this process, a draft 2012 Synthesis Memorandum 


recently reviewed the status of scientific knowledge of salmon ecology and habitat restoration 


and identified key limitations in understanding the role of estuary restoration in salmon recovery. 


The Expert Regional Technical Group (ERTG) for Estuary Habitat Restoration also recently 


prepared a summary of the scientific uncertainties for implementing the CEERP (ERTG Doc 


#2012-02). The objectives and tasks outlined in this proposal address many of the RME needs 


identified in the Synthesis Memorandum and in the ERTG uncertainties document, including the 


following: 


 


 The role of seasonal floodplains in the upper estuary during flooding conditions:   


Surveys in the upper estuary (Reach F) will assess salmonid use of floodplain habitats 


near Sauvie Island 


 Effects of riparian vegetation on salmon food webs 


Food-web studies will examine new vegetative communities (e.g., cottonwood forests, 


reed canary grass) whose riparian functions for prey production and salmon diets are 


poorly understood. 


 Stock-specific residency and habitat use in different estuary reaches 


 Monthly, year-round surveys will determine temporal and spatial patterns of habitat use 


among different Chinook stock groups occupying main-stem, off-channel, and floodplain 


habitats from the Lewis River to the Willamette River confluence (Reaches E/F). 


 Estuary performance and life histories of hatchery and naturally-produced salmon and 


implications for restoration:  
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Survey results will compare the distributions, habitat associations, size frequencies, and 


genetic stock composition of marked (i.e., hatchery origin) and unmarked (potentially 


naturally produced) salmon 


 Scientific Basis for Estimating Salmon Survival Benefit Units: 


The proposed surveys will provide new data about the rearing capacities of off-channel 


and flood-plain habitats as indicated by salmon density estimates, residence times, prey 


abundance, and salmon consumption rates. 


 Estuary contributions to population viability 


Life-cycle modeling and adult otolith analyses will evaluate the estuary’s contributions to 


adult returns in selected populations. 


 Salmon fitness and health 


Pilot studies in 2013 will compare selected physiological metrics as potential indicators 


of the relative “fitness” of salmon migrants leaving the estuary 


 Landscape structure of salmon habitats (and restoration projects) to support juvenile 


salmon 


Several ongoing PIT monitoring stations will be redeployed either in 2013 or 2014 


(depending on 2012 results) to characterize the migratory pathways of juvenile salmon at 


a landscape scale and to identify the habitat connections needed to support them. 


 Organic matter and prey transport from floodplain habitats 


The results of prey resource and salmon consumption studies in 2012 and 2013 will be 


used to design organic matter and prey transport studies for off-channel and floodplain 


habitats by 2014  


 Reference populations for monitoring estuary contributions to adults 


One or more reference populations will be selected in 2014 to quantify the life histories 


of outmigrating juveniles and their contributions to adult returns.  Preliminary studies in 


the Lewis River in 2013 will lay the ground work for selecting this or other estuary 


tributaries as reference populations. 


 


 


Relationship of the Proposed Research to Ongoing Research 


 


 The proposed research program complements other ongoing NOAA research in estuary, 


plume, and ocean environments.  Beach-seine collections of juvenile outmigrants in the lower 


estuary are being coordinated with NOAA purse seine and trawl surveys (funded by other 


sources) in the lower estuary and plume. The schedule for beach seining activities is timed to 


coincide with the biweekly NOAA purse seining schedule. The two studies collect similar data 


for outmigrating juveniles near the river mouth. The integrated sampling design allows us to 


compare salmon size distributions, growth, hatchery-wild proportions, life histories, and stock 


composition in near-shore estuarine habitats, deeper estuary channels, and plume and ocean 


environments.  


 


 Our proposed surveys and modeling of tidal fluvial habitats complement ongoing action 


effectiveness activities intended to quantify estuary restoration benefits. The “Multi-Scale 


Salmon Habitat Action Effectiveness Research” (EST-P-11-1) is monitoring ecological benefits 


of habitat restoration at project, landscape, and estuary scales.  Our proposed research provides 


new empirical data needed to validate whether estuary habitat use and performance of juvenile 
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salmon are directly tied to the survival and return of adults to particular ESUs.  We will 


determine (1) stock-specific habitat associations in tidal fluvial reaches; (2) the effects of 


physical factors on salmon rearing opportunities and performance (i.e., growth, consumption, 


bioenergetic potential); and (3) the relative contributions of estuarine life histories to adult 


returns in selected populations.  


 


Our field activities will be coordinated with estuary action effectiveness studies to insure 


data collections are complementary and not duplicative.  We will coordinate directly with EST-


P-11-1, which includes a genetic stock identification component for juvenile Chinook salmon. 


Both projects propose to use the same methods, allowing synthesis of the genetic results.  In 


addition, the Columbia River Estuary Task Force (CREST) and the Lower Columbia River 


Estuary Partnership (LCREP) have deployed PIT arrays in several tidal channel habitats that are 


similar to the detection methods we have employed in the lower estuary since 2008.  Synthesis of 


tag-group detections from the four sites we operate in 2012 and the other sites surveyed by 


CREST and LCREP will improve data resolution for interpreting estuary-wide movements and 


residency of tagged Columbia River salmon. 


 


We are also coordinating our estuary activities with ongoing tributary and salmon 


population studies by state agencies. The Oregon Department of Fish and Wildlife (ODFW) has 


been conducting a long term study of the life histories of Willamette River spring Chinook 


salmon.  We have initiated habitat surveys near the confluence of the Willamette River and 


Columbia River to provide complementary information about the distribution and habitat 


associations of subyearling and yearling Willamette Spring Chinook entering the upper estuary. 


We will use life-cycle modeling to synthesize the available data for Willamette Spring Chinook, 


exploring potential responses to survival improvements in the estuary.  We will also continue 


recent juvenile studies in the tidal freshwater portions of Lewis River, complementing ongoing 


adult and juvenile population studies by the Washington Department of Fish and Wildlife 


(WDFW) within the Lewis River basin.  We initiated new otolith analyses in 2011-12 to 


determine variations in the size and time of estuary entrance and the contributions of estuarine 


life histories to returning adult Chinook salmon from a variety of ESUs. We propose to expand 


this effort in 2013, taking advantage of otolith collections available from ongoing ODFW and 


WDFW spawner surveys. We will also cooperate with WDFW by analyzing strontium-marked 


adult Chinook otoliths collected from spawners returning to the Coweeman River.  These studies 


will determine whether significant numbers of juveniles rear in tidal freshwater habitats and 


contribute to adult returns. 


 


Research Goal and Approach 


 


Goal: Determine the estuary’s contribution to the spatial structure and life history diversity of 


Columbia River salmon stocks and the implications for estuary restoration. 


 


 To achieve this long-term goal, we propose an integrated program of four objectives that 


correspond to each of the following questions: 


 


1. How are genetic stock groups distributed throughout the estuary?  


2. Do salmon life history, habitat use, and performance vary by stock?  
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3. Which juvenile life histories contribute to adult returns, and does estuarine habitat 


restoration benefit population resilience?   


4. How much estuary restoration is needed to insure stock persistence?  


 


A fifth proposed objective will synthesize these results for presentation to scientists, resource 


managers, and restoration practitioners. 


 


The proposed research program integrates information at multiple spatial scales to place 


local estuary restoration in the context of population recovery needs: habitat scale (the 


performance of individual fish of known genetic affiliations in particular estuary habitats); 


estuary scale (the distributions and movements of Columbia River genetic stock groups from the 


river mouth to Bonneville Dam); subbasin scale (life history variations and contributions to adult 


returns in selected estuary tributaries); and the salmon-ecosystem scale (life-cycle modeling). 


Studies conducted early in the research program (Objective 1)  determined estuary-wide stock 


distribution patterns to inform site selection and research design for the subsequent habitat- and 


tributary-scale objectives (Objectives 2 and 3, respectively).  Results collected in these objectives 


will be synthesized in life-cycle models to explore likely responses to estuary restoration 


(Objective 4). The results will be summarized in annual reports, scientific literature, and 


presentations to insure findings are available to restoration scientists, managers, and practitioners 


and to inform the CEERP adaptive management process (Objective 5). Figure 1 describes the 


timing and relationships among the first four objectives and the key decisions points for site 


selection and research design.   


 


The sampling design proposed for this study targets wetland and other shallow tidal-fluvial 


habitats that have been poorly represented in previous ecological studies (Bottom et al. 2005b). 


These include habitat types that have been heavily impacted by historical shoreline 


developments, where restoration activities are often focused, and where juveniles with estuary-


resident life histories tend to rear for extended periods before migrating seaward.  Our proposed 


sample design does not include deep main-stem channels in the tidal-fluvial estuary or pelagic 


habitats far from shore (although other NOAA funding sources are supporting complementary 


purse seine and pair-trawl surveys in selected deep-channel habitats).  Our beach seines and 


fixed traps sample up to ~3m depths and are effective for a wide range of juvenile size classes 


from fry (≥40mm) to yearlings.  We frequently captured fry in shallow intertidal habitats during 


2002-08 surveys of the lower estuary (Bottom et al. 2011);  however, large numbers of yearlings 


(Chinook and coho) also were collected in tidal-fluvial reaches of the estuary (C-H) in 2010-11, 


particularly at main-stem sites during March and May bimonthly surveys.  


Our proposed survey design also uses PIT detectors to continuously monitor salmon use of 


selected wetland channels at ~1.5 to 2.0 m depths.  Multiple sets of antennas allow us to monitor 


the entire breadth of each channel. PIT monitoring stations are not size-selective per se but only 


individuals  60mm can be safely tagged with PIT tags. Therefore, the method provides no 


information about juveniles with fry-migrant life histories. Our PIT results derived from 


opportunistic sampling of various groups of fish tagged upriver are further biased by the size 


classes and numbers of fish that are chosen for various experimental releases.  Thus, for 


example, we are much more likely to encounter hatchery fish at PIT detection sites simply 


because far fewer wild fish are marked with PIT tags.   
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Current understanding of habitat use by various size classes of juvenile salmon has been 


shaped largely by studies focused in the lower estuary, where few large fish enter shallow 


channels that dewater with each low tide.  However, it is not clear whether these same patterns 


apply to deeper wetland channels or seasonal floodplain habitats in the upper estuary, where the 


tide often recedes only a few feet, and high water levels can persist throughout the entire winter 


and spring.  For example, during reconnaissance surveys in April 2011, we collected a large 


number of yearling coho in a small secondary channel entering upper Multnomah Channel. This 


proposed research will provide new information to determine whether habitat use in the tidal 


fluvial portion of the estuary varies by salmon size class and ESU. 


 


Relevance to the 2010 NOAA Fisheries Supplemental Biological Opinion 


 


The proposed research program provides empirical data needed to quantify salmon 


population responses to estuary restoration and to assess potential estuary-restoration benefits 


relative to the survival improvement targets of the FCRPS Biological Opinion. 


 


The proposed study objectives target the following Reasonable and Prudent Alternatives of 


the 2008/2010 Biological Opinion for the Operation of the Federal Columbia River Power 


System:  


 


RPA 7 (Investigate Effects of Climate Change on Salmon Stocks): The proposed study 


will incorporate predicted global climate change effects into a hydrological model and 


salmon life cycle models. 


 


RPA 37 (Estuary Habitat Implementation): Findings will inform the Expert Regional 


Technical Group (ERTG) methods for assigning survival benefit units to proposed 


restoration projects   


 


RPA 58 (Monitor and Evaluate Fish Performance in the Estuary): We will investigate 


salmon trophic relationships (prey availability, stomach contents, consumption); estuary 


residency and growth rates in selected tidal fluvial habitats; and indicators of the 


physiological condition of estuarine-rearing juvenile Chinook salmon. 


 


RPA 59 (Monitor and Evaluate Migration Characteristics and Estuary/Ocean 


Conditions): We will investigate estuary-wide distributions of stocks from different 


ESUs, the migration timing and residency of PIT tagged salmon at selected PIT detection 


sites, and the estuary residence times of juvenile outmigrants, and the contribution of 


estuarine-rearing life histories to returning adult populations (otolith studies). 


 


RPA 61 (Investigate Estuary / Ocean Critical Uncertainties): The study will seek to 


quantify the estuary contribution to salmon recovery under varying environmental 


conditions. This includes empirical studies of the estuary’s influence on adult returns in 


selected tributaries and life-cycle modeling to assess the estuary’s role in population 


viability. 
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Figure 1.  Flow diagram of four proposed objectives, associated tasks, and key decision points (shaded), 2010-2018.  Data collection for 


objective 3 may continue beyond 2018 to allow life history reconstruction for multiple brood years of Chinook salmon. (LH = life history). 
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Objectives, Tasks, and Methods 


 


Objective 1.  Genetic Stock Distribution: Characterize temporal and spatial distribution of 


Chinook salmon genetic stock groups in tidal fluvial reaches of the lower Columbia River 


estuary (Rkm 75 to Bonneville Dam). 


 


Task 1.1.  Determine bimonthly genetic stock-group composition at three beach-seining sites in 


each of the six tidal fluvial reaches (C – H) of the estuary (Task completed). 


 


Task 1.2.  Measure Chinook genetic and life history composition of juvenile out-migrants near 


the estuary mouth. 


 


From March 2010 – March 2012,  we conducted a series of bimonthly  genetic surveys to 


define the patterns of salmon stock distribution and life history from the river mouth to 


Bonneville Dam, with emphasis on poorly studied estuary reaches C – H (Simenstad et al. 2011) 


and habitat types above Rkm 75. We also sampled a single lower-estuary site along the Oregon 


shore in the lower portion of reach A (Point Adams Beach) as an indicator of genetic variation 


and life histories among salmon outmigrants. Results of the estuary-wide genetic surveys were 


used to inform site selection for the habitat and tributary studies proposed in Objectives 2 and 3, 


respectively.  


 


The estuary-wide genetics survey confirmed the hypothesis that diverse genetic stocks of 


Columbia River Chinook salmon are not uniformly distributed across the estuary in time or 


space. All sites were used by multiple genetic stock groups with the greatest diversity observed 


in reaches E and F, where four stocks each contributed greater than 10% of the samples (Figure 


2). Several stock groups exhibited distinct spatial and seasonal patterns of estuary habitat use.  


Fall Chinook salmon from the Lower Columbia River ESU (i.e., the West Cascade Tributary and 


Spring Creek Group fall Chinook salmon genetic groups) were major contributors to samples 


collected in all six reaches of the upper estuary but comprised larger proportions of fish in C-E 


than in F-H.  These two genetic groups also accounted for >80% of outmigrant samples collected 


at Point Adams Beach.  The Spring Creek Group fall juveniles were nearly all caught in spring 


sampling.  Conversely, Upper Columbia summer/fall juveniles were present in all reaches but 


exhibited a strong peak in reaches E-H in July. Willamette River spring Chinook salmon, which 


occurred primarily in reaches E and F were present in January and March, nearly absent in May 


and July, and present again in September and November samples. Snake River fall run fish were 


relatively rare in our samples but occurred in reaches E-H, comprising an estimated 4% of 


catches in reach H.  
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Figure 2.  Stock compositions of Chinook salmon juveniles collected in synoptic 


surveys in 2010 and 2011.  Estuary reach designations correspond to the 


hydrogeomorphic reaches classified by Simenstad et al. (2011). Genetic samples were 


not collected in reach B. 


In 2013 we will continue monitoring stock composition and life histories of outmigrant 


Chinook salmon near the estuary mouth (Point Adams Beach) to compare with similar samples 


collected by purse seine in adjacent, deep-channel habitats (purse seine collections funded by 


other sources).  In addition, a pilot study will be initiated in 2013 to evaluate the health and 


condition of outmigrating juvenile salmon based on a comparison of various physiological 


indicators (see Task 1.4 below).  Beach seine samples will be collected  monthly, except April - 


June, when samples will coincide with the biweekly schedule of ongoing NOAA purse seine 


surveys.  During each sampling period, salmon collected in the beach seine will be counted, 


weighed, and measured. A maximum of 30 tissue samples also will be collected at each site and 


date for genetic analysis, using the methods described in Objective 2.   


Up to 30 otoliths also will be retained from the beach-seine collections each month for 


chemical and/or structural analyses to quantify size and time of estuary (i.e., salt-water) entry, 


duration of estuary residency, and growth.  Priority otolith analyses for 2013 will target 


individual stock groups that are poorly represented among previous (2002-06) outmigrant 


collections to quantify their life-history variations.  Other otolith samples will be archived for 


future studies of life-history responses to changing environmental conditions or analysis of new 


chemical markers for reconstructing the geographic origins or time of tidal-fresh entry of upriver 


stocks. 


For priority stock groups, sagitta otoliths will be dissected, cleaned and prepared as thin 


sections for microchemical analysis. Sagitta otoliths will be analyzed using Laser Ablation 


Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS) to determine concentrations of the 


following elements: calcium (Ca), strontium (Sr), magnesium (Mg), manganese (Mn), zinc (Zn), 


and barium (Ba).  All elemental analysis will be reported as atomic ratios of Ca. Analyses will 


follow the methods outlined in Roegner et al. (2008) and Campbell (2010) to allow comparison 


A      C     D     E      F      G    H


Reach


2011


2010


Coastal


Rogue


Snake spring/summer


Snake fall


Upper CR summer/fall


Mid & Upper CR spring


Deschutes fall


Spring Creek Group fall


Willamette spring


West Cascade spring


West Cascade fall


Stock Composition by Reach and Year
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with previous results.  For each otolith thin section, a laser transect in the dorsal posterior 


quadrant will be run from the core (primodia) to the edge of the otolith.  Elevated Sr/Ca values 


will be taken as evidence of estuary entrance.  Daily Growth Increments (DGI) will be analyzed 


for a subset of specimens to estimate growth rates. 


 


 


Task 1.3.  Determine migration and residency patterns of tagged Chinook stocks at PIT detection 


sites in shallow off-channel habitats of selected lower, mid-, and upper estuary reaches. 


 


To supplement the coarse (bimonthly) resolution of the estuary-wide genetic surveys, we 


have established a series of PIT detection sites to continuously monitor tagged stocks in selected 


estuary reaches.  The PIT monitoring sites provide information about the travel times and 


migration pathways of diverse stocks and life history types that enter off-channel habitats and 


could benefit from restoration in similar areas.  Preliminary genetics data imply that some 


upriver stocks may distribute primarily in shallow habitats of the tidal-fluvial estuary before 


migrating more rapidly through deeper channels en route to the estuary mouth. Establishing PIT 


monitoring sites in tidal fluvial portions of the estuary may help to validate this hypothesis.  


 


In 2012 we operated PIT monitoring stations at 4 estuary locations (Table 1). The 


Russian Island site has been operated each year since 2008.  In 2011 we added a second PIT 


monitoring station at Woody Island to sample stocks nearer the main estuary channel and a third 


site behind Wallace Island to complement data collection at an ODFW life-cycle monitoring 


station nearby at the Clatskanie River.  We installed a fourth PIT monitoring station on the lower 


end of Sauvie Island in February 2012 to support new habitat-specific salmon studies in Reach F.  


The forested wetland channel is located on the Multnomah Channel side of the island, 


approximately 1.8 km upstream from the confluence of Multnomah Channel and the main-stem 


Columbia River. 


 


Table 1. Total number of PIT detections of upriver fish (fish not tagged by 


this project) at each site. Reach designations coincide to hydrogeomorphic 


reaches as classified by Simenstad et al. (2011). Annual sampling periods 


generally ran from mid-March to late September, although 2012 detections 


reflect totals through July. The asterisk denotes a trial deployment of only 2 


months. Dashed lines denote periods when PIT monitoring stations were not 


operating. 


 


 


 


 


 


 


 


 


 


 


 


Site Rkm/Reach 2008 2009 2010 2011 2012 


Russian Island Site 1 39/B 10 24 25 ---- ---- 


Russian Island Site 2 39/B 14 33 28 20 18 


Woody Island 47/B ---- ---- ---- 11 8 


Wallace Island 80/C ---- ---- ---- 2* 11 


Lower Sauvie Island 141/F ---- ---- ---- ---- 50 
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 In 2012 we estimated PIT detection efficiencies to assure the effectiveness of each of the 


new antenna sites and to determine whether antenna arrays at Russian Island are continuing to 


perform similarly as in previous years.  We estimate efficiencies by releasing between 65 and 


250 PIT-tagged juvenile Chinook salmon upstream of each array during a 3-5 d period.  


Estimates for Woody, Wallace, Lower Sauvie, and Russian Islands were 36%, 64%, 78%, and 


66%, respectively.  The efficiency estimate at Russian Island in 2008 was 30% greater than the 


2012 estimate and may reflect the higher water levels that occurred during the most recent 


efficiency test (i.e., 7.79 – 12.91 ft at Vancouver in 2012 vs 2.63 – 7.09 ft in 2008).  During high 


water periods fish may swim over the top of the arrays beyond detection range or circumvent the 


arrays altogether by exiting channels over the top of the marsh. The Russian Island results 


illustrate that efficiency estimates should encompass the range of conditions that fish experience 


in each channel during the target residency period.  


 


 Fall Chinook salmon was the most abundant stock detected at all PIT monitoring sites, 


although a diversity of other tagged stocks have been recorded at each location. A total of nine 


different ESA-listed stocks have entered one or more of the wetland channels since we 


established the first PIT monitoring site in 2008 (Table 2).   


 


Total PIT detections at the long-term monitoring site at Russian Island have ranged from 


14 in 2008 to as many as 33 in 2009 (Table 1). From late March through early July 2012 we had 


detected 18 individual fish with PIT tags. In previous years tagged fish were recorded in the 


Russian Island wetlands as late as September 22, suggesting that additional fish may be detected 


later in 2012.  In addition to fall Chinook salmon, a diversity of other stocks have entered the 


Russian Island monitoring site, including upper Columbia River spring Chinook salmon, Snake 


River spring Chinook salmon, and Snake River steelhead.   


 


  In each of the last two years at Woody Island, we recorded only about half the total 


number of PIT tags compared to the numbers detected at the Russian Island site (Table 1).  


Despite Woody Island’s close proximity to the main-stem channel, other factors such as channel 


connectivity and complexity may limit the number of tagged salmon entering the site. The 


Woody Island secondary channel has only one entrance point, whereas fish can access the 


Russian Island site through a myriad of alternative pathways. High tides at emergent marshes 


like Russian Island also may allow fish to access wetland channels via sheet flow, an option 


unavailable to fish entering the scrub-shrub marsh at Woody Island  


 


 Total PIT detections at Wallace Island also were relatively few in 2012 (Table 1). In 


addition to fall Chinook salmon, a few coho, spring Chinook salmon, and steelhead were 


detected at the Wallace Island site.  Two northern pike minnows also were detected in each of 


the last two years, including a single individual that was detected both in 2011 and 2012.  
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Table 2.  ESA-listed stocks that have been detected on estuary in-stream PIT detection arrays 


from 2008-2012. Counts of stocks (N) are divided into hatchery- and naturally-produced stocks 


(NPS). 


 
Species ESU Status NPS N hatchery 


Chinook Upper Columbia River 
spring-run 


Endangered 1 1 


Lower Columbia River Threatened 0 174 


Snake River 
spring/summer-run 


Threatened 1 3 


Snake River fall-run Threatened 1 3 


Upper Willamette River Threatened 2 2 


     
Coho Lower Columbia River Threatened 9 6 


     
Steelhead 


 
Snake River Basin Threatened 1 6 


Upper Columbia River Threatened 0 2 


Middle Columbia River Threatened 1 2 


     


 


 


The new site at lower Sauvie Island has logged a relatively high number of detections 


from a diversity of stocks since it was first constructed in late February 2012.  Fifty uniquely 


tagged individuals were recorded entering the site in <5months of monitoring (i.e., through early 


July). Among all detections, 50% were fall Chinook, 6% were steelhead, and 16% were Northern 


pike minnow.  The origins of a quarter of the detections cannot be determined because the tag 


numbers are not yet listed in the database. 


 


 During the remaining months of 2012 we will monitor PIT detections at Woody, 


Wallace, and lower Sauvie Islands.  We will attempt to monitor these sites throughout the 


calendar year if weather and water conditions permit. However, the Russian Island arrays must 


be removed by fall or early winter to avoid higher exposure risks to storms and tides. All results 
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from the PIT detections will be summarized at our 2012 estuary project review meeting.   We 


will either continue monitoring the same 4 sites during 2013 or redeploy the Wallace or Woody 


Island monitoring stations if detections at either or both sites remain low. If we discontinue either 


station, their PIT arrays will be relocated at selected sites within the Russian Island or lower 


Sauvie Island wetlands to begin investigating the landscape-scale movements of Chinook salmon 


and the habitat connections that support them.  


  


Our PIT monitoring design for each site will consist of as many as six antennas across 


each wetland channel, configured in two parallel lines. This design maximizes detection 


efficiency and defines directional movement as individuals sequentially migrate past each set of 


antennas.  Detection data will be collected and recorded using the industry standard, Destron-


Fearing FS 2001M® transceiver.  The arrays will be powered by a bank of batteries charged by 


four 85W solar panels.  Remote access to the stored data will be provided via cellular modem, 


which will reduce travel costs to sites for downloading data and will provide real-time 


diagnostics.   


 


Task 1.4.  Compare metrics of the physiological condition of estuarine-rearing juvenile Chinook 


salmon (2013 pilot study). 


 


A key uncertainty for salmon recovery is determining the condition of juvenile salmon 


and the relationship of salmon condition to early marine survival. Recent studies of Chinook 


salmon lipid content and morphometric condition in the lower Columbia River and estuary have 


revealed spatial and temporal variation in these metrics, and indicate fish at ocean entry may be 


physiologically stressed (Johnson et al. 2007, 2012; Roegner & Teel, In review). However, the 


most quantitative determinations of lipid content are both expensive and require lethal take, 


which limits their utility. In 2013 we propose a pilot study to compare indices of salmon 


condition, with the goal of determining reliable methods to use on live fish. A secondary 


objective is to evaluate seasonal variation in salmon condition.  


 


In this initial investigation, we will compare two lethal and two non-lethal indices. The 


“standard” physiological condition of fish will be established from analysis of percent lipid 


content and lipid classes, as outlined in Johnson et al. (2007, In press) and Arkoosh et al. (2011). 


This quantitative approach will serve as the independent variable in statistical comparisons.  A 


second metric relating to fish condition is plasma hormone insulin-like growth factor (IGF-I), 


which is correlated with salmon specific growth rates (Beckman et al. 2004). IGF integrates the 


feeding regime of the previous 2 to 4 weeks. For the yearling and subyearling fish we are likely 


to encounter in the estuary, this sampling will also be lethal.  A common non-lethal index of 


condition is the morphological relation between fish length and weight; we will use an index 


based on residuals of the log10 length × log10 weight regression equation, as in Roegner & Teel 


(In review). Morphological indices, especially Fulton’s K (W/L
3
), have been widely used in 


studies of salmon and other species of fish, but their relation to physiological measures of 


condition has been questioned.  A final method we will employ in this pilot study is the 


determination of water content, which is well-correlated with lipid content. We will measure 


water content non-destructively using a Fatmeter (Distell.com), an instrument that employs low 


level microwaves that will not harm fish. Our study will help verify the compatibility of these 


methods.  
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We will target both subyearling and yearling Chinook salmon, and examine seasonal 


effects by comparing metrics of fish sampled in spring (March and May) and summer (July and 


September). We anticipate completing approximately 160 paired measurements. Yearling fish 


are expected only in the March and May samplings. Fish for the study will be acquired from our 


estuarine sampling locations or from lower-estuary purse seine collections by L. Weitkamp. 


While we will initially concentrate on condition of fish caught in the lower estuary, selected 


samples can also be obtained from ongoing sampling in the tidal freshwater region in partnership 


with LCREP’s Ecosystem Monitoring Program as well as our own upriver activities.  For each 


fish analyzed, we will also determine genetic stock of origin and presence/absence of a hatchery 


tag or mark. The environmental setting of the fish will be ascertained by measuring water 


properties at time of capture (temperature, salinity, dissolved oxygen) and evaluating time series 


of water temperatures recorded in estuarine and tidal freshwater reaches (Roegner & Teel, In 


review).  These elements will lend explanatory power to variation we may find in salmon 


condition.  Our results for fish length, mass, and body condition will allow us to compare with 


similar Chinook salmon data collected by NOAA and others in the Columbia River plume 


(Jacobson et al. 2012). 


 


Objective 2. Stock-Specific Habitat Use:  Investigate stock-specific habitat use, life 


histories, and performance of juvenile salmon in key habitats.  


 


The genetics surveys in 2010 and 2011 provided a coarse-resolution (i.e., bimonthly, 


estuary-wide) snapshot of stock distribution in order to select key areas for more detailed habitat 


studies. The genetics survey maximized biodiversity in time and space by contrasting stock 


distribution patterns throughout the year rather than simply targeting salmon migration peaks that 


may be driven primarily by hatchery release schedules (Bottom et al. 2011).  Concentrated 


sampling during peak passage periods at Bonneville, for example, could simply ignore the under-


represented life-history types and stocks that are the primary targets of salmon recovery.  


  


Genetic data from our synoptic surveys revealed that near-shore habitats in Reach F are 


used by a considerable diversity of Chinook salmon juveniles from several distinct genetic 


groups and include fish from both lower and upper river sources and from multiple adult (fall, 


summer/fall, and spring runs) and juvenile (fry, fingerling, and yearling) life-history types (Table 


3).  Chinook salmon from five ESUs were present in Reach F samples, and overall we estimated 


that approximately 77% were from at-risk populations (listed as threatened under the ESA). 


 


The genetics results for Reach F, combined with those for Reach E suggest that these are 


broad transitional areas of significant salmon biocomplexity —the Willamette River confluence 


to the Lewis River confluence—where upriver stocks congregate with spring and fall stocks 


from Willamette and lower Columbia River tributaries (Figure 3). Stock compositions are very 


dynamic in this area with strong temporal shifts in both population sources and life-history types.  


It also is an area of considerable physiographic complexity, characterized by an array of tidal 


flood plain, tributary, and back-water habitats bordering the main-stem Columbia River channel 


and its junctions with the Willamette River and the Lewis River.   
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Table 3.  Summary of genetic stock assignments for 620 Chinook salmon collected during bi-


monthly sampling of Reach F nearshore habitats  from March 2010 through January 2012.  


(Genetic proportions reported here will be updated to incorporate results from the final field 


survey in March 2012). 


 


Genetic stock 


    Life-history type 


ESU ESA 


Status 


Proportion in 


sample 


West Cascade fall 


   Fry 


   Fingerling 


Lower Columbia R Threatened  


0.12 


0.19 


West Cascade spring 


   Fry 


   Fingerling 


   Yearling 


Lower Columbia R Threatened  


0.01 


0.01 


0.01 


Spring Creek Group fall 


   Fry 


   Fingerling 


Lower Columbia R Threatened  


0.09 


0.15 


Willamette R spring 


   Fry 


   Fingerling 


   Yearling 


Upper Willamette R Threatened  


0.05 


0.03 


0.08 


Deschutes summer/fall 


   Fingerling 


Deschutes summer/fall Not listed  


0.02 


Upper Columbia R 


summer/fall 


   Fry 


   Fingerling 


Upper Columbia R 


summer/fall 


Not listed  


0.05 


0.16 


Snake R fall 


   Fry 


   Fingerling 


Snake R fall Threatened  


0.01 


0.01 


 


 


 


 


Based on its considerable stock diversity, we selected the reach E and F transition as a 


focal study area in 2012.  Within the transition, we sampled more frequently (monthly) than in 


2010-11 and expanded the number of survey sites and habitats to examine stock-specific habitat 


associations, life histories, and performance (i.e., foraging success, growth) of juvenile Chinook 


salmon 







 21 


 
 


Figure 3.  Stock compositions by month and life-history type of Chinook salmon juveniles 


collected in synoptic surveys conducted March 2010 – January 2012.  Proportions are given for 


11 genetic stock groups. Sample sizes by hydrogeomorphic reach are: A (264), C (497), D (596), 


E (656), F (521), G (429) and H (344). 


 


 


 


High water conditions throughout the first half of 2012 provided opportunities to study a 


diversity of Reach E/F habitat types, including inundated floodplain habitats around Sauvie 


Island. However, the flooding also posed a considerable challenge for traditional sampling gear:  


excessive amounts of wood debris and deep water limited beach seining efficiency along deep-


sided channels, and lack of outgoing current from floodplain wetlands undermined the 


effectiveness of fixed-gear methods. Further sampling and experimentation with electrofishing 


gear are proposed in 2013 (Task 2.1 below) to further characterize salmon habitat use in the 


Willamette to Lewis River transition and to account for expected flow variations that may 


significantly alter habitat opportunities for juvenile salmon.  For example, recent salmon access 


to floodplain wetlands could be eliminated as the effects of the 2011-12 La Nina weather pattern 


dissipate, and river flows decline.  
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Task 2.1. Determine salmonid species composition and the temporal abundance, size 


distribution, and genetic composition of Chinook salmon occupying key shallow habitat 


complexes in the Lewis to Willamette transition area from Reach E to F. 


 


Task 2.2.  Monitor physical attributes (temperature, water depths, dissolved oxygen, etc.) of 


salmon habitats that influence rearing opportunities and performance. 


 


 Little is known about the factors affecting Chinook salmon rearing opportunities or 


performance in much of the tidal-fluvial portion of the Columbia River estuary, where timing 


and duration of habitat use may depend on flooding frequencies and the degree of hydrological 


connectivity of shallow habitats to the main river (Baker 2008). Rearing opportunities in the 


upper estuary thus depend on the migration timing of each stock and the hydrological conditions 


that control habitat access at those particular times. In 2013 we will continue sampling the 


species composition, life histories, and genetic stock composition of juvenile salmon for a 


selection of habitat types in the reach E and F transition area from the Willamette to the Lewis 


River. These studies will determine whether salmon habitat use and life histories vary among 


genetic stock groups, and whether the rearing patterns in the tidal-fluvial portion of the estuary 


reinforce or contradict generalizations about salmon habitat needs derived from previous lower-


estuary surveys (Bottom et al. 2008, 2011; Roegner et al. 2008, In press).  


 


In 2013 we will continue sampling tidal-fresh habitats selected for the 2012 surveys in 


the transition area from reach E to F (Figure 4). The sites chosen include a diversity of the 


habitats classified as “fish habitat catena” by the Columbia River Estuary Ecosystem 


Classification (Simenstad et al.  2011). The sites are representative of many of the shallow 


habitat types represented across reach E/F, including primary and secondary channels of forested 


(i.e., black cottonwood, willow, and ash) wetlands, seasonally inundated forested floodplains, 


and sloping beaches along the main-stem Columbia River and Multnomah Channel. The 


secondary channel and floodplain sites are densely covered by non-native reed canarygrass 


(Phalaris arundinacea), which now occurs in a large proportion of the estuary’s wetlands (Borde 


2012). Although a frequent target of vegetative-control measures at restoration sites, the effects 


of reed canary grass on estuarine food webs are poorly understood and will be investigated 


through the prey resource and salmon consumption studies described here.  


 


The proposed 2013 sampling design extends the length of the reach E/F transition to 


monitor salmon stocks and life history types entering and exiting the area. Five beach-seine sites 


bracket either end of the Columbia River main stem along the transition. Other main-stem sites 


are located at a series of river confluences, including the Willamette River near its junction with 


the Columbia, the Lewis River near it junction with the Columbia, and the junction of the North 


and East Fork Lewis rivers. The combination of main-stem and confluence sites will allow us to 


compare habitat use by  local (i.e. Lewis and Willamette populations) and upriver salmon stocks.   


 


Wetland channel sites were selected along the Oregon shore at each end of Multnomah 


Channel to compare stock composition among a diversity of habitat types and to examine the 


effects of landscape position on access by upriver stocks, including spring Chinook stocks 


entering Reach F from the nearby Willamette River. Wetland channel habitats selected in lower 


Multnomah Channel near the lower tip of Sauvie Island, include primary and secondary channels 
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along Cunningham Slough and the seasonally inundated floodplain forest.  Wetland sites along 


the upper end of Multnomah Channel include secondary channels draining from the Oregon 


shore, including Palensky and McCarthy creeks. Two additional off-channel habitats were 


chosen within Lewis River—a flooded forest back channel in the East Fork Lewis, and a tidal 


lake/levee breach in the North Fork Lewis.  


 


 We will seine monthly year round at the main-stem and tributary-confluence sites along 


the Columbia River channel to track the timing of abundance and genetic stock composition of 


salmon migrating through reach E/F (Figure 4).  Monthly sampling will be coordinated as 


closely as possible with the dates of out-migrant surveys at Point Adams Beach (Objective 1).   


 


 


 


 


Washington


Oregon


Washington


Oregon Wetland Channel (NMFS)


Main-stem Channel (NMFS)


Prey Resource (UW)


Lewis River (UW)


Consumption Study (UW)


Figure 4.  Fish sampling sites (wetland channel, main-stem channel, and Lewis River), prey resource 


sampling areas, and a salmon consumption/prey resource study area sampled in reach E and F in 


2012. Sampling will continue at each of these sites through 2013.   A second consumption study site 


will be added in the upper or lower Multnomah Channel region (i.e., in or near the prey resource 


sampling areas) in 2013. 
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Periods of sampling for wetland channels and floodplain habitats will be timed to the seasonal 


accessibility of the habitats to various salmon stocks migrating through the reach.  We anticipate, 


for example, that juvenile salmon will vacate most floodplain wetlands in summer and early fall 


due to high water temperatures, but we may find fish arriving late in the year when temperatures 


drop and river flows increase. Floodplain sampling will be designed to target the key periods of 


potential use by multiple stock groups during spring and early summer (March to June or July) 


and by Willamette River and West Cascade Fall groups during the fall-winter period. The timing 


of the wetland sampling for 2013 will be decided at the 2012 project meeting when the results of 


the first full year of reach E/F sampling are available to evaluate the strengths and weaknesses of 


the first-year’s sampling design and protocols. 


 


Juvenile salmon will be sampled by a variety of methods, depending upon the limitations 


of each habitat.  In near-shore habitats along the main-stem estuary, at main-stem confluence 


sites, and at several backwater sites in Multnomah Channel, we will use a 3 x 38 m variable-


mesh bag seine (10 mm and 6.3 mm wings, 4.8 mm bag).  In Lewis River, a 120 ft lampara net 


will be used to sample the North Fork lake, and 20 ft pole seine will collect fish in the East Fork 


flooded forest channels.  A modified fyke net with a hoop trap will be deployed at several 


floodplain and wetland channel sites near Sauvie Island where large amounts of wood debris 


limit the use of beach seines. However, other methods may be necessary if currents are not 


sufficient and water levels are too high to stimulate fish movement into the traps. We will 


modify our sampling permit in 2013 to also test electrofishing as an alternative method for 


collecting fish samples in floodplain wetlands.  Although differences in sampling efficiencies 


among the various methods may preclude abundance comparisons across habitat types, the 


individual-based measures derived from our samples—i.e., salmon stock-group affiliations, life 


histories, and performance (consumption, growth)—will be comparable across methods. 


 


 Temperature and water level will be continuously monitored within each back-channel 


and floodplain site, and dissolved oxygen will be measured during each sampling period. 


Additional physical observation stations for calibrating the hydrological model (Objective 4) will 


continuously track temperature, water level, and (at one site) barometric pressures in reach F. 


These sites will provide additional supporting data to correlate with fish collections.  


 


At each survey site, all nonsalmonids will be identified and counted, and a subsample of 


30 individuals of each species will be measured before release. A subsample of 30 individuals of 


each salmon species also will be measured, weighed, and, for Chinook salmon, a fin clip for 


genetic analysis will be retained before release. As many as 70 additional Chinook salmon will 


be measured at each site for a maximum of 100 individual lengths before release. Once a month 


at the Point Adams Beach site only, the 30 Chinook salmon subsampled for genetics will be 


retained to extract and archive otoliths for subsequent life-history determination. Life history 


analyses from tidal-fluvial salmon collections in reach E/F will be limited to traditional 


indicators—i.e., time of capture and size at capture.  Scale morphometrics have not proven 


reliable indicators of salt-water entry for Columbia River Chinook salmon (Campbell 2010); 


however, scale checks or otolith increment patterns may be further examined as a tool for 


estimating time of entry into the tidal-freshwater environment. 
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For all genetic analyses, we will use standard GSI methods (recently reviewed by Manel 


et al. 2005) to estimate mixture proportions and assign individuals to their genetic stock of 


origin. We use a genetic baseline for Chinook salmon compiled from the GAPS (Genetic 


Analysis of Pacific  Salmonids) database consisting of data for 13 microsatellite DNA loci, 


standardized by a consortium of West Coast salmon genetics labs (Seeb et al. 2007).  Mixture 


proportions and stock assignments of individual fish are made using the GSI program ONCOR 


(Kalinowski et al. 2007), which employs the likelihood model of Rannala and Mountain (1997). 


Allocations to individual baseline populations are summed to estimate contributions of nine 


regional genetic stock groups (Teel et al. 2009).  Assignment probabilities and confidence 


intervals for the stock composition estimates are estimated by bootstrapping baseline and mixture 


data (100 times) as implemented by ONCOR (Kalinowski et al. 2007).   Power analyses indicate 


that the GAPS microsatellite database can be used to estimate the proportions of Columbia River 


Basin stock groups in oceanic mixtures of 400 fish with 95% accuracy except for Deschutes 


River fall Chinook salmon (90%; Seeb et al. 2007).    


 


Microsatellite datasets also can provide accurate information on the source of an 


individual fish.  Beacham et al. (2006) reported 84% assignment accuracy using 13 microsatellite 


loci in a Pacific Rim Chinook salmon analysis.  Narum et al. (2008) tested the GAPS 


microsatellite dataset and found that individuals from 10 Columbia River Basin populations were 


assigned to the correct source population (tributary or hatchery) with 79% accuracy.  Similar 


tests of the more comprehensive 45 population Columbia River baseline we are using in this 


study, show that individuals can be assigned to the correct regional genetic stock group with a 


mean accuracy of 88% (D.Teel, unpublished data).   


 


Task 2.3.  Estimate benthic prey and fall-out insect availability in selected Reach F habitats.  


 


Task 2.4.  Determine Chinook salmon diet composition and estimate diel consumption rates in 


selected reach F habitats. 


 


 Prey resource, salmon stomach contents, and salmon consumption studies were initiated 


at selected floodplain wetland sites beginning in April 2012. Initial prey resource and diet studies 


(April and May) targeted wetland channels in Cunningham Slough (lower Multnomah Channel) 


and McCarthy Creek (upper Multnomah Channel).  However, the McCarthy Creek site was later 


abandoned because salmon catches were too low to adequately monitor salmon diets.  In July an 


alternative prey resource sampling site was chosen at the East Fork Lewis River, where Chinook 


stomach samples were more readily obtainable, allowing consistent comparisons between prey 


availability and salmon diet composition.  The first diel consumption study was successfully 


completed at the East Fork Lewis River site in June 2012.  However, a second consumption 


study at the Cunningham Slough site was abandoned due to the inability to collect satisfactory 


salmon diet samples during the first nine hours. Monthly prey resource and diet collections will 


continue in 2012 until water temperatures climb through the mid-summer months and salmon 


abundance declines at wetland sites. 


 


In 2013 prey availability and salmon diet and consumption studies will again be 


completed in the East Fork Lewis River and in selected floodplain or wetland channel habitats in 


the Multnomah Channel area (Figure 4).  Multnomah Channel sites will be selected based on the 
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2012 results and the success of alternative fish capture methods for obtaining satisfactory 


stomach samples. Candidate sites will be chosen during the annual estuary project meeting in 


late 2012, but final selection may depend on the flow conditions encountered in the field in 2013.  


Monthly sampling will occur during spring and summer periods when juvenile salmon occupy 


wetland habitats.  Sampling may also resume later in the year if salmon catches rebound as river 


flows increase and water temperatures decline in the fall or winter months. 


 


We will use invertebrate collection and analytical methods similar to those developed for 


the lower-estuary habitat surveys (i.e., Roegner et al. 2008; Bottom et al. 2011). For prey 


resource studies, we will distribute replicate fall-out traps to characterize insect composition and 


relative availability in the vegetated communities along study channels or other marginal areas 


immediately adjacent to fish survey sites. We will deploy five replicate traps along wetland study 


channels. Each fallout trap consists of a 26.5 L clear plastic tub (58.4 x 40.6 x 15.2 cm) bordered 


by four PVC poles to hold the tub in place while allowing it to rise and fall with changing water 


levels. After ~30hr of sampling at a site, the water in each tub will be drained through a 106µm 


sieve and the contents will be preserved in 70% isopropyl alcohol. Individuals will be counted 


and identified to the lowest possible taxonomic level. 


 


 We will collect five replicate macrobenthic samples with a petite ponar grab at sites 


distributed near each fall-out trap to characterize the composition and densities of all benthic 


infauna in the channels where fish are collected.  Samples will be sieved at 500µm and fixed in a 


10% buffered formalin solution stained with Rose Bengal. All samples will be examined in the 


laboratory under a dissection microscope, and all individuals will be counted and identified to 


the finest taxonomic resolution possible. 


 


 For each of the diet and prey resource sites selected in Reach E/F wetlands, we will retain 


5 randomly selected juvenile Chinook salmon in each 30 mm size class represented in each 


collection (i.e., 30-59mm, 60-79mm; 80-99mm, etc.). Each fish will be euthanized and stored in 


ice in the field and transferred to -80°C freezer until the stomachs are removed for analysis. All 


stomachs will be preserved in 10% buffered formalin for at least 24 hours before the contents are 


enumerated. Whole stomachs will be rinsed in fresh water three times, blotted dry, and weighed. 


Percent stomach fullness and digestive rank (i.e., 1-6 from all items completely digested to all 


items fully identifiable) will be visually estimated. Individual contents will be dissected and 


sorted to the lowest identifiable taxonomic categories. The number and wet mass of items in each 


taxon will be recorded. Parasites found in the stomach (e.g., nematodes, trematodes) will be 


analyzed separately.  


 


The instantaneous ration (IR) for each individual fish will be calculated as the total wet 


weight of stomach contents as a percentage of total body weight. For each prey item, we will 


calculate an Index of Relative Importance (Bowen 1983; Pinkas et al. 1971): 


 


 


IRIstomach item = F (N +G ) 


 


where 


  F = Frequency of occurrence (%) of a prey taxon of the total contents, 
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  N = Numerical composition (%) of a prey taxon of the total contents, and  


  G = Gravimentric composition (%) of the total contents. 


 


We will express results as the percent contribution of any particular prey item to the sum 


of all IRI in a set of stomachs: 


  


  % Total IRI = IRIi/sum IRIi,1-x 


 


where  


  i is individual prey taxon of x total taxa. 


 


  


Salmon consumption studies will be conducted at selected wetland habitat types in the 


Lewis River and Multnomah Channel areas to compare feeding periodicity and daily ration with 


the results of similar diel studies previously completed at the Russian Island emergent wetland 


(2005-07) and the Lord Island forested swamp (2007) (Bottom et al. 2011). Together, the 


empirical data collected at each site—water temperature, prey availability, salmon consumption, 


and salmon residency—will allow future comparisons of habitat-specific growth potential for 


juvenile salmon using a bioenergetic model. During each diel consumption survey at a site, 


beach seines will collect as many as five unmarked salmon of each available size class every 


three hours over a 30 h period. Fork lengths and weights will be measured in the field, and 


individuals will be euthanized and immediately fixed in a 10% buffered formalin solution. 


Stomach content analysis will calculate the % IRI and instantaneous ration for each fish as 


described above. Evacuation rates will be estimated from the mean instantaneous ration of fish 


collected during nocturnal periods when stomach content weights decline most rapidly: 


 


 St = S0 
–rt


 


where    


  St is the mean instantaneous ration at time t, 


  S0 is the initial mean instantaneous ration, and 


  r is the instantaneous rate of gastric evacuation 


  t is the time elapsed (Doble and Eggers 1978). 


 


Daily meal (F) or the grams per day consumed will be calculated as: 


 F = 24Sr 


where  


  S is mean stomach fullness of a 24-hour period.   


 


Daily ration (D), or the total amount of food consumed per day as a percentage of fish 


body weight, will be calculated as: 


  


D = 100F/average fish weight. 
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Task 2.5.  Determine growth rates, movements, and habitat-specific residency of juvenile 


Chinook salmon at selected PIT monitoring sites in wetland channel habitats. 


 


A PIT tag detection array deployed in a floodplain channel on lower Sauvie Island in 


February 2012 has been continuously monitoring tagged groups entering the channel from 


upriver (see Task 1.3).  The PIT array also provides an upper estuary wetland site where salmon 


habitat use and performance can be monitored experimentally. We PIT tagged a small number of 


juvenile Chinook salmon and released them upstream of the antenna array on three occasions in 


April and May 2012 to obtain preliminary residency data. This experiment was conducted in 


conjunction with our regularly scheduled sampling in lower Multnomah Channel (Task 2.1 of 


this study).  Results from these releases will be compiled for the 2012 project review meeting to 


aid the design of more detailed studies at the Sauvie Island site in 2013. 


 


We conducted a comprehensive tagging and recapture study at the Wallace Island PIT 


monitoring site in May 2012 to obtain residency, growth, and behavioral data comparable to 


previous experiments conducted at the Russian Island emergent wetland in 2006 and 2008 


(Bottom et al. 2008; 2011). Unlike the Russian Island site, we had difficulty recapturing tagged 


fish released at Wallace Island. Relatively high water levels may have reduced recapture 


efficiencies. However, the simple channel structure and single access point of the Wallace Island 


scrub/shrub channel also may limit opportunities for fish to hold over at the site as tidal levels 


fluctuate. Significant physical differences between the linear channels of scrub/shrub wetlands 


and the complex channel networks of some emergent wetlands could influence patterns of 


habitat use and residency by juvenile Chinook salmon.  


 


Upper-estuary wetlands offer another useful comparison for testing the effects of habitat 


structure and location on salmon habitat use. The forested wetland channels at Sauvie Island 


(Reach F), for example, encompass a larger complex of floodplain habitats than at Wallace 


Island but the tidal range is much smaller and the channel does not drain at low tide. Such 


conditions could enhance opportunities for individuals to reside within Sauvie Island wetlands 


for longer periods than at scrub/shrub wetlands in the lower estuary. 


 


 In 2013 we will conduct additional tagging studies at lower Sauvie Island. A subsample 


of fish collected during monthly sampling near the site (Task 2.1) will be tagged and released 


upstream of the PIT detection array.  Releases of tagged fish will continue monthly for all 


periods when juvenile salmon are >60 mm FL, and water temperatures are <16°C.   Growth 


measurements will require alternative methods for recapturing tagged fish in the deep channel, 


where large accumulations of woody debris prevent deployment of beach seines and fixed gear. 


We will explore other methods for recapturing tagged individuals to obtain growth estimates 


during the 2013 field season. 


 


 


Objective 3. Juvenile Salmon Rearing to Adult Return: Evaluate juvenile salmon life 


histories and their contributions to adult returns in selected tributaries.  


 


 We propose two subobjectives to address uncertainties regarding the estuary’s 


contributions to adult returns and the potential benefits of estuary restoration to diverse salmon 
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ESUs. First, we will expand upon an ongoing analysis of adult salmon otoliths to compare the 


juvenile life histories that contribute to adult returns from various populations and ESUs. 


Second, starting in 2014 we propose to initiate experimental studies or one or more estuary 


tributary populations to quantify the estuary’s contributions to adult returns using PIT tag, Sr 


marking, and otolith chemical methods.  If possible, this subobjective will include a tributary 


where tidal habitats have been restored to assess whether salmon life histories and abundance 


respond to the increased availability of adjacent tidal rearing habitats. Similar studies in 


Oregon’s Salmon River basin have been evaluating salmon life history responses to estuarine 


habitat restoration (Bottom et al. 2005a; Volk et al. 2010) and to hatchery reforms (Jones et al. 


2011). 


 


 Objective 3 activities proposed for 2013 address the first subobjective—life history 


variations among Columbia River populations and ESUs.  Continuing work in the Coweeman 


(Objective 3a below) and Lewis (Objective 2) rivers are providing information to help screen 


candidate sites for the second subobjective (3b). 


 


Objective 3a.  Compare variations in the estuarine life histories contributing to the adult 


returns from multiple salmon ESUs. 


 


Task 3a.1. Reconstruct the juvenile life histories of returning adult Chinook salmon from a 


diversity of populations and ESUs. Identify key indicator populations for quantifying life history 


contributions to adult returns. 


 


In 2011-12 we collected and analyzed adult otoliths to reconstruct the juvenile life 


histories that contribute to adult returns in selected Columbia River tributaries. We selected nine 


populations for analyzing adult otolith samples collected during spawning ground surveys in 


upper and lower Columbia River ESUs (Figure 5). To date we have analyzed otolith samples for 


five populations of spring, summer and fall Chinook from lower (Grays, Coweeman, and Lewis 


Rivers), main-stem (Hanford Reach), and upper (Methow) tributaries (n~400). The preliminary 


results indicate that: (a) fry migrant (<60mm) life histories contribute to adult returns as far 


upriver as the Hanford Reach, and (b) juvenile sizes at estuary/ocean entry vary among spawning 


populations (Table 4). We found that some populations entered the estuary at a relatively large 


mean size as might be expected for yearling migrants from spring-spawning populations. 


However, given their close proximity to the estuary, we were surprised that the mean size at 


estuary entry among several lower Columbia River tributaries (Coweeman and North Fork 


Lewis) was larger than that of upper Columbia River summer/fall Chinook from the Hanford 


Reach, the only main-stem spawning population we examined (Figure 5). Spring Chinook from 


the Methow River basin are predominately yearling spring migrants, while summer Chinook are 


classified as subyearling migrants (WDFW scale analysis data).  Despite the differences in their 


age at migration from natal streams, the size difference at estuary/ocean entrance between these 


two migrant types was relatively small (~10mm). It is possible that the subyearling-migrant 


summer Chinook rear and grow for additional periods in main-stem or estuary habitats before 


exiting the Columbia River.   
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Figure 5 Adult otolith samples from selected main-stem and tributary populations. Otoliths have 


been collected from nine sites (shown in bold), and the otoliths from five of these sites have been 


analyzed. Additional sites proposed for analysis in 2013 are shown in gray. “X” marks location 


of Chief Joseph Dam, where fish passage is blocked. (map courtesy of Dale Gombert WDFW). 


 


 


Table 4. Sample proportions in each of four  back-calculated (BC) size ranges (mm FL) at 


estuary/ocean entrance among adult Chinook salmon returning to selected Columbia River 


populations.  


 
 


 


 


 


BC size at estuary/ocean entrance (mm)


<60 61-90 91-120 >121


Coweeman FCk 2009 0.01 0.42 0.51 0.06 106 94 15.43


Coweeman FCk 2010 0.00 0.29 0.59 0.12 41 100 14.74


NFK Lewis FCk 2011 0.10 0.27 0.56 0.08 52 95 23.72


Hanford Reach Su/FCk 2011 0.02 0.74 0.25 0.00 53 82 13.94


Methow SuCk 2011 0.00 0.06 0.64 0.30 49 116 21.14


Methow SpCK  2011 0.00 0.02 0.40 0.57 42 126 17.29


n


Average 


Fl (mm) SD
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Our preliminary results demonstrate the utility of otolith reconstruction for comparing 


life-history variations within and among Columbia River ESUs. We plan to expand these 


analyses in 2013 to (1) quantify juvenile life-history expression among adults for additional 


years and ages of return; (2) compare life-history expression among different Chinook races and  


spawning locations (i.e., main-stem, lower, or upper tributary etc.); and (3) contrast migration 


timing and residency of experimental populations from the main stem and lower Columbia 


River.  To address these needs we will analyze a minimum of 800 adult Chinook otoliths in 


2013.  If additional otolith samples are available from spawner surveys, we propose to also 


include the Deschutes or John Day, Bonneville/Ives Island, and the Yakima River populations in 


the next phase of analysis (Figure 5). 


 


We will examine a minimum of 50 adult otoliths from each population (100 for 


populations with divergent run timing such as summer and spring stocks).  All otolith samples 


chosen for analysis will be collected on the spawning grounds or at hatchery spawning facilities 


and will target unmarked fish. 


 


For all analyses, sagitta otoliths will be dissected, cleaned, and thin sectioned. All thin-


sectioned specimens will be analyzed using Laser Ablation Inductively Coupled Plasma Mass 


Spectrometry (LA-ICPMS) to determine concentrations of calcium (Ca), strontium (Sr), 


magnesium (Mg), manganese (Mn), zinc (Zn), and barium (Ba).  All elemental analysis will be 


reported as atomic ratios of Ca. The size and time of estuary/ocean entry will be calculated based 


on the point of Sr increase (reflecting saline water) and the estimated fish size/otolith size 


relationship. All samples will be categorized into size classes at salt-water entry (<45 mm, 45-60, 


61-95, >95) and time (emergent fry, spring, summer, fall). The contribution of various juvenile 


life histories will be compared among adult populations and with our previous juvenile 


collections in the lower Columbia River Estuary.  Based on these results, recommendations will 


be made for a suitable suite of indicator populations to characterize life history variations within 


and among populations representing a variety of Chinook salmon ESUs. 


 


 Life-history reconstructions from Columbia River Chinook otoliths are presently limited 


by the lack of diagnostic chemical indicators for distinguishing natal stream habitats from tidal-


fresh portions of the estuary. We will explore whether scale checks or otolith increment patterns 


offer potential indictors of salmon entry into the tidal freshwater portion of the estuary.  


 


For a few estuary tributary populations it may be feasible to measure tidal-fresh residency 


more directly by applying an artificial Sr mark to juveniles near their point of entry to the 


Columbia River. WDFW has developed this approach in the Coweeman River by applying a 


SrCl mark to juvenile migrants at a smolt trap and analyzing the otolith chemistry of returning 


adults collected on the spawning grounds. The method  has proven successful quantifying  the 


entire period of tidal-fresh residency of each returning adult, defined as the otolith region 


bounded by the artificial Sr mark and the subsequent Sr increase that occurs as each individual 


enters salt water.  


 


Initial results of the WDFW experiment estimated that juvenile residency after marking 


and release from the Coweeman trap ranged from days to 4 months before contact with 


estuary/ocean water (n=12).  These results raise the possibility that some subyearling Chinook 
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may overwinter in the tidal-fresh portion of the estuary, effectively becoming yearlings during 


their true seaward migration.  


 


Unfortunately funding to support otolith analyses for the Coweeman experiments (Sharpe 


et al. 2011) was discontinued after the 2010 return year.  Here we propose to complete the 


chemical analysis of any additional Sr-marked otoliths that WDFW collects on the Coweeman 


spawning grounds.  These results will address critical gaps in our understanding of salmon use of 


tidal freshwater habitats and provide a valuable test of the strontium-marking technique for 


similar investigations in other populations.  Results of these analyses also will  be used to 


evaluate whether the Coweeman offers a potential tributary site for the experimental life-history 


studies described below (Tasks 3.a.2). 


 


Task 3a.2. Review juvenile outmigrant, adult return, and life history data from existing ODFW 


and WDFW monitoring programs to identify suitable populations for experimental life-history 


studies (Objective 3b). 


 


 State agencies have established monitoring programs in various tributaries to quantify 


trends in abundance and distribution of juvenile outmigrants and returning adults.  These sites 


provide opportunities to track juvenile outmigrants, identify their tidal-habitat associations, and 


quantify the contributions of estuary life histories to adult returns. For example, ODFW has 


initiated life-cycle monitoring programs in the Clatskanie and Scappoose Creek systems and 


maintains an active research program on the freshwater life histories of juveniles in the 


Willamette River basin. WDFW has established a complex of three Intensively Monitored 


Watersheds in Mill, Abernathy and Germany Creeks, and estimate smolt and adult abundance in 


other estuary tributary systems, including the East Fork Lewis River and the Coweeman River.   


 


We met with ODFW and WDFW biologists in 2012 to discuss potential tributary 


populations for experimental studies linking estuarine life histories and habitat use to adult 


returns. We also coordinated with the Washington Department of Fish in Wildlife with ongoing 


juvenile and adult studies in the Lewis River, assisting with their annual tagging of juvenile 


outmigrants and obtaining additional genetic and otolith samples from their spawner surveys. At 


our 2012 estuary project meeting we will compare results from our recent habitat surveys and 


state population monitoring programs to review potential candidates for the experimental studies 


proposed in Objective 3b.  Important selection criteria include an appropriately sized basin, 


where juvenile and adult populations can be quantified; a satisfactory outmigrant trapping 


location not far above the head of tide; and satisfactory methods for collecting otolith samples 


that are representative of the temporal and spatial distribution of spawning adults in the basin. 


 


 


Task 3a.3. Determine interannual variations in the size and time of estuary/ocean entrance and 


the relative contributions of diverse juvenile life histories to adults returning to each indicator 


population. 


 


At the completion of Task 3a.1, we will identify a series of indicator populations to 


characterize interannual variations in the life histories contributing to adult returns. No activities 


are planned for this task until 2014. 
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Objective 3b.  Conduct experimental marking and recapture studies in one or more estuary 


tributaries to identify tidal-fresh habitat associations, quantify the life histories of juvenile 


outmigrants, and estimate the estuary’s contribution to adult returns. 


 


No tasks are proposed for this subobjective before 2014. 


 


Objective 4. Hydrologic and Life-Cycle Modeling: Use hydrologic models and life-cycle 


models to evaluate restoration needs and climate-change effects on diverse salmon ESUs.  


 


  Ultimately, it is essential to estimate how much estuary restoration is needed to insure 


salmon resilience and recovery. Measurements of short-term survival are not a useful indicator of 


the status of salmon recovery unless this information can be placed in the context of the entire 


salmon life cycle. A fundamental challenge, however, is to isolate the benefits of particular 


habitats to the potential survival of individuals in a population or ESU.  We propose modeling 


activities that will approach this problem from salmon life-cycle and estuary-habitat 


perspectives.  


 


Life-cycle modeling investigates the relative sensitivities of populations to survival 


improvements at various life stages or for particular life-history types. The method allows 


adjustments of survival probabilities at each life stage to identify conservation measures with the 


greatest likelihood of success. Whereas previous life-cycle modeling efforts have combined the 


estuary and ocean into a single “marine” survival component, we will investigate the sensitivity 


of populations to variations in survival conditions within the estuary. 


 


 We also propose to investigate the influence of habitat opportunities on salmon returns to 


various ESUs.  Estuary habitat directly affects attributes of salmon “fitness” such as growth, 


which, in turn, may improve the probability of an individual surviving to return as an adult. We 


propose to use estuarine growth and life history diversity as surrogates for the estuary’s 


contributions to population viability.   


 


The empirical studies proposed in Objective 2 will measure physical and biological 


factors influencing the capacities of particular tidal-fluvial habitats to support juvenile salmon.  


The realization of these capacities, however, will depend upon the migration timing of 


individuals from each population and the opportunities for these individuals to access estuary 


habitats at these times.  For example, shallow-water habitat opportunities in the tidal fluvial 


estuary may be limited for fish with fall-migrating life histories if late-season water temperatures 


are excessive or if low flows prohibit access to tidal floodplains. Projected climate changes in the 


region also could modify the dynamics of stock-specific habitat opportunities through effects on 


estuary temperature and flow regimes.  


 


We propose to use a hydrologic model to assess the dynamics of habitat opportunities for 


various genetic stock groups that move through the estuary at particular times. Together results 


from habitat-specific studies (objective 2) and the habitat-opportunity modeling will assess 


stock-specific salmon performance and the capacities of tidal-fluvial habitats. These results, in 


turn, can be synthesized in the life-cycle model to evaluate the potential benefits of estuary 
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restoration to the recovery of selected ESUs.  The two modeling approaches are described in the 


following subobjectives: 


 


4a. Life-cycle modeling:  Evaluate the potential response of selected salmon ESUs from 


improvements to estuary rearing opportunities and salmon performance. 


 


We propose to continue to develop life-cycle models (Zabel et al. 2006; Crozier et al. 


2008) to account for salmon life-history responses expected when estuarine habitat opportunities 


are restored. We will incorporate all VSP parameters (abundance, productivity, spatial structure, 


and diversity) into the life-cycle models as complimentary elements of the model evaluation. 


 


 In 2013, we plan to coordinate with two efforts to enhance modeling of the estuary in the 


context of salmon life-cycle models. The Adaptive Management Implementation Plan (AMIP) 


life-cycle modeling group is focusing on interior ESUs (Snake River spring/summer Chinook, 


Snake River fall Chinook, Upper Columbia spring Chinook, and Snake River steelhead).  This 


group is focused on how actions throughout the life cycle can mitigate for main-stem dams.  


Also, the Northwest Fisheries Science Center has just begun a modeling effort for Willamette 


River populations.  


 


Task 4a.1.  Expand the estuary component to existing life-cycle models. 


 


In 2013, we will continue to enhance modeling capabilities to represent the estuary in 


existing life-cycle models.  In particular, we will compile additional datasets (e.g., acoustic tag, 


avian predation) to partition mortality in the estuary for the interior populations.  For the 


Willamette populations, we will review current methods to model survival through the estuary 


and begin to refine these methods. 


 


In 2013, we will begin to address how the Columbia River estuary provides growth 


opportunities for interior Columbia River populations.  In particular, we develop models for 


Snake River fall Chinook salmon that explicitly contain a growth component.  We will estimate 


growth rates and residence times in the estuary for subyearling and yearling migrants based on 


otoloth microstructure and microchemistry. 


 


 


Task 4a.2. Conduct a modeling workshop to review results of the other research objectives and 


incorporate estuary performance parameters into the life-cycle models.(Task completed) 


 


Life-cycle models can explore population sensitivity to estuary survival gains but we 


have no means to apportion the effects of particular restoration actions on the viability of 


particular populations. On February 29 – March 1, 2012 we conducted a modeling workshop to 


develop new approaches for linking habitat restoration and other management actions in the 


estuary to population viability. The workshop addressed three primary objectives: 


 


1. Evaluate the data needs and capabilities of salmon habitat-opportunity and life-cycle 


models. 
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2. Explore methods for integrating these modeling approaches to assess the contributions of 


selected estuary habitats and landscapes to salmon population viability and recovery. 


3. Discuss ways to improve the models and translate restoration or other estuary 


management actions into changes in population viability and fitness. 


The workshop considered alternative methods to place the estuary in a life-cycle context, 


including the possible use of estuary growth/marine survival relationships as surrogates for 


estuary survival data that may be impossible to obtain for individual populations.  The workshop 


also explored spatial connections among reach F habitats based on selected physical criteria (i.e., 


depth, velocity, and temperature) that could influence migratory pathways and habitat access via 


“corridors of habitat opportunity” (see Task 4b). The modeling demonstration included temporal 


variations in habitat opportunities that be specific to individual stocks based on their migration 


timing and estuary point of entry.  The workshop developed a series of action items to guide 


further modeling activities and scenarios proposed in tasks 4a.1 and 4a.3. Progress since the 


workshop and subsequent steps will be discussed at the 2012 estuary project meeting. 


 


 


Task 4a.3.  Model potential benefits of habitat restoration actions to salmon populations. 


 


 We will continue with the ongoing task of relating estuary actions to changes in 


population viability.  As a first step, we will conduct sensitivity analyses for the interior 


Columbia populations to assess how potential improvements in estuarine survival can lead to 


improved population viability.  We will test a range of assumptions on the magnitude of future 


survival improvements.  In addition, we will examine the impact of potential improvements in 


the estuary in conjunction with a suite of other actions across the life cycle. 


 


In 2013 we will focus on how restoration actions can increase habitat availability and 


growth opportunities.  We can then relate how increased growth in the estuary can influence 


survival during the early ocean stage through size-selective mortality processes. 


 


 For the Willamette populations, we will examine the potential benefits of life-history 


diversity.  Life histories chosen in the analysis will be based on existing data for rearing and 


migration strategies, including data from ongoing stock distribution surveys and previous otolith 


estimates of the estuarine life histories for selected genetic-stock groups. Alternative life 


histories in this analysis may include, for example, subyearling estuarine smolts (i.e. fry and 


fingerling migrants rearing in the estuary), subyearling riverine smolts, and yearling riverine 


smolts. The sensitivity analysis will explore the relative recovery benefits from increased 


contributions of particular life histories and the restoration actions necessary to achieve these 


benefits.    


 


The life-cycle models will be adapted in future years as we collect new data on stock-


specific distributions, residence times, and habitat use in the estuary.  Based on our field results, 


we will examine whether the life-cycle modeling should be extended beyond the current 


schedule (2014). For example, results from the proposed juvenile and adult sampling in tributary 


systems (Objective 4) could support further improvements in the model based on quantitative 


estimates of the juvenile life histories of outmigrants and returning adults.  
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Task 4b.  Hydrologic Modeling: Model the dynamics of stock-specific habitat opportunities 


in the tidal-fluvial estuary in response to changing flow, temperature, and climate 


conditions.  


 


Bottom et al. (2005b) established a conceptual framework for the use of the estuary by 


juvenile salmonids, linking performance to habitat opportunity, habitat capacity, and population 


structure and life history. They also pioneered a modeling strategy to link regional climate, flow 


regulation and changes in bathymetry to habitat opportunity. The strategy called for high-


resolution numerical simulations of circulation to be filtered through criteria based on physical 


state variables (water levels and velocity) that are believed to influence salmonid access to 


estuarine and tidal freshwater habitat. 


Several studies have since used these habitat opportunity criteria, or expanded versions. For 


instance, Burla et al. (2007) and Burla (2009) used criteria based on four state variables, adding 


salinity and temperature to previous habitat-opportunity metrics (Bottom et al. 2005b). These 


studies benefitted from the progressive improvement in representing estuary circulation (e.g. 


Burla et al. 2010; Frolov et al. 2009; Baptista et al. 2005, 2008) within CMOP’s modeling 


system, the Virtual Columbia River (VCR).   


The present project adds to the initial framework of Bottom et al. (2005b) to: 


 Expand and refine the domain of the VCR circulation model, to (a) include all 


hydrogeomorphic reaches of the Columbia River estuary ecosystem classification 


(Simenstad et al. 2011), and (b) refine the representation of target habitats within those 


reaches.    


 Assess and improve the skill of the expanded-domain VCR circulation model, system-


wide and at multiple spatial scales within the hydrogeomorphic reach F.  


 Model the dynamics of salmon habitat opportunity across all hydrogeomorphic reaches, 


to support life-cycle modeling 


 Simulate effects of climate change scenarios on estuarine habitat opportunities for 


selected salmon Evolutionarily Significant Units (ESUs). 


Plans for four inter-related tasks are reported below, in the context of recent progress. 


Task 4b.1.  Extend and refine the computational grid 


Through this project, we extended the Virtual Columbia River to include regions 


upstream of Beaver Army, which previously served as ‘river boundary’ for the domain. 


Specifically, the model domain of our computational grid now extends upstream to the 


Bonneville Dam (in the Columbia River) and to the Willamette Falls (in the Willamette River). 


Spatial refinement varies strongly from river-to-ocean, a process facilitated by the use of 


unstructured triangular grids.  


The Virtual Columbia River has employed multiple generations of computational grids. 


The adjustment of these grids over time is strategic, either to improve computational skill (an 


iterative process, see Task 4b.2) or to capture previously unrepresented scales of interest (e.g., 


Cunningham Slough). The process of improving water levels in the tidal freshwater part of the 
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estuary (Section 4b.2) allowed us to converge on a computational grid that meets our skill 


targets.   


We are currently completing the final system-wide computational grid (grid 29) for this 


project. We are also creating a sub-grid (‘grid 30’) focused on the tidal freshwater above 


Longview, to allow the flexible refinement of parts of reach F. In 2013, grid generation activities 


should have been concluded, except that we may need to modify grid 29 to address Tasks 4b.3-4.  


Task 4b.2.   Calibrate the model and validate simulations of circulation system-wide and at 


multiple scales within in reach F. 


A significant recent development was to identify and find ways to remedy the causes for 


systemic under-prediction of water levels in the Willamette River and the Columbia River above 


Beaver Army, particularly above the confluence of the Willamette River. That process of 


calibration is highly iterative and involves changes in the computational grid as well as multiple 


input parameters to the model. This process is nearing completion, and will be described in the 


2012 annual report.   


A similar (but more streamlined) process of calibration is being used to improve the skill 


of the circulation simulations in the Cunningham Slough. Multi-month data collected in 2012 at 


three stations in the slough is serving as reference. Through the first quarter of 2013, we plan to 


also conduct short-term observations in other sub-systems of reach F (in principle, Scapoose Bay 


and Sturgeon Lake), for blind validation of the circulation model in these regions. 


We anticipate that prior to 2013 the system-wide model skill will become largely 


consistent with the needs of Tasks 4b.3-4, based on continued model calibration activities. This 


will lead to the creation in 2012 of simulation database DB29.  


We will conduct additional calibration and validation as needed, if new observations 


reveal that regions within reach F require additional computational skill. Any new 


calibration/validation will likely be based on grid 30. If appropriate/needed, we may create a new 


simulation database (DB30) focused primarily on reach F. 


Task 4b.3.  Model the dynamics of contemporary salmon habitat opportunity  


While the skill of simulation database DB26 was being improved (Task 4b.2), we used its 


results for year 2002 to develop or explore methodologies addressing several important questions 


related to the modeling of salmon habitat opportunity. Early results were presented during a two-


day Salmon Modeling Workshop for this project, held February 29 – March 1, 2012, in Seattle, 


WA (described in Task 4a.2). The goal of the workshop was to begin integrating circulation and 


habitat opportunity modeling outcomes with life-cycle model simulations and analysis for at-risk 


salmon populations. Early results will be described in the 2012 annual report.  


  Because DB26 under-predicts water levels in the tidal freshwater of the estuary, we 


consider results and analyses to date as preliminary.  Once DB29 is complete and modeling skill 


has been improved, a more comprehensive analysis of the spatial and temporal variability of 


habitat opportunity in the contemporary estuary will be conducted. This will be a primary focus 


of Task 4b for 2013. We plan, in particular, to refine and expand findings in the following areas: 


 Characteristics and variability of “corridors” of habitat opportunity across all 


hydrogeomorphic reaches of the estuary, including associated “bottlenecks.”   
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 Differences in driving mechanisms and in seasonal patterns of habitat opportunity within 


and across hydrogeomorphic reaches.  


 Thresholds of response of habitat opportunity to river discharge. 


 Differences in habitat opportunity based on population characteristics such as stocks and 


size classes. We will also begin exploring whether habitat opportunity for specific stocks 


or size classes can be improved by small adjustments in the regulated flows at Bonneville 


Dam (a full analysis of this important issue is beyond the scope of this project). 


Task 4b.4.  Simulate effects of climate change scenarios on estuarine habitat opportunities for 


selected salmon ESUs. 


Using DB26 simulations for the contemporary Columbia River as a reference, we began 


assessing the impacts of climate change on habitat opportunity. The focus was on sea level rise, 


with three scenarios considered (30, 70 and 130cm). Results show that sea level change 


influences habitat opportunity in the estuary, much through the influence on salinity intrusion 


length.  


Once DB29 is complete, and its skill fully assessed, effects of sea level rise will be updated, 


and expanded to include other change factors. This will be a second focus area for Task 4b 


during 2013, including: 


 


 Refine and expand findings on the system-wide impact of sea level rise (and, as 


appropriate, other climate change factors such as river temperature). 


 Analyze the impact of sea level rise (and, as appropriate, other climate change factors) on 


habitat opportunity in (a) the Cunningham Slough and either (b1) the Cunningham 


Slough under a restoration scenario, or (b) other region(s) within reach F.  


 


Objective 5.  Disseminate Results and Information Needs: Make research findings and 


analytical tools accessible to restoration planners, engineers, biologists, and researchers. 


 


Task 5.1. Synthesize and compare Objective 1-4 results through presentation, review, and 


discussion at the annual NOAA estuary project meeting. 


 


Task 5.2. Prepare written and oral reports summarizing research results for research 


cooperators, resource managers, and restoration practitioners. 


  


Our Estuary Research Team will synthesize all 2013 field, laboratory, and modeling 


results at our annual project review meeting during the fall or winter 2013. The Research Team 


and project cooperators will review the latest findings, evaluate the success and effectiveness of 


the current research methods and study design, and identify priorities for the next research phase. 


The latest research results will be presented at the annual AFEP Studies Review Work Group 


meeting and summarized in an annual research report.  This information also will be 


incorporated into the next Synthesis Memorandum for the Columbia Estuary Ecosystem 


Restoration Program and prepared for peer-reviewed publication in relevant scientific journals. 
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Schedule 
 


 The proposed schedule for the four objectives (Figure 6) insures that relevant information 


is generated for the various check-in dates for RPA evaluations, implementation plans, and 


survival improvements under the Federal Columbia River Estuary Recovery Program. The 


genetic stock surveys (Objective 1) was completed in March 2012, providing two full years of 


data collection. Tributary sites will be selected and the experimental studies to assess the 


estuary’s contribution to adult returns will begin in 2014. These surveys may continue beyond 


2018—the check-in date for estuary survival improvements—to allow full reconstruction of 


juvenile life histories for multiple brood years of returning Chinook salmon. Objective 4 also 


could be extended beyond 2015 to allow findings from the habitat and tributary studies to be 


incorporated into the life-cycle models.  The schedules for specific items performed during the 


contract period for this proposal are listed in Table 5. 


 


 
Table 5.  Activities and schedules for this contract period are as follows: 


 


Activity FY 13-14 


Task 1.1   Genetics analyses and synthesis Completed Mar 2012  


Task 1.2   Juvenile outmigrant surveys Jan – Dec 2013 


Task 1.3   Monitoring at PIT detection sites Jan – Dec  


Task 2.1   Fish habitat use Reach F Jan – Dec   


Task 2.2   Physical attributes Reach F Jan – Dec  


Task 2.3   Prey composition and availability Mar – Jul, (fall?)    


Task 2.4   Salmon diets and consumption rates Mar – Jul, (fall?) 


Task 3a.1   Juvenile LH in returning adults Jan - Dec 


Task 3a.2   Review of state population monitoring programs Jul - Dec  


Task 4a.1   Estuary component to life-life cycle models Jan – Jul  


Task 4a.2  Potential life-cycle benefits of habitat restoration Jul – Dec 


Figure 6.  Estimated time line for each objective of the proposed estuary research program.  


Research objectives are scheduled to provide relevant information for each of the check-in 


dates for RPA evaluations, implementation plans, and survival improvements under the 


Federal Estuary Recovery Program of the 2008/2010 Biological Opinion.  


2010 


11 12 13 14 
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16 17 18 19 
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RPA Implementation 


and Evaluation 


2. Stock-specific habitat and LH 


1. Stock distribution (Task 1.1) 


3a. LHs in diverse ESUs 3b. Contribution to adult returns 


4. Life-cycle modeling 
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Task 4b.1  Establish fine-resolution modeling grid Reach F Jan - Jul 


Task 4b.2  Calibrate physical model and validate simulations Jan – Jul  


Task 4b.3  Model dynamics of physical habitat opportunities Jan – Dec    


Task 4b.4  Simulate effects of climate change scenarios Jan – Dec 


Task 5.1  Estuary project review meeting  Nov 


Task 5.2 Draft annual report Jan – Mar 2014 


 Final annual report Apr – May 2014  


       


 


 


Project Impacts, Facilities and Equipment 


 


No impacts to listed ESU’s are expected from the activities associated with this proposal.  


Sampling will involve catch-and-release to determine presence and abundance in various habitats 


and to collect fin clips for genetic analyses. A subset of captured fish will be sacrificed to 


monitor indices of life history and performance (otolith chemistry, growth, condition, food 


habits, etc.). Sample collection will be covered under a NWFSC estuary sampling permit. 


 


Biological Effects 


 


 Direct take of listed species estimated for our collection permit in 2011 is provided in 


Appendix A.  These estimates are updated at the end of each year and provided for the NMFS 


Hydropower Division's Federal Columbia River Power System (FCRPS) Branch determination 


under the 2010 FCRPS Supplemental Biological Opinion (2010 Opinion).  Estimates are based 


on previous experience working in similar areas, time frames, and with identical gear. We 


anticipate no indirect impacts to ESA listed fish caused by special project operations. 


 


Collaborative Arrangements and Subcontracts 


 


 The NOAA Northwest Fisheries Science Center will oversee all project activities. 


Scientists from University of Washington’s School of Aquatic and Fishery Sciences, the Oregon 


Health and Sciences University, and Washington Department of Fish and Wildlife will 


participate on the study team as outlined below.  ODFW and WDFW will provide adult otoliths 


for proposed life history analyses from ongoing adult monitoring programs in various Columbia 


River subbasins. 
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IV. Project Personnel and Duties 
 


1. NOAA Fisheries Program Manager– Kurt Fresh
1
 


2. NOAA Fisheries Project Leader – Daniel Bottom
1
  


3. Salmon habitat use and abundance – Susan Hinton
1
,
 
Curtis Roegner


1
 


4. Salmon trophic relationships – Charles Simenstad
1
, and Lia Stamatiou


2
  


5. Salmon performance – Daniel Bottom
1
, Regan McNatt


1
,
 
Charles Simenstad


2
,  Lia 


Stamatiou
2
, and Pascale Goertler


2
  


6. Database management – Susan Hinton
1
 and Regan McNatt


1
  


3. Circulation and salmon habitat opportunity modeling – Antonio Baptista
3
 


7. Otolith microstructure and scale analyses – Lance Campbell
4
 


8. Salmon Genetic analyses – David Teel
1
 and Paul Moran


1
  


9. Life-cycle modeling – Paul Chittaro
1
,
 
Tom Cooney


1
, Mark Scheuerell


1
, Rich Zabel


1
 


10. Adult population response – TBA 


 


 


V.  Technology Transfer 


 


Technology transfer will be in the form of written and oral research reports.  We will 


organize a series of annual estuary project reviews to (1) share preliminary findings with project 


cooperators and members of the estuary research team, (2) to integrate results of separate project 


objectives and activities, (3) to contribute to the 2013 Synthesis Memorandum for the Columbia 


Estuary Ecosytem Restoration Program, and (4) to prepare detailed sampling schedules for the 


upcoming field season. A draft report of annual progress in 2013 will be provided to the COE by 


31 March 2014, and the final annual report will be completed by 31 May 2014. The results will 


be published in appropriate scientific journals.  


 


 


VI. Deliverables 


 


 See Table 5 for the planned schedule of activities performed during the contract period.  


Based on these activities, we will have the following deliverables for this proposal.  By the end 


of December 2013, we will provide oral progress reports to the Corps of Engineers at the AFEP 


Annual Research Review and at our Estuary Team’s annual project meeting.  The progress 


reports will compile and synthesize results and analyses from the 2013 field season and from 


ongoing modeling activities. The draft of the written annual progress report will be completed by 


March 31, 2014. The final progress report will be completed by May 31, 2014. 


                                                 
1
NOAA Fisheries, Northwest Fisheries Sciences Center 


2
School of Aquatic and Fisheries Sciences, University of Washington 


3
Oregon Health and Science University 


4
Washington Department of Fish and Wildlife 
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Appendix A 


 


Current estimated take of listed Columbia River species for 2011 Estuary Research 


 


 


 


Project number:


Project Name:


Primary Researcher:


ESA Coordinator:


Agency:


Contact Phone and email


Species


Hatchery 


or Wild Age Age detail activity Take Level Take


Incidental 


mortality Location


8-Digit 


HUC Dates Year


Chinook unknown Yearling Yearling


Lethal 


sampling 4 19


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Chinook unknown Yearling Yearling


capture, 


measure, 


release 2 24 1


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Chinook unknown Yearling Yearling


Capture, 


collect 


sample, 


release 3 69 1


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Chinook unknown subyearling Subyearling


Lethal 


sampling 4 314


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Chinook unknown subyearling Subyearling


capture, 


measure, 


release 2 3160 21


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Chinook unknown subyearling Subyearling


Capture, 


collect 


sample, 


release 3 1362 7


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Coho unknown Yearling Yearling


capture, 


measure, 


release 2 451 5


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Coho unknown Yearling Yearling


Capture, 


collect 


sample, 


release 3 113 1


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Chum unknown subyearling Subyearling


capture, 


measure, 


release 2 300 3


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Chum unknown subyearling Subyearling


Capture, 


collect 


sample, 


release 3 200 2


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Sockeye unknown Yearling Subyearling


capture, 


measure, 


release 2 10 0


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


Steelhead unknown subyearling Subyearling


capture, 


measure, 


release 2 85 1


Columbia River, 


mouth to Bonnevile 


Dam ( Rkm 0-235)


17080001


17080003


17080006


January-


December 2011


NOAA/NMFS/NWFSC


Dan Bottom, Hatfield Marine Science Center, 541-867-0309, 


dan.bottom@noaa.gov


Susan Hinton, Point Adams Biological Field Station, 503-861-1818, 


susan.hinton@noaa.gov
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II. PROJECT SUMMARY 


 


 


A. Goals 


 


1. 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. 


2. 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. 


3. 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. 


4. Provide valid statistical comparisons between the SAR of Snake River juvenile fall 


Chinook salmon that migrate inriver and the SAR of those transported around dams of 


the FCRPS.  


 


B. Objectives 


 


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. 


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. 


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. 


4. PIT tag transport and inriver groups of juvenile fall Chinook salmon at Lower Granite 


Dam during the fall migration period.  Collect scale samples on returning adults that were 


PIT tagged as juveniles and compare age of ocean entry with juvenile detection history. 


5. Explore relationships among temporal SARs and biotic and abiotic conditions that smolts 


encounter during migration and ocean entry. 


 


C. Methodology 


 


 During the 2013 spring outmigration, wild stream-type Chinook salmon and wild and 


hatchery steelhead smolts will be PIT-tagged at Lower Granite Dam and placed on transport 


barges.  Additional fish, PIT-tagged under a BPA-funded study, will be concurrently tagged to 


serve as migrant comparisons and as a source of PIT-tagged fish to be collected at Bonneville 


Dam to determine growth through the hydropower system. 
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 Returning adults, PIT-tagged during previous outmigrations, will be monitored as they 


progress up the hydropower system on their journey back to Lower Granite Dam.  Smolt-to-adult 


return rates will be calculated based on adult returns. 


 A database of estuary/ocean biological and physical conditions will be updated with the 


latest information.  This database will be used, along with SARs from previous study years, to 


build a predictive database that can be used to estimate adult returns from the 2013 outmigration. 


 


D. 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- 


“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.   


 


 


II.  PROJECT DESCRIPTION 
 


 


A. 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 (Williams et al. 2005; Tuomikoski et al. 2011).  However, more recent studies and 
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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 2007; NOAA Fisheries 2009; Smith et al. 2011; 


Anderson et al. 2012).  Results from PIT-tag studies show that transported smolts usually have a 


lower survival rate between leaving the hydropower system as juveniles and returning as adults 


than do 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; Anderson et al. 2012), some of which are being investigated through other research 


proposals. 


  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; Anderson et al. 2012), 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 


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; Anderson et al. 2012).  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 and 2011 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; Anderson et al. 2011).  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) (Scheuerell et al.2009).  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 
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(Scheuerell and Williams 2005).  Ocean temperatures appear to be particularly important to 


spring/summer Chinook salmon survival (Emmett and Sampson 2008). 


 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.   


 


B. Project objectives 


 


 The goal of this project is to determine if SAR, T/I, and D of transported and inriver 


yearling Chinook salmon and steelhead are related to their size and timing of arrival in the 


estuary/nearshore ocean.  Here we will investigate seasonal effects of differences in size and 


timing of fish from the two groups upon arrival below Bonneville Dam.  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 FCRPS on a temporal basis (daily or 


weekly) from returning adults from past studies.  Beginning in 2004 and continuing through 


2012, 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 (BPA (Project # 199302900).  Because this study will focus on 


the seasonal effects of transport, we must rely on fish with known passage date at Lower Granite 


Dam, which means they must pass Lower Granite Dam via the bypass system.  Therefore, all 


smolts in the inriver group used for comparison with those transported will have been bypassed 


at Lower Granite Dam. Using the terminology of the Comparative Survival Study (CSS) 


(Tuomikoski et al. 2011), these are “C1” smolts. Some will have additional detections at collector 


dams downstream of Lower Granite and some will not. If our study is viewed to begin after 


tagging at Lower Granite Dam, those smolts not bypassed at collector dams downstream of 


Lower Granite Dam could be viewed as analogous to “C0” smolts from the CSS. 


 Adult returns from 2013 tagging will continue through 2016.  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 study (fish marked at the 


dam) to results from hatchery and wild fish PIT tagged upstream of the dam--both for CSS 


(Tuomikoski et al. 2011) and other purposes--and detected at the dam. 


 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.  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 (Smith et al. 2012).  Ultimately the results of this research will 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 
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salmon release/transport/river passage strategies to maximize the number of smolts entering the 


ocean at the predicted time to maximize ocean survival. 


 Our final goal of this project is to provide valid statistical comparisons between the SAR 


of Snake River juvenile fall Chinook salmon that migrate inriver and the SAR of those 


transported around dams of the FCRPS.  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.  In addition, at Lower Granite Dam, we will continue to 


collect and read scales from returning fall Chinook salmon transport studies conducted in earlier 


years. 


  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.  


 


C. Methodology 


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 2013, 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 estimates of temporal T/Is and  


D. 


 


Task 1.1: 


 PIT tag wild yearling Chinook salmon and wild and hatchery steelhead smolts in spring 


2013 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: 
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  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. 


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 2013 as long as 


sufficient numbers of fish are available.  Based on availability of fish passing Lower Granite 


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 2013.  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 
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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 8 April, with marking beginning on 9 April 2013.  


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 survival 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 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. 


 


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 2013, 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 
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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 2013.  Based on detection rates in 2005, we anticipate that 


up to 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.   


 


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 2010-2012 (and earlier years), we marked wild yearling Chinook salmon and wild 


steelhead smolts and from 2010-2012 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 the BPA survival study.  SARs from the fish returned to the 


river to migrate will be paired with the transport index groups to estimate  T/Is on a daily or 


weekly  basis.  Adults from these marking years will continue returning through 2015. 


 


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  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 Model (Muir et al. 


2001) and use the information from this combination of studies to estimate D, on a weekly basis 


as data allow. 
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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, and collect scales from returning fall Chinook 


salmon adults PIT-tagged as juveniles in previous years. 


 


 In 2013, 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 


transported fish do not enter the ocean immediately following release below Bonneville Dam, 


but instead over-winter in the freshwater/estuary area between Bonneville Dam and the ocean. 


 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 which river reaches 


are most important to fall Chinook salmon prior to ocean entry. 


 We PIT-tagged subyearling (2001-2012) and yearling (2008-2012) fall Chinook salmon 


to evaluate the efficacy of  transporting them (Marsh et al. 2003; 2004a; 2004b, 2005; Connor 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 detection-history-class of outmigrants.  Depending on SARs, the 


number of adults that will be sampled will vary and may be subsampled. 


 


Task 4.1 


 PIT-tag transport and inriver groups of subyearling Chinook salmon at Lower Granite 


Dam during September and October. 
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 We propose tagging subyearling Chinook salmon from the daily sample taken at Lower 


Granite Dam.  Tagging will occur every day the sample is processed (generally, every other day).  


Tagged fish will be equally divided into transport (by truck) and inriver groups.  Transport 


begins immediately following tagging, while the release of inriver tagged fish will occur the 


morning following tagging. 


 


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 during the fall season (with marking 


split equally between transported and inriver migrant fish). 


 


Task 4.2 


 Collect a sample of returning adults using the separation-by-code PIT-tag diversion 


system located at the Lower Granite Dam adult trap and take a scale sample from each sampled 


adult. 


 


 Prior to the return of adult fall Chinook salmon, we will enter the tag codes of all fish we 


PIT tagged as juveniles into the SbyC database.  We will then sample fish that are detected 


passing through the adult facility at Lower Granite Dam.  Sample rates will be set according to 


juvenile detection history category to obtain sufficient sample sizes of each category.  We will 


use results from previous sampling years to determine the necessary sample rates for different 


juvenile detection history categories.  Scales will be taken and associated with the tag code of the 


fish.  Fork lengths will also be recorded.  The sampled scales will be sent to the Washington 


Department of Fish and Wildlife for analysis. 


 


Task 4.3 
 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 migration 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 encountered during each outmigration year to provide managers with the 


information necessary to evaluate mitigation options for this stock. 
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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 


much of the observed variation 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 temporal SARs will allow us to identify which estuarine or ocean biological/physical 


conditions are correlated with 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 


conditions favorable for survival.  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 this type of data.  We recently completed a draft pilot analysis of this 


data using adult returns to date (Smith et al. 2011). 


 


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 was developed by Muir and Emmett (2007).  We will continue to add 


information to this database (Smith et al. 2011).  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 temperature, salinity, and turbidity; 


zooplankton species composition and density; forage fish density; upwelling indices; and river 


flow, turbidity, and temperature.  We will also compile information regarding Pacific Decadal 


Oscillation (PDO), and several other ocean indices that may have 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 


 Obtain measurements of ocean temperature, salinity, 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. 
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Task 5.3 


 Explore the Statistical Relationship Between Salmon and Steelhead SAR, Freshwater 


Conditions, Time of Ocean Entry, and Ocean Conditions. 


 


 Statistical regression techniques similar to those of Scheuerell and Williams (2005) and 


Smith et al (2011) will be used to investigate relationships between weekly SARs, freshwater 


conditions during migration, time of ocean entry, and ocean conditions at the time of ocean 


entry.  Computationally advanced statistical methods such as generalized additive modeling 


(GAM) and Poisson log-linear regression 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 and make predictions about survival of 2013 releases.  


Once final SAR data from 2013 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.  


 


Task 5.4 


 Update the analysis of the fall Chinook salmon transport study on an annual basis as 


adults return from previous tagging years. 


 


 PIT-tagged adult fall Chinook salmon will be returning from releases made from 2008 


through 2012 for the collaborative study to evaluate the management options of transport with 


spill vs. bypass with spill (Marsh and Connor 2004).  Analysis of these data will be updated each 


year using methods of analysis currently being developed and a brief summary of the results 


provided to the COE and other interested parties.  A final detailed report for the study will be 


completed when adult returns are complete in 2017. 


 


SCHEDULE 


     Activity                                                                       FY13              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 


Statistical Analysis  Jan-Dec Same 


 


Analysis/discussion with COE Quarterly  Same 
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D. Facilities and equipment 


 We will use the existing NOAA tagging facility located along the east bank of raceways 


at Lower Granite Dam.  It will take a week or two to set up the facility prior to the beginning of 


tagging, and an additional week following tagging to clean up, store equipment, and winterize 


the facility. 


 


E. Project impacts 


 


1. Other ongoing or proposed research 


a. Concurrent with this tagging, fish will also be tagged for the BPA-funded reach 


survival study.  The BPA fish may also be used for a proposed bypass selectivity 


study (COE). 


 


2. Coordination at Lower Granite and Bonneville Dams 


a. Coordination with operations for smolt collection and marking will be required. 


 


b. 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. 


 


c. 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 or three such trips). 


 


d. Space will be needed in the lab at the Lower Granite Dam smolt monitoring facility 


for Objective 4. 


 


e. Use of the juvenile sort-by-code system at Bonneville Dam will be required. 


 


f. Use of the adult trap and sort-by-code system at Lower Granite Dam will be required. 


 


3. Biological impacts 


a. 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. 


 


b. 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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c. For scale collecting from adult fall Chinook salmon under Objective 4, between 1,000 


and 1,500 fish will be sampled at the Lower Granite Dam adult trap and released. 


 


F. Collaborative arrangements or subcontracts 


 Fish-marking personnel will be hired under contract to the current labor force contractor. 


 
 


IV. List of Key Personnel and Project Duties 
 


1. Douglas M. Marsh--biologist and co-principal investigator. 


2. Steven G. Smith – statistician and co-principal investigator. 


3. Robert Emmett--biologist  


4. Darren Ogden--biologist. 


5. Neil Paasch--biological technician. 


6. Kenneth McIntyre--biological technician. 


 


V. Technology Transfer  
 


 Quarterly meetings will be held with COE staff and interested SRWG representatives to 


update progress of analysis, discuss data issues/concerns, model development, or any other 


issues pertinent to this research effort.  These meetings will be held approximately every 3 


months.  NMFS and the COE will work out mutually agreeable dates and times prior to each 


meeting.  These meetings will occur via conference call/web meeting or in person, depending on 


the material to be discussed. 


 Technology transfer will be in the form of written and oral research reports as required by 


the COE.  Results will be presented orally at the Anadromous Fisheries Evaluation Program 


Annual Review, and likely published in an appropriate scientific journal. 
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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. 


 


 


 


 


 


 







