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Northwestern Division – U.S. Army Corps of Engineers  


ANADROMOUS FISH EVALUATION PROGRAM  
FY-2012 Detailed Statement of Work  


 
Project Title: Enumeration, horizontal, and vertical distribution of adult fish falling back through 


the powerhouse at McNary Dam during winter months  
 


AFEP Study Code: ADS-W-11-5 
Duration:  FY 2012 
Biop Measure :  RPA 21, 33 
 


Project Goal:  The purpose is to enumerate steelhead fallbacks both vertically and 
horizontally across the powerhouse and determine an accurate estimate for developing 
mitigation.   The temporal nature of this concern is limited to winter months when no fish 
screens are in place that prevent direct passage through turbines rather than deflection 
into the bypass facility.  Study results have implications for best location of any surface 
bypass improvements at the McNary project. 


 
 
1. Introduction 


Appropriate sampling and analysis technology shall be used to evaluate the quantity and 
vertical distribution of adult salmonids falling back though the powerhouse area at 
McNary dam in winter, 2012. 
 
General Background 


During the winter of 2010, steelhead kelts were noticed in the forebay of McNary dam 
upstream of the powerhouse.  During the winter of 2011, a hydroacoustics evaluation of 8 
of the powerhouse units was undertaken.  This study will be providing an estimate of 
powerhouse passage.  The necessity of continued evaluation is due to environmental 
conditions that occurred during the 2011 study.  The primary factor that biased 2011 
study results was involuntary spill which occurred somewhat routinely.  There is ongoing 
concern that steelhead dropping back downstream through the powerhouse without ESBS 
screens in place may cause significant injury.   The powerhouse is the only route of 
passage available to adults travelling back downstream during this time period, except 
when flows exceed powerhouse capacity as in 2011.  The number of fish taking this route 
needs to be quantified (estimated) accurately in order to better understand the level for 
concern of this activity.  The vertical fish distribution needs to be monitored to assess the 
proportion of fish that may be at increased risk, and will assist with development of 
mitigation action warranted.  This is of particular concern with reference to B run 
steelhead that due to their larger size may be quite vulnerable to adverse affects when 
passing through an unscreened turbine. The horizontal distribution across the powerhouse 
will be useful for identifying the region where this fallback activity is most prevalent. 
 
 


 
No spill will be occurring during the study period.  All powerhouse units are anticipated 
to be available for power generation, with the exception of units 1 and 10 which are in 
process of rewind.  Powerhouse units will not be equipped with Extended Length 
Submersible Bar Screens (ESBS) for guiding fish up the gatewell and into the Juvenile 







  
Collection and Bypass System (JCBS) during the study period.  The study period will 
cover approximate dates of 12/1/11 – 4/16/12.  Spring spill for fish passage will be 
implemented beginning 4/10/12 at midnight. This study will terminate at the time when 
all ESBS screens are put in place which has been around April 16 in 2009 - 2011.  It is 
critical that data collection begin no later than 12/15/11 to make the effort to undertake 
this study worthwhile.  If feasible, data collection should begin by Dec. 1, 2011. 


 
The sampling plan will entail a single treatment design and should maximize both 
precision and accuracy to the extent practicable and cost effective.  Power generation is 
not a controllable parameter, and could potentially invoke bias if drastically different 
quantities of electricity are generated over the study period.   It is presumed that this will 
occur between day and night periods and separate estimates as well as an overall estimate 
for adult passage by species (if feasible), by their passage depth is required.  Data will be 
analyzed to stratify by power generated (or flow volume) if applicable to reduce or 
eliminate bias in estimated variables.  Passage data shall be collected 24 hours a day and 
vertical distribution of fish shall be detected to the nearest 1/10 meter.    


  
The data collection interval shall be appropriate for discerning diurnal differences in 
passage and vertical passage distribution of adult salmonids, particularly steelhead.  It is 
likely that due to the limited timeframe for study preparation, only 7 units in the 
powerhouse will be outfitted with equipment. It is imperative that equipment to be used 
for the study be ready for deployment by Oct. 15, 2011.  Deployment will occur in 
conjunction with powerhouse outages to install trolley pipes. The Corps owns equipment 
that can be used for this study and a list is attached to this solicitation.  The equipment is 
currently stored in Walla Walla, WA.   If Contractor is unable to get Corps owned 
equipment serviced in time for this work, it is acceptable to lease or pursue use of other 
equipment in order to meet the necessary timeframe.  


 


1.1. Enumeration and Horizontal and Vertical Fish Distribution at the Powerhouse of 
McNary Dam  


1.2. Objective 


The objective of this study will be to determine the horizontal and vertical distribution of 
adult salmonids dropping back downstream during the winter of 2011.   
 


1.3. Site Description 


The work to be performed under this Task order shall be performed at McNary Dam on 
the Columbia River.  The work will be performed on the forebay side of the powerhouse.  
The equipment will be installed in the A slot of ten powerhouse units.  Units not available 
for deployment will be 1 and 10.  Subsequent estimates will discount the Slots B, C 
estimates based on previous research that has shown a lower differential passage 
compared with A slot. 
 


1.4. Task Descriptions 


These tasks will collect data describing the horizontal and vertical distribution of adult 
salmonids as they pass downstream at McNary Dam in winter 2012.  It is critical to 
obtain data to determine the depth, timing, and horizontal distribution of steelhead kelts. 


 







  
1.4.1. Task 1 – Attend an on-site coordination and safety meeting at McNary Dam. 


1.4.2. Task 2 – Prepare a Quality Assurance/Quality Control Plan and submit to the 
POC no later than 15 November, 2011. 


1.4.3. Task 3 – Install hydroacoustic data collection equipment in the powerhouse at 
McNary Dam.  Equipment installation shall be initiated no later than Dec 1.  
Units available for deployment will be all except 1,10.  Data collection with the 
installed equipment will begin no later than December 1, 2011.   


Subtask 3a – Prepare necessary equipment for deployment prior to 
October 15, 2011.  This will involve having the necessary maintenance 
performed to assure functionality and precision for data collection effort.  
This is a time critical subtask and successful implementation of the study 
will depend on the contractors ability to successfully meet this deadline.  
Unless the Contractor owns equipment, this will likely necessitate 
interaction with Precision Acoustics or another contractor to calibrate the 
Corps owned equipment for service List included with solicitation).  The 
option for leasing equipment from any other vendor is also permissible.  
Equipment would need to be leased for a one year period because 
equipment removal will not be possible until Sept. or Oct. of 2011.   


 
1.4.4. Task 4 – Collect fallback enumeration, horizontal, and vertical distribution data 


during winter 2012 beginning no later than 1 December 2011 and concluding 
around 16 April 2012 in the powerhouse section of McNary Dam. 


1.4.5. Task 5 – Prepare Reports and Presentations 


Subtask 5a – Prepare in-season status reports on a weekly basis to 
communicate difficulties encountered, lost data, and any other significant 
problems that will compromise the accuracy and quality of the data. 


Subtask 5b – Prepare a Preliminary Data Report and presentation 
describing the horizontal and vertical distribution of adult salmonids 
passing downstream during winter 2012.  The report shall be in sufficient 
detail that management decisions may be made from the data.  The data 
shall be presented at the Corps of Engineers Walla Walla District 
Headquarters in Walla Walla, WA.  The Preliminary Data Report shall 
be due no later than 30 September 2012.   


Subtask 5c – Prepare and deliver a presentation for the Annual AFEP 
Meeting to be held in Portland, OR in late November or early December 
2012 describing the methods and results of the passage distribution study 
at McNary Dam. 


Subtask 5d – Prepare a Draft Final Report for Government and Regional 
review.  The Draft Final Report shall include all methods, results, 
QA/QC documentation, and ancillary data associated with the study.  
The Draft Final Report will be due no later than 31 December 2012. 


Subtask 5e – Prepare a Final Report to the Government incorporating 
changes to the Draft Final Report as agreed upon.  The Final Report shall 
be submitted no later than Close of Business on 31 March 2013. 







  
 


1.5. Data Analysis Requirements 


We request that you provide a general description of data analysis and examples of data 
summarization that would be provided as products of this research study.   The Studies 
Review Work Group (SRWG) defined a single treatment test analyzed using diurnal 
stratification.  The amount of sampling time anticipated for the passage route should be 
described in detail.  Data processing and analysis methodology should be described in 
sufficient detail for the Government to understand the temporal and spatial level of data 
analysis and summarization that is proposed (e.g. hourly, daily, weekly, inches, feet, 
etc.).  Quality Assurance and Quality Control measures and methodology for screening 
out errant data shall be described in detail. 


 
1.6. Government-furnished Services/Equipment 


Past vertical and horizontal distribution studies to enumerate fish at other lower Snake 
projects have utilized hydroacoustic technology.  However, this research is not limited to 
the use of conventional hydroacoustic equipment.  If other technologies are deemed 
appropriate for determining the horizontal and vertical distribution of adult salmonids 
without imposing changes in their swimming behavior, those too will be considered. 
 
Assuming a hydroacoustic methodology is selected for this task, the government owns a 
variety of hydroacoustic equipment components and will provide this to the contractor for 
use with this research project (see attachment for complete list).  If insufficient equipment 
is currently available for any reason, the contractor shall lease additional equipment to 
meet the needs of this research.  If lease equipment is not available for any reason, it may 
be necessary to purchase equipment.  All equipment purchased for this task shall be listed 
and a detailed list shall be supplied to the government along with expenditure reports. 
 
Drawings of the turbine intake structure can be provided as part of this solicitation for the 
purpose of designing and fabricating mounts for the sampling equipment.   


 
1.7. Situation Limiting Factors 


Depending on the flow year, debris may be present to dislodge or remove equipment 
installed with insufficient mounts or armor.   Identify in detail the anticipated mounting 
requirements, effort required, and anticipated methodology for armoring against damage 
by debris.  The technical proposal should identify quality control measures and an 
anticipated estimate of the diving time for both installation and removal of hydroacoustic 
equipment.    
 
Units 1 and 10 will be out of service throughout the study period.  All other powerhouse 
units will be available for equipment deployment.   Equipment deployment must also take 
into account minimizing any disruptive effect on fish passage through the turbine.   
Equipment will need to be positioned so as to estimate vertical passage through any 
operating turbine intake at McNary dam.   


 
2. Deliverables  


The primary product from this research shall be a Final Report enumerating steelhead 
fallbacks and describing the horizontal and vertical distribution of these adult salmonids 
passing the turbine route at McNary Dam, during winter 2011.  In addition, weekly 







  
electronic progress reports; presentations (2); a Preliminary Data Report; and a Draft 
Final Report will be submitted to the Government POC. 


 


3. Work Schedule 


Onsite work shall begin November 1, 2011.  Preparatory work shall begin on the date that 
the contract is awarded.  All work associated with this contract shall be completed by 31 
March 2013.  Data will be collected during winter of 2011-2012 on adult fish falling back 
through the powerhouse at McNary dam.  After data collection, analysis will be 
undertaken, summarized, and reported in a Preliminary Data Report and at the annual 
AFEP meeting in late November or early December 2012.  An electronic pdf of the Final 
Report shall be sent to the POC in the NWW District Office in Walla Walla, Washington.  
Cleaned data will be archived and delivered at this same time. 
 
A tentative schedule for McNary Dam work is provided in the table below.  A final work 
schedule will be developed collaboratively during the initial Pre-work/Safety meeting in 
November 2011. 
 


McNary Dam – Passage Distribution at the Powerhouse 
Event Date 


Pre-work and safety meeting at McNary Dam 27 October 2011 
Quality Assurance/Quality Control Plan 15 November 2011 
Complete installation of equipment 30 November 2011 
Begin data collection 1 December 2011 
End data collection 16 April 2012 
Produce in-season status reports Weekly throughout data collection 


period 
Preliminary data report 25 September 2012 
AFEP Presentation in Walla Walla, WA Late November or Early December 


2012 
Draft final report No later than 31 December 2012 
Government provide review and comments No later than 29 January 2013 
Submit Final Report 31 March 2013 


 
 


4. Coordination and Planning 


A pre-project planning session with Corps Planning, Engineering and Operations 
personnel in Walla Walla, WA, and at McNary dam shall be held within 8 days following 
award.  The purpose of the meeting will be to familiarize the Contractor with the 
worksite, as well as discuss any issues with planning and project personnel to assure that 
the study goes forward as planned.  Potential issues primarily include the placement and 
functionality of equipment, safety and coordination issues 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.  This meeting 
will likely be at the McNary dam.  Other meetings during the project will be on an as-
needed basis and will most likely be at McNary Dam. 


 
The contractor shall submit drawings and descriptions of all onsite hardware, cable 
routing, and work trailers to the Project Point-of-Contact (PPOC), Bobby Johnson (541-







  
922-2212), Carl Dugger (541-922-2263),  or Seth Thompson (541- 922-1321) at McNary 
Dam for approval by the Project Engineering staff before installation (see Points of 
Contact at the end of this document). 


 
Services by Government Project personnel will be limited.  The Contractor shall be 
prepared to be self-sufficient in regard to advising divers on equipment installation, 
removal, and all routine activities. 


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


 


5. Quality Control/Quality Assurance 


Great care and attention to detail shall be exercised in providing the Government with the 
highest level of data integrity, accuracy, and precision possible.  In order to accomplish 
this, a detailed Quality Control/Quality Assurance Plan will be prepared in advance of 
equipment deployment in sufficient detail to allow the Government to evaluate the 
Contractor’s ability to produce a high quality data product. 


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


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


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


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


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


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


 
b. Detailed and complete description of all data manipulation, transformation, and 


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


c. Calibration of all equipment shall be conducted by the Contractor prior to and 
following completion of the study.  Calibrations associated with hydroacoustic 
techniques shall be conducted by a facility that provides equivalent calibration to the 
U.S. Navy standard.  Such calibrations shall include all calculations and polar plots 
for both pre- and post-season calibrations.  Appropriate in-season calibration, 
including the receiving gain of the echo sounder and the time-varied-gain shall be 
checked and recorded.  Total system response shall be monitored weekly and shall 







  
be compared to standards generated at the start of the season.  Copies of calibration 
data sheets shall be provided to the POC upon demand and included in an Appendix 
in the final report. 


 
d. Aiming and orientation of sensors shall be checked to ensure they are sampling the 


area intended in the sample design.  Engineering drawings shall be used to 
determine expected ranges. 


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


component is operating as expected. 
 


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


 
g. Any, computer, or other essential piece of equipment that fails shall be replaced by 


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


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


within 24 hours. 
 


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


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


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


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


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


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


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


 


6. Facilities and Equipment: 


Coordination of associated logistics of installing equipment in forebay [autonomous 
nodes - preseason and postseason, safety+ contact hierarchy], within trolley pipes 
(minimal disruption), running long sets of cable to trailer with computer equipment from 
each transducer mounted on trashracks.   Outages should be limited to deployment and 
removal of transducers on trashracks.  Project POC will need to assist with electrical 
supply location, trailer placement, other similar research setup issues. 
 


7. Impacts to Listed Fish: 







  
 


Fish will not be handled for this Contract. 
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Project Summary 


A. Goals 


The goal of this study is to evaluate passage success and survival for adult Chinook 


salmon and Redfish Lake sockeye salmon in the Snake River and identify potential sources for 


loss and delay. 


 
B. Objectives 


1. Estimate survival probability, passage metrics and pathways of adult Snake River 


spring/summer and fall Chinook and sockeye salmon through the tailwaters, ladders, and 


forebays of Little Goose, Lower Monumental, and Lower Granite dams using active or 


temperature logging radiotelemetry transmitters. 


 


2. Estimate the survival probability of adult Snake River sockeye salmon migrating in-river 


from Lower Granite Dam to spawning. 


 


3. Resolve if high adult counts passing lower Snake River dams are related to overwintering 


adults for certain ESU/DPSs and double counting of fish that have fallen back after 


passage and re-ascended, resulting in being counted multiple times and skewing 


conversion rate estimates. 


 


C. Methods 


For 2012, we propose to use a combination of passive integrated transponder (PIT) and 


radiotelemetry to evaluate the success and behavior of adult Snake River Chinook and sockeye 


salmon migrating through the Columbia River Federal Power System (hydrosystem) with a focus 


on the lower Snake River dams and upstream to the Sawtooth Basin. PIT-tag detections at 


Bonneville, 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 salmon at Bonneville Dam 


with archival temperature recording tags to document exposures within the hydrosystem.  


Chinook and sockeye salmon would then be collected at either the Bonneville, Ice Harbor 


or Lower Granite Dam adult traps, outfitted with radiotelemetry and temperature archival 


radiotelemetry tags and monitored using an array of fixed-site receivers as they migrate upstream 


passed Little Goose and Lower Granite dams to evaluate effects of spill operations and water 


temperatures on passage. 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 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 


and fall back adult bias on counts and conversion rates at lower Snake River dams will be 


examined and analyzed from PIT-tag detection data. 


 


D. 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 Endangered Species 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 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 Tucannon River, 


Grande Ronde River, Imnaha River, Salmon River, and Clearwater River subbasins, as well as 


four artificial propagation programs.   The 2008 NOAA Biological Opinion and 2010 


Supplemental FCRPS Biological Opinion (NOAA 2008; 2010) call for implementing water 


quality measures (including water temperature) to enhance ESA-listed adult fish survival (RPA 


16), 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 (RPA 28), and investigating adult fishway modification to improve upstream adult 


passage conditions impaired by temperature differentials at Lower Granite Dam (RPA 28). 


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 management efforts 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 and Supplemental FCRPS Biological Opinion (NOAA 2008; 2010) did not 


include performance standards for sockeye salmon because insufficient information was 


available. The Biops include 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). Investigations on factors that affect migration success are needed to determine what 


management actions would produce net benefits to this population.   


  







Project Description 


 


A. Background 


A primary 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.  Results of this study will be used to inform management decisions 


for operation and structural modifications at Little Goose and Lower Granite Dams to optimize 


survival and passage for adult salmonids.  This study addresses research needs outlined in ADS-


W-12-New of the Anadromous Fish Evaluation Program (USACE, Northwestern Division), and 


in Reasonable and Prudent Alternative Action 16, 28, and 42 of the 2008 Biological Opinion for 


the Federal Columbia River Power System (NOAA 2008).  The Federal Columbia River Power 


System (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. 


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.  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 Lower Monumental and other dams.  


We propose to use analyses of PIT tag information, augmented with new radiotelemetry data to 


monitor adult sockeye and Chinook salmon migrating through the Columbia and Snake rivers 


and to evaluate for sources of delay related to operational and environmental conditions.   


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 (2,000 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 20
th


 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 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. At this writing, 471 


unique adult Snake River sockeye salmon have been detected at Bonneville Dam for the 2011 


return.   







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.   


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.     


Adult salmonid counts at dams are used extensively by managers to determine run size 


and track run timing through the Columbia River.  However 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 counted 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 McNary and the lower Snake River dams.   


 


 







 


 


Figure 1.  Study area including the lower Snake River 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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B. Objectives 


 


1. Estimate survival probability, passage metrics and pathways of adult Snake River 


spring/summer and fall Chinook and sockeye salmon through the tailwaters, ladders, and 


forebays of Little Goose, Lower Monumental, and Lower Granite dams using active 


temperature logging telemetry. 


 


1a. Evaluate behavior, passage success and survival at Lower Monumental, Little Goose, 


and Lower Granite dams relative to new spill patterns.   


 


1b. Evaluate effects of water temperatures and temperature differentials in fishways on 


passage behavior, success and survival for Chinook and sockeye salmon, with 


emphasis at Lower Granite Dam.   


 


 


2. Estimate the survival probability of adult Snake River sockeye salmon migrating in-river 


from Lower Granite Dam to spawning. 


 


2a. Using PIT tag and telemetry records, estimate migration success and temperature 


exposures for Snake River Sockeye Salmon between Bonneville and Lower Granite 


dams. 


 


2b. Using PIT tag and telemetry records evaluate migration success between Lower 


Granite Dam and Sawtooth basin and correlate with environmental and biological 


conditions. 


 


3. Resolve if high adult counts passing lower Snake River dams are related to overwintering 


adults for certain ESU/DPSs and double counting of fish that have fallen back after 


passage and re-ascended, resulting in being counted multiple times and skewing 


conversion rate estimates. 


 


C.  Methods 


 


Objective 1. Estimate survival probability, passage metrics and pathways of adult Snake River 


spring/summer and fall Chinook and sockeye salmon through the tailwaters, ladders, 


and forebays of Little Goose, Lower Monumental, and Lower Granite dams using 


active temperature logging telemetry.   


 


For 2012, we propose to use a combination of passive integrated transponder (PIT) and 


radio
1
 telemetry to evaluate the success and behavior of adult Snake River Chinook and sockeye 


salmon migrating through the lower Snake River dams with a focus on Little Goose and Lower 


                                                           
1
 There 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 


2012. 







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 sockeye salmon at Bonneville and Ice Harbor dams with radio transmitters 


and archival temperature recording tags to document exposures within the hydrosystem.  


Chinook and sockeye salmon study animals would be augmented by collecting fish at the 


Ice Harbor Dam adult trap, outfitted with radio telemetry and temperature archival tags and 


monitored using an array of fixed-site receivers as they migrate upstream passed Lower 


Monumental, Little Goose and Lower Granite dams to evaluate effects of water temperatures and 


spill operations on passage.  Sockeye salmon would be monitored as they continue to the 


Sawtooth Basin (see Objective 2).  Temperature profiles from recovered fish will be compared to 


records from in-river monitors to determine the relationship between migration success and 


temperature exposures.  Based on the number of PIT-tagged juvenile salmon released and past 


return rates we can estimate the number of adult sockeye salmon that will return to the Columbia 


River and how many of those fish can be collected and outfitted with radio transmitters and will 


ultimately reach the Snake River.  


 


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 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 conditions 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 (Objective 2), which suggests an ideal sample size of at least 


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 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 2012 would yield 


approximately 200 radio-tagged individuals from a run of about 2,000 returning adults.  We feel 


this would be a sufficient sample size 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).    


 


In 2010, about 75% of Snake River sockeye salmon with PIT tags detected at Bonneville 


Dam were also detected passing Lower Granite.  Thus to attain 200 fish to the lower Snake River 


we would need to collect at tag approximately 270 fish at Bonneville Dam.  If 2012 return rates 


are similar to 2011, we would anticipate over 500 Snake River PIT-tagged sockeye salmon 


returning to Bonneville Dam during 2012 of which 55 to 60% would use the Washington-shore 


fishway and be available for collection at the Adult Fish Facility (AFF) at Bonneville Dam.  It is 


not likely that every fish from this sample space can be collected at the AFF nor is it likely that 


such an intensive sampling effort would be possible given current trapping guidelines to limit 


effects on the run at large and non-target fish.  Alternate options for attaining the desired sample 


for this work include splitting the tagging and tracking effort between two years at Bonneville 


Dam, splitting the tagging between Bonneville and Ice Harbor dams, tagging all fish at Ice 







Harbor Dam or tagging all fish at Lower Granite Dam and transporting them for release 


downstream of Little Goose Dam.  Each option has benefits and drawbacks.  Tagging all fish at 


Bonneville Dam between years allows monitoring of the entire hydrosystem.  Tagging all the 


fish at Ice Harbor Dam simplifies the collection process in that almost all fish collected can be 


assumed to be Snake River fish (no sorting by PIT tags, etc.).  Tagging exclusively at Ice Harbor 


Dam will not allow monitoring at the lower Columbia River reaches and the trap has potential 


handling effects for target and non-target species.  Likewise, transporting tagged fish from 


Lower Granite Dam could produce undesirable stress-related handling effects.  The preferred 


option for 2012 from a biological and scientific standpoint is to collect and tag a sample of 


sockeye salmon, up to half needed for the described project (n = 125), at Bonneville Dam 


and to augment those numbers from fish collected and tagged at Ice Harbor Dam.  If fish 


are not tagged at Ice Harbor Dam (all fish tagged at Bonneville Dam), the study will need to be 


split between multiple years to attain the necessary sample size.  Having multiple study years has 


the obvious benefit of potentially exposing fish to a wider range of migration conditions and 


increasing the real-world applicability of the study results.  The actual number of fish collected 


and outfitted with transmitters will need to be approved in discussions with managers and will be 


dependent on observed numbers returning.  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. 


 


Comparable sample sizes would be required to adequately evaluate passage conditions 


for Chinook salmon for the proposed objectives.  Temperature conditions have the greatest 


potential to influence summer and fall-run Chinook salmon in the lower Snake River (Figure 3).  


Spill at Little Goose Dam occurs primarily during the spring and summer Chinook salmon runs 


(Figure 4).  We recommend a sample size of 300 spring and summer Chinook salmon (combined 


for analyses) and 200 fall Chinook salmon. Because a relatively high proportion of salmon are 


harvested in the lower river, it will be most expedient to collect these study animals at Ice Harbor 


Dam.  Fewer fish will be needed to be tagged and it will allow us to better target study conditions 


of interest.  For example, 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 fall Chinook salmon as soon as water temperatures allow safe handling of fish after 


the summer peak.  


 


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


adult fish facility (AFF) at Bonneville Dam (rkm 235) and trap at Ice Harbor Dam (rkm 538).  At 


Bonneville Dam, fish will be selected using the sort-by-code procedure using PIT tag codes they 


received as juveniles.  Fish moving through the Washington-shore ladder will be diverted to the 


bypass ladder and into the AFF facilities where they pass through PIT tag detectors linked to the 


PTAGIS sort-by-code computers.  Identified Snake River salmon will be manually diverted to 


the anesthetic tank.  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  







    


 
Figure 3.  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 4.  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). 
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transmitter will be inserted to the stomach through the mouth.  Transmitters (16 mm x 45 mm, 


approximately 16 g in air).  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 


will then be transferred to a recovery pen from which they can volitionally return to the fishway 


and resume their upstream migration. 


 


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 5).  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.  Anesthetized fish are tagged as 


described above with the addition that a PIT tag is inserted to the pelvic girdle using a 


hypodermic needle if one is not already present.  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 is raised out of the water when not in use.   


 


 


 


 
 


Figure 5. 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).   







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


upstream through the lower Snake River using a network of fixed-receiver sites.  The focus for 


this objective will be Lower Monumental, Little Goose and Lower Granite dams but additional 


sites will be located in the tailraces and tops of ladders at McNary and Ice Harbor dams to track 


the progression of fish as they move upstream.  At Lower Monumental, Little Goose and Lower 


Granite dams, receivers and antennas will also 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 locate fishway entrances, particularly inside and along the powerhouse collection 


channel and north shore entrance.  Telemetry coverage upstream of Lower Granite Dam is 


described in Objective 2.  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. 


 


1a. Evaluate behavior, passage success and survival at Lower Monumental, Little 


Goose, and Lower Granite dams relative to new spill patterns.   
 


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 brief periods when spill was 


increased during periods of high flow (up to 200 kcfs) in the Snake River.  


 


In 2012, a new alternate 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 passage behavior associated with spill 


operations using a Removable Spillway Weir (RSW)s at Lower Monumental and Lower Granite 


Dams will also be evaluated. 


 


Gauging the effect of spill pattern on sockeye salmon passage will be challenging 


because no previous information is available for comparison.  Using passage time metrics 


described below for Objective 1b, we propose to evaluate general passage behavior and success 


for radio-tagged adult sockeye salmon at Lower Monumental, 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.  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 sockeye 


salmon will be compared to that for Chinook salmon during the current year as well as the 


uniform spill which was associated with the best passage performance in 2008 (Jepson et al. 


2009).  Similar analysis will be conducted for spring/summer Chinook salmon and compared to 


results from the 2008 study.   


 


1b. Evaluate effects of water temperatures and temperature differentials in fishways on 


passage behavior, success and survival for Chinook and sockeye salmon, with 


emphasis at Lower Granite Dam.   


 


The primary objective for this objective 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.   


 


Data Analyses.—Telemetry records will be used to calculate the following passage 


times: 


- Reach travel times (top of ladder to upstream tailrace), McNary to Lower Granite dams. 


- Total dam passage time (tailrace to top of ladder) McNary to Lower Granite Dam. 


- Dam segment times at Lower Monumental, Little Goose and Lower Granite dams (other 


dams can be added): 


 - 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).  



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 moving down fishways 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.   


 


Objective 2.  Estimate the survival probability of adult Snake River sockeye salmon migrating 


in-river from Lower Granite Dam to spawning.  


 


2a. Using telemetry and PIT tag records estimate migration success and temperature 


exposures for Snake River Sockeye Salmon between Bonneville and Lower Granite 


dams. 


 


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.  So far in 2011, over 400 Snake River sockeye 


salmon with PIT tags have been detected at Bonneville Dam.  In 2012, we anticipate a similar 


return and we propose that at least 135 of those would be outfitted with radio transmitters (See 


Objective 1).  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.  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.  For radio tagged fish, proposed telemetry coverage will provide points of 


detection at the four lower Snake River dams so more detailed analyses will be possible for this 


subset of migrants up to Lower Granite Dam.  We will also compare radio tagged and PIT tagged 


fish as a means to assess potential effects of handling and tagging fish at Bonneville Dam. 


 


 







2b. Using telemetry and PIT tag records evaluate migration success between Lower 


Granite Dam and Sawtooth basin and correlate with environmental and biological 


conditions. 


 


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 6).  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 7).  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 6.  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 


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.   
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Figure 7.  Temperature monitoring stations proposed for use in 2011.  Source: D. Issak, 


RMRS USFS. 


 


 


 


Objective 3.  Use existing telemetry and PIT records to assess the potential contribution of 


fallback and overwintering (steelhead) behaviors to bias count conversions rates for 


adult salmon and steelhead at Lower Snake River dams.    


 


PIT-tag records for returning adult salmon and steelhead are available from 2002 at 


McNary Dam and from 2003 at Ice Harbor and Lower Granite dams.  Data from some level 


monitoring radio-tagged adults exist from 1996 through 2008, except 1999, although sample 


sizes for the latter years are small.  Most information is available for spring and summer Chinook 


salmon with fewer years for steelhead and fall Chinook salmon.  Although this information has 


been analyzed and reported on, including analyses of potential effects of fallback on count bias 


(Boggs et al. 2004) and overwintering behavior for steelhead (Keefer et al. 2008b).  We propose 


to make a meta-analysis of the available PIT and telemetry information from the Snake River.  


We will primarily be looking for patterns in fish movements that would potential lead to count 


bias and correlate those to archived count data to provide the most likely sources for, and degree 


of, count bias.     


 


 







D.  Facilities and Equipment  
 


Salmon would be collected and tagged at Bonneville or Ice Harbor 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.    


 


 


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 and Bonneville dams 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 Bonneville 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,  


S. Bradbury (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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ANADROMOUS FISH EVALUATION PROGRAM 
FY-2012 Detailed Statement of Work 


 
 


AVS-W-03-1 Inland Avian Predation Management 
 


 
1. Project Title:  Evaluate the Impacts of Avian Predation on Salmonid Smolts from the 


Columbia and Snake Rivers  
 


2. Study Code: AVS-W-03-01 
 


3. Duration:  March 2012 – March 2013 
 
a. This is a revision the previously submitted multi-year proposal for research, 


monitoring, and evaluation of inland avian predation on juvenile salmonids 
during CY 2009 (Base Year) and CY 2010-2012 (Option Years 1-3). 


b. The Corps proposes to modify tasks slated for CY12, to account for changes 
in regional priorities outlined in the AFEP 2012 Research Summary for inland 
avian predation. 


c. Duration of the study will occur between March 2012 – March 2013 with a 
final report on the results of the 2012 research and monitoring year delivered 
in March 2013   


 
 


4. Purpose and Scope of Current Research:   
 


This proposal is part of an on-going effort to (1) investigate the impacts of piscivorous 
colonial waterbirds (i.e., Caspian terns [Hydroprogne caspia], double-crested cormorants 
[Phalacrocorax auritus], American white pelicans [Pelecanus erythrorhyncus], and 
various gull species [Larus spp.]) on the survival of juvenile salmonids from the 
Columbia River Basin and (2) assist resource managers in developing avian predation 
management initiatives that are science-based, defensible, cost-effective, and have a high 
probability of success. The objectives and tasks proposed here specifically address the 
data needs identified in regional planning documents (2008 FCRPS BiOp, RPA’s 47 and 
68) with the intent of gathering information needed to complete the NEPA analysis 
required to manage avian predation.  The primary goals of this study in 2012 are to (1) 
estimate stock-specific predation rates by selected avian predator populations through 
PIT-tag recovery (2) determine the number, distribution, habitat use, and inter-colony 
movements of Caspian terns and double-crested cormorants breeding on the mid-
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Columbia River (from Bonneville Dam to the head of the impoundment created by 
McNary Dam and the lower Snake River, as covered by the FCRPS hydrosystem), (3) 
conduct analyses needed to proceed with management of Caspian terns and double-
crested cormorants nesting on the Columbia Plateau; including assessment of where 
breeding piscivorous birds displaced from colonies in the Columbia Plateau region might 
recruit back into the breeding population.  


 
 


5. Project Background: 
 
A system-wide assessment of avian predation using the available data suggests that the 
most significant impact of avian predation on the survival of juvenile salmonids occurs in 
the Columbia River estuary, followed by predation in McNary Pool (Collis et al. 2001; 
Roby 2011) and Potholes Reservoir (Roby 2011), both on the Columbia Plateau.  
Although the overall annual consumption of juvenile salmonids by avian predators is an 
order of magnitude greater at bird colonies in the Columbia River estuary compared to 
colonies on the Columbia Plateau (ca. 10 million versus ca. 1 million, respectively), 
predation rates on some in-river populations, particularly steelhead from the Snake and 
Upper Columbia DPSs, are as high or higher on the Columbia Plateau as in the estuary 
(Ryan et al. 2003; Antolos et al. 2005; Evans et al. 2011).   
 
Caspian terns and double-crested cormorants are the two species of piscivorous 
waterbirds responsible for the vast majority of losses of salmonid smolts to avian 
predators in the Columbia River basin (Collis et al. 2002; BRNW 2004; Roby et al. 
2005). The Caspian tern colony on Crescent Island (Rkm 510), just below the confluence 
of the Snake and Columbia rivers, is one of the largest on the Columbia Plateau at about 
375 breeding pairs (Adkins et al. 2011).  Also near the confluence, Foundation Island 
(river km 519) is home to the largest double-crested cormorant colony on the mid-
Columbia River at somewhat more than 300 breeding pairs (Adkins et al. 2011).  Annual 
smolt consumption by the Crescent Island tern colony has ranged from 330,000 to 
500,000 smolts during 2004-2009 (Lyons et al. 2011). Annual smolt consumption by the 
Foundation Island cormorant colony has ranged from 470,000 to 880,000 smolts during 
2004-2009 (Lyons et al. 2011).  While colony sizes for Crescent Island terns and 
Foundation Island cormorants have remained fairly stable in recent years, the Goose 
Island (Potholes Reservoir) Caspian tern colony, located ~ 35 km east of the Columbia 
River, has grown since 2007 to nearly 400 breeding pairs, and was the largest colony of 
Caspian terns on the Columbia Plateau in 2009 (BRNW 2010).  PIT tag recoveries on the 
Potholes tern colony indicated that over 10.0% of Upper Columbia steelhead passing 
Rock Island Dam during 2007 to 2009 were consumed by Caspian terns nesting at this 
one colony (Evans et al. 2011).  
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While the nesting habitat for Caspian terns on the Columbia Plateau seems limiting, this 
does not seem to be the case for double-crested cormorants.  The prospects for further 
growth in numbers of double-crested cormorants nesting along the mid-Columbia and 
lower Snake rivers are good given the wide variety of nesting habitats available to 
cormorants on the Columbia Plateau.  Double-crested cormorants commonly nest in trees, 
on navigational structures, on bridges, and on the ground on islands, both on bare 
substrate and amidst vegetation. Furthermore, unlike terns, which migrate out of the 
region following the breeding season, hundreds of cormorants over-winter along the mid-
Columbia River and lower Snake River (Cramer et al. 2011).  Based on all this, plus the 
much higher per capita food requirements of double-crested cormorants compared to 
Caspian terns, the impact of cormorant predation on smolt survival could eclipse that of 
tern predation in the region, as has already occurred in the Columbia River estuary 
(BRNW 2010).  


   
A number of large breeding colonies of other piscivorous waterbirds (i.e., California gulls 
[Larus californicus], ring-billed gulls [L. delawarensis], and American white pelicans) 
currently exist along the mid-Columbia River (Adkins et al. 2011).  Previous research 
(Collis et al. 2002; Evans et al. 2011) indicates that smolt losses to gulls and pelicans on 
the Columbia Plateau are significantly less than those caused by Caspian terns and 
double-crested cormorants nesting on the lower and mid-Columbia River.  Recent data, 
however, suggest that gull and white pelican predation on juvenile salmonids may be 
increasing, potentially reaching levels that are of concern to fisheries managers. Colonies 
of greatest concern include the American white pelican colony on Badger Island (Rkm 
511), which has increased seven-fold from 2001-2009 to more than 1,700 adults, and the 
California gull colony on Miller Rocks (Rkm 333), which has also increased in size and 
where nesting adults have been found to prey on juvenile salmonids passing John Day 
Dam (Rkm 347; Zorich et al. 2010; Evans et al. 2011).   


 
As part of this proposed study OSU will assess the inter-colony movements of banded 
Caspian terns to determine how tern management in the Columbia River estuary and 
elsewhere affects the distribution, numbers, and smolt predation rates of Caspian terns on 
the Columbia Plateau.  These data are crucial in order to confirm that increases in smolt 
survival associated with piscivorous waterbird management in the estuary are not offset 
by increased ESU-specific avian predation rates along the mid-Columbia and lower 
Snake rivers.  


 
Beginning in 2009, the Action Agencies have been tasked with developing avian 
predation management plans for inland piscivorous waterbird populations (RPA 47 of the 
FCRPS BiOp), similar to plans for avian predation management in the Columbia River 
estuary (RPA 45 and RPA 46). The Action Agencies have also been tasked with the 
continued monitoring of avian predator populations, including the evaluation of their 
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impacts on out-migrating juvenile salmonids (RPA 68).  The research, monitoring, and 
evaluation objectives proposed here are specifically designed to achieve these goals in the 
coming years.  


 
 
 


6. Proposed Objectives and Methods: 
 
Objective 1:  Monitor and evaluate predation on salmonid smolts by Caspian terns 
on the Columbia Plateau.     


 
Task 1.1  Determine the size and productivity of Caspian tern colonies at Crescent Island 
(McNary Reservoir) and the Blalock Islands (John Day Reservoir). 


 
OSU will determine weekly peak colony size of the Caspian tern colony on Crescent 
Island in McNary reservoir.  Direct counts of adult terns on-colony will be conducted at 
the minimum rate necessary to estimate peak colony size in 2012.  Nesting success (i.e., 
productivity) at Crescent Island will also be measured using ground counts of young terns 
near fledging age.  Direct counts of active tern nests and young will be made from an 
observation blind located at the periphery of the colony.  Visitation schedules will be 
restricted to allow determination of colony size and annual productivity, as estimated by 
weekly counts of nesting adults and young. 


 
Task 1.2 Determine species and stock-specific (where feasible) predation rates on 
juvenile salmonids from the Snake and Columbia rivers by Caspian terns nesting on 
Crescent Island and the Blalock Islands.   


 
Predation rates on Snake River, Middle Columbia River, and Upper Columbia River 
salmonids by Caspian terns nesting on Crescent and Blalock islands will be determined 
using salmonid smolt PIT tags recovered on-colony after the nesting season. Predation 
rate calculations will be based on the methods of Evans et al. (2011). The recovery of 
smolt PIT tags on each colony will be compared to the number of PIT-tagged fish 
detected passing Lower Monumental Dam (Snake River), Rock Island Dam (upper 
Columbia River), and McNary Dam (Columbia River; for the Blalock tern colony) to 
estimate minimum predation rates and to evaluate the relative susceptibility of various 
salmonid species, stocks, run-types, and rearing-types to tern predation.  Predation rate 
estimates will be adjusted to account for on-colony detection efficiency and bounded by 
95% confidence intervals (when sample sizes allow).  


 
PIT tags will be sown on tern colonies during the nesting season in order to calculate on-
colony detection efficiencies following established protocols (Evans et al. 2011).  
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Detection efficiency estimates will be calculated relative to several discrete sowing dates, 
thereby describing both temporal and spatial variation in detection efficiency. 


 
OSU will assess the diet composition of Caspian terns nesting on Crescent Island, if 
possible.  Collection of diet composition data will be limited in scope and conducted only 
at the Crescent Island colony during trips to the island in conjunction with other tasks and 
will not significantly add to project costs.   
 
Task 1.3 Assess inter-colony movements and survival of Caspian terns within the 
Columbia River Basin. 


 
OSU will re-sight banded terns to study inter-colony movement, dispersal patterns, and 
recruitment of terns formerly banded at colonies on or near the mid-Columbia River and 
along the coast.  Color band identification and enumeration will be conducted during trips 
to Crescent Island and the Blalock Islands as part of Task 1.1.  Cohorts of fledgling 
Caspian terns on Crescent Island will be banded with field readable leg bands in order to 
collect information on sub-adult survival and dispersal, and to maintain sample sizes of 
banded terns in the region for future research and monitoring efforts.  
 
Task 1.4 Detect the formation of new Caspian tern colonies on the Columbia Plateau. 


 
OSU shall conduct aerial surveys to determine the distribution of new Caspian tern 
colonies along the mid-Columbia River (from Bonneville Dam to the head of Wanapum 
Pool) and on the lower Snake River (from the mouth of the Clearwater River to the 
confluence with the Columbia River), as well as at sites off the Columbia and Snake 
rivers that are within tern foraging range (80 km) of the Columbia River FCRPS 
hydrosystem (e.g., Potholes Reservoir, Banks Lake, Sprague Lake). Aerial surveys will be 
conducted during the incubation period to determine use and total area occupied by terns. 


 
Aerial survey flights will be coordinated with BPA to ensure there is no duplication of 
effort.  The intent of this task is to provide periodic (monthly) monitoring of any new 
colonies to determine colony size, habitat use, and inter-colony movements. 
 
Objective 2:  Monitor and evaluate predation on salmonid smolts by double-crested 
cormorants on the Columbia Plateau. 
 
Task 2.1  Determine the size and productivity of the double-crested cormorant colonies 
on Foundation Island (McNary Reservoir). 
 
Direct counts of cormorants will be conducted at the minimum rate necessary to estimate 
the peak Foundation Island colony size in 2012.  Counts from the river will be used to 
determine the size of the Foundation Island colony (aerial photography is not feasible due 
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to arboreal nesting of cormorants on Foundation Island).  A sub-sample of nests visible 
from an observation blind located at the periphery of the colony will be used to determine 
nesting success (i.e., productivity).  Nesting success will be compared with previous years 
and among colony sites.  Counts of breeding adults will be compared with previous years 
and among cormorant colonies.   
Task 2.2  Determine species and stock-specific (where feasible) predation rates on 
juvenile salmonids from the Snake and Columbia rivers by double-crested cormorants 
nesting on Foundation Island.   


 
The same methods and analytical approach used to determine species and stock-specific 
predation rates on PIT-tagged salmonids by Caspian terns (see Task 1.2) will be used for 
double-crested cormorants nesting on Foundation Island.  Predation rate estimates will be 
used to evaluate the relative susceptibility of various salmonid species, stocks, run-types, 
and rear-types to predation by cormorants.  Predation rates will be bounded by 95% 
confidence intervals (where sample sizes permit).    
 
Task 2.3 Assess inter-colony movements and survival of double-crested cormorants 
within the Columbia River basin. 
 
Color band identification and enumeration data will be collected, as feasible during 
completion of other tasks, for the purposes of determining dispersal patterns from the 
Columbia River estuary and recruitment to the Columbia Plateau region. The purpose is 
to evaluate to what extent cormorants from the Columbia River estuary are relocating to 
colonies on the Columbia Plateau, an unintended outcome of bird management in the 
estuary.  Because no cormorants have been marked, banded, or radio-tagged at Columbia 
Plateau colonies, data regarding inter-colony movements and dispersal patterns is limited 
to observations of banded and radio-tagged birds recruited from outside the Columbia 
Plateau.   
 
Task 2.4 Detect the formation of other double-crested cormorant colonies on the 
Columbia Plateau.  


 
OSU shall conduct aerial surveys to determine the distribution of double-crested 
cormorant colonies along the mid-Columbia River (from Bonneville Dam to the head of 
Wanapum Pool) and on the lower Snake River (from the mouth of the Clearwater River 
to the confluence with the Columbia River), as well as at sites off the Columbia and 
Snake rivers that are within cormorant foraging range (60 km) of the Columbia River 
FCRPS hydrosystem (e.g., Potholes Reservoir, Banks Lake, Sprague Lake).  
 
Once an active colony has been identified, OSU will periodically monitor the colony to 
validate aerial imagery.  Field site visits will be limited to the minimum necessary to 
determine peak colony size, habitat use, productivity, and provide comparisons to 
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previous years, where applicable.  As part of this task, this will include periodic and 
limited monitoring of colonies at North Potholes Reservoir and Harper Island (Sprague 
Lake); two colonies more intensely monitored in previous years as part of task 2.1.  The 
main purpose of this task in is to evaluate to what extent cormorants from the Columbia 
River estuary are relocating to colonies on the Columbia Plateau, an unintended outcome 
of bird management in the estuary.   
 
Task 2.5 Determine the number, distribution, and habitat use of double-crested 
cormorants foraging in McNary Reservoir during the breeding season (April-July).  


 
OSU will continue the vessel-based survey protocol initiated in 2011 to determine the 
number, distribution, and habitat use of double-crested cormorants in the McNary 
Reservoir.  Survey efforts will focus on determining the number and spatial distribution 
of double-crested cormorants foraging, loafing, and roosting in the McNary Reservoir 
during the breeding season (April-July). A main component of this task in 2012 is to 
evaluate if, and to what extent, cormorants from the Columbia River estuary may be 
relocating to colonies on the Columbia Plateau, an unintended outcome of bird 
management in the estuary.   


 
Anecdotal evidence suggests that cormorants from the Foundation Island colony may be 
expanding their foraging distribution and increasing their foraging densities along the 
McNary Reservoir shoreline and up to Ice Harbor Dam. The geographic zone for this task 
is from RM 314 below the confluence of the Walla Walla River to River Mile 10 at Ice 
Harbor Dam on the Snake River and to River Mile 344 in the vicinity of the Port of 
Benton on the Columbia River.  Survey efforts will include mapping of suitable nesting, 
perching, and roosting habitat; weekly population numbers by location or reach 
designation; habitat use or visitation; and distribution of double-crested cormorants as 
well as other piscivorous colonial waterbirds (as observed).   
 
To document off-colony smolt losses due to cormorant predation, in-season PIT tag 
scanning will be conducted at areas where large numbers or high densities of cormorants 
are observed loafing or roosting during the boat surveys.   
 
Objective 3:  Monitor and evaluate predation on salmonid smolts by other 
piscivorous colonial waterbirds on the Columbia Plateau.  This objective is limited 
in scale and there shall not be a significant incremental cost associated with this 
objective because these data will be collected while collecting similar data outlined 
in objectives 1 and 2. 
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Task 3.1  Determine the relative abundance of gulls breeding on Crescent Island 
(McNary Reservoir), and on Miller Rocks (just up-river of Miller Island in The Dalles 
Reservoir), and American white pelicans nesting at Badger Island (McNary Reservoir). 


 
Aerial photography of each colony will be taken late in the incubation period to determine 
habitat use and total area occupied by nesting adults.  Photography of gull and pelican 
colonies will be taken in concert with photography of tern and cormorant colonies, and in 
conjunction with BPA efforts, to minimize duplication of effort.  Minimal site visits will 
be conducted to estimate peak colony size and to compare any change from previous 
years. Field observations of Badger Island will only occur via boat since WDFW restricts 
access to avoid disturbance to the American white pelican colony.  This objective is 
limited in scale and there shall not be a significant incremental cost associated with this 
objective because these data will be collected while collecting similar data outlined in 
objectives 1 and 2. 


 
Task 3.2  Determine species and stock-specific (where feasible) predation rates on 
juvenile salmonids from the Snake and Columbia rivers by gulls nesting on Crescent 
Island and Miller Rocks, and by American white pelicans nesting on Badger Island.   


 
Predation rate estimates from each colony will be used to evaluate relative susceptibility 
of various salmonid species, stocks, run-types, and rearing types to bird predation. The 
same methodology and analytical approaches used to determine species and stock-
specific predation rates on PIT-tagged salmonids by Caspian terns on Crescent Island (see 
Task 1.2) and double-crested cormorants on Foundation Island (see Task 2.2) will be used 
for gull and pelican colonies on the Columbia Plateau.  


 
Because Caspian terns tend to nest amongst gull colonies (e.g., the Crescent Island gull 
and tern colony), it is important to retrieve PIT tags from current or potential future tern 
nesting sites where management actions may occur as part of the inland avian predation 
management plan.  Because this task is limited in scale and will be carried out while 
collecting similar data as outlined in objectives 1 and 2, there shall not be a significant 
incremental cost associated with this objective.  


 
 
Objective 4.  Conduct analyses needed to proceed with management of Caspian 
terns and double-crested cormorants nesting on the Columbia Plateau. 
 
Task 4.1  Identify and characterize the most likely alternative colony sites where Caspian  
terns and double-crested cormorants displaced from colonies on the Columbia Plateau 
might recruit to or colonize new or historically abandoned breeding sites. 


 







 9 


It is anticipated that nesting terns and cormorants that are displaced from Crescent, 
Goose, and/or Foundation islands will attempt to relocate to alternative nesting sites both 
inside and outside the Columbia River basin.  As part of this task, OSU will identify 
existing or former cormorant and tern colony sites in coastal British Columbia, 
Washington, Oregon, California, and Idaho where emigrants from inland colonies on the 
Columbia Plateau might relocate.  In the case of Caspian terns, OSU will also identify 
gull colonies, as these are often where Caspian terns attempt to form new colonies. In the 
case of cormorants, OSU will also identify great blue heron rookeries, as these are often 
where cormorants attempt to form new colonies.  The work proposed here will be 
important in identifying areas of concern and areas where juvenile salmonids or other 
ESA-listed fishes would be very rare or absent from the diet of displaced birds.  OSU is 
currently working on identifying and characterizing potential cormorant nesting sites 
outside of the Columbia Plateau in FY11, for the Corps of Engineers - Portland District 
and will therefore reduce the overall effort required within this task to some degree. 


 
This task is analogous to the analysis that the U.S. Fish and Wildlife Service conducted to 
assess potential alternative colony sites in the Pacific Coast Region for Caspian terns 
nesting at East Sand Island (prior to the Draft EIS); however, this task will be tailored 
specifically to Caspian terns and double-crested cormorants potentially displaced from 
colonies on the Columbia Plateau and be a significant enhancement over that effort due to 
newly available information.  OSU’s ongoing efforts makes them a suitable candidate for 
this analysis as they have data on (1) inter-annual movements of Caspian terns throughout 
the region based on observations of uniquely banded terns, (2) connectivity of regional 
cormorant colonies based on post-breeding behavior of satellite-tagged cormorants 
(summarized in Adkins et al. 2010), (3) connectivity of cormorant colonies based on 
genetic relatedness of cormorants from colonies across the region (Mercer 2008), and (4) 
an updated catalog of current and past cormorant colony sites within the region (Adkins et 
al. 2010). 


 
Task 4.2  Build a geospatial database showing the size, distribution, and habitat use of 
Caspian tern and double-crested cormorant colonies in the Columbia River Plateau 
region.  


 
Bird and fish data compiled and analyzed by this project (2004-2011) will be integrated 
into one coherent database, which will yield a powerful tool to help facilitate further 
study and management of fish-eating colonial waterbird populations in the Columbia 
Plateau region and elsewhere. A wealth of data exists on double-crested cormorant and 
Caspian tern colony distribution, colony size, and nesting habitat use from previous 
studies.  Data regarding diet composition and impacts on salmonid smolt survival are also 
available and germane to this task. OSU will expand the comprehensive geospatial 
database being built for the Corps of Engineers - Portland District of existing GIS, 
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tabular, and manuscript-based data to include information relating to inland breeding 
colonies of Caspian terns and double-crested cormorants.  The resulting Avian Geospatial 
Database (AGSDB) will be made available to regional fisheries and wildlife managers 
and technical staff for three core purposes:  (1) to visualize the complex spatial 
relationships between avian predators and salmonids smolts within the Basin, (2) to 
develop and test potential management strategies, and (3) to monitor the effects of 
management efforts immediately following implementation.   Several components of this 
database already exist as part of related RM&E efforts and as such should reduce the 
effort required by OSU to complete this task.  Any maintenance or modification to this 
database in future years will be a part of other RM&E efforts (i.e., implementation of the 
Caspian tern FEIS and future double-crested cormorant management). 


 
Task 4.3 Evaluate how avian predation on juvenile salmonids effects adult return rates 
(SARs) using PIT-tagged salmonids and avian predation data collected as part of the 
multi-year Steelhead Vulnerability Study (2007-2011).   


 
OSU will use existing PIT tag data acquired from UCR and SR steelhead tagged as part 
of the USACE-funded Avian Predation Study during 2007-2011 to investigate additive 
versus compensatory smolt mortality due to avian predation and to attempt to quantify the 
relationship between smolt mortality due to avian predation and adult return rates in the 
Columbia River.  More specifically, the following questions will be addressed as part of 
this task: 


• Evaluate whether reductions in predation on smolts by birds from a 
particular colony are compensated for by birds from other, downstream 
colonies 


• Evaluate whether salmonid survival – both smolt and adult survival – is 
associated with avian predation rates (i.e., does avian predation influence 
adult returns) 


• Which piscivorous waterbird colonies pose the greatest risk to salmonid 
population growth rates, based on adult returns 


 
A key question in avian predator management is whether mortality due to predation 
significantly influences salmonid population growth rates (λ).  The additive mortality 
hypothesis predicts that increases in predation will result in reduced fish recruitment. The 
compensatory mortality hypothesis predicts that recruitment is not related to predation, as 
increases in other mortality factors (e.g., disease, starvation, other predators, etc.) will 
compensate for any reductions in mortality due to predation.   


 
In addition to addressing questions about bird predation and fish survival, other relevant 
management questions can also be addressed as part of this task.  For example, OSU can 
evaluate how smolt condition, size, migration timing, out-migration history, and other 
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factors are associated with adult returns.  Methods similar to Sedinger et al. (2010), 
Sandercock et al. (2011), and Hostetter et al. (in press) will be used to address these and 
other management related questions.  Results from this analysis will support and 
supplement results from OSU’s ‘Benefits Analysis’ by providing data on the influence of 
avian predation on adult salmonid returns from an empirical dataset.  The benefits 
analysis, which is focused on juvenile salmonid data and uses hypothetical levels of 
compensatory versus additive mortality, is scheduled to be completed in September of 
2011   


  
This analytical task will be evaluated using existing sources of PIT tag data acquired from 
juvenile steelhead tagged as part of the USACE-funded Avian Predation Study during 
2007-2011 (n = 55,455 PIT-tagged steelhead).  Steelhead from both the Snake River DPS 
(n = 25,959) and the Upper Columbia River DPS (n = 29,496) are available for this 
analysis.  Detailed information on the size, external condition (including high resolution 
photography), origin, migration history (survival, passage routes, and timing), and other 
information have been collected from these fish.  To date, 705 or 1.3% of the smolts 
tagged as part of this study have returned to Bonneville Dam as adults and we anticipate 
upwards of 1,000 or 1.8% will return by the fall of 2012 (UCR and SR stocks combined). 
If this proposed analytical approach for steelhead is successful, similar techniques may be 
applicable to other ESA-listed species (Chinook, coho, and sockeye) and stocks.   


 
 


Objective 5: Assess the effects of deterrent strategies at Goose Island on Caspian tern 
predation of Upper Columbia steelhead. BOR will develop and implement a deterrent 
plan in 2012 if an EA is completed in time. BOR will work with OSU and the IAPWG to 
develop a monitoring plan to be funded by BOR through this agreement. 
 
BOR will provide an update at the October 25th meeting and solicit input at that time.   
 
As a note, PIT-tagging and condition sampling of run-of-the-river steelhead smolts 
encountered at the juvenile fish facility at Rock Island Dam (RIS) may be conducted 
depending on the actions BOR proposes for implementation at Goose Island in 2012. The 
primary intent of tagging of steelhead at RIS is to assess predation rates on Upper 
Columbia River steelhead and potential management strategies aimed at reducing 
predation on this ESA-listed ESU.    
 
If the tagging and collection of condition data from run-of-the-river steelhead smolts at 
RIS are deemed warranted as part of assessing potential predation reduction strategies, it 
would benefit additional programs.  This includes other Reclamation-sponsored 
programs, such as assessments of Winthrop National Fish Hatchery release programs, and 
Methow habitat project evaluations, both funded or at least partially funded by 
Reclamation under the FCRPS BiOp.  In addition, tagging of steelhead at RIS will allow 
a continuation of the Steelhead Vulnerability Study testing hypotheses concerning how 







 12 


differences in smolt morphology, condition, abundance, and river conditions are 
associated with differences in smolt susceptibility to avian predation. This data collection 
and analysis of steelhead smolt tagging at RIS will be used to better evaluate 
compensatory versus additive mortality from predation on smolts by terns nesting on 
Crescent, Goose, and Blalock islands. 
 
 
7. Facilities and Equipment 
 
Fieldwork will be focused along the Columbia River between The Dalles Dam and the 
head of McNary Dam pool, on the lower Snake River from the mouth of the Clearwater 
River to the confluence with the Columbia River, as well as at sites off the Columbia and 
Snake rivers that are within foraging range of the Columbia and Snake rivers (e.g., 
Potholes Reservoir, Banks Lake, Sprague Lake).  Two boats are used to access remote 
sites on the Columbia River as part of this project and are provided by OSU as part of this 
contract.  


 
OSU currently has a considerable amount of reusable field gear on hand as part of this 
project.  This includes plywood blinds for colony observations, optical equipment for 
colony observations, computers, PIT tag transceivers, and a wide variety of other 
miscellaneous field supplies.  OSU is capable of providing any laboratory facilities, if 
needed, for analysis of diet composition or piscivorous birds.  Additionally, there is 
considerable cost-share between this project and the RM&E of avian predation in the 
Columbia River estuary (e.g., East Sand Island) and elsewhere (e.g., avian colonies in 
interior Oregon and northern California).  Cost sharing is associated with personnel, 
equipment, and services that are jointly funded among the different projects/funding 
agencies (to achieve economies of scale). 
 
 
8. Impacts and relationship to other research projects 


 
Additional research activities relating to the impacts of piscivorous colonial waterbirds in 
the Columbia River basin and Pacific Northwest (for the Caspian tern FEIS) are funded 
by BPA and USACE – Portland District.  Oregon State University (OSU) is currently the 
primary principal investigator conducting research into the impacts of piscivorous 
colonial waterbirds in the estuary and PNW.  Through FY11, the NMFS has assisted in 
the detection of PIT tags on piscivorous bird colonies in the Columbia River estuary and 
the mid-Columbia River (primarily Crescent Island), utilizing their automated tractor 
recovery techniques with limited hand-scanning of colony peripheries.  Starting in FY12, 
it is proposed NMFS focus on juvenile salmonid PIT tag detection at tern and cormorant 
colonies in the Columbia River estuary utilizing their tractor recovery techniques, while 
OSU focuses on PIT tag recovery upstream of Bonneville utilizing hand-scanning and 
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other (e.g., recovery by magnets) techniques.  The NMFS, OSU, and RTR will continue 
to collaborate on PIT tag scanning of avian colonies in 2012.   
 
Activities associated with this project should not impact or otherwise interfere with other 
Corps or BPA activities in the region.  No special project operations or changes to the 
Corps’ annual Fish Passage Plan are necessary to complete objectives as currently 
proposed herein. 


 
 


9. Biological Effects 
 
This research requires permitting from the U.S. Fish and Wildlife Service and the 
Washington Department of Fish and Wildlife to access bird colonies and to handle live 
birds (e.g., bird banding).  The objectives proposed here should pose minimal risk to 
native wildlife and vegetation.  OSU has received the permits necessary to complete 
similar activities as proposed in this study/modification in the past.  It is anticipated that 
OSU will continue to receive the necessary permits for activities associated with this 
study.  However, if OSU is unable to receive the necessary permits for activities as 
outlined above, we will address any necessary modifications to the proposed objectives at 
that time. 
 
Activities associated with this project should not impact or otherwise interfere with other 
Corps or BPA activities in the region.  No special project operations are necessary to 
complete objectives as proposed herein. 
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PROJECT SUMMARY 
 


 


Annually, colonial nesting piscivorous birds prey upon millions of juvenile salmonids 


Oncorhynchus spp., many of which have been implanted with passive integrated transponders 


(PIT) tags, as they emigrate from the Columbia River Basin (Roby et al. 1998; Ryan et al. 2001).  


We propose to continue the sampling initiated in 1998 by using PIT-tag detection equipment 


(Ryan et al. 2001) to detect PIT-tag codes on piscivorous bird colonies in the Columbia River 


estuary and characterize prey selectivity by avian predators on juvenile salmonids.  PIT-tag 


detections in the estuary will be used to support of ongoing management actions to decrease 


consumption of juvenile salmonids by the Caspian tern Hydroprogne caspia and double-crested 


cormorant Phalacrocorax auritas in the Columbia River Basin.   


In 2012, we will work in collaboration with Oregon State University and Real Time 


Research to identify Caspian tern and double-crested cormorant colonies likely to affect 


populations of migrating juvenile salmonids.  Once the birds complete their nesting season and 


vacate the nesting sites, we will deploy electronic PIT-tag detection equipment on each colony 


and detect all logistically recoverable tag codes.  We will also collaborate with Oregon State 


University (OSU) and Real Time Research (RTR) biologists to evaluate sampling-gear detection 


efficiency for each site by planting PIT tags with known codes on the surface of the colonies 


before nesting begins and throughout the nesting season. 


While salmonids migrating upstream of Bonneville Dam are relatively well-represented with 


PIT tags, other than tagging efforts from this study, there is virtually no representation of PIT 


tags from lower Columbia River stocks.  This lack of tagging was apparent during the drafting of 


the Caspian tern Environmental Impact Statement (EIS) when attempts were made to evaluate 
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tern predation rates on the Lower Columbia River ESUs.  The EIS process is currently being 


repeated for double-crested cormorants nesting in the estuary, and the lower Columbia River 


ESU will once again require representation.  To provide these data, we propose to PIT-tag 


hatchery-reared subyearling fall Chinook salmon O. tshawytcha from the LCR.  We will 


collaborate with researchers from state and federal agencies to PIT-tag naturally-reared 


subyearling fall Chinook salmon originating from the Lewis River to document relative 


vulnerability of wild fish originating in the LCR.   


The goals of the study are to: 1) survey PIT tags from avian breeding colonies in the 


Columbia River basin once predatory birds have vacated for the season, with an emphasis on 


lower Columbia River and estuarine sites, to provide information for bird management activities 


and assess overall predation levels; 2) compare the vulnerabilities of fish of different species, 


rearing types, and migration and dam passage histories to avian predators; 3) compare the 


vulnerability of hatchery and wild runs of juvenile salmon released directly into the lower 


Columbia River and estuary to those emigrating from upstream of Bonneville Dam; and 4) 


evaluate post-release behavior of PIT-tagged LCR subyearling Chinook salmon released into the 


Columbia River estuary using acoustic telemetry. 


 


BACKGROUND 


 


 Rice Island, at river kilometer (rkm) 34, is a dredge-material-disposal island in the Columbia 


River estuary that has supported a colony of Caspian terns and double-crested cormorants since 


1987.  Approximately 8,000 breeding pairs of Caspian terns inhabited Rice Island annually and 
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consumed millions of juvenile salmonids from the Columbia River (Roby et al. 1998) until 2001.  


The large number of PIT-tagged juvenile salmonids released into the Columbia River basin (over 


1 million in 1999) led us to believe that a significant number of tags were being deposited on 


Rice Island bird colonies and were potentially detectable. 


 In 1998, National Oceanic and Atmospheric Administration (NOAA Fisheries) personnel 


modified PIT-tag equipment previously used in water (Ledgerwood et al. 1997) to detect PIT-tag 


codes on land from fish captured and consumed by piscivorous birds in the Columbia River 


Basin (Ryan et al. 2001).  The modified PIT-tag detection electronics were used, in collaboration 


with other researchers, to detect PIT-tag codes from 14 bird colonies on 10 islands in the 


mainstem Columbia River.  The colony locations ranged from East Sand Island near the mouth 


of the Columbia River to Island 18 (rkm 549) about 30 km upstream from the confluence of the 


Snake and Columbia Rivers.  Tag codes were also detected on cormorant nests located on 


channel markers in the estuary and Caspian tern colonies in the Potholes Reservoir, located on 


the Columbia Plateau.  To date, PIT-tag detection efforts resulted in the detection of greater than 


1 million unique tag codes, including codes dating back to 1987, the first year PIT tags were 


implanted into out-migrating juvenile salmonids in the Columbia River Basin (Prentice et al. 


1990).  


Concern over impacts on juvenile salmonids from the Caspian tern colony on Rice Island 


prompted managers to initiate a tern relocation experiment (Anonymous 1998) designed to 


relocate a portion of the colony farther downstream in the Columbia River estuary to East Sand 


Island (rkm 8) near sources of alternative prey in brackish water.  The relocation effort 


successfully attracted approximately 1,400 breeding pairs to East Sand Island in 1999 and 9,100 


breeding pairs in 2000 (Collis et al. 2000), leaving approximately 600 breeding pairs on Rice 
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Island.  Since 2001, all Caspian tern nesting activity in the Columbia River estuary has been on 


East Sand Island (BRN 2001). Since 2000, the primary PIT tag detection location in the 


Columbia River basin has been the East Sand Island tern colony (Ryan et al. 2003; Glabek et al. 


2003; Sebring et al. 2010a, 2010b). 


While we successfully detected large numbers of PIT tags from avian colonies and evaluated 


vulnerability (Collis et al. 2001; Ryan et al. 2001; Ryan et al. 2003), these vulnerabilities have 


only been available for juvenile salmonids emigrating upstream of Bonneville Dam because few 


have been PIT-tagged from streams that discharge directly into the Columbia River estuary 


(PSMFC 2010).  In 2001, we tagged 3,000-fish groups of juvenile spring and fall Chinook 


salmon and steelhead from estuary streams for comparison to those PIT-tagged fish emigrating 


from areas upstream of Bonneville Dam.  In the years since, we repeated and expanded this local 


tagging effort by increasing the numbers of Chinook and coho salmon released during the tern 


and cormorant nesting season (Sebring et al, In prep.).   


 


OBJECTIVES 


 


 


Objective 1-- Detect PIT tags from juvenile salmonid consumed by Caspian tern and 


double-crested cormorants and deposited on nesting colonies in the Columbia River basin. 
 


Previous tag detection efforts from 1998 to 2010 indicated that the primary locations of PIT 


tag deposition were on breeding colonies utilized by terns and cormorants (Ryan et al. 2001; 


Ryan et al. 2003; Sebring et al. 2010).  For this reason the primary tag detection locations in 


2012 will be tern and cormorant colonies in the Columbia River estuary.  We will also 


collaborate with researchers from Oregon State University (OSU) and Real Time Research 


(RTR) to detected tags on avian colonies located upstream of Bonneville Dam.  However, our 
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role upstream of Bonneville Dam will be limited.  The majority of PIT tags on the Crescent 


Island Caspian tern colony (i.e., ~90%) are collected prior to deployment of the tractor-towed 


flat-plate PIT-tag detector.  Therefore, our role for the colonies upstream of Bonneville Dam will 


be limited to providing support for data analysis and interpretation, allowing a holistic approach 


for data interpretation.   


The primary focus of PIT tag recovery in the CRB will be on East Sand Island to support the 


evaluation of Caspian tern and double-crested cormorant relocation efforts to reduce impacts on 


juvenile salmonids (USACE 2001).  PIT tags detected by OSU and RTR in McNary Dam 


reservoir will be used to identify areas that directly affect reach-specific survival.  Tag detections 


in this area will also be used by other researchers (Eppard et al. 2003) to aid in survival estimates 


through Snake River dams and McNary Dam, thus isolating areas of mortality not attributable to 


dam passage.  Additional locations will be sampled if they are identified as having the potential 


to produce PIT-tag detections as a result of avian predation.  Each site will be surveyed for PIT 


tags using established techniques (Ryan et al. 2001). 


 


Objective 2--Utilize PIT-tag detections on piscivorous bird colonies to evaluate the relative 


vulnerability of different salmonid ESUs and stocks to avian predation and support 


survival estimates for juvenile salmonids through various river reaches. 
 


Using the PIT-tag detections collected collaboratively under Objective 1, we will assess the 


relative vulnerability of juvenile salmonid ESUs along with species, rearing, migration, and dam-


passage histories to avian predators.  To date, these data have been used to evaluate the relative 


vulnerability of transported vs. river-run and hatchery vs. wild juvenile salmonids and the 


vulnerability of different species to piscivorous birds nesting in the Columbia River estuary 
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(Ryan et al. 2003).   These data have also been used to evaluate the impacts on specific ESUs 


when drafting the Caspian tern EIS (USFWS 2005).  We will also use these data to provide 


similar comparisons for colonies upstream of the estuary, along with an analysis of vulnerability 


based on bypass history.   


Objective 3--Compare the vulnerabilities of subyearling fall Chinook salmon released 


directly into the estuary to those detected at Bonneville Dam or barged around the Federal 


Columbia River Power System (FCRPS).  
 


Barging of Snake River Fall Chinook salmon around the FCRPS and releasing them 


downstream from Bonneville Dam avoids predation by birds in the Columbia River Plateau.  It is 


unclear, however, if transportation may affect the behavior of these juvenile salmonids.  Marsh et 


al. (2010) suggests a portion of transported Snake River Fall Chinook salmon rear in the lower 


river downstream of Bonneville Dam and resume their seaward migration the following spring.  


If these fish exhibit slow migration rates or overwinter in the estuary within foraging range of 


birds nesting on East Sand Island then vulnerability to predation would likely be greater than 


those of fish not exhibiting prolonged estuary residency behaviors.  PIT-tagging several groups 


of lower river fall Chinook salmon that will be released into the estuary will provide a 


comparison of vulnerability for both the barged and in-river migrating Snake River fall Chinook 


salmon.  This information will assist managers in making decisions about the effectiveness of 


barging Snake River fall Chinook salmon and what role avian predation plays relative to this 


practice. 


In addition, the vulnerability of lower Columbia River stocks is becoming increasingly 


important because of current efforts to relocate portions of the East Sand Island Caspian tern 


colony to other locations outside the Columbia River basin.  An EIS will most likely be required 







 


 


 


8 


for cormorants nesting on East Sand Island before any management actions are taken relative to 


this avian predator.  In this regard, PIT-tagged lower river salmonid groups will provide avian 


predation levels for the lower river ESU if managers are required to draft policy documents for 


the relocation of double-crested cormorants nesting on East Sand Island. 


Objective 4— Use acoustic telemetry to identify habitat use, dispersal rates, and residence 


time of subyearling fall Chinook salmon in the Columbia River estuary that may affect 


vulnerability to avian predation.   
 


In 2012, acoustic tags will be used to measure survival of juvenile salmon in the 


Columbia River basin.  Researchers will release acoustically-tagged salmonids, including 


yearling and subyearling Chinook salmon and steelhead into the mid-Columbia River.  We 


propose to supplement this effort by injecting acoustic-tags into hatchery-reared LCR 


subyearling fall Chinook salmon
1
 to identify behaviors exhibited by these fish upon entering the 


Columbia River estuary that may lead to increased vulnerability to avian predation (Sebring et al. 


In Prep).  Using PIT tag technology to identify behavioral factors of fish has proven difficult 


because of the lack of instream detection capability in the estuary and surrounding tributaries in 


the Columbia River estuary.  Acoustic telemetry will allow active location and monitoring of fish 


upon entry into the estuary without relying on fixed detection arrays.   


We propose to release 12 subyearling fall Chinook salmon implanted with acoustic tags 


at each of two hatcheries within the LCR.  These fish will be released with 3,000 subyearling 


                     
1
Acoustic tags of appropriate size and mass specifications supporting implantation via non-


surgical methods (i.e., needle injection) are necessary to implant into individuals <95mm in fork 


length.  In 2011, 0.2g sham tags were injected into hatchery source subyearling Chinook salmon 


and held in the laboratory for 3 weeks with no mortality or other overt signs of distress (Lynn 


McCommas, NOAA Fisheries, Pasco, WA, Person. commun.). Therefore, we conclude that this 


technology is appropriate for a proto-typical effort to understand the post-release behavior of our 


PIT-tagged fish released directly into the lower Columbia River.  
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Chinook salmon implanted with a PIT tag.  Using acoustic and PIT tagging technologies will 


provide us with data on relative vulnerability of hatchery groups using PIT tags recovered on the 


estuary avian colonies as well as some measure of dispersal rates, residence timing, and habitat 


use in the lower estuary.  In 2012, researchers from OSU are proposing to monitor the foraging 


and migration patterns of double-crested cormorants using satellite tags.  We will collaborate 


with OSU researchers to correlate double-crested cormorant foraging behavior and subyearling 


fall Chinook salmon habitat use within the Columbia River estuary. 


 


RELEVANCE 


The NOAA Fisheries 2000 Biological Opinion (NMFS 2000) Actions 102 and 104 


specify that avian predation on juvenile salmonids be evaluated using PIT-tag information, and 


Action 103 specifies that predation by white pelicans in the McNary Dam reservoir be 


quantified.  Relocation of portions of the East Sand Island Caspian tern colony to other nesting 


sites outside of the Columbia River Basin is ongoing (USFWS 2005; 2006) and similar 


management actions are currently being tested for the East Sand Island double-crested cormorant 


colony as well.  Therefore, recovery of data from PIT tags deposited on avian colonies in the 


estuary and elsewhere is necessary to document the effect of management actions.   


METHODS 


 


Avian colonies will be identified in collaboration with OSU and RTR researchers by 


surveying islands in the Columbia River for PIT tags.  These initial surveys will be based on 


previous research conducted by OSU, RTR, and NOAA Fisheries researchers.  After birds vacate 


the colonies, which occur from late July through early September, RTR and NOAA Fisheries 
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will conduct ground surveys and determine the appropriate method required for efficient 


recovery of PIT tag codes, either with a flat-plate antenna or with pole-mounted antennas (Ryan 


et al. 2001). 
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PIT Tag Recovery 


 Avian colonies will be surveyed; boundaries documented, and transect lines established 


within the colonies to ensure sampling coverage is complete.  We anticipate tag recovery efforts 


will be concentrated on the tern and cormorant colonies of East Sand Island (Glabek et al. 2003).  


The flat-plate detection system will be deployed using a tractor on the East Sand Island tern 


colony and will be passed one time in one direction over the entire colony.  We will continue 


additional passes until numbers of new detections decline to <10%.  For example, in 2008 the 


second pass over the tern colony on East Sand Island yielded about 22% additional tags and the 


third pass yielded 4% new tags.  The pole-mounted antennas will be used on the remainder of the 


colonies due to the impracticality of using a flat-plate tractor-towed detector in these areas.  


Where the pole-mounted antennas are used, the colony will be covered in two complete passes in 


opposite directions (Ryan et al. 2001; Ryan et al. 2003). 


 Estuarine Salmonid ESUs and Fall Chinook Salmon Vulnerabilities 


 


To represent the lower Columbia River fall Chinook salmon ESU with PIT-tagged fish, 


we will implant PIT tags into 3,000 juvenile fall Chinook salmon at two hatcheries:  1) Big 


Creek Hatchery, 2) Warrenton Hatchery.  We also propose to collaborate with Washington 


Department of Fish and Wildlife to implant PIT tags into naturally-reared subyearling fall 


Chinook salmon collected from the Lewis River Hatchery for an ongoing coded wire tagging 


study.  Predation rates of PIT-tagged fish originating in the LCR will be compared to those from 


the mid and upper Columbia River ESUs, as well as those from the Snake River.  Recovery rates 


from each release site will be compared after PIT-tag detection efforts are completed.  This effort 
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will require a total of 8,000 PIT tags.  Due to the small size of wild-reared subyearling Chinook 


salmon, using a smaller-sized PIT tag will increase post-release survival.  Hatchery fish will be 


implanted with PIT tags measuring 12mm in length (N=6,000), whereas naturally-reared fish 


will be implanted with PIT tags measuring 8mm in length (N=2,000).   


Acoustic Telemetry of Subyearling Chinook Salmon 


Subyearling fall Chinook salmon will be obtained from the general populations reared at 


two hatcheries in the LCR (i.e., Big Creek and Warrenton Hatchery).  We will implant (inject) 


acoustic tags into fish with a minimum 95 mm fork length (FL).  A total of 12 fish will be tagged 


and released at each location.  Both groups of fish (acoustic and PIT) will be anesthetized and 


handled using similar procedures.  We will also use photo documentation of the acoustic-tagged 


fish to further evaluate several metrics related to fish health and condition, including: length, 


weight, fin damage, descaling, disease, etc.   


We will assess post-release behavior with the use of vessel-mounted mobile detection 


unit, as well as an in-stream stationary array.  Fish will be tracked from a single release for up to 


3 successive days, or until targets can no longer be acquired for a period of 8 hours.  After all 


fish have been released from both locations we will continue to monitor using the mobile 


tracking unit to the expected limit of tag life (10  - 20 d, dependent on pulse repetition interval).  


From data collected using the mobile tracking unit we will obtain spatially explicit data of fish 


movement allowing us identify migration pathways, microhabitat use, and possible holding areas 


in the Columbia River estuary.  We will also record presence of stationary tags lying on the 


substrate as evidence of mortality. Data from stationary arrays will be analyzed to further 
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evaluate migration and residence timing upon outmigration from tributaries, in addition to 


providing information on migration behavior and residence times.   
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PIT-Tag Sampling Efficiency 


To evaluate detection efficiencies of known PIT tags deposited on avian colonies, we will 


deposit tags on the surface of each colony before, during, and after the nesting season.  After tag 


recovery efforts have been completed, detection efficiencies of intentionally sown PIT tags will 


be calculated for each location and date of release.  We will collaborate with OSU and RTR 


biologists to determine the number and frequency of PIT tags to be sown through the breeding 


season as appropriate for each avian colony.  On the East Sand Island tern and cormorant 


colonies, we will plant 100 PIT tags each prior to the nesting season, at the chick stage, and at 


the fledgling stage.  A final 100 PIT tags will be planted after the colony has been vacated by 


birds following the breeding season.  The recovery rates of these tags will be used to help 


establish colony-specific temporal trends of tag detection efficiency.   


SCHEDULE 


 


PIT-tagging and acoustic tagging of lower river fall Chinook salmon will occur when fish 


grow to the appropriate size, which takes place typically from May to June.  Acoustic telemetry 


of fish released from hatcheries would occur immediately upon release and periodically for 


several days after.  Acoustic and PIT tags will be used to represent migratory behavior and 


vulnerability to avian predation, respectively, of the unmarked individuals within the release 


groups.   


Once the birds vacate their nesting colonies in the Mid-Columbia River (Crescent Island, 


Foundation Island, etc.) during late July OSU and RTR workers will conduct initial site visits to 
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assess logistical requirements for colonies not previously sampled.  Our PIT-tag recovery efforts 


in 2012 will be limited to the colonies in estuary.  PIT tag recoveries from East Sand Island bird 


colonies will begin as early as August and may continue through January depending on the 


frequency of weather-related restrictions in field sampling. 


 


DATA ANALYSIS AND STATISTICS 


 


Using descriptive statistics, we will estimate the total number of PIT tags detected at each 


colony site by ESU, species, rear-type, and migration history.  We will estimate the weekly 


number of PIT-tagged fish consumed for all species/run type combinations of fish known to be 


present within foraging range of each avian colony.  In addition, we will assess predation rates 


for all species, run, and rear type, and ESU combinations of fish known to be present within 


foraging range of each avian colony.  Comparisons between predation rates of in-river and 


transported fish will be compared using t-tests (α<0.05). 


 


EXPECTED RESULTS AND APPLICABILITY 


 


The results of recovery efforts obtained using the flat-plate and hand-held antennas from 


1998 to 2010 yielded more than 1,018,000 unique PIT-tag codes, including several fish species, 


runs, and rearing types dating back to 1987.  The 2012 effort should provide 60,000 to 80,000 


unique migration year 2012 PIT tags from salmonids emigrating from the Columbia River basin.  


The continued collection of PIT-tag codes adds to a body of data that is and will be used to 


assess and inform several key issues related to the operation and configuration of the FCRPS and 


the effects of avian predation on smolt survival through the Columbia River basin and estuary.  
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PIT-tag detections at upriver sites are particularly pertinent to understanding causation of the 


downward trend of steelhead in-river survival.  For example, the Lower Granite Dam to 


Bonneville Dam survival in 2002 was only 26%.  This is well below the 2000 Biological 


Opinion requirement for operation of the FCRPS, and the action agencies will need to address 


this issue.  Survival estimates in recent years have been improved.  One cause of reduced or 


highly variable survival could be avian predation in the McNary Dam reservoir where 7.6% of 


in-river migrating steelhead detected at Lower Monumental Dam were subsequently detected on 


the Crescent Island tern colony in 2002 (Ryan et al. 2003). 


PIT tag detections will also allow us to look for potential effects from passing through the 


FCRPS and experiencing conditions in different passage routes.  For example, we will continue 


to use these data to evaluate the differences between species, ESUs, transported and in-river 


passage, potential effects of delayed mortality and passage through bypass systems.  Moreover, 


these data are currently being used and will continue to be used to aid the USFWS and USACE 


to decide what reduction in tern and cormorant predation will be needed to generate the 


necessary response in the lambdas of key salmonid ESUs.  The 2012 detections will be used to 


estimate loss and vulnerability and may be used to estimate survival through the hydropower 


system to the tailrace of Bonneville Dam.  Information obtained by tracking fish of lower river 


origin that are implanted with acoustic tags would aid in understanding behavioral traits that 


effect there vulnerability, particularly to cormorants.  Tracking groups of acoustically-tagged fish 


would also enable correlation of cormorant movements and responses (obtained by OSU/RTR 


researchers using satellite tags) to large groups of fish released into the estuary.    


 


 COLLABORATIVE ARRANGEMENTS 







 


 


 


17 


 


 


Collaboration with OSU, RTR, and Washington Department of Fish and Wildlife 


researchers identifying avian colonies will continue.  Tag deposition and detection rates will be 


evaluated with collaboration of RTR.  Tag detection records will be uploaded to the PTAGIS 


regional database (PSMFC 2010), providing researchers in the region access to data on avian 


predation.  Tagging of juvenile salmonids near the estuary will be completed with the 


cooperation of Big Creek, Warrenton, and Lewis River hatcheries. 


  


 


TECHNOLOGY TRANSFER 
 


Information acquired during the proposed work will be transferred in the form of written 


and oral research reports as required.  Because we must rely on the accuracy of the data being 


loaded into PTAGIS, a draft report will be provided to the COE by 1 July 2013, and the final 


report will be completed after appropriate review and delivered by 31 August 2013.   
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PROJECT SUMMARY 
 


A. GOALS 
 


The goals of this project are to determine migration patterns, spatial and temporal distribution, habitat use, and 
passage behavior of Walla Walla basin migratory bull trout in the mainstem Federal Columbia River Power System 
(FCRPS) reservoirs (e.g. McNary Pool) and around mainstem FCRPS hydropower projects (e.g. McNary Dam).  An 
additional, longer term goal is to develop operational alternatives to accommodate migratory bull trout if research 
indicates such alternatives are necessary. 


 
 


B. OBJECTIVES 
 
We are proposing five objectives for the second full year (FY2012) of this six year study.  The objectives to 
accomplish the aforementioned goals include: 
 
1. Capture and apply acoustic transmitters to migratory bull trout that are emigrating out of the Walla Walla Basin 


and into the mainstem Columbia River (McNary Pool) for subsequent tracking. 
 


2. Determine the migratory locations and fates of acoustically tagged bull trout in the Columbia River and near the 
mainstem projects using a combination of stationary and mobile acoustic tracking methods.  


 
3. Determine habitat conditions used by bull trout in the McNary Pool and around McNary Dam or other mainstem 


hydropower projects. 
 


4. Maintain and upgrade the PIT detection array at the mouth of the Walla Walla River (Oasis Road Bridge) to 
monitor the timing of migratory bull trout movements into the Columbia River, to estimate the size of the 
migratory population moving into the Columbia River, and to supplement acoustic tracking data.   


 
5. PIT tag Walla Walla Basin bull trout to support the acoustic telemetry research including maintaining a tagged 


population of bull trout for detection at the Oasis Road Bridge (ORB) PIT detection array, for detection at the 
mainstem hydro projects, and to estimate migratory population size. 


 
 
C. METHODOLOGY 


 
We propose to capture and tag migratory bull trout in the lower Walla Walla River that are likely to disperse 


into the Columbia River.  Bull trout will be tagged with both acoustic transmitters and passive integrated 
transponder (PIT) tags to maximize detection probabilities.  Initially, FY2012 monitoring efforts will be conducted 
in the area bounded by the FCRPS projects at Ice Harbor and McNary dams, as well as Grant County PUD’s Priest 
Rapids Project.  This initial monitoring area may be expanded if tracking data indicate more extensive movement.  
During FY2011, mobile boat tracking was the primary method used to locate and assess bull trout movements 
within McNary Reservoir.  This initial assessment year indicated that an array of strategically located, fixed acoustic 
telemetry monitoring stations in conjunction with mobile tracking would be more efficient for monitoring and 
assessing movements within the large study area.  We also propose to reinstall and maintain the PIT detection array 
at the mouth of the Walla Walla River (ORB) and PIT tag middle and lower basin bull trout to support the acoustic 
telemetry research.  The online PTAGIS database will be monitored for PIT-tagged bull trout detections at the 
mainstem hydropower projects to further describe movements at these projects. 
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D. RELEVANCE TO THE BIOLOGICAL OPINION 
 


The U.S. Fish and Wildlife Service (FWS) 2000 Biological Opinion on the effects to listed species from 
operations of the Federal Columbia River Power System (FWS 2000) includes Reasonable and Prudent Measure 
(RPM) 10.A.2.1 for the Lower Columbia River as follows: 


 
Determine the extent of bull trout use of the Lower Columbia River affected by the FCRPS.  This would include 
the river reach from the Pacific Ocean to the upstream extent of the McNary Dam reservoir. 
 
The goal of this project is to describe the extent of use of the Lower Columbia River affected by the FCRPS by 


Walla Walla Basin bull trout, which will partially address this RPM. 
 
 


PROJECT DESCRIPTION 
 
A. BACKGROUND 


 
A general decline in bull trout distribution and abundance resulted in the listing of all populations in the 


coterminous United States as threatened under the ESA in November 1999 (64 FR 58909).  The FWS Biological 
Opinion on Effects of the FCRPS (FWS 2000) and Draft Recovery Plan for the Umatilla-Walla Walla Recovery 
Unit (FWS 2002) identify improving connectivity between populations of Columbia River bull trout as a necessary 
action to help protect against local extinction events, and they cite the need for monitoring and research on bull trout 
use of the Columbia River.  Mainstem Snake and Columbia River dams have the potential to impact both the 
connectivity between bull trout Core Areas (metapopulations), and the connectivity within migratory corridors.  
Dams without adequate passage for bull trout create migration barriers and may isolate previously connected 
populations.  Bull trout also have the potential to be entrained at dams and suffer mortality or injury associated with 
turbine passage.  The FCRPS projects and associated reservoirs alter the natural hydrograph and riverine habitat 
used by migratory bull trout, and create warm, slack-water water habitats that likely become detrimental to bull trout 
and favorable for exotic predators and native competitors. 


 
FWS-funded studies in the Walla Walla Basin on bull trout life history, population dynamics, and habitat 


requirements began in 2002 and are ongoing.  The Corps of Engineers (COE) funded the FWS beginning in 2005 to 
evaluate use of the mainstem Columbia River by Walla Walla Basin bull trout (Study Code: BT-W-05-6).  These 
studies (Anglin et al. 2009a, 2009b, 2010, 2010a) and the resulting data (PTAGIS - www.ptagis.org ) have 
documented bull trout movements into and out of the mainstem Columbia River, but little information is available 
regarding movements within the mainstem, the use of mainstem habitats, or bull trout presence and/or passage at the 
mainstem dams. 


 
In the Walla Walla Basin, there are five local populations of bull trout located in two Core Areas.  Three local 


populations are located in the Touchet River Subbasin (Touchet River Core Area), and two local populations are 
located in the Walla Walla River Subbasin (Walla Walla River Core Area).  The FWS-funded research on the Mill 
Creek and Walla Walla River local populations is focused on bull trout life history, population dynamics, and habitat 
requirements.  The FWS is cooperating with the U. S. Forest Service (USFS), the Oregon Department of Fish and 
Wildlife (ODFW), the Washington Department of Fish and Wildlife (WDFW), the Confederated Tribes of the 
Umatilla Indian Reservation (CTUIR), and Utah State University (USU) on bull trout life history studies in the 
Basin.  The CTUIR are also engaged in spring Chinook salmon re-introduction and steelhead life history research.  
As part of this research, the CTUIR cooperatively tags bull trout captured by their screw traps with PIT tags 
provided by FWS, and temporarily holds the bull trout for subsequent acoustic tagging by FWS staff. 



http://www.ptagis.org/�
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Each of the bull trout local populations in the Walla Walla River Core Area has a resident and migratory 


(fluvial) component.  Resident bull trout complete their entire life cycle in the headwater streams in which they 
spawn and rear.  Migratory bull trout spawn in headwater streams along with resident bull trout, and their progeny 
rear from one to four years before migrating downstream as subadults to mainstem river habitats (Fraley and 
Shepard 1989; Goetz 1989).  Adult bull trout return to headwater spawning areas in September and October, 
followed by a downstream migration to overwintering areas in October through December.  Resident and migratory 
forms may be found together, and either form may give rise to offspring exhibiting either resident or migratory 
behavior (Rieman and McIntyre 1993).  Both subadult and adult bull trout use the lower Walla Walla River during 
the fall, winter, and spring for rearing and overwintering.  Recently, use of the mainstem Columbia River by 
migratory adults and subadults has also been documented (Anglin et al. 2009a, 2009b, 2010, 2010a). 
 
Migratory Bull Trout Life History in the Walla Walla Basin 


 
In the Walla Walla Basin, most of the detailed data on migratory bull trout life history and distribution has been 


obtained from the FWS network of instream PIT tag detection arrays deployed throughout the basin.  In addition, a 
basin-wide, multi-agency PIT tagging effort (primarily headwaters) maintains a tagged population for detection at 
each of the arrays.  The detection array infrastructure has been developed incrementally over the last eight years, 
including the addition of the COE-funded ORB site in 2005 near the mouth of the Walla Walla River at river 
kilometer (rkm) 10.  Life history and distribution information has also been obtained from other fish sampling 
efforts throughout the basin. 


 
Migratory Subadult Bull Trout Distribution 


 
Subadult bull trout disperse during the spring and fall from headwater areas in Mill Creek and the South Fork 


Walla Walla to rear to sexual maturity.  PIT tag detections and fish sampling data indicate that fall-dispersing 
subadults use the mainstem Walla Walla River and the Columbia River during fall, winter, and spring for rearing.  
Since conditions in the mainstem Walla Walla during summer are severely degraded, it is likely that some of these 
rearing fish remain in the Columbia River during summer and their fate is unknown.  Data from rotary screw trap 
sampling, radio telemetry, and PIT detection arrays in the headwaters indicate that there is also a spring dispersal of 
subadult bull trout.  Distribution details for these spring migrants in the lower Walla Walla are lacking, primarily 
because higher streamflows associated with the spring freshet reduce the detection probability of instream PIT 
detection arrays by providing routes of passage around and over the antennas.  In addition, many of the arrays do not 
survive the freshet and must be replaced during early summer.   


 
The CTUIR operated a rotary screw trap near the mouth of the Walla Walla River (rkm 8), downstream from 


Oasis Road Bridge targeting emigrating juvenile salmonids (spring Chinook and steelhead) during winter and spring 
months in 2009 and 2010.  Although no bull trout were captured during sampling in 2010, 2009 capture data showed 
both adult and subadult bull trout movements downstream toward the Columbia River.  Downstream migrating 
subadult bull trout occurred in the samples primarily in January and February.  During 2009, a total of 14 bull trout 
were captured migrating downstream. 
 
Migratory Adult Bull Trout Distribution 


 
Adult bull trout return from overwintering areas in the lower Walla Walla River from March through July and 


migrate to upper Mill Creek, the Touchet River and the upper South Fork Walla Walla River to spawn.  When 
spawning is completed in October, these adults often move back downstream to overwintering areas.  Data from PIT 
detection arrays in the mainstem Walla Walla including the ORB array indicate that adult-sized bull trout (> 300 
mm) use both the lower Walla Walla and Columbia rivers for overwintering.  In addition, the samples discussed 
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previously from the CTUIR rotary screw trap near the mouth of the Walla Walla River downstream from Oasis 
Road Bridge included downstream migrating adult-sized bull trout that were likely moving into the Columbia to 
overwinter. 
 
Bull Trout Use of the Columbia River 


 
The COE funded the FWS from 2005 to 2010 to evaluate use of the mainstem Columbia River by Walla Walla 


Basin bull trout (Anglin et al. 2010a).  To accomplish this, an instream PIT detection array was installed and 
maintained near the mouth of the Walla Walla River at the Oasis Road Bridge (rkm 10).  To monitor the portion of 
the migratory bull trout population that uses the Columbia River, a fish sampling and PIT tagging effort outside of 
the headwaters and into mid- and lower-basin areas was required.  This study determined that migratory bull trout 
moved from the Walla Walla River to the Columbia River from October through February and returned during June.  
We used monthly PIT detections at the ORB PIT array, adjusted those detections for monthly detection probability, 
and applied monthly calculations of mark proportions to estimate that a total of 192 bull trout may have left the 
Walla Walla Basin for the Columbia River from 2007-2009 (Anglin et al. 2010a).   
 
Migratory Bull Trout Life History in the Mainstem Columbia River 


 
The most significant gap in our knowledge of migratory bull trout life history is associated with use of the 


mainstem Columbia and Snake rivers.  Numbers of bull trout using the mainstem are few compared to anadromous 
salmonids.  Nearly all of the wild and hatchery-produced salmon and steelhead smolts eventually migrate 
downstream, through the FCRPS to the ocean.  Conversely, a much smaller proportion of the total population of bull 
trout in the basin migrates into the mainstem Columbia River.  Nevertheless, these migratory bull trout that use the 
mainstem corridors are essential for maintaining gene flow between core area metapopulations, and for re-
colonizing areas where local populations have been extirpated by stochastic events. 


 
Our current knowledge of the distribution of migratory bull trout in the mainstem consists primarily of 


observations at adult fish ladder counting stations and juvenile fish bypass facilities at the mainstem hydropower 
projects, and more recently, PIT tag detections at these projects.  Since 1999, there have been at least 490 confirmed 
bull trout observations in the adult ladders at mainstem hydropower projects.  At three of the four lower Snake River 
projects (Lower Monumental, Little Goose, Lower Granite), at least 483 bull trout have been observed in the 
ladders.  The remaining bull trout were observed at three of the four lower Columbia River projects (Bonneville, 
John Day, McNary).  Over this same time period, there have been at least 130 confirmed observations of bull trout 
from the juvenile bypass systems of the same projects (three from the lower Columbia projects and 127 from the 
lower Snake projects).  The recent PIT detections at the mainstem projects (Table 1) are likely a result of our 
relatively recent success in PIT-tagging migratory bull trout in the Walla Walla Basin.  While the numbers may 
seem low, it is important to remember that only a small percentage of the population is actually tagged.  All of the 
detections in Table 1 were from bull trout tagged in 2008 and 2009.  As we maintain this targeted effort, we expect 
to see additional mainstem detections in the future.   
 
Table 1.  Migratory bull trout PIT detections at mainstem Columbia River projects. 


Tagging/Detection Location Tagging--Detection Date 
Touchet River/John Day juvenile bypass 04/24/08--05/12/08 
Walla Walla River/McNary juvenile bypass 07/30/08--04/15/09 
Walla Walla River/McNary adult ladder (Oregon) 10/23/08--05/25/09, 06/19/09 
Walla Walla River/Priest Rapids adult ladder (east) 01/28/09--07/05/09 
Entiat River/Priest Rapids adult ladder (east) 11/16/08—11/21/09 
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PIT-tagged bull trout have been detected dispersing into the Columbia River during fall and winter (Anglin et 


al. 2010a), which generally coincides with the shutdown of the juvenile fish bypass systems at the FCRPS projects.  
The movements and disposition of bull trout that enter the Columbia River are largely unknown.  Temporal and 
spatial aspects of migration through McNary Reservoir, including residence time have not been described.  Details 
of movements around or passage through the mainstem hydropower projects are also largely unknown.  There are 
two primary routes of passage at mainstem dams during the winter: 1) adult ladders, which are primarily designed 
for upstream passage, and 2) turbines, which are not monitored for PIT tags.  It is unknown if bull trout attempt to 
pass the dams and fail, if they pass successfully but undetected, or if they are injured while attempting to pass.  
Results of an acoustic telemetry study could describe bull trout movement and habitat use in McNary Reservoir and 
movement patterns around mainstem hydropower projects.  This data could then be used to assess the impacts of 
each these projects, and if there is a need for physical or operational changes to avoid adverse impacts to bull trout. 


 
Results from FY2010 Studies 
 


Acoustic transmitters and monitoring equipment were initially ordered in December 2009.  Upon acquisition, 
the transmitters and monitoring equipment were immediately tested to ensure proper functionality.  This occurred 
about mid-January, well after the majority of the fall downstream dispersal of bull trout that occurs in the Walla 
Walla Basin.  Even though PIT detection data from the ORB PIT array showed that bull trout had been emigrating to 
the Columbia River from October through December 2009, we anticipated that sampling during the winter and early 
spring months could still result in the capture of bull trout in the lower Walla Walla River.  Movement into the 
Columbia River has been documented during January and February, although the majority of emigration occurs in 
the prior three months.  We used beach seines, hook and line sampling, and deployed submerged fyke nets in the 
lower, backwatered portion of the Walla Walla River to attempt to capture bull trout.  Despite our efforts, we were 
not able to capture bull trout in the lower river.  The CTUIR operated a rotary screw trap near the mouth of the 
Walla Walla River (rkm 8), downstream from Oasis Road Bridge targeting emigrating juvenile salmonids (spring 
Chinook and steelhead) during winter and spring months in 2010.  Since the CTUIR incidentally captured 14 bull 
trout in their screw trap in January and February during the previous year, we were relying heavily on this method to 
obtain bull trout for our study.  Unfortunately, poor screw trap efficiency resulted in no bull trout being captured for 
tagging.  Since no bull trout were tagged with acoustic transmitters, no tracking was conducted during FY2010. 
 
Results from FY2011 Studies 
 


Incorporating what we learned during the FY2010 sampling season, we made substantial progress during our 
first full season of sampling in FY2011.  Following are the results of our efforts. 


 
Bull Trout Sampling/Tagging FY2011 
 


In mid-October 2010, we initiated sampling for downstream migrating bull trout in the lower Walla Walla River 
(rkm 8) near the Pierce’s RV Park with a fyke net because low river flows would not effectively fish the rotary 
screw trap.  However, with the onset of higher river flows in November, a five foot rotary screw trap was deployed 
until flows were adequate to fish an 8 foot rotary screw trap.  Since sampling the previous year resulted in no bull 
trout captured at this site, we elected to also tag bull trout captured by the CTUIR at their rotary screw trap near the 
Garden City-Lowden #2 irrigation diversion (approximately rkm 50).  Sampling continued through the end of 
March.  A total of 12 bull trout were captured and tagged with acoustic transmitters in FY2011.  Three bull trout 
were captured and tagged at the Pierce’s RV Park site and nine were tagged at the Garden City-Lowden #2 site.  
Bull trout tagged with acoustic transmitters ranged in size from 224 mm to 311 mm.  All bull trout receiving an 
acoustic tag also received a PIT tag. 
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Bull Trout Tracking FY2011 
 


We passively monitored for acoustic-tagged bull trout migrating to and from the Columbia River by deploying 
two self-contained submersible ultrasonic receivers (SUR) at the mouth of the Walla Walla River.  Each SUR was 
downloaded bi-weekly and redeployed throughout the year.  The SUR’s were operated continuously and will remain 
deployed as long as the deployed transmitters are active.  Seven of the 12 acoustic-tagged bull trout were detected 
by the SUR’s migrating from the Walla Walla River to the Columbia River from November through February.  As 
of July 2011, three of the seven bull trout have been detected subsequently returning to the Walla Walla River after 
entering the Columbia River. 


 
Mobile tracking surveys within the McNary Pool were conducted bi-weekly when possible, but frequently were 


postponed by inclement weather conditions, primarily high wind and rough water conditions.  To assure systematic 
sampling of the Columbia River study area, a grid pattern of monitoring points was established using ArcGIS.  As of 
July 2011, mobile tracking surveys detected two of the acoustic-tagged bull trout known to have entered the 
Columbia River.  One of the bull trout was tagged and released at the Pierce’s RV Park trap site on 10 December 
2010 and was detected entering the Columbia River later the same day.  On 15 December 2010, during a mobile 
tracking survey, this fish was located and decoded in the Columbia River approximately 4 km downstream from the 
mouth of the Walla Walla River.  Later in the day, this fish was confirmed to have been in the same location.  The 
following day (16 December 2010) the fish had moved from the area and was not located during tracking surveys 
between the previous detection location and McNary Dam.  To date, we have yet to detect this fish again.  This fish 
may have moved downstream past McNary Dam and out of the tracking area or entered the Walla Walla River 
undetected.   The second bull trout was captured and tagged at the Pierce’s RV Park trap site on 10 February 2011.  
This fish was detected by the SUR’s at the mouth of the Walla Walla River on 11 February 2011, one day following 
release.  On 15 February, during a mobile tracking survey, this fish was located and decoded in the Columbia River 
approximately 15 km downstream from the mouth of the Walla Walla River.  Later in the day, this fish was detected 
in the same general area, but had moved closer to shore.  The following day (16 February 2011) this bull trout had 
moved from the area and was not located during tracking surveys between the previous detection location and 
McNary Dam.  The fish was not located during mobile tracking surveys again until 23 March 2011 when it was 
located in the same general area of the reservoir.  The fish was not detected during subsequent mobile tracking 
surveys.  On 3 May 2011, this fish was detected returning to the Walla Walla River, moving upstream past both of 
the SUR’s near the mouth.  This bull trout continued upstream in the Walla Walla River and eventually passed our 
PIT detection array near Milton-Freewater, OR (rkm 74) on 3 July 2011, likely en route to the spawning grounds in 
the South Fork Walla Walla River. 


 
Walla Walla River PIT Detection Arrays 
 


We elected to continue the maintenance and operation of the ORB PIT detection array near the mouth of the 
Walla Walla River (rkm 10) to provide bull trout timing data for PIT tagged fish moving downstream toward the 
Columbia River.  These data are useful to help establish movement trends for emigrating bull trout, thus helping to 
focus bull trout sampling effort.  In addition, since all acoustically tagged bull trout are PIT tagged, monitoring the 
ORB PIT detection array as well as other PIT detection sites throughout the Walla Walla Basin may provide 
additional movement data in the case of transmitter failure, shedding, or tag life expiration.  During FY2011, a total 
of 34 PIT tagged bull trout were detected at the Oasis Road Bridge PIT detection array, more than all previous years 
combined (FY2005 through FY2010).  Of the 34 bull trout detected, 29 were dispersing into the Columbia River and 
five were returning from the Columbia River. 
 
Columbia River PIT Detections 


 
The PTAGIS database was queried regularly for detections of Walla Walla Basin bull trout in the adult fish 


ladders and juvenile bypass systems at Bonneville, The Dalles, John Day, McNary and Priest Rapids dams on the 
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Columbia River, and Ice Harbor Dam on the Snake River.  As of June 2011, no additional Walla Walla Basin bull 
trout were detected at mainstem dams. 
 
B. OBJECTIVES AND TASKS 
 


The initial efforts under this project will be focused on capturing and tagging bull trout that are likely to migrate 
to the Columbia River with both acoustic transmitters and PIT tags.  Immediately following acoustic transmitter 
deployment, movements of acoustic-tagged bull trout will be monitored within McNary Reservoir and in and around 
hydropower project facilities using an arrangement of fixed acoustic tracking stations, mobile acoustic tracking 
methods, and PIT detections.   
 
Objective 1.  Capture and apply acoustic transmitters to migratory bull trout that are emigrating out of the 
Walla Walla Basin and into the mainstem Columbia River (McNary Pool) for subsequent tracking. 
  


Task 1.  Continue to utilize and develop sampling techniques (e.g. rotary screw traps, hook and line, fyke nets, 
weirs) to determine the most effective and efficient way to capture migratory bull trout in the lower Walla 
Walla River. 


 
Task 2.  Surgically implant up to 30 acoustic transmitters and PIT tags into migratory bull trout that are likely to 
migrate from the Walla Walla River to the Columbia River to establish a population of “trackable” bull trout. 


 
Objective 2.  Determine the migratory locations and fates of acoustically tagged bull trout in the Columbia 
River and near the mainstem hydropower projects using a combination of stationary and mobile acoustic 
tracking methods. 
 


Task 1.  Track and record movements of tagged bull trout as they move from the Walla Walla River to the 
Columbia River and within the McNary Reservoir (mobile tracking). 


 
Task 2.  Establish a network of strategically located, fixed acoustic telemetry monitoring stations to more 
efficiently and consistently describe bull trout movements within the McNary Reservoir and any other relevant 
Columbia or Snake river reservoirs. 
 
Task 3.  Track and record movement of acoustic-tagged bull trout near McNary Dam and any other relevant 
mainstem hydropower projects.  Track and record locations of tagged bull trout on a more frequent basis if 
movements result in fish activity near a mainstem dam (e.g. within one mile). 
 


 
Objective 3.  Determine habitat conditions used by bull trout in McNary Pool and around McNary Dam or 
other mainstem hydropower projects. 
  
 Task 1.  Habitat metrics to be measured and recorded included depth, substrate/cover characteristics, water 


temperature, and a water velocity profile.  The velocity profile will be recorded with an acoustic Doppler 
current profiler (ADCP). 
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Objective 4.  Maintain and upgrade the PIT detection array near the mouth of the Walla Walla River (Oasis 
Road Bridge) to monitor the timing of migratory bull trout movements between the Walla Walla River and 
the Columbia River, to estimate the size of the migratory population moving into the Columbia River, and to 
supplement acoustic tracking data. 
 


Task 1.  Reinstall, upgrade (new PIT antennas) and maintain the Oasis Road Bridge PIT detection array near the 
mouth of the Walla Walla River.  


 
Task 2.  Regularly query the PTAGIS database for bull trout detections at the Oasis Road Bridge PIT detection 
array to establish movement trends for emigrating bull trout, thus helping to focus bull trout sampling effort and 
assist with monitoring movements of acoustic-tagged bull trout. 
 


Objective 5.  PIT tag Walla Walla Basin bull trout in mid- and lower basin areas to support acoustic research 
including maintaining a tagged population of bull trout for detection at the Oasis Road Bridge PIT detection 
array, for detection at the mainstem hydropower projects, and to estimate the migratory population size. 
 


Task 1.  Capture and PIT tag bull trout in mid- and lower-basin areas to maintain a tagged population of 
migratory bull trout for detection upon emigrating from the Walla Walla River.  Hook and line sampling, fyke 
nets and other methods may be utilized. 
 
Task 2.  Provide the CTUIR and WDFW with PIT tags to tag incidentally captured bull trout at their various 
rotary screw trap sites to help maintain the tagged population of migratory bull trout in the lower Walla Walla 
Basin. 


 
C. METHODOLOGY 


 
Study Area: The primary study area includes the lower Walla Walla River, McNary Reservoir (Lake Wallula), 


and McNary Dam (Figure 1), and extends to Priest Rapids and Ice Harbor dams.  Initial efforts will focus on the 
lower Walla Walla River for tagging bull trout that are dispersing to the Columbia River with both acoustic and PIT 
tags.  Based on recent acoustic receiver and tag tests (range and detection efficiency), several new hydrophones will 
be placed in the lower Walla Walla River to describe bull trout movements as they approach and return from the 
Columbia River.  Additional testing is planned in the mainstem Columbia River to determine specific deployment 
locations for hydrophones near the mainstem dams to avoid potential interference.  The deployment of the other 
fixed monitoring stations in the reservoir will occur at strategic locations (narrow pinch points) and will be 
supplemented with mobile tracking as required. 
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Figure 1.  Mainstem Columbia River study area depicting Lake Wallula (McNary Reservoir) and the locations of 
McNary and Ice Harbor dams.  Priest Rapids Dam is not depicted but is located about 55 river miles upstream from 
Richland, WA. 
 


Objective 1, Tasks 1 and 2 - Bull Trout Capture and Tagging:  We will continue to utilize, develop, and 
improve fish sampling techniques (e.g. rotary screw traps, hook and line, fyke nets, weirs) to determine the most 
effective and efficient way to capture migratory bull trout in the lower Walla Walla River in relation to changing 
streamflows.  Previous detections of PIT tagged bull trout and past sampling efforts in the lower Walla Walla River 
suggest that fish sampling should be conducted from October through February.  We intend to operate a rotary screw 
trap at the Pierce’s RV Park trap site (rkm 8) again this year when river flows are adequate.  When flows are lower 
early in the season, we plan to install a temporary weir or fyke net with leads in the lower Walla Walla River.  Due 
to the relative success of capturing bull trout at the Garden City – Lowden #2 rotary screw trap site, we will again 
coordinate with the CTUIR to continue this cooperative effort to capture and tag fish.  Captured bull trout will be 
anesthetized, surgically implanted with an acoustic transmitter and a 23 mm PIT tag, and released into the lower 
Walla Walla River following recovery.  The minimum size for application of an acoustic tag is approximately 200 
mm.  Fork length, weight, general condition, acoustic tag code identification, PIT tag code, date of capture, and 
location of capture will be recorded. 
 


Objective 2, Tasks 1, 2 and 3 - Acoustic Tracking – McNary Reservoir:  Inclement weather in conjunction with 
the large area of McNary Pool resulted in inefficient and ineffective mobile tracking during FY2011.  As a result, we 
intend to establish fixed monitoring sites throughout the McNary Pool and near McNary Dam to more consistently 
and efficiently describe bull trout movements.  We also intend to use detection data from the fixed acoustic receivers 
to focus mobile tracking efforts.  Fixed receivers will be deployed, downloaded and redeployed regularly (i.e. 
biweekly) once acoustic transmitters are surgically implanted into migratory bull trout.  Similarly, mobile tracking 
surveys will begin as weather permits once bull trout are tagged with acoustic transmitters.  To assure systematic 
sampling of the Columbia River study area, a grid pattern of monitoring points will be established using ArcGIS 
(Figure 2).   Mobile tracking surveys will be conducted regularly (i.e. biweekly) and survey frequency will be 
adjusted according to actual fish movement rates observed in the field.  If an acoustic tagged bull trout is detected 
near a mainstem dam, tracking may be conducted more frequently.  Adult bull trout tracking is expected to span 
November through June when they would likely be using the mainstem for over-wintering.  Subadult bull trout 
tracking could be necessary during all months.  Rearing subadult movement patterns in the mainstem are unknown, 
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and these fish may not return to the Walla Walla River until they reach sexual maturity.  Minimum tag life is 
expected to be approximately 9 months, depending on fish size and tag configuration.  Tagged fish will be 
monitored either for the life of the tag or until movement ceases with the likely cause being death of the fish or a 
shed tag. 


 


 
 


Figure 2.  Example of grid pattern of monitoring points created in ArcGIS. 
 


 
Objective 3, Task 1- Physical Habitat Use:  To determine habitat conditions used by bull trout in the McNary 


Pool and around McNary Dam or other mainstem hydropower projects, we intend to record a GPS location, date, 
time, and physical habitat metrics for discrete fish locations during each tracking survey.  Habitat metrics will 
include depth, vertical velocity distribution, substrate/cover characteristics, and water temperature. 


 
Objective 4, Tasks 1 and 2 - Maintain the ORB PIT Detection Array:  We intend to maintain and upgrade the 


ORB PIT detection array near the mouth of the Walla Walla River to monitor the timing of migratory bull trout 
movements into the Columbia River, to estimate the size of the migratory population moving into the Columbia 
River, and to supplement acoustic tracking data.  Since establishing this PIT detection array in 2005, it has been a 
valuable tool for monitoring Walla Walla Basin bull trout use of the Columbia River.  Exceptionally high, sustained 
streamflows during winter 2011 resulted in extensive damage to many of the PIT antennas, rendering the site largely 
inoperable.  We propose to reinstall, upgrade, and maintain this extremely important PIT detection array for the 
duration of this project.  We will regularly query the PTAGIS database for bull trout detections at the ORB PIT 
detection array to establish movement trends for emigrating bull trout, thus helping to focus bull trout sampling 
effort and assist with monitoring movements of acoustic-tagged bull trout. 


 
Objective 5, Tasks 1 and 2 - PIT Tag Walla Walla Basin Bull trout:  We propose to PIT tag Walla Walla Basin 


bull trout in mid- and lower basin areas to support acoustic research including maintaining a tagged population of 
bull trout for detection at the ORB PIT detection array, for detection at the mainstem hydropower projects, and to 
estimate the migratory population size.  By targeting bull trout in areas downstream from the headwaters, we are 
assured that we are tagging fluvial fish that are more likely to migrate from the Walla Walla River to the Columbia 
River.  We intend to use hook and line sampling, fyke nets, and other methods to capture bull trout in the Walla 
Walla River.  We also intend to provide PIT tags to other cooperating agencies to deploy into bull trout that they 
may capture during trapping and salvage activities throughout the lower basin. 
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D. FACILITIES AND EQUIPMENT 
 


We anticipate purchasing 30 acoustic transmitters (tags) during FY2012.  Two sizes will be purchased; smaller 
tags suitable for smaller subadult bull trout (200-300 mm), and larger tags for adults (>300 mm).  Two sets of 
mobile tracking equipment were purchased prior to FY2012 and will be utilized during the upcoming season.  Two 
sets were purchased so a backup set of equipment will always be available.  This will minimize the chance that fish 
will be lost due to equipment failure.  Each set of tracking equipment consists of an omnidirectional hydrophone, a 
directional hydrophone, and a receiver.  To establish a network of fixed monitoring stations we will acquire 18 self-
contained submersible ultrasonic receivers (SUR), 14 acoustic release devices, and the associated anchoring 
equipment.  We will acquire materials to manufacture additional PIT antennas for the ORB PIT detection array, 
including backups.  We will also schedule fuel deliveries for propane to power the thermoelectric generator at the 
site. 


 
Other equipment required for this work including fish sampling gear, boats, vehicles, PIT tags, and computers 


will be provided by the FWS. 
 


E. IMPACTS 
 


We will be coordinating extensively with other ongoing bull trout and salmonid research in the study area and 
would expect only beneficial impacts associated with this study and other research.  This study will complement 
ongoing cooperative work (FWS, ODFW, WDFW, CTUIR, USU) in the Walla Walla Basin to describe the life 
history, habitat use, and migration patterns of migratory bull trout from this Core Area.  We will handle and PIT tag 
up to 150 bull trout, and up to 30 of those bull trout will be tagged with acoustic transmitters when water 
temperatures are less than 16°C.  We expect handling and tagging mortality will not exceed 2%.  This proposed 
project should not have any detectable impact on population health or status of bull trout.  Some Chinook salmon 
and steelhead juveniles may be handled during the initial sampling period for bull trout, but the effects to salmon 
and steelhead populations from the proposed project should also be minimal.  Any take associated with this project 
will be covered by existing state and federal permits.  We anticipate fish sampling to occur primarily in the 
Washington portion of the Walla Walla River. Existing permits include U.S. Fish and Wildlife Service Section 
10(a)(1)(A) # TE-702631, WDFW State Collection Permit #11-087, and NOAA 4d permit #15798.  We do not 
anticipate handling fish in the mainstem Columbia River. 
 
F. FUTURE ACTIVITIES 
 


This project is proposed for implementation over a six-year time period, beginning in FY10.  This time period is 
proposed primarily to provide for multiple years of fish sampling and the associated tracking for the life of the 
acoustic tags.  Results of fish sampling could be highly variable depending on sampling conditions and fish 
abundance.  Tracking effort will be a function of the number of tagged fish, and the scale of movement.  We hope to 
tag up to 30 bull trout per year for five years, and complete tracking in year six.  We estimate that a sample size of 
approximately 100 acoustically tagged bull trout would be required for an adequate description of the variation in 
movements in the mainstem Columbia River. 
 


KEY PERSONNEL AND PROJECT DUTIES 
 
Mr. Marshall G. Barrows – USFWS - CRFPO - Principal Investigator  
Dr. Howard Schaller – USFWS - CRFPO – Project Oversight 
Mr. Donald R. Anglin – USFWS - CRFPO – Project Leader/Project Planning 
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TECHNOLOGY TRANSFER 
 


Information acquired during the proposed work will be transferred in the form of written and oral research 
reports.  A presentation will be made at the Corps’ annual Anadromous Fish Evaluation Program Review and 
reports will be submitted annually.  Technology transfer activities may also include presentation of research results 
at regional or national fisheries symposia, or publication of results in scientific journals. 
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II.  Project Summary 


A. Project Goal  
The primary goal of this study is to establish scientific methods to quantify habitat restoration benefits 


to listed salmon and trout in the lower Columbia River and estuary (LCRE) in three required areas:  
habitat connectivity, early life history diversity, and survival.  


B. Hypotheses 
The working hypothesis of this research is that habitat restoration in the LCRE benefits outmigrating, 


listed juvenile salmon and trout.  Ancillary hypotheses are that these benefits can be measured by indices 
of 1) habitat connectivity, 2) early life history diversity, and 3) survival. 


C. Objectives 
The objectives of this project are to 1) continue developing methods to index juvenile salmon survival 


benefit from restoration in the LCRE—specifically investigating indicators of habitat capacity and 
opportunity that promote fish production, physiological fitness, and growth; and 2) continue developing 
conceptual and quantitative approaches to apply the three indices to compute a juvenile salmon survival 
benefit based on a shift from baseline conditions to future conditions. 


D. Methods 
To achieve the project goal it was necessary, in sequence, to first evaluate the state of the science 


regarding our ability to quantify benefits to listed salmon and trout from habitat restoration actions in the 
LCRE (see first-year annual report [Diefenderfer et al. 2010a]), and then, if feasible, to develop and test 
quantitative indices of habitat connectivity, early life history diversity, and survival. 


E. 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 
This investigation has implications relevant to the entire adaptive management cycle of the Action 


Agencies’ (AAs’) Columbia Estuary Ecosystem Restoration Program (CEERP) (Thom et al. 2011).  The 
corollary to establishing our ability to measure habitat restoration benefits upon project completion is 
developing the ability to predict habitat restoration benefits during the U.S. Army Corps of Engineers 
(USACE or Corps) ecosystem restoration planning process.  Therefore, the project addresses Reasonable 
and Prudent Alternative (RPA) Actions 2 and 3; 36 and 37; and 58, 59, and 60 (NMFS 2008; 2010).  The 
following RPA subactions are specifically addressed:  RPA 58.2 – develop an index and monitor and 
evaluate life history diversity of salmonid populations at representative locations in the estuary; RPA 59.3 
– develop an index of habitat connectivity and apply it to each of the eight reaches of the study area; RPA 
60.3 – evaluate the effects of selected individual habitat restoration actions at project sites relative to 
reference sites and evaluate post-restoration trajectories based on project-specific goals and objectives. 
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III.  Project Description 
A. BACKGROUND  
i. Problem Description 


Research, monitoring, and evaluation (RM&E) for the estuary/ocean is based on Research, 
Monitoring, and Evaluation for the Federal Columbia River Estuary Program, released by the Action 
Agencies and the National Oceanic and Atmospheric Administration (NOAA) Fisheries (Johnson et al. 
2008).  This RM&E effort is ecosystem-based, incorporating an adaptive management framework (Thom 
et al. 2011) with specific goals and objectives for status and trends monitoring, action effectiveness 
research, critical uncertainties research, implementation and compliance monitoring, and synthesis and 
evaluation.  Many of the estuary RM&E objectives are RPA actions.  Current projects within the 
Anadromous Fish Evaluation Program (AFEP) and the Columbia Basin Fish and Wildlife Program 
address many of the RPA actions, but there were gaps in coverage for the LCRE (Figure 1) before the 
Salmon Benefits project began.  Specifically, three critical elements described in RPA Actions 58, 59, and 
60 are covered by this project:  habitat connectivity index, early life history diversity index, and 
restoration-associated survival benefits (as detailed in Section II.E, above).   


 


Figure 1.  Map of the Lower Columbia River and Estuary Showing the Suite of Reference Sites 
Monitored by the Pacific Northwest National Laboratory for the Lower Columbia River 
Estuary Partnership and Bonneville Power Administration.  


ii. Literature Review 
A goal of the LCRE habitat restoration effort is to increase habitat connectivity, a measure of the 


degree to which habitats in a landscape matrix are physically connected or spatially continuous and the 
ability of one or more target species or populations to access these habitats.  Increased habitat 
connectivity may benefit salmon populations by increasing the opportunity for juvenile salmonids to 
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access shallow-water, off-channel habitats where they can forage in suitable environmental conditions 
and find refuge from predators during their migration to the ocean (Simenstad and Cordell 2000).  At the 
landscape scale, habitat connectivity is an indicator of the linkages between habitats that have important 
functions in the ecosystem.  Habitat connectivity is affected directly by passage barriers, such as dikes, 
levees, tidegates, and culverts (Kukulka and Jay 2003).  These structures are stressors in the LCRE 
because they restrict access by salmon to wetland habitats, and in some cases, have also significantly 
altered the environmental conditions of the habitats behind them (Simenstad and Feist 1996).  Habitat 
restoration actions in the LCRE are expected to improve habitat opportunity for listed salmonids, and 
more specifically, to increase tidal wetland habitat currently accessible within a given geographic area 
(NMFS 2008; Roegner et al. 2009).  However, these length and area values vary temporally with water 
level in an estuary, which in turn varies with the regulated flow of the Columbia River, sea level, and 
tides (Diefenderfer et al. 2008), and are further modified by reach-specific conditions such as large woody 
debris (Diefenderfer and Montgomery 2009).  A method for quantifying and periodically monitoring 
habitat connectivity has not been developed and applied for the LCRE as required by Action 59.  Action 
59 addresses the following management question:  What is the extent of habitat connectivity by reach and 
is it increasing?  This project is developing a habitat connectivity index based on hydrographic, 
topographic, and fish presence data to provide a way to track status and trends of habitat connectivity 
after restoration actions within major reaches of the lower Columbia River. 


Early life history diversity (ELHD) is a measure of different spatial and temporal patterns of 
migration, habitat use, spawning, and rearing displayed within a species of Pacific salmon (from Johnson 
et al. 2008), which likely contributes to the resilience of salmonid populations in a fluctuating 
environment.  The ELHD of salmonid populations in the Columbia basin is believed to have decreased in 
the last 100 years (Bottom et al. 2005), and one of the goals of habitat restoration in the LCRE is to 
reverse this trend (Johnson et al. 2008).  Fresh et al. (2005) stated that maintenance of ELHD is an 
“especially critical portion of the role of the estuary.”  For example, the Columbia River below 
Bonneville Dam may provide important overwintering areas for subyearling Chinook salmon, a 
hypothesis that is currently under investigation (Sobocinski et al. 2008; Sather et al. 2009; Johnson et al. 
2010).  Therefore, an understanding of trends in ELHD is important for assessing the performance of 
restoration projects.  As called for in Action 58, a quantitative method is needed to index and periodically 
monitor ELHD of salmonids in the LCRE.  Action 58 addresses a key management question:  What is the 
level of ELHD in salmonid species in the LCRE and is it increasing?  This project is developing a method 
to determine the status and trends of species-specific ELHD indices in the LCRE for Chinook and other 
species as data permit.  


The 2008 Biological Opinion (BiOp) included an assessment of the survival benefits of habitat 
restoration actions in the LCRE proposed in the Biological Assessment.  The assessment was necessarily 
based on professional judgment using best available knowledge, because data on incremental benefits to 
juvenile salmon survival associated with specific restoration projects are not available.  Direct 
measurements of survival rates would require telemetry methods (e.g., Perry and Skalski 2006; Skalski 
and Griswold 2006) such as those pilot tested at the site scale during 2010 research under this project 
(Diefenderfer et al. 2010b; 2011a). However, acoustic tag technology would need to be miniaturized to 
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holistically estimate survival of salmon and trout through the estuary (Diefenderfer et al. 2010a) because 
beach seine catches indicate that the size structure is skewed toward smaller salmon nearer to shorelines 
(Fresh et al. 2005; Sather et al. 2009; 2011; Johnson et al. 2010; Diefenderfer et al. 2011a) and smaller 
fish generally have longer residence times (Campbell 2010).  


 Given these limitations, “survival benefits” may be assessed indirectly through measures such as fish 
habitat usage and fish condition, as noted in the literature review in the first annual report of this project 
(Diefenderfer et al. 2010a, Table 4.1) and subsequently pursued in this project’s research.  Under this 
approach, measures may include growth of marked fish, diet, residence time, foraging success, or 
physiology (Fresh et al. 2005; Bottom et al. 2005).  The strongest inference of survival benefits from 
habitat restoration in the LCRE would be gained by using multiple measurement methods, including fish 
condition and telemetry at the site (residence time), reach and estuary scales, integrated into a single index 
(Diefenderfer et al. 2010a, Table 4.1).  This approach is fundamentally based on the food web, 
particularly the direct contribution of primary productivity in wetland habitats on islands and the 
floodplain to macrodetritis-based salmonid prey production as well as indirect affect on environmental 
conditions such as temperature in the main stem river, which in turn affects phytoplankton, zooplankton, 
and insects (ISAB 2011, p.183-189; Diefenderfer et al. in preparation). Since the majority of wetland 
habitats in the lower river and estuary have been eliminated in the last 150 years, with a concomitant 82% 
decrease in macrodetritus mass, the restoration of this food-web function is a primary rationale for the 
habitat restoration effort in the region (Sherwood et al. 1990; ISAB 2011, p.186).  


Despite the importance of salmonid growth rates to habitat and population models, and spatial 
management, sensitive measurements of growth rates are not well documented in the Columbia River 
estuary. While otolith microstructure has been successful at estimating growth (e.g., Campbell 2010), it is 
a lethal method and thus not desirable for use with many ESA species.  Subsequently, a renewed interest 
has occurred in using physiological and biochemical measures, such as RNA/DNA ratios, protein and 
lipid concentrations, as a nonlethal approach to growth indices. An understanding of the effects of 
restoration actions on habitat properties and, in turn, juvenile salmon condition is needed for an 
ecosystem conceptual model of the LCRE, a foundational tool for successful, systematic implementation 
of ecological restoration (Thom et al. 2010) that is being updated in 2011 project work. The research need 
regarding survival or other benefits pertains to Action 60, which called for evaluation of habitat 
restoration actions and addresses a third key management question:  What are the survival benefits from 
LCRE habitat restoration efforts and are they increasing?  This project is developing estimators of 
restored tidal wetland habitat area use by salmonids, measures of the benefits to salmonids that use those 
areas, and measures of the benefits from the effects of these areas on habitats in the main stem river that 
are encountered by all out-migrating salmon and trout.  


iii. Relationship to Other Research (Ongoing or Proposed) 
A key collaborator will be a Bonneville Power Administration project begun in 2007, Ecology of 


Juvenile Salmon in Shallow Tidal Freshwater Habitats in the Lower Columbia River (BPA 2005-001-00), 
which in 2010 transitioned to AFEP project EST-11-P-NEW, Multi-Scale Salmon Habitat Action 
Effectiveness Research in the Lower Columbia River and Estuary (LCRE) (formerly called Juvenile 
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Salmon Ecology and Restoration of Tidal Freshwater Habitats).  We plan to coordinate our efforts closely 
with the Post-FCRPS Survival Study (EST-02-P-01).  This project complements the recently completed 
Cumulative Effects (CE) Study (EST-02-P-04), which developed science-based methods to quantify 
cumulative effects of habitat restoration in the LCRE on ecosystem functions, e.g., exports of nutrients 
and organic matter from restored wetlands to the estuary and main stem food web.  In out-year research, 
the CE Study is implementing a “levels of evidence” approach to assess the ecological benefits of 
multiple restoration projects (Diefenderfer et al. 2006; 2011b), but it is not focusing on salmon survival, 
ELHD, or condition as is the Salmon Benefits project.  The Salmon Benefits project will make a key 
portion of the CE Study research, wetted area modeling (“area-time inundation index” modeling or 
“ATIIM”) in tidally influenced areas including fluvial-dominated portions of the river and floodplain, 
usable by the public and LCRE project proponents by producing an add-on capability (extension) for 
ArcGIS software. 


Limited field research in 2012 will build on and be closely coordinated with the project, Acoustic 
Telemetry Evaluation of Dam Passage Survival and Associated Metrics at John Day, The Dalles, and 
Bonneville Dams (Study Codes John Day, SPE-P-08-3; The Dalles, SPE-P-10-2; Bonneville, SPE-P-10-
1).  Fish collection for the laboratory research in 2012 may be aided by the EST-11-P-NEW beach seine 
effort.  In addition, the Ecosystem Monitoring and Reference Sites projects of the Lower Columbia River 
Estuary Partnership, funded by the Bonneville Power Administration, have been key sources of 
information.  Our research will use data from other projects such as these to the extent possible for cost-
efficiency and collaboration, and our research should not affect or be affected by these other projects.  


iv. Previous Project Progress  
Fiscal Year 2009 (FY09; see the 2009 Annual Report, Diefenderfer et al. [2010a], 


http://www.nwp.usace.army.mil/environment/home.asp): 


1. Literature review and development and pilot testing of a preliminary index of habitat connectivity 
including modification of existing measurement methods for two elements of structural 
connectivity:  passage barrier assessment accounting, and nearest neighbor distance. 


2. Literature review and development and pilot testing of a preliminary index of early life history 
diversity.  Mathematical methods (binary, matrix based) were developed for the purpose and 
tested with existing lower Columbia River beach seine data, and the index includes three 
elements:  All-Salmon-Length-Month, Species-Month-Length-Habitat, and Stock-Month (for 
Chinook only). 


3. Literature review and development of a statistical design for the assessment of entrance 
propensity of juvenile salmonids in estuarine habitats, i.e. an indicator of habitat usage by run of 
the river fish.  Comprehensive assessment, summary, and ranking of survival benefit 
measurement methods, including the strength of inference to salmon survival benefits, potential 
for results to be confounded, technical feasibility, and cost. 


FY10 (see the 2010 Annual Report, Diefenderfer et al. [2011a]): 


1. Integrated field study, using passive integrated transponder (PIT) tag technology and beach 
seining, to assess aspects of survival benefits, early life history diversity, and habitat connectivity, 
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at Cottonwood Island (Figure 2), according to the Experimental Design and Field Work Plan 
(Diefenderfer et al. 2010b). 


2. Examination and testing of the robustness of the pilot early life history diversity indices, and 
corresponding development of modified, improved indices. 


3. Implementation of the preliminary structural habitat connectivity index at the estuary-wide scale, 
development and testing of a pilot functional connectivity component for the index, and 
development and testing of a pilot hydrologic connectivity component for the index.  Assessment 
of least-cost modeling approaches for a synthetic index. 


FY11 (current project year, research in process): 


1. Calculation of effects of habitat restoration projects on trends in structural-hydrologic habitat 
connectivity, examination of effects of environmental flows on a test reach, continued 
development of least-cost modeling and functional connectivity approaches with the goal of 
providing a multi-metric index of trends in habitat connectivity for juvenile salmonids by the end 
date of the overall study. 


2. Evaluation of the precision and accuracy of the quantitative early life history diversity indices led 
to identification of a new index because the binary index developed and tested in 2009-2010 did 
not incorporate fish density or abundance.  The binary index, however, was multi-dimensional 
and able to include factors such as fish size, temporal distribution, and genetic stock identity, 
among others.  The new 2011 index incorporates fish densities for various size classes as the 
primary information in a traditional Shannon diversity index.  Additionally, retrospective analysis 
of early life history diversity from historical beach seine data collected to assess multi-decadal 
trends. 


3. Provision of the specifications needed to inform engineering of the next-generation acoustic 
microtags currently under development by other Corps studies, which would for the first time 
enable direct measurement of survival of small juvenile salmonids through the estuary.  Through 
literature review and expert opinion to support an index of survival benefit, we developed a 
conceptual model of habitat benefits from salmon usage of estuarine habitat and initial values to 
populate it to support an expert decision approach (Gregory 2000; Okoli and Pawlowski 2004).  
We created a field study design to test effects of estuarine habitat usage on salmon condition. 


4. Review of the ecophysiological literature and preparation of an experimental design suitable for 
juvenile salmon in the LCRE. Field studies that employ physiological and biochemical 
approaches require strong experimental designs to account for environmental variance (e.g., 
fluctuating temperature or flow rates, predation threat), individual variability (the prior history of 
a fish), physiological state, exposure time (e.g., time in a poor quality habitat or time exposed to 
low water levels), and the inherent variability of the chosen measures. Available literature on a 
large panel of physiological measures was reviewed for applicability in the LCRE. 


5. Preparation of a conceptual model of salmon in the estuary including the causal relationships 
between habitat connectivity, ELHD, and survival benefits, with a summary integrating the 2009-
2010 literature review and pilot-test results and outlining implications for future management 
decisions. 
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B. Objectives 
The objectives of the multi-year study are as follows: 


1. Develop and test a quantitative index of juvenile salmonid habitat connectivity in the LCRE 
incorporating structural, functional, and hydrologic components. 


2. Develop and test a quantitative index of the ELHD of juvenile salmonids in the LCRE. 


3. Assess and, if feasible, develop and test a quantitative index of the survival benefits of tidal 
wetland habitat restoration (hydrologic reconnection) in the LCRE. 


4. Synthesize the results of investigations into the indices for habitat connectivity, ELHD, and 
survival benefits. 


The objectives of the 2012 study are as follows: 


1. Continue developing methods to index juvenile salmon survival benefit from restoration in the 
LCRE, specifically investigating indicators of habitat capacity and opportunity that promote fish 
production, physiological fitness, and growth.  (This objective ties back to multi-year project 
Objectives 1–3.) 


2. Continue developing conceptual and quantitative approaches to apply the three indices to 
compute a juvenile salmon survival benefit based on a shift from baseline conditions to future 
conditions.  (This objective ties back to multi-year project Objective 4.) 


C. Methods  
i. Description of Proposed Study 


Based on recommendations from the 2009–2011 study (Diefenderfer et al. 2010a; Diefenderfer et al. 
2011a), the tasks proposed for the 2012 study under the four focal areas of research may be summarized 
as follows: 


1. Habitat Connectivity Index:  Finalize structural/hydrologic metrics and assessments including 
passage barrier accounting metric, nearest neighbor distance, and estuary-wide least-cost 
distance; continue development of salmon-specific functional component including bioenergetics 
and estimation of effects of environmental flows on habitat availability; and develop an ArcGIS 
extension for wetted area modeling by project proponents.  


2. Early Life History Diversity (ELHD) Index:  Work to develop a multi-dimensional index that 
incorporates density along with other factors such as temporal distribution and genetic stock 
identity. Operationalize the project’s ELHD indices for future status-and-trends monitoring of the 
LCRE and continue dissemination and coordination with relevant basin RME work groups. 


3. Survival Benefits Index:  Continue developing methods to index juvenile salmon survival benefit 
from restoration in the LCRE, specifically investigating indicators of habitat capacity that 
promote fish production and physiological fitness to inform a model linking habitat condition and 
fish condition. Specifically, implement the limited pilot field study being designed in 2011 to 
detect differences in juvenile salmonid growth in environmentally distinct habitats characteristic 
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of “restored” and “un-restored” conditions and relate these differences to the reconnection of 
physical processes, habitat structure, and food web dynamics through ecological restoration 
actions. 


4. Synthesis:  Finalize the conceptual approach and initiate numerical modeling linking habitat 
condition and fish condition in a desktop spreadsheet model for restoration planners to compute 
the juvenile salmon survival benefit (e.g., habitat units) derived from a shift from current or year-
2000 (environmental baseline, or “no-action” alternative) conditions to future conditions 
(restoration alternatives).  Provide other technical support to the Corps Product Development 
Teams in ecosystem restoration on the LCRE. 


The proposed methods will involve development of the indices and approaches recommended 
following the 2009–2011 study literature review, pilot testing, field testing, quantitative method 
development, and modeling. 


ii. Study Area 
The scope of the project includes the LCRE from Bonneville Dam to the mouth of the river.  The 


entrance propensity study design developed to assess salmon usage of estuarine habitats (Perry and 
Skalski 2008) was implemented by this project in FY10 in the Cottonwood Island area of the lower 
Columbia River (Figure 2) (Diefenderfer et al. 2011a).  The site was selected based on its 
representativeness for a variety of habitat strata and its proximity to a source of fall Chinook salmon that 
could be tagged to test the entrance propensity design.  The project focuses on three estuarine habitat 
strata:  main channel, off-channel, and wetland channel (Figure 2).  The 2012 field research, based on the 
sampling design currently under development, is expected to occur at one or two tidal wetland channels 
or off-channel habitats sampled by AFEP project EST-11-P-NEW, Multi-Scale Salmon Habitat Action 
Effectiveness Research in the Lower Columbia River and Estuary. 







AFEP 2012 Final Proposal 
Evaluation of Life History Diversity, Habitat Connectivity, and Survival Benefits Associated with Habitat 


Restoration Actions in the Lower Columbia River and Estuary, 2012 
EST-P-09-1 


 


10 


 
Figure 2. Map of the Cottonwood Island Area Showing the Confluence with the Cowlitz River to the 


North, and the Location of Pile Structures Assessed in Reports of the Corps and Estuary 
Partnership (EP).  Salmonid benefits project fish sampling sites are indicated in yellow, with 
PIT-tag antenna arrays at two channels indicated in white. MC = main channel, OC = off–
channel, WC = wetland channel. 


iii. Justification 
Fundamentally, the purpose of this project is to develop and apply quantitative methods for statistical 


analysis and spatial data processing to evaluate the three subject topics:  habitat connectivity, ELHD, and 
survival.  This project began with a comprehensive literature review in 2009 to specifically define each of 
the three subject areas, evaluate relevant existing methods, and assess the feasibility of indexing or 
otherwise measuring the three subject topics, as detailed in the 2009 Annual Report (Diefenderfer et al. 
2010a).  Pilot testing, begun in 2009, continued with the addition of a field data collection element in 
2010, described in the Experimental Design and Field Work Plan (Diefenderfer et al. 2010b) and 2010 
Annual Report (Diefenderfer et al. 2011a).  In 2011, a survival benefits conceptual modeling effort was 
introduced, and development and testing of quantitative habitat connectivity and ELHD indices 
continued, with no field work conducted in this current project year.  The habitat connectivity and life 
history diversity indices are expected to be finalized and operationalized for management applications in 
2012 with associated tests of precision and accuracy.  In 2012, a numerical habitat unit model will be 
pilot-tested and a limited field sampling effort will be made to fill data gaps regarding habitat-fish fitness 
relationships; this sampling and analysis plan is currently under development as part of 2011 work.  
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iv. Methods of Analysis 
The tasks and associated methods below proposed for FY11 are organized by the four multi-year 


study objectives.  In summary, spatial data assessment for the refinement of the quantitative indices and 
approaches to habitat connectivity indexing from site to estuary scales previously developed in 2009–
2011 would continue, and for site-scale estimation of wetted area at tidally influenced restoration sites an 
ArcGIS extension of the area-time inundation index created under the CE project would be developed.  A 
status and trends monitoring program for ELHD in the LCRE would be designed, and the ELHD indices 
would be formally peer-reviewed and reported.  Development of a habitat unit model to produce habitat 
units needed by Corps’ Product Development Teams for restoration planning would continue.  Based on 
preliminary recommendations resulting to date from the 2011 study year, future field collection of 
biological data would be limited to physiological indicators needed for the habitat unit model, and 
potentially be coordinated with fish collection by the EST-P-110NEW project.  It is expected that 
synthesis of the three research efforts under study Objective 4 would be primarily completed during the 
current study year (2011) with a conceptual model and written summary, but if needed as the research 
effort for Objectives 1–3 concludes in 2012, the synthesis will be finalized.  


Multi-Year Study Objective 1—Habitat Connectivity Index:  Develop and test a quantitative index of 
juvenile salmonid habitat connectivity in the LCRE incorporating structural, functional, and hydrologic 
components. 


Task 1.1. Finalize structural/hydrologic metrics and assessments including passage barrier 
accounting metric, nearest neighbor distance and least-cost distance model.  Develop a 
sampling design for managers to use to collect required data and periodically compute the 
connectivity index under future environmental flow regimes and estuarine habitat 
restoration alternatives, to support assessments of restoration program effectiveness 
relative to baselines and the program’s progress toward achievable maximums under the 
managed hydrograph of the Columbia River.  Calculate spatial and temporal trends to the 
extent possible based on available data. 


Task 1.2. Continue development of the salmon-specific functional connectivity component, 
including estimation of effects of temperatures and environmental flows on habitat 
availability at site, reach, and estuary scales.  Analyses of site-scale functional 
connectivity data will also be conducted in collaboration with the Corps’ EST-P-110NEW 
project, e.g., multi-metric analyses including bioenergetics, channel morphology, and 
hydrology data from Chatham Island and other locations.  Implement the work plan 
produced in 2011 to use existing data to test the relationship between structural habitat 
connectivity and functional connectivity for juvenile salmonids in the LCRE.  Use field-
collected data as available from other studies to assess function (e.g., water level and 
channel morphology data), and rank habitat based on plan-form structural connectivity. 


Task 1.3. Develop and release to the public an ArcGIS extension for wetted area modeling of tidal 
areas in the LCRE, usable by project proponents and the Corps’ Product Development 
Teams, based on the area-time inundation index produced by the Corps’ CE project 
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(Coleman et al. in preparation).  Suitable water-level inputs to the ArcGIS extension will be 
provided by field-collected time series pressure data (e.g., from a HOBO level logger), 
hydrodynamic models such as the Corps’ Adaptive Hydraulics Model or the USGS Delft 3-
D model, or through the input of a synthetic time-series of water surface elevations.  This 
tool will permit project proponents to predict metrics such as maximum inundated area, 
maximum frequency inundated area, water volume fluxes, and habitat opportunity for use 
in restoration project planning and prioritization by the Expert Regional Technical Group.  


Objective 2—Early Life History Diversity (ELHD) Index:  Develop and test a quantitative index of the 
ELHD of juvenile salmonids in the LCRE. 


Task 2.1. Work to develop a multi-dimensional index that incorporates both density (as does the 
index developed by the project in 2011) along with other factors such as temporal 
distribution and genetic stock identity (as do the indices developed by the project in 2009-
10). 


Task 2.2. Develop a formal statistical study design to implement a sentinel type status-and-trends 
system to periodically compute the ELHD of migrating juvenile salmon in the LCRE, 
using the three ELHD indices developed and tested by the project in 2009–2011, under 
future environmental flow regimes and estuarine habitat restoration alternatives. 


Task 2.3. Disseminate information: Continue coordination with relevant tributary RME work groups 
to share ELHD metrics and reciprocally inform tributary and estuary RME and support 
basin-scale assessments;  prepare a formal, peer-reviewed publication of the ELHD 
indices. 


Objective 3—Assess and whether it is feasible to develop and test a quantitative index of the survival 
benefits of tidal wetland habitat restoration (hydrologic reconnection) in the LCRE. 


Task 3.1. Implement the limited experimental design developed in 2011 to study the effects of 
selected habitat features/environmental conditions on physiological condition of juvenile 
salmon in the LCRE (see Section B.iv). The goal of the experimental design is to (a) detect 
differences in juvenile salmonid growth in environmentally distinct habitats characteristic 
of “restored” and “un-restored” conditions and (b) relate these differences to the 
reconnection of physical processes, habitat structure, and food web dynamics.  While the 
2011 literature review is currently underway and physiological measures have not been 
finalized, it has shown that juvenile salmon growth measurements—indicators of growth 
and nutrition—are desirable measures for several reasons: growth is quantifiable on 
multiple hierarchical levels (population through cellular), can be monitored easily, can be 
determined within a season, is not dependent upon adult return rate, can be less 
confounding than other measures e.g., stress. Because the field experiment would occur 
without laboratory baselines (these are currently unavailable for the LCRE), a series of 
whole-body measures would be taken to correlate (or model) growth and growth rates with 
the physiological and biochemical measures.  The whole-body measure approach under 
development for 2012 would constitute a first step toward development of a panel of non-
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lethal measurements of growth and nutritional condition, to be used for estimating habitat 
benefits provided to juvenile salmon.  Site selection will emphasize those sites currently 
sampled by the Corps’ EST-P-110NEW project and LCREP research projects because 
these sites have data available that can improve evaluative capability.  The proposed 2012 
field study will also be a targeted effort to provide data needed to populate the model 
described under Task 4.1.  As such, the study would measure sensitive metrics in habitat 
strata of the LCRE in conjunction with physiology and associated with measured residence 
time to generate real values to populate the numerical model linking salmonid habitat usage 
with measured effects on condition.  The study will build on findings of the Acoustic 
Telemetry Evaluation of Dam Passage Survival and Associated Metrics at John Day, The 
Dalles, and Bonneville Dams study (“Three-Dam” study). The complete experimental 
design will be reported with the 2011 research. 


Objective 4—Synthesize the results of investigations into the indices for habitat connectivity, ELHD, 
and survival benefits (i.e., results of Objectives 1–3). 


Task 4.1. Use findings of Task 3.1 to improve the preliminary conceptual model for habitat benefits 
to listed salmon from habitat restoration developed in 2011.  Apply the conceptual model 
to multiple species and stocks considered significant for restoration planning by Corps 
Product Development Teams (e.g., coho, chum, and yearling Chinook salmon, and 
steelhead) to the extent that it is possible to distinguish these species and stocks based on 
existing available data for the estuary.  Coordinate with the Expert Regional Technical 
Group and Corps Product Development Teams as needed to provide a product usable for 
the Corps ecosystem restoration planning process as described by Diefenderfer et al. 
(2005).   


Task 4.2  Begin development of a numerical habitat unit model of estuarine habitat and subyearling 
Chinook salmon, to be used at the restoration site scale, based on the conceptual model 
developed and peer-reviewed in 2011.  Implementation of the model by the restoration 
planner, to evaluate alternative potential restoration actions at a specific site, will require 
only some knowledge of the baseline environmental conditions at the site and the 
alternative restoration actions under consideration. Implementation will involve first, an 
estimate of life history diversity at the site based on existing data (e.g., from EST-P-
110NEW and EST-P-10-1) to determine which instance(s) (species and life history 
strategies) of the model to use; second, limited environmental data collection at the site to 
provide model inputs; third, running the model, which provides an index result between 0 
and 1; and finally, multiplication of the index by the wetted area value (estimated by the 
connectivity model described under Task 1.3) to produce a habitat unit. In effect, the 
habitat unit is a measure of area that is adjusted by the utility to the target species.  At the 
core of the model are physiological responses, e.g., derived from the 2011 literature 
review and expected from the proposed 2012 field research (Task 3.1). In 2013 out-year 
work, the model will be expanded to additional species and life history strategies for 
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which data are available, tested, and delivered to Corps’ planners with appropriate 
documentation and training.  


Task 4.3  Begin development of a numerical exported benefits model, a site-scale model 
incorporating reach-scale hydrogeomorphic and biological differences, to provide a 
companion spreadsheet model to the habitat unit model of direct use described in Task 4.2. 
The exported benefits approach applies to stocks of juvenile salmon and trout that do not 
typically directly access historically present or restored tidal wetlands, yet out-migrate 
through the main stem lower Columbia River and estuary. The conceptual basis of the 
model (see Section A.ii and ISAB 2011) rests on the site-scale production of macrodetritis 
and prey at tidal wetlands on islands or lateral to the main stem river. The mass produced 
in wetlands is modified during export to the main stem river by habitat connectivity and 
hydrodynamics but remains a significant contributor to the food web. The conceptual basis 
has been thoroughly prepared during 2011 project research and in previous research by the 
Corps’ Cumulative Effects project.  


Task 4.4. As warranted by 2012 study-year developments in habitat connectivity, ELHD, and 
survival benefits, update the project’s conceptual model of the causal relationships 
between habitat connectivity, ELHD, and survival benefits, and the written summary 
integrating the 2009–2011 literature review and pilot test results, incorporating 
implications for future management decisions.  The temporal scale of this model 
encompasses multiple generations of salmon and the spatial scale the estuary and basin. 


Task 4.5. Identify data gaps remaining at the conclusion of the project’s investigations into indices 
for habitat connectivity, ELHD, and survival benefits. 


v. Required Fish 
Fish studied by this project in 2012 will be collected under the normal course of implementation of 


AFEP project EST-11-P-NEW, Multi-Scale Salmon Habitat Action Effectiveness Research in the Lower 
Columbia River and Estuary.  The sampling design for this limited 2012 field effort on the Salmon 
Benefits project is currently under development and is expected to include fewer than 600 untagged run-
of-the-river subyearling Chinook salmon. 


vi. Limitations and Expected Difficulties 
While the measurement of habitat connectivity is a tractable problem, indexing ELHD is more 


challenging, and there are numerous constraints on our ability to measure survival in the estuary, as 
detailed in the 2009 Annual Report (Diefenderfer et al. 2010a).  In January 2009, this study was begun 
with the principle that if an acceptable method for indexing habitat connectivity, ELHD, or survival 
benefits existed in the literature—given the particular scope of the problem in this region and the target 
species and age class—then we would implement that method.  If not, we would examine the feasibility 
of the desired measurement or index and, if possible, develop and test new quantitative methods and 
subject them to independent peer review. 
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Thus, in regard to structural habitat connectivity, we have applied standard nearest-neighbor methods 
at the estuary scale and modified them to improve representation of limits to salmon movement posed by 
hydrologic connectivity.  In addition, we have developed a simple passage barrier accounting measure to 
track changes resulting from habitat restoration hydrologic reconnection activities.  The more difficult 
measures of functional habitat connectivity lay ahead, because of the paucity of data on subyearling 
salmonid behavior specific to migration path selection, relative to plan-form structural connectivity and 
hydrologic factors of a large-river estuary/floodplain ecosystem.  For ELHD, our first-year literature 
review concluded that no suitable index of early salmon ELHD existed in the literature.  Therefore, we 
developed, pilot tested, and had peer-reviewed three new matrix-based indices specific to juvenile salmon 
in the LCRE:  the All-Salmon-Length-Month Index, the Species-Month-Length-Habitat Index, and the 
Stock-Month Index.  We tested the robustness of these indices and examined their applicability for 
describing long-term trends.  Given the technological limitations on measuring survival of the subject size 
class of salmonids in the study area detailed in the 2009 Annual Report, our purpose regarding the 
survival benefits component of the study is to organize a defensible ecological conceptual framework for 
the problem, and provide the best available (and some new) data to populate it.  We recognize that it may 
be valid to describe the expected outcome of that effort as a peer-reviewed working hypothesis and study 
design recommendations for new applications of technologies currently in the engineering phase of 
development. 


vii. Expected Results and Applicability  
Habitat Connectivity Index Synopsis—This research will provide a hands-on tool for restoration 


project proponents to predict inundation area and key site metrics in tidally influenced sections of the 
LCRE (including fluvial-dominated tidal freshwater areas), support BiOp comprehensive reporting in 
2013 and beyond, and increase fundamental understanding of historical changes in estuarine habitat 
connectivity and the potential effects of habitat restoration at multiple scales.  


Early Life History Diversity Index Synopsis—This research will provide managers with a peer-
reviewed and published, measurable metric for periodic assessment of the basin-scale effects of the 
recovery program, using estuarine juvenile life history diversity as an indicator, and support BiOp 
comprehensive reporting in 2013 and beyond. 


Survival Benefit Index Synopsis—This research will provide planners with an improved conceptual 
model of the effects of LCRE habitat condition on juvenile salmonid fish condition to inform the 
prioritization and design of ecosystem restoration projects.  It will provide measurable metrics sensitive to 
the effects of habitat change on fish condition to be used in assessment of ecosystem restoration project 
and program effectiveness, and support BiOp comprehensive reporting in 2013 and beyond. 


Project Synthesis Synopsis—This research will provide planners with a model of how estuarine 
habitat features benefit outmigrating juvenile salmon for use in ecosystem restoration planning to 
generate “habitat units,” analogous to a Habitat Suitability Index model typically used in the Corps’ 
ecosystem restoration planning process.  Outcomes of the study may influence a wide range of 
management decisions, warranting an effort to summarize and synthesize results.  Management 
implications of all project objectives include:  1) a method for performance evaluation of estuarine 
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restoration actions according to three multi-scale metrics identified in the BiOp; 2) decision support for 
alternative project selection for tidal wetland salmon habitat restoration project prioritization in the 
CEERP; 3) decision support for the selection of alternative restoration actions at specific sites; 4) 
groundwork for quantitative assessment of survival in the estuary using newly engineered telemetry 
technologies; and 5) measurement approaches using multiple existing data sets, making available data sets 
actionable for assessments in a multi-stakeholder environment. 


In general, the management implications of this project concern the evaluation of salmon habitat 
restoration project effectiveness in the LCRE (RPA 59 and RPA 60), prioritization of new habitat 
restoration projects and programs (RPA 36 and RPA 37), and BiOp reporting, including the first 
comprehensive reporting due in June 2013 (RPA 2 and RPA 3).  Quantitative evaluation methods 
produced by the study will also inform decisions under other Corps’ Water Resources Development Act 
ecosystem restoration authorities applicable to the LCRE. 


The deliverables each year are draft and final annual reports; however, in 2011 a short 5- to 15-page 
key findings briefing will be produced in lieu of the full report on FY11 activities.  A draft annual report 
will be provided to the Corps by March 31, 2013, after the 2012 study-year, and after its appropriate 
review, a final report of the 4-year project will be completed in a timely manner.  The proposed project 
period is January 1, 2012 to May 31, 2013, with 12 months close-out ending May 31, 2014. 


viii. Schedule 
This project started in FY09 and is scheduled to conclude with the FY12 study year followed by a 12-


month close-out period.  In general, Year 1 involved the review and development of approaches, with no 
field work.  Year 2 included pilot-scale efforts at limited field sites.  Year 3 (current year) as proposed 
includes the quantitative refinement of the habitat connectivity and ELHD indices, development of a 
conceptual model linking salmonid habitat usage with measured effects on condition, and design of a 
limited field sampling effort to address data gaps in the model.  Year 4 is expected to include finalization 
of habitat connectivity approaches and baseline assessments, and development of a wetted area modeling 
ARCGIS extension; operationalizing the ELDH indices designed by the study for periodic assessment by 
managers; and development of the numerical habitat unit model for habitat unit computation in restoration 
project planning.   


D. Facilities and Equipment 
No unusual facilities or equipment are anticipated for this study. 


E. Impacts  
Research is not expected to affect any other ongoing or proposed research.    


F. Biological Effects 
The study design is being prepared currently under 2011 AFEP research, so estimates are not 


currently available.  However, it is expected to be a very limited field effort in 2012, occurring at one or 
two estuarine wetlands.  An Endangered Species Act Incidental Take permit and State of Oregon and 
Washington collection permits will be required to sample fish. 
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G. Collaborative Arrangements and/or Sub-Contracts 
This study will be led by the Pacific Northwest National Laboratory (PNNL) in collaboration with the 


University of Washington (UW), the University of Nebraska-Lincoln (UNL), and Portland State 
University (PSU).  PNNL has nationally recognized expertise in coastal ecosystem monitoring and 
restoration.  The UW’s School of Aquatic and Fisheries Sciences is widely recognized for salmon 
recovery research and modeling, and in particular the Columbia Basin Research group is at the leading 
edge of environmental statistics both in the Basin and nationally.  UNL’s School of Natural Resources 
offers ecological modeling and adaptive management expertise regarding large-river habitat restoration 
alternatives for endangered species.  PSU’s Department of Civil and Environmental Engineering offers 
Columbia River Basin science and management as a major research focus, spearheaded by Dr. David A. 
Jay’s 35+ years as a process scientist participating in management of the Columbia River and other 
coastal systems.  We will also collaborate with researchers performing the Tidal Freshwater Research and 
Post-FCRPS Survival studies, including the Oregon Department of Fish and Wildlife, Columbia River 
Investigations Unit. 


H. List of Key Personnel and Project Duties 


Name Organization Role Principal Responsibilities* 
Heida Diefenderfer, PhD PNNL Principal Investigator, 


Project Manager, 
Restoration Ecologist 


HC, ELHD, SB 


Cindy Studebaker USACE Project Biologist HC, ELHD, SB 
Gary Johnson PNNL Project Scientist ELHD, SB 
John Skalski, PhD UW Statistician HC, ELHD, SB 
David Jay, PhD PSU Hydrodynamics HC 
Earl Dawley Retired-NOAA Fish Biologist HC, ELHD, SB 
Christa Woodley, PhD PNNL Fish Physiologist SB 
Nikki Sather PNNL Fish Biologist HC, ELHD, SB 
Andre Coleman PNNL Hydrologist HC 
Jerry Tagestad PNNL Spatial Data Analyst HC 
Yinghai Ke, PhD PNNL Spatial Data Analyst  
Drew Tyre, PhD UNL Ecological Modeler SB 
Kate Buenau, PhD PNNL Ecological Modeler SB 
Amy Borde PNNL Wetland Scientist SB 
Adam Storch ODFW Fish Biologist SB 
HC = Habitat Connectivity 
ELHD = E 
SB = Survival Benefits 


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


research reports and, if warranted, scientific publications.  Each year, a presentation will be made at the 
Corps’ annual AFEP Review.  Technology will be transferred by an annual report series (e.g., 
Diefenderfer et al. 2010a; 2011a).  Software delivery of the ArcGIS extension will include a user manual 
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and training session during out-year activities.  Technology transfer activities may also include 
presentation of research results at regional or national fisheries, ecology, and restoration symposia. 
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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. Characterize the temporal and spatial distribution of Chinook salmon genetic 


stock groups throughout the estuary, with emphasis on tidal reaches from Rkm 75 


to Bonneville Dam. 


2. Determine stock-specific habitat use, life histories, and performance of juvenile 


salmon in key habitat complexes to fill data gaps in the tidal fluvial reaches of the 


estuary. 


3. Monitor juvenile salmon life histories and their contributions to adult returns in 


selected estuary tributaries, including tributary examples where tidal habitats have 


been restored. 


4. Evaluate estuary restoration needs for recovery of all salmon ESUs and account 


for projected effects of climate change through application of a salmon life-cycle 


model. 


 


Principal Tasks/Methods Proposed for 2012 


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 (final survey March 


2012) 


2. 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. 


3. Determine salmonid species composition and the temporal abundance, size 


distribution, and genetic composition of Chinook occupying key habitat 


complexes in Reach F. 


4. Estimate benthic prey and fall-out insect availability, determine Chinook salmon 


diet composition, and estimate diel consumption rates in selected Reach F habitats 


5. Determine growth rates, movements, and habitat-specific residency of juvenile 


Chinook salmon at selected PIT monitoring sites in wetland channel habitats 
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6.  Reconstruct (from otolith analyses) 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. 


7. Add an estuary life-history component to existing salmon life-cycle models, and 


assess population sensitivities to estuary survival gains. Develop new life-cycle 


models for populations in other ESUs.  


8. Model the dynamics of salmon habitat opportunities among all estuary 


hydrogeomorphic reaches and within selected habitat complexes to support life-


cycle modeling. 


 


Relevance to the 2010 NOAA Fisheries Supplemental Biological Opinion 


This research addresses Reasonable and Prudent Alternatives (RPAs) 7, 58, 59, 


and 61 of the Biological Opinion for the Operation of the Federal Columbia River Power 


System.  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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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. 2005, 


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 review) 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. We propose an integrated 


study program that targets these uncertainties. 


  


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 


review). 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 review). 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 
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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 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 data also suggest 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 review), 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. This research program establishes a series of synoptic 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 


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 
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2010, In review); 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 Biological Opinion on Operation of the Federal Columbia River Power 


System established estuary restoration goals for ten-year survival improvements of 9% 


for 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. 


 


 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 lower 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.  
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 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 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 Proposed Research to Ongoing Studies 


 


 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 Bonneville Power Administration) 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 studies intended to quantify estuary restoration benefits. The 


―Salmon Benefits Study‖ (EST-P-09-1) is developing indices for the ecological benefits 


of estuary restoration based on changes in habitat connectivity, salmon life history 


diversity, and survival 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 salmon 
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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 propose field sampling near the confluence of the 


Willamette River and Columbia River that will provide complementary information 


about 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 also 


plan to sample in the vicinity of the Lewis River confluence, complementing ongoing 


adult and juvenile population studies by the Washington Department of Fish and Wildlife 


(WDFW) in the Lewis River basin.  We have initiated new otolith analyses in 2011 to 


determine variations in the size and time of estuary entrance among returning adult 


Chinook salmon from a variety of ESUs. We propose to expand this effort in 2012 to take 


advantage of other ODFW and WDFW sampling programs, including adult collections in 


the Coweeman (Cowlitz R), Lewis, McKenzie (Willamette), Deschutes, Yakima, 


Wenatchee, and Methow Rivers.  


 


Goal, Objectives, and Methodologies 


 


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 


research 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?  


 


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 proposed early in the research program 


(Objective 1) establish estuary-wide stock distribution patterns to inform site-selection 


and research-design decisions 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). Figure 1 describes the timing and relationships among the four objectives 


and the key decisions points for site selection and research design.   


 


Together all the objectives target the following Reasonable and Prudent 


Alternatives of the 2008 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 58 (Monitor and Evaluate Fish Performance in the Estuary): We will 


investigate salmon trophic relationships (prey availability, stomach contents, 


consumption) and growth rates in selected tidal fluvial habitats 


 


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 returning adults (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 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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Objective 1. Characterize the temporal and spatial distribution of Chinook salmon 


genetic stock groups throughout the estuary, with emphasis on tidal reaches from 


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 1.2.  Measure Chinook genetic and life history composition of juvenile out-migrants 


near the estuary mouth. 


 


In 2010 we conducted a series of synoptic 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. In review) and habitat 


types above Rkm 75. We also sampled a single lower-estuary site along the Oregon shore 


in the lower portion of reach B (Point Adams Beach) as an indicator of genetic variation 


and life histories among salmon outmigrants.   A second series of these surveys is being 


conducted in 2011.   


 


Results from our genetic analysis of samples collected to date provide new 


information on the stock compositions of Chinook salmon juveniles occupying nearshore 


habitats in reaches C-H (Figure 2).  The new data generally support the spatial patterns of 


stock distributions revealed in our compilations of results from previous studies.  For 


example, while 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 upper reaches in our new surveys, they 


comprised larger proportions of fish in C-E (82% - 73%) than in F (53%), G (58%) and H 


(25%).  Consistent with our findings from lower estuary surveys in previous years 


(Bottom et al. In review), approximately 83% of our 2010 samples from reach A were 


from these two fall run genetic groups.  Other stocks also showed differing distributions 


across reaches sampled in our new surveys.  Upper Columbia River summer/fall run fish 


utilize nearshore habitats in all reaches, with small proportions in reaches A and C-D (1% 


- 5%) and increasing proportions in E (8%), F (15%), G (23%), and H (62%).  Willamette 


River spring Chinook salmon juveniles were estimated to be 14% of samples in Reach E 


and 22% in reach F, but less than 8% in other reaches.  Snake River fall run fish were 


mostly found in reach H, where they comprised an estimated 7% of the total sample.  


 


The new genetics results provide additional insights into the seasonal patterns of 


habitat use by several stock groups.  For example, Spring Creek Group fall juveniles are 


present in all reaches in our surveys (Figure 2), but appear to be nearly absent after 


spring.  A similar pattern was observed in lower estuary sampling in previous years 


(Roegner et al. In review).  Conversely, while Upper Columbia summer/fall juveniles are 


present in spring surveys in reaches E-H, a strong peak occurs in samples taken in July in 


E (27%), F (38%), G (30%), and H (85%).  A third distinct temporal pattern was seen for 


Willamette River spring Chinook salmon, which were found in reaches E and F in  
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Figure 2.  Stock compositions of Chinook salmon juveniles collected 


in synoptic surveys conducted March 2010 – April 2011.  Percentages 


are given for nine genetic stock groups.  Sample sizes by 


hydrogeomorphic reach are: A (183), C (308), D (502), E (523), F 


(392), G (335) and H (252). 


 


January and March, nearly absent in May and July, and then present again in September 


and November sampling.   


 


We will conduct the bi-monthly synoptic genetic surveys throughout the 


remainder of 2011 and will continue the series through March 2012, providing a full two 


years of genetic sampling. The combined results of the 2010-12 surveys will be used to 


inform site selection for the key habitat and tributary studies proposed in Objectives 2 


and 3, respectively.  Methods for the genetic analyses are described in Objective 2. 


We also will continue to monitor stock composition and life histories of 


outmigrating Chinook salmon at Point Adams Beach in 2012. A second lower-estuary 


monitoring site will be added at Point Ellice (North shore near Rkm 22.5) to insure that 
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stocks migrating along the Washington shoreline are adequately incorporated in the 


samples. The two sites will be surveyed monthly, except April - June, when biweekly 


samples will be collected to coincide with ongoing NOAA purse seine and trawl surveys.  


During each sampling period, salmon collected in the beach seine will be counted, 


weighed, and measured.  A maximum of 30 tissue samples will be collected at each site 


and date for genetic analysis, using the methods described in Objective 2.   


Up to 30 otoliths will be retained from each beach seining site 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 2012 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 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 synoptic genetic surveys, 


we began establishing a series of PIT detection sites to continuously monitor tagged 


stocks in selected estuary reaches.  The PIT monitoring sites provide valuable 


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 2011, we continued operations at one of two Russian Island PIT monitoring 


stations (operating since 2008) to maintain data continuity.  We moved the second 


Russian Island detection array ~8 km upriver to a small tidal channel at Woody Island, 


where the travel distance from the main estuary channel is much less, and therefore, the 
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number of tagged individuals entering the site may be greater.  A third monitoring site 


was added to a tidal channel at Wallace Island to compare the upriver origins of salmon 


occupying a shrub/forested wetland ~40 km above the large emergent marsh complex at 


Russian Island.  This site also was chosen to complement data collected at an ODFW life-


cycle monitoring station recently established in the nearby Clatskanie River.  Site 


selection and deployment of a fourth PIT detection array at an upper estuary site was 


delayed because of high water conditions in 2011. Final site selection for this array will 


be coordinated with other sampling design decisions for Objectives 2 and 3. 


 


At the Russian Island site in 2011 we have detected a total of 13 unique tags 


during the period from late March through early July. This compares with a total of 13 


detections for the entire year (spring-fall) in 2008, 33 in 2009, and 24 in 2010. In 


previous years tagged fish have been recorded in the Russian Island wetlands as late as 


September 22, suggesting that we may detect additional individuals in the coming 


months.  All of the fish detected at Russian Island during the present year were released 


above Bonneville Dam, with the exception of one wild coho salmon released in 


Abernathy Creek at Rkm 87.  Fish originating in the Snake River basin and upper 


Columbia Basin also have been detected.  Fall Chinook salmon is the most prominent 


species and run type identified at Russian Island, but wild and hatchery spring Chinook 


salmon, hatchery summer steelhead, and the wild coho salmon also have been recorded. 


 


 The recently-established site at Woody Island has logged 10 unique detections, a 


few less than we have observed at Russian Island for the same time period.  All of the 


fish detected at Woody Island were released above Bonneville Dam with several fish 


originating in the Snake River basin and one originating in the Yakima River.  Again fall 


Chinook salmon was the most prominent species and run type, but hatchery coho salmon 


and summer steelhead also entered the site.  Overall the diversity of release sites 


represented at Woody Island was greater than that of Russian Island.  


 


In 2012, we will continue monitoring PIT detections from tagged fish entering the 


Russian, Woody, and Wallace Island sites. We will establish a fourth detection site in 


reach E or F.  The location of this site will be chosen to complement data collection in 


Objectives 2 and 3, including experimental studies proposed for one or more tributary 


systems.  Each PIT detector will monitor the release location, residence times, and 


migration behaviors of tagged individuals that enter a detection site.  Together the four 


sets of PIT arrays will quantify the abundance and residence patterns of tagged stocks in 


selected off-channel habitats of lower, mid-, and upper estuary reaches.  


 


Our design for the PIT detectors consists of as many as six antennas arranged to 


span a 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 efficiency measured at the Russian Island site is 96%.  Tag 


and release studies scheduled for 2012 will be used to measure detection efficiency at 


Woody Island and Wallace Island.  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 
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stored data will be provided via cellular modem, which will reduce travel costs to sites 


for downloading data and will provide real-time diagnostics.  All detectors will be 


operated as late as possible in the fall, but may be removed during winter months to avoid 


risks of damage during high water. 


 


Objective 2. Determine stock-specific habitat use, life histories, and performance of 


juvenile salmon in key habitat complexes to fill data gaps in the tidal fluvial reaches 


of the estuary.  


 


Genetic data from the synoptic surveys conducted in 2010 and 2011 reveal that 


near-shore habitats in reaches E and F are used by Chinook salmon juveniles from several 


distinct genetic groups, and include fish from both lower and upper river sources and 


from both fall and spring run populations (Figure 2).  The major contributors to our 


samples in reach E were West Cascade Tributary fall (58%), Spring Creek Group fall 


(16%), and Willamette River spring Chinook (14%).  Minor contributors included Upper 


Columbia summer/fall (8%), West Cascade Tributary spring (2%) and Deschutes River 


summer/fall (2%).  Similarly, major reach F contributors included West Cascade 


Tributary fall (30%), Spring Creek Group fall (23%), Willamette River spring (22%) and 


Upper Columbia River summer/fall (15%).  Minor proportions of samples in reach F 


were estimated for West Cascade Tributary spring (6%) and Snake River fall (2%).  


Taken together, these results indicate that Chinook salmon juveniles from five different 


ESUs utilize the habitats we sampled in reaches E and F.  


 


The combined genetics results for reaches E and F define a broad transitional area 


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 2). 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.  In 2012 we will examine 


the stock-specific habitat associations, life histories, and performance of juvenile 


Chinook salmon across the Willamette to Lewis River transition.  After two years, we 


will review the results to determine whether additional sampling for this objective should 


continue in reach F or shift to habitats and stock groups in other tidal-fluvial reaches. For 


example, some future habitat-specific surveys could move to Reach H just below 


Bonneville Dam, where upper Columbia River summer/fall and Snake River stocks are 


prevalent (Figure 2).  


In 2010 we retained otolith samples from Chinook salmon collected during the 


genetic surveys to assess whether otolith barium (Ba) concentration may provide a valid 


indicator of fish entry and residency in tidal-fresh reaches of the estuary.  Published data 


from other rivers suggest that Ba concentrations in water are often highest between the 


head of tide and the area of salinity intrusion (Coffey et al. 1997, Colbert and McManus 


2003). However, results from our 2010 otolith samples were inconclusive. We found 


elevated Ba present in Chinook salmon samples collected throughout all estuary reaches, 


including reach H, near Bonneville Dam.  Further evaluation of barium as a potential 


indicator of the tidal-fresh environment will require considerably more effort, including 
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comprehensive surveys of Columbia River water and salmon to identify potential sources 


of elevated Ba.  Due to the uncertainty of success and the additional effort required, we 


do not propose to continue the barium research at this time.  Adult otolith analyses 


proposed in 2012 (Objective 3) will rely principally on Sr as an indicator of salt-water 


entry and residency.  Alternative methods to estimate salmon residency in tidal fresh 


habitats will be proposed as part of the tributary studies (Objective 3) starting in 2014. 


 


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 Reach 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 2012 


we will sample the species composition, life histories, and genetic stock composition of 


juvenile salmon for a selection of reach F habitat types. 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; Roegner et al. 2008, In review).  


 


 During the winter and spring in 2011 we conducted supplemental surveys in reach 


F to identify high-priority habitats for study in 2012. The surveys targeted off-channel 


habitats that were not part of the bimonthly genetics sampling, including a variety of 


deeply cut and steep-sided floodplain channels at the upper and lower ends of Multnomah 


Channel (Figure 3).  Many of the habitats are bordered by ash or cottonwood forest, and 


the channel bottoms are littered with dense accumulations of large wood that pose 


difficult sampling challenges. Nonetheless, we were able to adapt beach seine or fixed 


gear (i.e., fyke net) methods successfully to collect juvenile salmon at most sites. Most 


notably, a survey during the extreme 2011 spring flow event documented large numbers 


of unmarked juvenile Chinook salmon utilizing the rarely inundated floodplains 


bordering Cunningham Slough and smaller secondary channels at the lower tip of Sauvie 


Island. Samples collected for genetic analyses from these surveys are being analyzed. The 


results will inform final habitat selection and study design for 2012. 


  


We propose to sample each of four habitat types (Figure 3)—tributary confluence, 


floodplain channel, main-stem channel, and back channel. These correspond to a 


diversity of Reach F habitats defined as ―fish habitat catena‖ by the Columbia River 


Estuary Ecosystem Classification (Simenstad et al.  In review). We will sample at least 4 


of the 6 sites from the ongoing synoptic genetics survey to compare fish use, life 
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histories, and food webs in tributary confluence and main-stem habitats and to monitor 


the genetic stock composition of salmon entering and exiting Reach F (Figure 3). The 


final sampling design also will include floodplain wetlands and channel confluences at 


both ends of Multnomah Channel to compare effects of landscape position on habitat 


accessibility and use by upriver stocks, particularly spring Chinook stocks entering Reach 


F from the nearby Willamette River. Other candidate floodplain and back-channel sites 


also will be surveyed in the interior of Multnomah Channel and in the vicinity of the 


Lewis River confluence. Final habitat selection will be based on the results of the 


ongoing genetic surveys, the potential accessibility of each site for a range of seasonal 


flow conditions, and the distribution of sampling effort by other RME studies within 


reach F. Sampling sites will be chosen before the final genetics survey is completed 


(Objective 1) in March 2012. 


 


 In 2010, we identified a diversity of salmon stocks occupying reach F between 


March and July, but West Cascade Falls and Willamette River Springs also occurred in 


significant numbers later during the fall (Table 1).  We will seine monthly year round at 


the four 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 F (Figure 3).  Monthly sampling will be coordinated as closely as possible 


with the dates selected for outmigrant surveys at Point Adams Beach and Pt. Ellice 


(Objective 1).   


 


 


Table 1. The principal months of occurrence (shaded) for Chinook stock groups in reach 


F during the bimonthly genetics surveys, March 2010 – March 2011. Months when only a 


few individuals were present are indicated by (x). 


 


 


 


 January March May July September November 


Spr Cr_F (x)  (x)   


UCR_Su/F      


W Cascade_F    (x) 


W Cascade_Sp (x)  (x) (x) 


Willamette_Sp (x)    


Deschutes_F    (x)   


Snake_F    (x)   
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Figure 3.  Habitat types and candidate sites for the 2012 habitat studies, including sites sampled 


for the 2010-11 genetics survey (within the white rectangle) and the seven supplemental sites 


sampled in April and June 20ll. All four habitat types will be incorporated in the 2012 survey 


design.  Other potential floodplain and channel confluence sites will be evaluated in Multnomah 


Channel and near the Lewis River confluence.   
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Periods of sampling for back-channel areas and floodplain channels will be timed 


to the movements of various salmon stocks and the seasonal accessibility of the habitats.  


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 later 


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 (Table 1). The timing of the wetland sampling 


for 2012 will be determined after all collections from the 2011 genetics survey have been 


analyzed.   


 


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 and in 


shallow backwater sites, we will use a 3 x 38 m variable-mesh bag seine (10 mm and 6.3 


mm wings, 4.8 mm bag).  In floodplain channels with considerable wood debris, a 


modified fyke net with a hoop trap will be deployed.  Unlike the lower estuary, where 


wetland channels often fully drain on a tidal cycle and all salmon must exit at low tide, 


the floodplain wetlands in reach F can retain considerable water and fish at all tide stages, 


limiting our ability to quantify fish abundance. Differences in sampling efficiencies thus 


may limit abundance comparisons across habitat types.  However, individual-based 


measures derived from the samples—i.e., salmon stock-group affiliations, life histories, 


and performance (consumption, growth)—will be comparable.  In some confined 


channels, mark-recapture methods may be feasible to quantify salmon abundance and to 


directly compare with results from lower-estuary wetlands.  


 


 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. Four 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 and weighed before 


release. A maximum of 70 salmon will be measured, and tissue samples will be collected 


from as many as 30 of these individuals before release. Up to 30 individuals will be 


weighed, measured, and retained for further laboratory analysis of stomach contents, 


genetic composition, and life history information. Juvenile life history reconstructions 


from the habitat-specific studies will be limited to traditional indicators—i.e., time of 


capture, size at capture, otolith-derived growth rates.  Although scale morphometrics 


have not proven reliable indicators of salt-water entry for Columbia River Chinook 


salmon (Campbell 2010), scale checks or otolith increment patterns may be further 


examined as a tool for estimating time of entry into the tidal-freshwater environment. 


 


We will pre-screen all preserved samples for stock-group membership to select 


priority individuals for subsequent laboratory analyses, targeting representation of a 
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diversity of genetic-stock groups.  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).   Our proposed sample size (90 fish per Reach) is expected to yield a similar 


level of accuracy for mixtures sampled within the Columbia River Basin based on power 


analyses that we‘ve conducted (D. Teel, unpublished data).   


 


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. 


 


At back channel and floodplain habitats in Reach F (Figure 3) we will monitor 


prey availability and salmon stomach contents.  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. In review). 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. In the lower estuary, we deployed 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 
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preserved in 70% isopropyl alcohol. Individuals will be counted and identified to the 


lowest possible taxonomic level. 


 


 We also will collect at least five replicate macrobenthic core samples distributed 


near each fall-out trap to characterize the composition and densities of all benthic infauna 


in the channels where fish are collected.  A 5.2 cm core will be inserted to a depth of 10 


cm at each sampling site. 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. 


 


 We will analyze the diets of a maximum of 30 randomly selected juvenile salmon  


retained from each sample collection. 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, 


  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 habitat complexes in 


Reach F 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. In Review). Together, the empirical 
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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 in 


Reach F, 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. 


 


Task 2.5.   Determine growth rates, movements, and habitat-specific residency of juvenile 


Chinook salmon at selected PIT monitoring sites in wetland channel habitats. 


 


In 2012 a PIT tag detector and continuously recording temperature and pressure 


(i.e., depth) sensors will be deployed in at least one floodplain channel site in the 


Willamette to Lewis River reach.  For the first year the detector will passively monitor 


tagged groups from upriver as described in Task 1.3.  


 


In 2012 we will conduct a tagging study at the Wallace Island PIT detection site 


to quantify salmon residency and growth in the shrub/forested wetland and to identify 


factors (i.e., time of day, tidal stage and depth) influencing salmon access and movements 


into and out of the channel. A similar experiment will be repeated at the PIT detection 


site in reach F in 2013.  The results of the PIT tagging studies will be used to validate or 


revise the physical criteria for modeling habitat-opportunity dynamics in the estuary 


(Objective 4).  


 


During each experimental study, juvenile salmon will be collected with a beach 


seine or other appropriate gear, and PIT tags will be inserted in a representative sample of 
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individuals ≥60mm fork length. Tagged fish will be released immediately above and 


below the detection arrays. . In addition to remote detection at the PIT arrays, we will 


conduct periodic recapture surveys with the beach seine to measure the growth rates of 


any individuals that utilize the site for extended periods.  Similar methods were used 


successfully to measure individual growth rates at the Russian Island site in 2006 and 


2008 (Bottom et al. 2008; In review). Together the experimental PIT studies will yield 


comparable residency, growth, and behavioral measurements for salmon for three distinct 


wetland types and estuary reaches:  the Russian Island emergent marsh (reach B), the 


Wallace Island mixed forested/shrub marsh (reach C), and the new site to be chosen in 


reach F. 


 


 


Objective 3. Monitor juvenile salmon life histories and their contributions to adult 


returns in selected estuary tributaries, including tributary examples where tidal 


habitats have been restored.  


 


 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 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 different 


populations and ESUs. Second, in 2014 we will initiate experimental studies in 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 2012 address the first subobjective—life 


history variations among Columbia River populations and ESUs. 


 


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 we began otolith analyses to reconstruct the juvenile life histories that 


contribute to the adults returning to a diversity of Chinook salmon populations. This 


preliminary survey is intended (1) to select future indicator populations for characterizing 


the estuary‘s contributions to multiple ESUs; and (2) to aid selection of one or more 


tributary populations for experimental studies proposed in objective 3b. We are currently 


analyzing adult otoliths from 2010 returns collected by WDFW in the Grays and 


Coweeman Rivers and from the main-stem Columbia River at Priest Rapids. We propose 
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to expand these analyses in 2012 to include 2011 returnees to other adult populations 


currently monitored by ODFW and WDFW, including Chinook salmon in the Lewis, 


Willamette (McKenzie R.), Deschutes, Yakima, Wenatchee, and Methow Rivers. For the 


preliminary screening of life history variations we will examine a minimum of 25 adult 


otoliths from each population.  All 2011 otolith samples chosen for analysis will be 


collected on the spawning grounds or at hatchery spawning facilities.  


 


We will coordinate with other otolith researchers working in the basin to expand 


the number of ESUs and populations for which estuarine life history data are collected 


and to insure that similar methods are used to allow between-population comparisons.  


For example, ongoing studies by NOAA researchers could be expanded to provide 


complementary data on the estuarine life histories of Snake River Chinook stocks (Zabel 


et al. 2010).  We also will coordinate our activities with Oregon State University 


researchers, who have devised methods for distinguishing estuary from ocean residency 


(Miller et al. 2010).  These methods are being applied to BPA-funded studies of juvenile 


salmon captured in the lower estuary and plume, and could be adapted to the adult studies 


proposed here. 


 


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. 


 


 As noted above, life-history analyses have been limited by the inability to 


distinguish salmon residency in natal stream habitats from residency in the tidal-fresh 


portion of the estuary. We will explore whether scale checks or otolith increment patterns 


may offer potential indictors of salmon entry into tidal freshwater.  


 


For a few selected populations it may be feasible to apply a Sr mark to juvenile 


outmigrants immediately before entry into the tidal-fresh environment. This method 


would identify the entire period of tidal-fresh residency on returning adults, defined as 


the otolith region bounded by the artificial Sr mark and the subsequent Sr elevation that 


occurs during salt-water entry.  Because this method requires effective sampling of 


outmigrants and adults, we propose to utilize the Sr marking approach for the 


experimental tributary studies only (Objective 3b).   
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Task 3a.2. Review juvenile outmigrant, adult return, and life history data from existing 


ODFW and WDFW monitoring programs in tributaries below Bonneville Dam 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 will review 


data from ongoing monitoring programs to help select one or more salmon populations 


where estuary life-history studies can be coordinated directly with state monitoring 


programs.  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 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 in 2012. 


 


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 until 2014. 


 


Objective 4. Evaluate estuary restoration needs for recovery of all salmon ESUs and 


account for projected effects of climate change through application of a salmon life-


cycle model. 


 


  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 
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population or ESU.  We propose modeling activities to approach this problem from two 


directions—―top down‖ and ―bottom up.‖   


 


Life-cycle modeling provides a ―top-down‖ approach for investigating 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. 


We propose to continue modifications to existing 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.  


 


 We also propose a ―bottom-up‖ approach to investigate the influence of estuarine 


habitat 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 (e.g., Table 1).  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 hydrological 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 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. 


 


Task 4a.1. Add an estuary life-history component to existing salmon life-cycle models, 


and assess population sensitivities to estuary survival gains. Develop new life-cycle 


models for populations in other ESUs. . 


 


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. 
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Task 4a.3. Model expected life-cycle benefits from estuary restoration targeting at-risk 


salmon stocks.  


 


In 2011 we began to develop models, in conjunction with the Adaptive 


Management Implementation Plan (AMIP) life-cycle modeling group that contained 


explicit estuary components.  We focused on interior ESUs (Snake River spring/summer 


Chinook, Snake River fall Chinook, Upper Columbia spring Chinook, and Snake River 


steelhead), and two lower river populations (Willamette River Chinook and lower river 


Tule Chinook) to cover a range of estuary usage.  We began by developing models with 


the capability to conduct sensitivity analyses on the benefits of estuary habitat actions. An 


important capability of the modeling effort will be to explicitly account for climate 


change in the evaluation of restoration responses.  


 


 Expanding the models to contain specific information on more detailed aspects of 


survival and growth in the estuary will be a challenge.  In FY 2012 we will hold a 


workshop to discuss how continuing research can be used to generate model parameters 


with the information generated from the objectives above.  


 


 Life histories chosen for life-cycle analyses 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.  Following 


these refinements and the results of the habitat-opportunity modeling (Objective 4b), we 


will assess the effects of estuary restoration on selected ESUs.  We will examine whether 


the life-cycle modeling should be extended beyond the current schedule (2014) based on 


our field results. For example, results from the proposed juvenile and adult sampling in 


tributary systems (Objective 4) could support further improvements in the model by 


providing quantitative estimates of the juvenile life histories of outmigrants and returning 


adults.  


 


4b Hydrological modeling: Model the dynamics of stock-specific habitat 


opportunities in the tidal-fluvial estuary in response to changing flow, temperature, 


and climate conditions 


 


Task 4b.1.  Establish a fine-resolution grid for focal habitat complexes.  


 


Task 4b.2.   Calibrate the model and validate simulations of circulation using data from 


main-stem and new observation stations in reach F. 







 28 


 


Task 4b.3.  Model the dynamics of salmon habitat opportunities with flow and 


temperature variations among all estuary hydrogeomorphic reaches and within selected 


habitat complexes to support life-cycle modeling. 


 


Task 4b.4.  Simulate effects of climate change scenarios on estuarine habitat 


opportunities for selected salmon ESUs 


 


Hydrological variables as well as stock distributions may influence habitat use by 


salmon in different estuary locales. Simulation modeling has demonstrated that habitat 


opportunities for juvenile salmon in different lower-estuary regions respond 


independently to physical changes, reflecting the unique interactions of local habitat 


features and regional landscapes with system-wide processes (e.g., tides and river flow) 


(Bottom et al. 2005; Burla et al. 2007). The effectiveness of restoring habitat for salmon 


thus may vary depending upon the reach or complex within which it is embedded.  We 


propose to characterize the dynamics of habitat opportunities for juvenile salmon at 


reach- and habitat-scales. 


 


 We will use an existing hydrological model (Baptista et al. 2005; Zhang and 


Baptista 2008) to support the life-cycle modeling of estuary needs for diverse salmon 


ESUs and to account for projected effects of climate change on salmon habitat 


opportunities.  The hydrological model will be used to simulate and characterize salmon 


habitat access in the tidal-fresh reaches of the estuary under varying flow, temperature, 


and climate-change conditions. The simulations will utilize habitat-opportunity metrics 


proposed by Bottom et al. (2005b) and modified by recent estuary-survey results 


(Roegner et al. 2008; Bottom et al. In review), including depth (0.5 m – 2.0 m), velocity 


(≤30 cm s
-1


), and temperature (<19°C).  These criteria may be further modified as needed 


to reflect the results of new habitat-specific data collected in Objective 2. 


 


 In 2010 we extended an existing hydrological model to incorporate regions 


upstream of Beaver Army, which previously had served as the ‗river boundary‖ for the 


domain.  We simulated habitat opportunity metrics for mid- and upper estuary reaches (C 


– H). The grid resolution for hydrodynamic numerical simulations typically is 50-100m. 


Simulations utilize the model SELFE (Zhang and Baptista 2008) to establish a habitat-


opportunity baseline for system-wide estuarine conditions.  Details of the SELFE model, 


its effectiveness, and previous applications to salmon studies are described in Appendix 


A. 


 


Model simulations will examine the dynamics of habitat opportunities across all 


tidal-fluvial reaches (C – H) and for focal habitats within one or more selected reaches.  


In 2011 the spatial resolution for the model is being refined to incorporate habitat-


specific detail for a complex of habitats near the Willamette River confluence (reach F) to 


overlap with the survey area proposed for salmon studies in 2012 (Objective 2) (Figure 


3). This location also takes advantage of life history information available for Willamette 


River Spring Chinook salmon (Schroeder  et al. 2007) and stock-specific genetics data 


provided by Teel et al.  (2009) and the 2010-11 estuary-wide genetics survey (objective 
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1). Our initial modeling has characterized modern conditions in reach F with an 


underlying grid resolution of ~1-15m.  Initial habitat-opportunity simulations will target 


the habitat complex at the lower end of Sauvie Island and Multnomah Channel (Figure 


3). 


 


 In 2012 we will continue to examine the interplay of local habitat and system-


wide (e.g., flow) effects on salmon habitat opportunities.  We will extend the fine-


resolution grid of Reach F to include the Lewis River confluence/Bachelor Island area, 


consistent with the study area for Objective 2.  Modeling simulations will be coordinated 


with stock-specific information to assess variations in habitat opportunities that 


correspond to the migration periods (and associated physical conditions) of particular 


genetic stock groups.  Our estuary research team will identify priority estuary circulation 


simulations to support life-cycle modeling for at-risk populations. Further simulations 


will examine various river discharge and temperature scenarios projected for future 


climate change and their implications for selected genetic stock groups dependent on 


reach F habitats.  After 2012 the research team will review the hydrological modeling 


results to date and identify further priorities to support the life-cycle modeling.  These 


could include simulations for additional focal habitat areas or other salmon ESUs with 


different estuary-use patterns. 


  


Schedule 
 


 The proposed schedule for the four objectives (Figure 4) 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) will continue 


through March 2012 to allow 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. 


 


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. 
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Biological Effects 


 


 Direct take of listed species estimated for our collection permit in 2011 is 


provided in Appendix B.  These estimates are updated annually 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. 


 


 


Project Personnel and Duties 
 


1. NOAA Interim 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
 


Figure 4.  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 Biological Opinion.  
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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
  


7. Physical monitoring and modeling – Antonio Baptista
2
 


8. Otolith microstructure and scale analyses – Lance Campbell
3
 and Steve Schroder


4
 


9. Salmon Genetic analyses – David Teel
1
  


10. Life-cycle modeling – Paul Chittaro
1
,
 
Tom Cooney


1
, Lisa Crozier


1
, Mark 


Scheuerell
1
, Rich Zabel


1
 


11. Adult population response – TBA 


 


 


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 synthesize and 


integrate results of separate project objectives and activities, and (3) to prepare detailed 


sampling schedules for the upcoming field season. A draft report of annual progress will 


be provided to the COE by 31 March each year, and final annual reports will be 


completed by 31 May. The results will be published in appropriate scientific journals.  
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Budget 


 


The budget reflects changes in project activities following the completion of the 


bimonthly, estuary-wide genetics surveys (Objective 1) in March 2012 and the initiation 


of new habitat-specific studies (Objective 2) in the upper estuary.  These changes will 


increase sampling intensity to allow more frequent surveys of selected habitat types 


within reach F.  This will result in modest increases in staff, travel, and equipment costs 


in 2012. 
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APPENDIX A 


 


The Virtual Columbia River and SELFE Modeling System 


 


The Virtual Columbia River 


(http://www.stccmop.org/datamart/virtualcolumbiariver) is a skill-assessed 4D (space-


time) simulation environment that offers multiple representations of circulation 


processes, variability and change across a continuum of river-to-shelf scales. Circulation 


includes water levels, salinity, temperature, and velocities. The virtual Columbia River is 


integral to the observation and prediction system SATURN ((Baptista et al. 2008); 


http://www.stccmop.org/saturn). Modeling products include daily circulation forecasts 


(http://www.stccmop.org/datamart/virtualcolumbiariver/forecasts) and simulation 


databases (http://www.stccmop.org/datamart/virtualcolumbiariver/simulationdatabases) 


extending from January 1, 1999 to the present.   


Although other models have been used (in particular, ELCIRC (Zhang et al. 


2004)), SELFE is the primary computational engine for the virtual Columbia River. 


SELFE (http://www.stccmop.org/CORIE/modeling/selfe) is an open-source community-


supported modeling system, based on unstructured grids, designed around the effective 


simulation of 4D baroclinic circulation across river-to-ocean scales (Zhang and Baptista 


2008a).  


The core  SELFE module uses a semi-implicit finite-element Eulerian-Lagrangian 


algorithm to solve the Navier-Stokes equations (in either hydrostatic (Zhang and Baptista 


2008a) or non-hydrostatic form), written to realistically address a wide range of physical 


processes and of atmospheric, ocean and river forcing. The algorithm is stable and 


computationally efficient (but slightly more expensive than ELCIRC). Although not 


strictly enforced by the numerical scheme, the volume conservation is typically very 


good. The algorithm also naturally incorporates wetting and drying of tidal flats.  


While originally developed to meet specific modeling challenges for the 


Columbia River (Burla 2009; Burla et al. in press; Burla et al. 2010a; Frolov et al. 2008; 


Frolov et al. 2009; Hickey 2010 ), SELFE has been extensively tested against standard 


ocean/coastal benchmarks (Zhang and Baptista 2008a; Zhang and Baptista 2008b) and 


applied to a number of coasts, bays and estuaries around the world (Azevedo 2009 ; Gong 


2009 ; Rodrigues et al. 2009; Zhang and Baptista 2008b), in the context of estuarine and 


ocean circulation, tsunami and storm surge inundation, internal waves, and recently, oil 


spill, sediment transport, coastal ecology, and wave-current interaction. A set of fate and 


transport modules have been created around the core circulation module, to support these 


various applications. 



http://www.stccmop.org/datamart/virtualcolumbiariver

http://www.stccmop.org/saturn

http://www.stccmop.org/datamart/virtualcolumbiariver/forecasts

http://www.stccmop.org/datamart/virtualcolumbiariver/simulationdatabases

http://www.stccmop.org/CORIE/modeling/selfe
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For the Columbia River, simulations have covered the river-to-ocean continuum. 


As a part of the calibration and validation of the modeling system, extensive model-data 


comparisons have been (and continue to be) conducted.  These comparisons have used 


both qualitative insights on process representation (e.g., (Burla et al. in press; Burla et al. 


2010b; Frolov et al. 2009; Hickey 2010 )) and quantitative error metrics (e.g., (Baptista et 


al. 2005; Burla 2009; Burla et al. 2010b; Zhang and Baptista 2008a); also systemic, 


automated comparisons for both forecasts and simulation databases, available in the web 


and synthesized across simulations via modified Taylor diagrams, Figure B-1) to inform 


model evolution and facilitate improvement of model skill over time. 


A large portion of the data used in calibration and validation is generated by the 


SATURN observation network (http://www.stccmop.org/datamart/observation_network), 


a sub-system of the Northwest Association of Networked Ocean Observing Systems 


(NANOOS). The SATURN observation network combines river-to-plume endurance 


stations with an estuary-to-shelf pioneer array. Originally designed as a physics-only 


focus (Baptista 2006), the observation network is now broadly interdisciplinary (e.g., see 


SATURN-03, 


http://www.stccmop.org/datamart/observation_network/fixedstation/?station=saturn03). 


Raw data are available real-time and quality controlled data (where quality control 


procedures are established) are available with a time lag. Other data sources for model 


validation include NANOOS oceanographic buoys in southern Oregon and (as of July 


2010) northern Washington, and NOAA weather buoys–as well as  short-term 


deployments by projects such as RISE (Hickey 2010 ).  


The models have highest skill in the main stem estuary and plume. A new, 


comprehensive river-to-estuary bathymetry, currently being implemented, will 


substantially increase the model resolution and skill in the tidal freshwater, including the 


floodplain and restoration sites. Ad hoc data from various sources (short-term monitoring 


for NOAA salmon studies and LCREP studies, in particular) will be used to evaluate and 


improve skill in shallow, wetting-and-drying regions. 


We anticipate the models to serve as an effective supporting tool to identify 


restoration sites, but we have not yet demonstrated that.  


The Virtual Columbia River has been linked to salmon studies in at least three 


different ways: 


 The Columbia River Climatological Atlas (substantially although not 


exclusively based on the simulation databases), provides temporal context for 


salmon studies on (a) river, ocean and climate forcing, (b) estuarine features 


(e.g., salinity intrusion length and residence time); and plume features (e.g., 


volume, area, location). 



http://www.stccmop.org/datamart/virtualcolumbiariver/forecasts/products?fcast=f22&run=today&type=station

http://www.stccmop.org/datamart/virtualcolumbiariver/simulationdatabases/db22/products?type=station&run=2009-11-22

http://www.stccmop.org/datamart/virtualcolumbiariver/simulationdatabases/db22/products?type=sa&savar=mtd_salt_am169_0260_2004_w14.png&run=2004-14-22

http://www.stccmop.org/datamart/observation_network

http://www.stccmop.org/datamart/observation_network/fixedstation/?station=saturn03
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 Appropriate filtering of simulation results for the estuary are for the basis for 


the characterization of physical habitat opportunity for juvenile salmon, 


through metrics that rely on water velocities, salinity, temperature or water 


levels. These metrics were introduced by (Bottom et al. 2005), and further 


developed and discussed by (Burla 2009). The metrics have been used 


regionally in a variety of contexts, from understanding historical conditions 


and changes over time due to hydropower management (Bottom et al. 2005; 


Burla 2009), to studies of impact of channel deepening (USACE 2001), and 


are being used in on-going studies of identification of restoration sites (this 


study and LCREP studies, in particular).     


 Correlation between physically-based plume metrics with fisheries data has 


provided insight into the role of plume conditions at time of ocean-entry on 


smolt-to-adult return ratios (Burla 2009; Burla et al. in press). This type of 


empirical correlation analysis is being expanded to estuarine metrics. 


 


 


 


 


  


 


 


 


 


 


 


 


 


 


 


 


 


Figure B-1.  Modified Taylor diagram illustrates the improvement of skill of the virtual 


Columbia River simulation databases over time. Multiple skill metrics are shown 


for surface salinity at a challenging endurance station in the lower estuary.  


Proximity to data (red circles) along three (top semi-circle) or two (bottom) axes 


defines skill. Higher-number names represent more recent and (with exceptions) 


more skilled databases (DB). 
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Appendix B 


 


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


The contribution of tidal fluvial habitats in the Columbia River Estuary to the 


recovery of diverse salmon ESUs


Dan Bottom/Susan Hinton
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II.  Project Summary 
A. Goal   


Evaluate the ecological benefits(a


B. Null Hypotheses   


) of restoration actions for juvenile salmon in the lower Columbia 
River and estuary (LCRE; rkm 0–234).   


In terms of ecological benefits, pre-restoration conditions are equal to post-restoration conditions (site 
scale); juvenile salmon density and seasonal distribution are not changing over time for a given estuary 
segment (landscape scale); and multiple restoration actions are not having estuary-wide effects (estuary 
scale). 


C. Objectives   
The overarching objectives for this multi-year study (2011–2018) are 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 project, 2) landscape scale as a result of multiple restoration actions 
located within a ~50-km segment of the LCRE, and 3) estuary


• Objective 1 – Site Scale – Continue action effectiveness research to evaluate effects of the 1) 
rechannelization at the Sandy River delta (pre-restoration); 2) tidegate replacement at the Julia Butler 
Hanson National Wildlife Refuge (JBH NWR; post-restoration); 3) tidegate replacement at the large 
slough on Tenasillahe Island (post-restoration); and 4) tidegate replacement or channel reconnection 
at the small slough on Tenasillahe Island (pre-restoration). 


 scale as a result of the cumulative effects 
of multiple restoration actions estuary-wide.  The focus of the 2012 project-year is to evaluate the 
ecological benefits of restoration actions. 


• Objective 2 – Landscape Scale – Estimate juvenile salmon density in shallow water habitats and 
migratory patterns in tidal tributary habitats between St. Helens and Longview (rkm 110–141). 


• Objective 3 – Estuary Scale – Prepare for a levels-of-evidence evaluation of the cumulative effects of 
multiple restorations actions.    


D. Methods   
The methods will be similar to those described by Johnson et al. (2009a, 2009b, 2011).  Study 


methods are summarized in Section II.C and presented in detail 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. 


F. Management Implications   
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. 
                                                           
(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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III.  Project Descr iption 
A. Background   


The Multi-Scale Action Effectiveness Research (AER) 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 AER 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 (CEERP; Figure 1) 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 1. CEERP Adaptive Management Process.  Green 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. (2011a). 


A.1  Problem Description:  Annually, the CEERP is a multimillion dollar effort to restore LCRE 
ecosystems for the benefit of juvenile salmon stocks listed as endangered or threatened under the 
Endangered Species Act (ESA).  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 access, 
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 AER is focused on 
remedying this situation with science for the Monitor/Research and Synthesize and Evaluate phases of 
CEERP adaptive management (Figure 1).   
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A.2  Current Knowledge:  In the LCRE (Figure 2), 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 AER, 
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.   


 
Figure 2. 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.  


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 AER study is pertinent to five other 
recently completed or ongoing AFEP studies:   


• EST-P-04-04 – Evaluating Cumulative Ecosystem (CE) Response to Restoration Projects in the 
LCRE:  Our study will incorporate indicators of fish habitat opportunity, habitat capacity, and 
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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-04-04, which is 
closing out in 2011. 


• EST-P-05-01 – Action Effectiveness Research and Monitoring of Ecosystem Restoration Actions 
within the CRE JBH NWR:  This project will be merged into EST-P-11-01 in 2012. 


• 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. 


• 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 informed by the updated Ecosystem Conceptual Model proposed under 
EST-P-12-01 and will be coordinated with the project’s proposed regional database. 


• SPE-P-08-03 – Juvenile Salmon Dam Passage Performance Standard Compliance Monitoring at John 
Day Dam, 2012:  Tagged fish from this project will be sampled in downstream, shallow waters areas 
of the LCRE between St. Helens and Longview (rkm 110-141). 


B. Objectives   
The overarching objectives for this multi-year study (2011 through 2018) are to evaluate the 


ecological benefits of restoration actions at multiple spatial scales over time.  These spatial scales include 
the  1) site scale as a result of an individual project, 2) landscape scale as a result of multiple restoration 
actions within a ~50-km section of the LCRE, and 3) estuary


The specific objectives for the 2012 project-year (January 1, 2012 to March 31, 2013) are to evaluate 
the ecological benefits of restoration actions. 


 scale as a result of the cumulative effects of 
multiple restoration actions estuary-wide  


• Objective 1 – Site Scale:  Continue action effectiveness research to evaluate effects of the 1) 
rechannelization at the Sandy River delta (pre-restoration); 2) tidegate replacement at the JBH NWR 
(post-restoration); 3) tidegate replacement at the large slough on Tenasillahe Island (post-restoration); 
and 4) tidegate replacement or channel reconnection at the small slough on Tenasillahe Island (pre-
restoration). 


• Objective 2 – Landscape Scale:  Estimate juvenile salmon density in shallow water habitats and 
migratory patterns in tidal tributary habitats between St. Helens and Longview (rkm 110–141). 


• Objective 3 – Estuary Scale:  Prepare for levels-of-evidence evaluations of the cumulative effects of 
multiple restorations actions.   
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C. Methods 
The methods for this complex study exceed the 10-page AFEP guideline.  Therefore, we are 


presenting the methods in their entirety 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 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, and 
Tenasillahe sites were chosen because they are part of ongoing AER in the LCRE.  Similarly, due to the 
likelihood of restoration projects in the river segment between the Longview to St. Helens (rkm 110–
141), evaluating trends in juvenile salmon density across multiple habitat strata at a landscape scale has 
been ongoing since 2009. 


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 AER at the 
Sandy River delta is described by Sather et al. (2009); the design for Tenasillahe Island is described by 
Johnson et al. (2009a) and JBH is described by Johnson et al. (2009b).   


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 et al. 2008).  Specific methods are similar to those 
explained by Johnson et al. (2009a, 2009b, 2011) and detailed as effectiveness monitoring protocols by 
Roegner et al. (2009). 


C.5  Species, numbers and source of required fish:  Specifics on species and samples sizes are noted, 
where applicable, within the corresponding tasks below, e.g., salmon density (Task 1a.1), genetic stock 
identification (Task 1a.3), and diet (Task 1a.5). 


C.6  Limitations of proposed methodology and expected difficulties:  Limitations/assumptions associated 
with each task are outlined below.  
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C.7  Specific Methods and Tasks for Objective 1, Site Scale.  The intent of an AER 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


This pre-restoration research provides data to inform effectiveness of restoration actions at the Sandy 
River delta.  The restoration action at the Sandy River delta is expected to increase habitat opportunity 
and capacity for juvenile salmon.  The selected monitored metrics described in the tasks below are 
anticipated to respond to the action.  


, Continue pre-restoration research to support evaluation of the effectiveness of the 
Sandy River delta rechannelization.  


Task 1a.1.  By month, estimate juvenile salmon density and length frequency distribution of observed 
salmon.  Monitored indicator(s):  juvenile salmon density (#/m2


 


), fork length.  Juvenile salmon will 
be sampled monthly using beach seines at the four locations (Sites N, C, B, and E; Figure 3) to 
accommodate a BACI (before-after-control-impact) experimental design (Sobocinski et al. 2008).   


Figure 3. Four BACI Sites Selected for Researching Juvenile Salmon Ecology.  These sites are within 
the vicinity of the Sandy River delta on the lower Columbia River (rkm 192–208).  Flow is 
from right to left. 


Task 1a.2.  By month, characterize fish community composition of observed native and non-native 
fishes.  Monitored indicator(s):  fish density (#/m2) by juvenile salmon, other native, and non-native 
fish. 


Task 1a.3.  By month, characterize genetic stock groupings of observed juvenile Chinook and 
steelhead.  Monitored indicator(s):  estimated genetic stock of origin. 
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Task 1a.4.  By month, characterize aquatic habitat relative to ecological controlling factors.  
Monitored indicator(s):  water temperature, water surface elevation, dissolved oxygen content, water 
velocity, substrate, and percent cover of emergent vegetation, shrubs, and trees. 


Task 1a.5.  By month, characterize juvenile Chinook salmon diet (number and biomass.  Monitored 
indicator(s):  count and weight by taxa of stomach contents. 


Task 1a.6.  By quarter, characterize benthic, drifting and winged or terrestrial taxa available to 
juvenile salmon for consumption.  Monitored indicator(s):  species composition and relative 
abundance of sampled food items. 


Task 1a.7.  By quarter, characterize aquatic habitat relative to water chemistry.  Monitored 
indicator(s):  nutrients (total nitrogen and phosphorous), organic carbon (total, dissolved, particulate), 
carbon-hydrogen-nitrogen ratios, total suspended particulates (organic and inorganic fraction), and 
chlorophyll-a. 


Task 1a.8.  By quarter, characterize diets of sympatric resident native and non-native fishes 
(stickleback, bluegill, and killifish) by number and biomass.  Monitored indicator(s):  count and 
weight by taxa of stomach contents by species. 


Task 1a.9.  Semi-annually, estimate plant biomass.  Monitored indicator(s):  plant biomass (dry 
weight, aboveground organic matter). 


Task 1a.10.  Model bioenergetics to evaluate energy acquisition by juvenile salmon in shallow tidal 
freshwater by summarizing predicted growth, consumption, and gross conversion efficiency.  
Monitored indicator(s):  water temperature, juvenile salmon diet, prey resources data obtained and 
used in the bioenergetics model to estimate specific growth rate, consumption rate, and conversion 
efficiency. 


C.7.1b  Objective 1b


This objective is part of a BACI approach intended to assess the effectiveness of restoration actions at 
JBH NWR.  These restoration actions are focused on installing or replacing tidegates on sloughs of JBH 
NWR.  In fiscal year 2012 (FY12), this post-restoration research conducted by the U.S. Fish and Wildlife 
Service (USFWS), will provide data on fish passage, fish community structure, juvenile salmon presence 
and distribution, and aquatic habitat quality.  The restoration actions at JBH NWR were expected to 
increase fish passage and aquatic habitat quality for juvenile salmon.  The selected monitored metrics 
described in the tasks below are anticipated to respond to the action. 


, Continue post-restoration AER to support evaluation of the JBH tidegate 
replacement. 


Mainland JBH NWR includes eight sloughs that were historically influenced by tides.  Until 2009, 
only four sloughs—Brooks, Duck Lake, W201+30, and W259+50—had tidegates that controlled the 
discharge of water from the mainland interior.  Four other closed sloughs—Ellison, Hampson, Indian Jack 
and Winter—were not connected to the Columbia River and its side channels because of flood control 
levees (Figure 4).  In 2009, self-regulating, side-hinge tidegates were installed at Brooks, Hampson, and 
Winter sloughs.  In 2010, this same gate design was installed at Duck Lake and Indian Jack sloughs.  
Action effectiveness research proposed for 2012 will focus on actions conducted in 2010 at Duck Lake 
and Indian Jack sloughs.   
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JBH NWR includes islands that do not have dikes and that are adjacent to mainland JBH NWR.  The 
Hunting Islands are a group of three islands on the Washington side of the Columbia River immediately 
downstream of the town of Cathlamet at rkm 54.7.  The natural tidal marsh habitat on South Hunting 
Island is relatively pristine with no evidence of human habitation or landscape alterations.  The slough on 
the eastern edge of South Hunting Island was selected as a control site (Figure 4).   


Task 1b.1.  Assess the daily periods, frequency, and duration that tidegates are conducive to passage 
by juvenile salmonids.  Monitored indicators:  number of tidegate openings per day and duration of 
openings; salmonid passage through tidegates (species presence, number/hour); salmonid residence 
time within sloughs. 


Task 1b.2.  Describe monthly presence, distribution, and biological characteristics (e.g., species, size) 
of fish inhabiting treatment and reference sloughs.  Monitored indicators:  salmonid species presence, 
salmonid density (number/m2), salmonid fork length (FL) and weight, and fish community 
composition (richness, diversity, non- vs native species) 


Task 1b.3.  Characterize aquatic habitats monthly at mainland sloughs modified in 2010 (Duck Lake 
and Indian Jack sloughs) and the reference slough South Hunting East.  Monitored indicators:  water 
temperature (seven-day average of the daily maximum temperatures [7-DADM], daily mean), 
dissolved oxygen (%DO and mg/L), water conductivity and turbidity 


Task 1b.4.  Collect tissue to provide monthly genetic stock identification information for individual 
juvenile Chinook salmon and steelhead trout.  Monitored indicator(s):  estimate of genetic stock of 
origin. 


Objective 1c


This objective is part of a BACI approach intended to assess the effectiveness of restoration actions at 
Large Tenasillahe Slough.  This restoration action was focused on replacing tidegates.  In FY12, this post-
restoration research conducted by USFWS will provide data on fish passage, fish community structure, 
juvenile salmon presence and distribution, and aquatic habitat quality.  The restoration actions at 
Tenasillahe Island (Figure 5) were expected to increase fish passage and aquatic habitat quality for 
juvenile salmon.  The selected monitored metrics described in the tasks below are anticipated to respond 
to the action. 


, Continue post-restoration AER to support evaluation of the tidegate replacement in the 
large slough on Tenasillahe. 
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Figure 4. Area Map of JBH NWR Showing the Location of Sloughs and Sample Reaches (red circles).  


Black, green, and blue lines indicate closed, gated, and reference sloughs, respectively.  


The tidegates on the large slough on Tenasillahe Island (Figure 5) were modified in 2007 in an 
attempt to improve aquatic habitat and fish passage.  The action consisted of replacing three top-hinge 
steel tidegates with three side-hinge aluminum tidegates, each with a manually operated slide gate (one 
m2).  Action effectiveness research on this project began with pre-construction data collection in 2005, 
2006, and 2007, followed by post-construction data collections in 2008 and 2009.  Little fish passage into 
the sloughs was witnessed post construction and water temperature remained statistically unchanged.  
Seasonal operation of manually operated fish doors installed on the tidegates began in 2010.  Collection 
of data that mirror those collected in the early study will allow assessment of this new action. 
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Figure 5. Area Map of Tenasillahe Island and Welch Island Showing Locations of Reference Sloughs 
(large and small Welch sloughs), Treatment Sloughs (large and small Tenasillahe sloughs) and 
Sample Reaches Within Sloughs (blue circles) 


Tenasillahe Island is an 809-hectare island located in the lower Columbia River at rkm 56 (Figure 5).  
Much of the tidal marsh habitat historically occurring at Tenasillahe Island was altered due to the 
construction of dikes around the island during the course of the last century.  Aquatic habitat on the island 
currently consists primarily of two interior sloughs connected to the Columbia River via tidegates.  Until 
summer of 2007, the aquatic habitat on the island consisted primarily of a network of interior sloughs 
connected to the Columbia River via steel top-hinged tidegates.  These gates are designed to close when 
river water elevation reaches that of slough water elevation.  When gates are closed, water flow into 
sloughs is limited to that which leaks through the gates.  Tidegates limit fish passage into or out of the 
sloughs to times when water is flowing out of the slough.  Connection of the smaller of the two sloughs to 
the Columbia River is controlled by a single top-hinge steel tidegate.  Connection of the larger of the 
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sloughs to the Columbia River is now controlled by three side-hinge aluminum tidegates equipped with a 
manually controlled fish orifice.  These gates replaced three top-hinge steel tidegates in 2007.   


Welch Island is part of the Lewis and Clark NWR (also managed by USFWS), which was established 
in 1972.  Welch Island is a 429-hectare island located in the lower Columbia River at rkm 55, adjacent to 
and just downstream of Tenasillahe Island (Figure 4).  The natural tidal marsh habitat on Welch Island is 
relatively pristine.  We have not found any evidence that Welch Island was settled by humans.  Sloughs 
are not diked or controlled by tidegates and have unimpeded connection to surrounding waters and tidal 
action.   


Task 1c.1.  Assess the daily periods, frequency, and duration that new tidegates allow passage by 
juvenile salmonids.  Monitored indicators:  number of tidegate openings per day and duration of 
openings, salmonid passage through tidegates (species presence, number/hour), and salmonid 
residence time within sloughs. 


Task 1c.2.  Describe presence, distribution, and biological characteristics (e.g., species, size) of fish 
inhabiting treatment and reference sloughs.  This will occur twice per month in March through May 
and then once every other month throughout the year.  Monitored indicators:  salmonid species 
presence, salmonid density (number/m2), salmonid FL and weight, and fish community composition 
(richness, diversity, non- vs. native species). 


Task 1c.3.  Characterize habitats at the large slough on Tenasillahe Island and compare them to those 
observed at a reference slough on Welch Island.  This will occur twice per month in March through 
May and then once every other month throughout the year.  Monitored indicators:  water temperature 
(7-DADM, daily mean), dissolved oxygen (%DO and mg/L), water conductivity and turbidity. 


Task 1c.4.  Collect tissue to provide monthly genetic stock identification information for individual 
juvenile Chinook salmon and steelhead trout.  Monitored indicator(s):  estimate of genetic stock of 
origin. 


Objective 1d


This objective is part of the BACI approach intended to assess the effectiveness of restoration actions 
at Small Tenasillahe Slough.  This restoration action was focused on replacing tidegates.  In FY12, this 
post-restoration research conducted by USFWS will provide data on fish passage, fish community 
structure, juvenile salmon presence and distribution, and aquatic habitat quality to inform design and 
effectiveness of restoration actions at the small slough on Tenasillahe Island.  The restoration actions at 
Tenasillahe Island will be expected to increase fish passage and aquatic habitat quality for juvenile 
salmon.  The selected monitored metrics described in the tasks below are anticipated to respond to the 
action. 


, Pre-restoration AER to support design and evaluation of the restoration actions at the 
small slough on Tenasillahe Island 


Potential restoration actions at the small tidegated slough on Tenasillahe Island are being 
investigated.  Data on fish community and aquatic habitat conditions will be helpful in designing these 
actions and assessing the outcome of these actions.  Fish community structure and some water 
temperature and dissolved data were collected in 2006, 2007, and 2008 in conjunction with the Large 
Tenasillahe Island AER outlined above.  Data collected in 2012 will focus on fish passage potential, 
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aquatic habitat condition and begin to measure material flux of this gated slough.  See description of study 
area in Objective 1c above and in the report by Johnson et al. (2009a). 


Task 1d.1.  Assess the daily periods, frequency and duration that new tidegates allow passage by 
juvenile salmonids.  Monitored indicators:  number of tidegate openings per day and duration of 
openings.   


Task 1d.2.  Describe presence, distribution, and biological characteristics (e.g., species, size) of fish 
inhabiting the small slough on Tenasillahe Island and compare them to conditions at the reference 
slough on Welch Island.  This will occur twice per month in March through May and then once every 
other month throughout the year.  Monitored indicators:  salmonid species presence, salmonid density 
(number/m2), salmonid FL and weight, and fish community composition (richness, diversity, non-
native vs. native species) 


Task 1d.3.  Characterize habitats at the small slough on Tenasillahe Island and compare them to that 
observed at a reference slough on Welch Island.  This will occur twice per month in March through 
May and then once every other month throughput the year.  Monitored indicators:  water temperature 
(7-DADM, daily mean), dissolved oxygen (%DO and mg/L), and water conductivity and turbidity 


Task 1d.4.  Collect tissue to provide monthly genetic stock identification estimates for individual 
juvenile Chinook salmon and steelhead.  Monitored indicator(s):  estimate of genetic stock of origin. 


Task 1d.5


C.7.2  Specific Methods and Tasks for Objective 2 Landscape Scale:  Estimate juvenile salmon density in 
shallow water habitats and migratory patterns in tidal tributary habitats of the LCRE between St. Helens 
and Longview. 


.  Quantify monthly (March through May) flux of organic material from Small Tenasillahe 
Slough and compare it to flux from the reference slough on Welch Island.  Monitored indicators:  
organic macrodetritus (mg/L/h).  


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 respond to 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.  


Task 2a.  Design sampling, collect data (quarterly), and analyze 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


                                                           
(a) From Skalski (2011). 


) across habitats and river reaches 
(Figure 6). 
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Figure 6. Sampling Universe Within Geomorphic Reaches D, E, F, and G in the LCRE.  Only the river 
segment from Longview to St. Helens (roughly reaches D and E) will be sampled during 
FY12.   


Task 2b.  Estimate the spring and summer extent of downstream migration of salmon and steelhead 
moving from the main stem up into LCRE tributaries in the landscape (Longview–St. Helens) study 
area:  Lake, Lewis, and Cowlitz rivers.  Monitored indicator(s):  residence times and movement 
patterns. 


Task 2c.  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. 


Task 2d.  Develop design criteria for landscape-scale application of passive integrated transponder 
(PIT)-tag antenna arrays to examine migratory patterns and residence time of run-of the river juvenile 
salmon in the LCRE  Monitored indicator(s):  not applicable. 


Task 2e.  Maintain communication with Pacific Northwest National Laboratory (PNNL) staff 
engineering the next-generation acoustic microtags currently under development by other Corps 
studies.  Monitored indicator(s):  not applicable. 
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C.7.3  Specific Methods and Tasks for Objective 3 Estuary Scale:  Prepare for levels-of-evidence 
evaluations of the cumulative effects of multiple restorations actions 


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.  Monitored indicator(s):  not 
applicable (there are no monitored indicators associated with this task). 


Task 3b


D. Expected Results and Applicability   


.  Coordinate tasks, data collection, analysis, and management with other relevant research in 
the estuary as it supports meta-analysis of action effectiveness data in the estuary.  Monitored 
indicator(s):  not applicable. 


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 15-month effort follow: 


• January 1 – Begin year 2 of study (2012). 


• January 1, 2012 to December 31, 2012 – Data collection 


• October 2012 to March 2013 – Data analysis (for period – October 2011 through September 
2012) 


• December 2012 – AFEP Annual Review presentation (deliverable) 


• January to May 2013 – Report writing 


• May 31, 2013 – End of study year 2 (2012).  Submit key findings, annual report (deliverable) 
(period = January 2012 through December 2012) 


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 
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. 
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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 for Objective 1 at the Sandy River delta and Objective 2 
landscape salmon density.  The USFWS will obtain permits for sampling for Objective 1b, 1c, and 1d at 
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 managed by PNNL and performed in collaboration with the ODFW, the USFWS, 


the National Marine Fisheries Service (NMFS), and the University of Washington (UW).  PNNL has 
nationally recognized expertise in coastal ecosystem research and restoration.  The ODFW’s Columbia 
River Investigations Unit performs research at the crux of fisheries management issues in the region.  The 
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.  This team has collaborated effectively on research on juvenile salmon ecology 
in the LCRE since 2007. 


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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VII.  Budget 
The budget will be submitted with the final proposal under separate cover. 
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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 their entirety in this appendix.  The numbering system for the material that 
follows is from Section II.C of the main body of the proposal.   


C. 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 
NWR, 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 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 NWR, and 
Tenasillahe sites were chosen because they are part of ongoing AER in the LCRE.  Similarly, due to the 
likelihood of restoration projects in the river segment between the Longview to St. Helens (rkm 110–
141), evaluating trends in juvenile salmon density across multiple habitat strata at a landscape scale has 
been ongoing since 2009. 


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 BACI design for AER at the Sandy River delta is 
described by Sather et al. (2009), the design for Tenasillahe Island is described by Johnson et al. (2009a), 
and JBH NWR is described by Johnson et al. (2009b).   


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 et al. 2008).  Specific methods are similar to those 
explained by Johnson et al. (2009a, 2009b, 2011) and detailed as effectiveness monitoring protocols by 
Roegner et al. (2009). 


C.5  Species, numbers, and source of required fish:  Specifics on species and samples sizes are noted, 
where applicable, within the corresponding tasks below, e.g., salmon density (Task 1a.1), genetic stock 
identification (Task 1a.3), and diet (Task 1a.5). 


C.6  Limitations of proposed methodology and expected difficulties:  Limitations/assumptions associated 
with each task are outlined below.  
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C.7  Specific Methods and Tasks for Objective 1, Site Scale.  The intent of an AER 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 research to support evaluation of the effectiveness of 
the Sandy River delta rechannelization.  


This pre-restoration research provides data to inform effectiveness of restoration actions at the Sandy 
River delta.  The restoration action at the Sandy River delta is expected to increase habitat opportunity 
and capacity for juvenile salmon.  The selected monitored metrics described in the tasks below are 
anticipated to respond to the action.  


Monitored indicator(s):  juvenile salmon density (#/m


Task 1a.1.  By month, estimate juvenile salmon density and length frequency distribution of observed 
salmon. 


2


Methods:  Juvenile salmon will be sampled monthly at the four locations (Sites N, C, B, and E; 
Figure A.1) to accommodate a BACI experimental design (Sobocinski et al. 2008).  Sites B and E are 
control sites, while Sites C and N are within the zone of potential impact from the restoration project.  
Sites C and E are open channel sites, where C may be affected when the old channel is reopened.  Sites N 
and B are backwater or off-channel sites, where N will be affected when the old channel is reopened.  
Hence, there are two control-impact pairs that can be monitored pre- and post-rechannelization. 


), fork length. 


• Site B:  Beach side of Chatham Island, upstream of Sandy River delta—side channel, mainstem 
island, sandy substrate 


• Site C:  Near the mouth of the old channel at Sandy River delta—river delta, sandy substrate 


• Site E:  West shore of Gary Island on the Oregon State side of the Columbia River—side channel, 
mainstem island, fine substrate 


• Site N:  Downstream (east) of the blockage in the old channel of the Sandy River. 


Sites B, C, and E will be sampled with a seine (46 m long x 3 m deep at the center with wings that 
taper to 1.5 m) set by boat parallel to shore and retrieved using 15-m long tow ropes.  Due to constraints 
resulting from hydromorphology at Site N—a wetland channel not accessible by boat—a smaller beach 
seine (30.5 m long and 3 m deep) will be set by foot in a semi-circular pattern.  Regardless of deployment 
technique or beach seine size, duplicate, non-overlapping hauls will be set at each site, at least 30 minutes 
apart to allow nominal fish densities to reestablish.  Catches will be enumerated by taxa.  Up to 20 
individuals of each taxa and size class will be measured to the nearest millimeter fork length and nearest 
0.1 gram wetted weight within meaningful size groups for a given species.  Prior to handling, all Pacific 
salmon Oncorhynchus spp. and steelhead O. mykiss will be anaesthetized in a 10% tricaine 
methanesulfonate (MS-222) solution to minimize stress.  After processing, fish will be held in an aerated 
container of river water at ambient temperature until they have recovered fully.  Fish will be released near 
the site of their capture. 


 







AFEP 2012 Final Proposal 
Multi-Scale Salmon Ecosystem Action Effectiveness Research in the Lower Columbia River and Estuary 


Multi-Scale AER, EST-P-11-01 


A.3 


 


Figure A.1. Four BACI Sites Selected for Researching Juvenile Salmon Ecology.  These sites are within 
the vicinity of the Sandy River delta on the lower Columbia River (rkm 192–208).  Flow is 
from right to left. 


Assumptions/Limitations:  Restoration actions are expected to result in increased juvenile salmon 
densities observed at the restored sites compared to control sites.  Conditions at Sites C and N will be 
affected by the rechannelization, but those at Sites B and E will not (Figure A.1).  Unmarked fish are 
representative of naturally produced salmon, even though the samples will likely include some unmarked 
hatchery fish as well. 


Monitored indicator(s):  fish density (#/m


Task 1a.2.  By month, characterize fish community composition of observed native and non-native fishes. 
2


Methods:  With few exceptions, non-salmon fish taxa encountered in seine hauls (see sub-objective 
1a) will be processed in a manner similar to captured salmon.  All fish will be enumerated according to 
the lowest possible taxonomic resolution and up to 20 individuals within each size class for a given 
species fork length will be measured to the nearest millimeter.  Except for those individuals selected to be 
included in gut content analyses (see sub-objective 2d), non-salmon taxa will not be weighed.  After 
processing, all fish will be released near the site of capture.  When catches are large, a sub-sampling 
procedure will be implemented to rapidly process the catch without imposing undue stress to the fishes.  
Specifically, after removing all salmon, the remaining catch will be homogenized and 1 to 2 aliquots will 
be removed using graduated sub-sampling cups.  Sub-sampled catch will be placed in holding buckets for 
further processing, and the volume of the remaining will be quantified by enumerating the cups required 
to remove all fish from the net.  Data will be analyzed for proportions of salmon, other native fishes, and 
non-native fishes.   


) by juvenile salmon, other native, and non-native fish. 


Assumptions/Limitations:  Restoration actions are expected to result in decreased proportions of non-
native warm-water species densities and increased proportions of juvenile salmon and other native 
resident fishes observed at restored sites compared to control sites.  The assumption is that an increasing 
proportion of native fishes (decreasing proportion of non-native fishes) is beneficial for salmon. 
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Monitored indicator(s):  genetic stock of origin. 


Task 1a.3.  By month, characterize genetic stock groupings of observed juvenile Chinook and steelhead.   


Methods:  Sample sizes will correspond to the spatial (i.e., site and landscape) and temporal (i.e., 
monthly and quarterly) sampling effort associated with beach seining.  Using standard methods of genetic 
stock identification and individual assignment (reviewed by Manel et al. 2005), Chinook salmon will be 
genotyped using the methods described by Teel et al. (2009).  Data will be collected for 13 microsatellite 
loci that have recently been standardized among several west coast genetics laboratories (Seeb et al. 
2007).  Mixture analysis and estimation of stock-of-origin has two components, the construction of the 
baseline and the analysis of the unknown mixtures.  The “baseline” is the whole set of reference samples 
representing spawning aggregates in known geographic locations.  The “mixture” is a group of fish 
derived from different populations in different proportions.  In this study the mixtures are groups of 
Chinook salmon individuals taken at different times and places.  Standard mixed fishery methods will be 
used to compare the multi-locus genotypes in the mixture samples with the gene frequencies of the 
reference populations to estimate the likely proportional contribution from each of the baseline 
populations (Kalinowski et al. 2007).  Population data from a multi-laboratory standardized Chinook 
salmon genetic database (Seeb et al. 2007) will be used for the baseline.  Mixture analyses will be carried 
out using the program ONCOR (Kalinowski et al. 2007), which implements the methods of Rannala and 
Mountain (1997) for calculating genotype probabilities in the mixture sample.  Mixture proportions and 
assignment probabilities for individual baseline populations will be summed to regional stock groups 
(Seeb et al. 2007).  ONCOR will also be used to re-sample mixture and baseline data to estimate 
confidence intervals of the mixture proportions. 


Assumptions/Limitations:  Restoration actions are expected to result in increased diversity of juvenile 
salmon genetic stock groups observed at the restored sites compared to control sites.  Hatchery 
outplanting and brood stock sources can confound genetic stock identification.  For example, Upper 
Columbia Summer/Fall Chinook salmon can come from an Ives Island population below Bonneville 
Dam.  Juvenile steelhead are rarely sampled from shallow water habitats using a beach seine and sample 
sizes for genetic analysis may be minimal. 


Monitored indicator(s):  Ecological condition will be evaluated respective to ecological controlling 
factors, including water temperature, water surface elevation, dissolved oxygen content, water velocity, 
substrate, and percent cover of emergent vegetation, shrubs, and trees. 


Task 1a.4.  By month, characterize aquatic habitat relative to ecological controlling factors.   


Methods:  Site-specific water quality will be measured using a YSI-556 handheld device.  Water 
temperature and dissolved oxygen will be measured at each site following seining activities.  Water 
chemistry (e.g., nutrients/total nitrogen and phosphorus; total organic carbon/dissolved organic 
carbon/particulate organic carbon; carbon:hydrogen:nitrogen ratios; total suspended particulates; organic 
and inorganic fraction; chlorophyll-a) will be measured in conjunction with prey availability to 
quantitatively assess the functional attributes of the BACI sites and supplement baseline ecosystem 
monitoring efforts in the sample area prior to restoration actions.  Each month, concomitant with seining 
efforts, habitat will be evaluated at each site using a rapid assessment technique adapted from (Borde et 
al. 2009).  The composition of vegetation at each site will be assessed along three two-dimensional 
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transects (each 1,000 m2


• Photographs:  digital photographs from a standard location at each sample site will be taken during 
each trip to visually record site conditions. 


) by noting the percent cover of emergent vegetation, shrubs, and trees.  Other 
data will include: 


• Depth:  water depth at each sample site during each visit will be measured from a known benchmark.  
Depth will be continuously recorded using data loggers. 


• Positions:  all measurement sample sites, instrument placement positions, survey area boundaries, and 
other important locations will be documented using a differential global positioning system (GPS). 


Assumptions/Limitations:  Restoration actions are expected to improve baseline ecological conditions 
at the restored sites compared to control sites.  Controlling factor data are collected concomitant to the 
fish data and can be used to interpret the fish catch data.  These data inform evaluations of structural 
attributes associated with shallow water habitats and may be used to inform attributes of habitat 
opportunity and capacity as related to juvenile salmon ecology.  


Monitored indicator(s):  Count and weight by taxa of stomach contents. 


Task 1a.5.  By month, characterize juvenile Chinook salmon diet (number and biomass). 


Methods:  Gastric lavage will be used to remove stomach contents from juvenile salmon species 
greater than or equal to 50-mm FL.  Monthly at each site, contents from the digestive tracts of up to 20 
individuals of each salmon species will be flushed into individual polyethylene sample bottles using 
filtered river water at ambient temperature.  Samples will be labeled and preserved in a 10% ethanol 
solution to slow degradation.  Within 24 hours, samples will be preserved in a 70% ethanol solution for 
later analysis.  In the laboratory, prey items in each sample will be identified to the lowest classification 
practicable using standard taxonomic keys (e.g., Merritt and Cummins 1996).  Partially degraded 
organisms will be identified based on paired or individual characteristic structures.  Prey items of the 
same taxon and life history stage will be counted and placed in labeled centrifuge vials containing 70% 
ethanol solution.  Subsequently, whole animals stored in the centrifuge vials will be weighed (blotted 
dry), individually or as a group depending on size, to the nearest 0.001g.  Unidentifiable prey appendages 
and insect exuviae will be returned to the original sample bottle and stored in 70% ethanol. 


Assumptions/Limitations:  Restoration actions are expected to increase opportunities for feeding by 
juvenile salmon at the restored sites compared to control sites.  The fish sub-sampled for diet analysis are 
representative of the population.  There is a limitation of the size of fish that can be lavaged (≤50 mm).  
Stomach contents can be difficult to identify depending on extent of digestion.  When correlated with 
prey availability (Task 1a.6), the assumption is that diets are representative of prey pools from a particular 
site.  Other salmon and trout have been excluded from this task based on past experience working in the 
LCRE, which indicates these other species do not occur frequently enough to provide adequate sample 
sizes for analysis. 


Monitored indicator(s):  species composition and relative abundance of sampled food items. 


Task 1a.6.  By quarter, characterize benthic, drifting and winged or terrestrial taxa available to juvenile 
salmon for consumption 
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Methods:  Field activities to characterize prey available to salmon at the four BACI locations will be 
conducted seasonally when salmon are likely to be relatively abundant based on previous sampling 
(Sather et al. 2009; February, May, July, November).  Benthic organisms will be collected using a ponar 
dredge; collection of drifting macroinvertebrates and zooplankton will use fixed plankton nets, and 
terrestrial or winged prey items will be collected with fallout traps.  Duplicate samples using each gear 
type will be collected to assess sampling variability.  In the laboratory, all organisms will be identified to 
the lowest taxonomic classification practicable.  Whenever possible, entire samples will be processed; 
however, samples containing large numbers of organisms will be sub-sampled according to procedures 
adapted from published techniques (benthos, Boward and Freidman 2000; drift and fallout, Mills et al. 
1992; Storch et al. 2007).  


Assumptions/Limitations:  Restoration actions are expected to increase the amount of prey available to 
juvenile salmon for consumption at the restored sites compared to control sites.  The sampled prey are 
representative of prey actually available to the juvenile salmon in the study area.   


Monitored indicator(s):  nutrients (total nitrogen and phosphorous), organic carbon (total, dissolved, 
particulate), carbon-hydrogen-nitrogen ratios, total suspended particulates (organic and inorganic 
fraction), and chlorophyll-a. 


Task 1a.7.  By quarter, characterize aquatic habitat relative to water chemistry, including nutrients (total 
nitrogen and phosphorous), organic carbon (total, dissolved, particulate), carbon-hydrogen-nitrogen 
ratios, total suspended particulates (organic and inorganic fraction), and chlorophyll-a. 


Methods:  Water samples will be collected at each of the four Sandy River delta sites concomitant 
with prey availability sampling (e.g., quarterly).  Collection techniques will follow standards outlined by 
the UW water chemistry protocols.  Standard analytical techniques will be applied. 


Assumptions/Limitations:  Restoration actions are expected to improve baseline ecological conditions 
at the restored sites compared to control sites.  Water chemistry data are associated with functional 
attributes at each of the monitored sites and will provide inferences related to habitat capacity for juvenile 
salmon in shallow, tidal freshwater. 


Monitored indicator(s):  count and weight by taxa of stomach contents by species. 


Task 1a.8.  By quarter, characterize diets of sympatric resident native and non-native fishes (stickleback, 
bluegill, and killifish) by number and biomass. 


Methods:  To assess the potential for competition between sympatric Chinook salmon and common 
resident species, stomach contents of non-native bluegill and killifish and native stickleback will be 
collected.  At each site, up to 10 individuals of each species will be selected from beach seine catches.  To 
avoid potential bias from gape limitations, fish will be selected at random from those individuals 
approximating the length of juvenile salmon encountered.  Fish to be included in analyses will be 
measured (fork or total length depending on species; nearest mm) and weighed (nearest 0.01g), and then 
dispatched in accordance with animal care protocols.  Expired animals will be preserved individually in 
70% ethanol and labeled samples will be placed immediately on ice to slow post-mortality digestion.  In 
the laboratory, anterior digestive tracts, excluding the intestine, will be removed from fish.  Digestive 
tracts will then be dissected, and the contents will be preserved in 70% ethanol in individual 1-L sample 
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bottles.  To quantify diet composition by both number and biomass, gut content samples from resident 
native and non-native fishes will be analyzed according to the same procedures followed for juvenile 
salmon (see Task 1a.5). 


Assumptions/Limitations:  Restoration actions are expected to increase opportunities for feeding by 
other resident native and non-native fishes at the restored sites compared to control sites.  Analysis of the 
gut content of selected species will provide insights into diet overlap with juvenile salmon. 


Monitored indicator(s):  plant biomass (dry weight, aboveground organic matter). 


Task 1a.9.  Semi-annually, estimate plant biomass.  


Methods:  All aboveground biomass within a 0.1-m2


Assumptions/Limitations:  Restoration actions are expected to modify plant community composition 
and biomass at the restored sites compared to control sites.  The difference between summer biomass and 
winter biomass represents detrital export to the mainstem system as well as productivity of individual 
sites and will provide inferences related to the capacity of these sites to support attributes of juvenile 
salmon feeding ecology. 


 sampling area will be removed at the substrate 
level using shears.  Three replicates will be collected at a given sites.  Biomass will be bagged and kept on 
ice for storage and transport to the laboratory for processing and analysis.  Methods will follow protocols 
established by Roegner et al. (2009). 


Monitored indicator(s):  water temperature, juvenile salmon diet, prey resources data are obtained and 
used in the bioenergetics model to estimate specific growth rate, consumption rate, and conversion 
efficiency. 


Task 1a.10.  Model bioenergetics to evaluate energy acquisition by juvenile salmon in shallow tidal 
freshwater by summarizing predicted growth, consumption, and gross conversion efficiency 


Methods:  To evaluate energy acquisition by juvenile Chinook salmon in shallow tidal freshwater 
habitats, we will apply a species-specific bioenergetics model (Stewart and Iberra 1991).  The 
bioenergetics model balances consumption with growth and losses from metabolic processes as follows: 


U)(FSDA)A(RCG ++++−=  


where 
 G = growth 
 C = consumption 
 R = standard respiration 
 A = active metabolism 
 SDA = specific dynamic action (the metabolic cost of digestion) 
 F = egestion 
 U = excretion. 


In this modeling approach, based on species-specific physiological parameters, energy is allocated 
hierarchically to various compartments:  consumed energy is first allocated to catabolism (maintenance 
and activity metabolism), then to losses from waste (urine, feces, and specific dynamic action), and lastly 
remaining energy is allocated to somatic storage (body growth and gonad development; Hanson et al. 
1997).  Given these rules for energy allocation, by inputting observed diet, water temperature, and salmon 
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and prey energy densities (literature) we will evaluate the effects of variability in environmental 
parameters (i.e., diet and temperature) on growth among seasons and habitat types in shallow tidal 
freshwater areas of the Columbia River.  To this end, we will apply the Fish Bioenergetics 3.0 model 
(Hanson et al. 1997), parameterized for adult Chinook salmon (Stewart and Iberra 1991) to empirical data 
from this project and published values.  Although this model was developed originally for adult Chinook 
salmon, previous research has found model-predicted estimates of consumption by juvenile salmon to be 
within 15% of field and laboratory estimates generated independently (Beauchamp et al. 1989; Brodeur et 
al. 1992; Ruggerone and Rogers 1992). 


Assumptions/Limitations:  The model will be limited to the extent and quality of the data available for 
input.  The physiological response of juvenile Chinook salmon to the integrated effects of temperature, 
diet, and prey energy is approximated by the model parameterized for adult Chinook salmon.  Published 
model physiological parameters are appropriate for simulating bioenergetic responses of juvenile Chinook 
salmon in the LCRE. 


C.7.1b  Objective 1b, Continue post-restoration AER to support evaluation of the JBH tidegate 
replacement. 


This objective is part of the BACI approach intended to assess the effectiveness of restoration actions 
at JBH NWR.  These restoration actions are focused on installing or replacing tidegates on sloughs of 
JBH NWR.  In FY12, this post-restoration research conducted by USFWS will provide data on fish 
passage, fish community structure, juvenile salmon presence and distribution, and aquatic habitat quality.  
The restoration actions at JBH NWR were expected to increase fish passage and aquatic habitat quality 
for juvenile salmon.  The selected monitored metrics described under the tasks below are anticipated to 
respond to the action. 


Mainland JBH NWR includes eight sloughs that were historically influenced by tides.  Until 2009, 
only four sloughs—Brooks, Duck Lake, W201+30, and W259+50—had tidegates that controlled the 
discharge of water from the mainland interior.  Four other closed sloughs—Ellison, Hampson, Indian Jack 
and Winter—were not connected to the Columbia River and its side channels because of flood control 
levees (Figure A.2).  In 2009, self-regulating, side-hinge tidegates were installed at Brooks, Hampson and 
Winter sloughs.  In 2010, this same gate design was installed at Duck Lake and Indian Jack sloughs.  
Action effectiveness research proposed for 2012 will focus on actions conducted in 2010 at Duck Lake 
and Indian Jack sloughs. 


JBH NWR includes islands that do not have dikes and that are adjacent to mainland JBH NWR.  The 
Hunting Islands are a group of three islands on the Washington side of the Columbia River immediately 
downstream of the town of Cathlamet at rkm 54.7.  The natural tidal marsh habitat on South Hunting 
Island is relatively pristine with no evidence of human habitation or landscape alterations.  The slough on 
the eastern edge of South Hunting Island was selected as a control site (Figure A.2).   







AFEP 2012 Final Proposal 
Multi-Scale Salmon Ecosystem Action Effectiveness Research in the Lower Columbia River and Estuary 


Multi-Scale AER, EST-P-11-01 


A.9 


 
Figure A.2. Area Map of JBH NWR Showing the Location of Sloughs and Sample Reaches (red circles).  


Black, green, and blue lines indicate closed, gated and reference sloughs, respectively.  


Monitored indicators:  number of tidegate openings per day and duration of openings, salmonid 
passage through tidegates (species presence, number/hour), and salmonid residence time within sloughs. 


Task 1b.1.  Assess the daily periods, frequency, and duration that tide-gates are conducive to passage by 
juvenile salmonids. 


Methods:  Collect physical information on tidegate operation (e.g., water depths and size of openings) 
by making periodic observations at various times during the tidal cycle to develop relations between 
tidegate operation and river stage.  Directly document entry by juvenile salmonids.  PIT-tag juvenile 
salmonids captured outside (seining) and entering (trap net).  Work in 2012 will be focused at the 
tidegates installed at Duck Lake and Indian Jack sloughs and the reference slough South Hunting East. 


Identification of Study Sloughs and Sample Reaches:  The goal of sample reach selection was to 
ensure random and spatially balanced data collection from 10% of the total slough length.  Each treatment 
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and reference slough was divided into 50-m sample reaches.  If 10% of these reaches was less than two 
reaches, then the slough was split into 25-m reaches.  The sample reach closest to the mouth, tidegate, or 
historic connection to the Columbia River was sampled in each slough.  Additional sample reaches 
(within each slough), were selected using a random, spatially balanced approach to ensure that various 
habitats and conditions were represented.  Three 50-m sample reaches were established in Indian Jack and 
Duck Lake sloughs (Figure A.2).  In reference sloughs, three 25-m sample reaches were established in 
South Hunting East and Steamboat sloughs (Figure A.2).  The result was that 10% of slough length was 
represented and at least three reaches were sampled in each slough.  See the report by Johnson et al. 
(2009b) for complete description of reach selection. 


Specific subtasks include the following: 


• Maintain water level loggers on sloughs side and river side of tidegates.  Use collected data to 
determine tidegate operation.  These loggers will be maintained throughout the year. 


• Evaluate data daily. 


• Operate traps for juvenile salmonids at Duck Lake, Indian Jack Slough, and South Hunting East to 
determine entry into sloughs.  These traps will be fished one week each in the months March, April 
and May during spring smolt migration and one week each in October, November, and December.  
Juvenile Chinook salmon captured entering the slough will receive a PIT tag and be released into the 
slough.  Potential recapture of these fish will allow growth estimates based upon weight at tagging 
and weight at recapture. 


• Implant 12-mm PIT tags into juvenile Chinook captured during seining on the river side of tidegate 
and those captured under Task 1b.2 and release them outside of the tidegates to assess passage rates. 


• Install and maintain PIT antenna arrays at Duck Lake and Indian Jack sloughs.  These will be 
installed in February and maintained through June at minimum.  Based on detection rates, operation 
of these arrays may be extended through the duration of the project. 


Assumptions/Limitations:  Our ability to describe tidegate function will be limited to the accuracy and 
resolution of our depth logger data.  We expect that fish captured under our trapping regime will reflect 
seasonal changes in the fish community and that the behavior of juvenile Chinook captured and PIT 
tagged onsite represents that of other juvenile salmon volitionally entering and residing in treatment 
sloughs. 


Monitored indicators:  salmonid species presence, salmonid density (number/m


Task 1b.2.  Describe monthly presence, distribution, and biological characteristics (e.g., species, size) of 
fish inhabiting treatment and reference sloughs. 


2


Methods:  We will describe fish assemblages (i.e., species, their distribution, and biological 
characteristics) present in mainland sloughs and nearby reference sloughs not influenced by tidegates or 
dikes.  Because the mainland area encompassing the sloughs is relatively large and consists largely of an 
interconnected network of sloughs and ditches, our efforts for this objective will focus on extensive 
spatial sampling.  This is intended to achieve a spatially balanced allocation of sampling effort (i.e., 
potential sample sites have equal probability of being selected for the survey) so that various habitats and 


), salmonid FL and 
weight, and fish community composition (richness, diversity, non- vs native species). 
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conditions potentially present will be represented at sites selected for fish collections.  Information about 
fish assemblages is intended to not only provide insights into how tidegates, presumably through habitat 
conditions they create, influence assemblage structure (i.e., possibly by favoring introduced species in 
some situations), but also how potential interactions among species may be affected by modifying 
tidegate configurations (e.g., evidence of possible changes in predator-prey relations and growth of 
introduced predator species elicited by habitat-dependent changes).   


Determining the change in fish use and aquatic habitat resulting from tidegate modifications and other 
actions is the primary purpose of this study.  Results from this objective will complete a 2-year pre- and 
two-year post-construction data collection and will allow comparisons between pre and post conditions 
within a BACI framework.   


Specific subtasks include the following: 


• Collect fish from slough locations sampled in 2007 and 2008 (pre-construction) using seines.  A 
minimum of five seine hauls will be conducted at each site.  Record species and biological 
characteristics of fish collected.  Collections will occur twice per month from March through May 
and monthly from June through the remaining year. 


• Compare species composition, salmonid distribution and biological characteristics among treatment 
and reference sloughs before and after construction using a combination of Sorensen’s Community 
Coefficient and Jaccard Similarity Coefficient as metrics. 


Assumptions/Limitations:  Fish community composition as described through seine captures is 
representative of true community composition.  Capture efficiencies are likely low. 


Monitored indicators:  water temperature (7-DADM, daily mean), dissolved oxygen (%DO and 
mg/L), and water conductivity and turbidity. 


Task 1b.3.  Characterize aquatic habitats monthly at mainland sloughs modified in 2010 (Duck Lake and 
Indian Jack sloughs) and the reference slough South Hunting East. 


Methods:  Aquatic and riparian habitats may differ among reference sloughs and treatment sloughs.  
Our intent is to characterize habitats in each slough so that comparisons can be made among them.  This 
comparison will assist in characterizing the sloughs, and may contribute to interpreting potential 
differences in fish distribution that we may observe.  Within a BACI-type approach, conditions observed 
in sloughs on Hunting Islands will represent baseline conditions as a reference to those at the mainland 
portion.  Potential differences in fish assemblages among sloughs may be influenced by both fish access 
and habitat attributes. 


Determining the change in fish use and aquatic habitat resulting from tide gate modifications and 
other actions is the primary purpose of this study.  Results from this objective will complete a 2 year pre- 
and two year post construction data collection and will allow comparisons between pre and post 
conditions within a BACI framework. 


Specific subtasks include the following: 


• Collect and describe water quality characteristics (temperature, dissolved oxygen, conductivity and 
turbidity) from slough locations sampled in 2007 and 2008 (pre-construction) and 2011 (post-







AFEP 2012 Final Proposal 
Multi-Scale Salmon Ecosystem Action Effectiveness Research in the Lower Columbia River and Estuary 


Multi-Scale AER, EST-P-11-01 


A.12 


construction) and compare them among treatment and reference sloughs.  Data collection will occur 
monthly, concurrent with fish sampling under Objective 1b.2 above. 


• Collect and describe physical characteristics including channel profile, substrate, and cover from 
slough locations sampled in 2007 and 2008 (pre-construction) and 2011 (post-construction) and 
compare them among treatment and reference sloughs. 


Assumptions/Limitations:  Same as Task 1a.4 above. 


Monitored indicator(s):  Estimate of genetic stock of origin. 


Task 1b.4.  Collect tissue to provide monthly genetic stock identification information for individual 
juvenile Chinook salmon and steelhead trout. 


Methods:  Same as methods described under Task 1a.3 above. 


Assumptions/Limitations:  Same as described under Task 1a.3 above. 


Objective 1c, Continue post-restoration AER to support evaluation of the tidegate replacement in 
the large slough on Tenasillahe Island. 


This objective is part of BACI approach intended to assess the effectiveness of restoration actions at 
Large Tenasillahe Slough.  This restoration action was focused on replacing tidegates.  In FY12, this post-
restoration research conducted by USFWS will provide data on fish passage, fish community structure, 
juvenile salmon presence and distribution, and aquatic habitat quality.  The restoration actions at 
Tenasillahe Island were expected to increase fish passage and aquatic habitat quality for juvenile salmon.  
The selected monitored metrics described under the tasks below are anticipated to respond to the action. 


The tidegates in the large slough on Tenasillahe Island were modified in 2007 in an attempt to 
improve aquatic habitat and fish passage.  The action consisted of the replacing three top-hinge steel 
tidegates with three side-hinge aluminum tidegates, each with a manually operated slide gate (1 m2


Tenasillahe Island is an 809-hectare island located in the lower Columbia River at rkm 56 (Figure 
A.3).  Much of the tidal marsh habitat historically occurring at Tenasillahe Island was altered due to the 
construction of dikes around the island during the course of the last century.  Aquatic habitat on the island 
currently consists primarily of two interior sloughs connected to the Columbia River via tidegates.  Until 
summer of 2007, the aquatic habitat on the island consisted primarily of a network of interior sloughs 
connected to the Columbia River via steel top-hinged tidegates.  These gates are designed to close when 
river water elevation reaches that of slough water elevation.  When gates are closed, water flow into 
sloughs is limited to that which leaks through the gates.  Tidegates limit fish passage into or out of the 
sloughs to times when water is flowing out of the slough.  Connection of the smaller of the two sloughs to 
the Columbia River is controlled by a single top-hinge steel tidegate.  Connection of the larger of the 
sloughs to the Columbia River is now controlled by three side-hinge aluminum tidegates equipped with a 
manually controlled fish orifice.  These gates replaced three top-hinge steel tidegates in 2007.   


).  
Action effectiveness research on this project began with pre-construction data collection in 2005, 2006 
and 2007, followed by post-construction data collections in 2008 and 2009.  Little fish passage into the 
sloughs was witnessed post construction and water temperature remained statistically unchanged.  
Seasonal operation of manually operated fish doors installed on the tidegates began in 2010.  Collection 
of data that mirror those collected in the early study will allow assessment of this new action. 
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Figure A.3. Area Map of Tenasillahe Island and Welch Island Showing the Locations of Reference 
Sloughs (large and small Welch sloughs), Treatment Sloughs (large and small Tenasillahe 
sloughs) and Sample Reaches Within Sloughs (blue circles) 


Welch Island is part of the Lewis and Clark NWR (also managed by USFWS), which was established 
in 1972.  Welch Island is a 429-hectare island located in the lower Columbia River at rkm 55, adjacent to 
and just downstream of Tenasillahe Island (see Figure 4 in main text).  The natural tidal marsh habitat on 
Welch Island is relatively pristine.  We have not found any evidence that Welch Island was settled by 
humans.  Sloughs are not diked or controlled by tide gates and have unimpeded connection to surrounding 
waters and tidal action.   


Monitored indicators:  number of tidegate openings per day and duration of openings, salmonid 
passage through tidegates (species presence, number/hour), and salmonid residence time within sloughs. 


Task 1c.1.  Assess the daily periods, frequency and duration that new tide gates allow passage by juvenile 
salmonids.  


Methods:  The intent of this objective is to assess how the existing tidegates at Tenasillahe Island 
function relative to opportunities for juvenile salmonids to pass them.  The approach will include 
observations concerning operation and function of the tidegates, and make periodic observations at 
various times during the tidal cycle.  







AFEP 2012 Final Proposal 
Multi-Scale Salmon Ecosystem Action Effectiveness Research in the Lower Columbia River and Estuary 


Multi-Scale AER, EST-P-11-01 


A.14 


A primary goal of this study is to learn whether juvenile salmonids enter and use large Tenasillahe 
Slough (LTS).  Our approach in 2007 (pre-retrofit) and 2008-2009 (1 and 2 years post retrofit) was to 
capture fish at the tidegates to begin assessing whether they enter and leave the slough. Work in 2012 will 
repeat this approach to determine passage numbers with newly installed tidegates 5 years after their 
replacement.  Capturing fish entering and leaving LTS will provide a strong ability to make conclusions 
about slough access and use.  Capture efficiency estimates of tidegate traps is necessary to quantify 
passage numbers.  Operating a PIT antenna array at LTS tidegates and releasing PIT-tagged hatchery fish 
in LTS will provide estimates of trap efficiency.  Tagged fish exiting the tidegates will be detected at the 
array before being subject to capture in the traps.  Difference between the number of fish detected and the 
number of fish captured will allow the calculation of trap efficiency.  


Identification of Study Sloughs and Sample Reaches:  Sample reaches in Large Tenasillahe and Large 
Welch sloughs were selected using the methods described in Objective 1b above and by Johnson et al. 
(2009a) (Figure A.3).   


Specific subtasks include the following: 


• Subtasks are the same as those described under Task 1b.1 above. 


• Release PIT-tagged juvenile hatchery salmonid into LTS.  We will release PIT-tagged hatchery fish 
into LTS.  This will provide comparable data on survival and movement timing to that from 2008-
2009 (years 1 and 2 post retrofit) and 2006-2007 (pre retrofit). 


Assumptions/Limitations: Same as described under Task 1b.1 above. 


Task 1c.2.  Describe the presence, distribution, and biological characteristics (e.g., species, size) of fish 
inhabiting treatment and reference sloughs.  This 


Monitored indicators:  salmonid species presence, salmonid density (number/m


will occur twice per month in March through May and 
then once every other month throughout the year.   


2


Methods:  The intent of this objective is to describe fish community in the large slough on Tenasillahe 
Island and a reference (large) slough on Welch Island.  Although the two sloughs are the primary areas of 
interest, areas at the confluence of the sloughs with the river channel (e.g., outside of the tidegates) will 
also be sampled to determine species present, particularly with respect to juvenile salmonids.  Sampling 
will occur twice per month in March through May and then once every other month throughout the year.  
We will describe monthly presence, distribution, and biological characteristics (e.g., species, size) of fish 
inhabiting treatment and reference sloughs. 


), salmonid FL and 
weight, and fish community composition (richness, diversity, non- vs native species). 


Specific subtasks include the following: 


• Subtasks are the same as those described under Task 1b.2 above.  


Assumptions/Limitations:  Fish community composition as described through seine captures is 
representative of true community composition.  Capture efficiencies are likely to be low. 


Task 1c.3.  Characterize habitats at the large slough on Tenasillahe Island and compare them to those 
observed at a reference slough on Welch Island.  This will occur twice per month in March through May 
and then once every other month throughout the year. 
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Monitored indicators:  water temperature (7-DADM, daily mean), dissolved oxygen (%DO and 
mg/L), and water conductivity and turbidity. 


Methods:  Aquatic and riparian habitats in sloughs may differ between Tenasillahe and Welch islands 
due to effects of the tidegates and dikes.  Our intent is to characterize habitats in each slough so that 
comparisons can be made between them.  This comparison will assist in characterizing the sloughs, and 
may contribute to interpreting potential differences in fish distribution that we may observe.  Sampling 


Specific subtasks include the following: 


will occur twice per month in March through May and then once every other month throughout the year. 


• Subtasks are the same as those described under Task 1b.3 above. 


Assumptions/Limitations:  Same as described under Task 1a.4 above. 


Monitored indicator(s):  Estimate of genetic stock of origin. 


Task 1c.4.  Collect tissue to provide monthly genetic stock identification information for individual 
juvenile Chinook salmon and steelhead trout. 


Methods:  Same as methods described under Task 1a.3 above. 


Assumptions/Limitations:  Same as described under Task 1a.3 above. 


Objective 1d, Pre-restoration AER to support design and evaluation of the restoration actions at 
the small slough on Tenasillahe Island. 


This objective is part of BACI approach intended to assess the effectiveness of restoration actions at 
Small Tenasillahe Slough.  This restoration action was focused on replacing tidegates.  In FY12, this post-
restoration research conducted by USFWS will provide data on fish passage, fish community structure, 
juvenile salmon presence and distribution, and aquatic habitat quality to inform design and effectiveness 
of restoration actions at the small slough on Tenasillahe Island.  The restoration actions at Tenasillahe 
Island will be expected to increase fish passage and aquatic habitat quality for juvenile salmon.  The 
selected monitored metrics described under the tasks below are anticipated to respond to the action. 


Potential restoration actions at the small tidegated slough on Tenasillahe Island are being 
investigated.  Data on fish community and aquatic habitat conditions will be helpful in designing these 
actions and assessing the outcome of these actions.  Fish community structure and some water 
temperature and dissolved data were collected in 2006, 2007, and 2008 in conjunction with the Large 
Tenasillahe Island AER outlined above.  Data collected in 2012 will focus on fish passage potential, 
aquatic habitat condition and begin to measure material flux of this gated slough.  See the description of 
study area under Objective 1c above and by Johnson et al. (2009a). 


Monitored indicators:  number of tidegate openings per day and duration of openings.   


Task 1d.1.  Assess the daily periods, frequency, and duration that new tidegates allow passage by juvenile 
salmonids.  


Methods:  The intent of this objective is to assess how the existing tidegates at Tenasillahe Island 
function relative to opportunities for juvenile salmonids to pass them.  The approach will include 







AFEP 2012 Final Proposal 
Multi-Scale Salmon Ecosystem Action Effectiveness Research in the Lower Columbia River and Estuary 


Multi-Scale AER, EST-P-11-01 


A.16 


observations concerning operation and function of the tidegates, and make periodic observations at 
various times during the tidal cycle.  


Identification of Study Sloughs and Sample Reaches:  Sample reaches in Small Tenasillahe and Small 
Welch sloughs were selected using the methods described under Objective 1b above and by Johnson et al. 
(2009a) (Figure A.3).  


Specific subtask includes the following: 


• Install depth sensors inside and outside of tidegated sloughs to measure depth differential required to 
open gates and length and frequency of gate opening.  


Assumptions/Limitations:  Our ability to describe tidegate function will be limited to the accuracy and 
resolution of our depth logger data.   


Task 1d.2.  Describe the presence, distribution, and biological characteristics (e.g., species, size) of fish 
inhabiting the small slough on Tenasillahe Island and compare them to conditions at the reference slough 
on Welch Island.  This 


Monitored indicators:  salmonid species presence, salmonid density (number/m


will occur twice per month in March through May and then once every other 
month throughout the year. 


2


Methods:  The intent of this objective is to describe fish community in the small slough on 
Tenasillahe Island and a reference (small) slough on Welch Island.  Although the two sloughs are the 
primary areas of interest, areas at the confluence of the sloughs with the river channel (e.g., outside of the 
tidegates) will also be sampled to determine species present, particularly with respect to juvenile 
salmonids.  


), salmonid FL and 
weight, and fish community composition (richness, diversity, non-native vs native species). 


Specific subtasks include the following: 


Subtask are the same as those described under Task 1b.2 above 


Assumptions/Limitations: Fish community composition as described through seine captures is 
representative of true community composition. 


Task 1d.3.  Characterize habitats at the small slough on Tenasillahe Island and compare them to those 
observed at a reference slough on Welch Island.


Monitored indicators:  water temperature (7-DADM, daily mean), dissolved oxygen (%DO and 
mg/L), and water conductivity and turbidity. 


  This will occur twice per month in March through May 
and then once every other month throughout the year. 


Methods:  Aquatic and riparian habitats in sloughs may differ between Tenasillahe and Welch islands 
because of the effects of the tidegates and dikes.  Our intent is to characterize habitats in each slough so 
that comparisons can be made between them.  This comparison will assist in characterizing the sloughs, 
and may contribute to interpreting potential differences in fish distribution that we may observe.  In 
addition, past detections of PIT-tagged fish at antenna arrays at LTS and Winter Slough suggest that some 
juvenile salmonids remain in and near these sloughs through the summer months when water 
temperatures approach lethal levels.  This suggests the presence of thermal refugia in or near these estuary 
sloughs.  The presence (and possible changes due to restoration) of these refugia may be an important 
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consideration during restoration design.  We will begin to investigate the possible presence of cool water 
summer refugia in and near Small Tenasillahe Slough during pre-action monitoring. 


Specific subtasks include the following: 


• Subtasks are the same as those described under Task 1b.3 above. 


• Conduct FLIR (forward looking infrared) flight survey of Tenasillahe and Welch islands during 
August to collect water surface temperature data to determine the presence or absence of cool water 
refugia. 


Assumptions/Limitations:  Same as those described under Task 1a.4 above. 


Monitored indicator(s):  Estimate of genetic stock of origin. 


Task 1d.4.  Collect tissue to provide monthly genetic stock identification estimates for individual juvenile 
Chinook salmon and steelhead. 


Methods:  Same as the methods described under Task 1a.3 above. 


Assumptions/Limitations:  Same as those described under Task 1a.3 above. 


Monitored indicators:  organic macrodetritus (mg/L/h). 


Task 1d.5.  Quantify monthly (March through May) flux of organic material from Small Tenasillahe 
Slough and compare it to flux from the reference slough on Welch Island. 


Methods:  Input of macrodetritus from tidal marchs into the mainstem Columbia River may be an 
important source of organic material for this estuarine food webs.  Restoration actions such as tidegate 
modification or levee breaching may have profound effects on the quantity and timing of macrodetritus 
flux from estuary sloughs.  We will collect macrodetritus leaving through the Small Tenasillahe Slough 
tidegate and at the mouth of Small Welch Slough monthly beginning in March 2012.  These samples will 
be analyzed for total organic content on a per volume per hour level.  Collections will be made using a 
drift net with incorporated flow meter and set for 24 hours. 


Specific subtasks include the following: 


• Collect monthly macrodetritus samples from Small Tennasillahe Slough (tidegate outflow) and Small 
Welch Slough (mouth). 


• Analyze samples for total organic content. 


Assumptions/Limitations:  Organic material produced and exported from estuary sloughs are 
important to food web structure and provide a forage base for benthic organisms and juvenile salmonids. 


C.7.2  Specific Methods and Tasks for Objective 2 Landscape Scale:  Estimate juvenile salmon 
density in shallow water habitats and migratory patterns in tidal tributary habitats of the LCRE 
between St. Helens and Longview. 


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 under the tasks below are anticipated to respond to an increase in habitats and will be 
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measured by examining change in salmon density across specific habitats, and describing residence time 
of juvenile salmon across a broad spatial scale.  


Monitored indicator(s):  Salmon density, genetic stock identification, structural metrics (vegetative 
assessments), and environmental data (water temperature, flow velocity, etc). 


Task 2a.  Design sampling, collect data (quarterly), and analyze juvenile salmon density at the landscape 
scale.   


Methods(a


                                                           
(a) From Skalski (2011). 


):  One purpose of this research is to attempt to relate changes in salmonid density to 
restoration efforts over time.  Beach seine sampling will be used to estimate salmonid density across 
habitats and river reaches.  Controlling factor data on fish and habitat will be collected similar to 
Objective 1.  A rotational sampling scheme will be used to detect changes in salmon density over time 
and to ensure the monitoring project reflects the expected river environment for the period.  The sampling 
frame consists of all 500-m sites within the river segment from Longview to St. Helens that are accessible 
by beach seining (Figure A.4).  The landscape has been subdivided into three habitat types:  main channel 
(includes main channel and main channel islands); off-channel (includes off-channel and off-channel 
islands); and wetlands.  The within-year sampling will consist of four seasonal sampling events centered 
on the months of February, May, July, and November.  These four months were selected because they 
represent periods when either salmon are present for capture or portrayed expected shifts in salmonid 
species composition over the annual cycle.  The statistical sampling design and analysis methods for 
juvenile salmon density estimation at the landscape scale are described by Skalski (2011).   
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Figure A.4. Sampling Universe Within Geomorphic Reaches D, E, F, and G in the LCRE.  Only the 
river segment from Longview to St. Helens (roughly reaches D and E) will be sampled 
during FY12.   


Assumptions/Limitations:  Salmon density data can be normalized for yearly variation in availability 
from upstream production sources.  Multiple, large-scale restoration actions will occur in the study area 
and sampling occurs over a 3- to 5-year timeframe.  Increased salmon production can be detected in beach 
seine sampling of salmon density in the study area.   


Monitored indicator(s):  Residence times and movement patterns. 


Task 2b.  Estimate the spring and summer extent of downstream migration of salmon and steelhead 
moving from the mainstem up into LCRE tributaries in the landscape (Longview–St. Helens) study area:  
Lake, Lewis, and Cowlitz rivers. 


Methods:  This effort will be coordinated with other ongoing Corps research in the estuary to ensure 
adequate placement and coverage of targeted tributary channels.  As part of the 2012 survival study at 
McNary through Bonneville dams, autonomous receiving nodes will be placed in the lower reaches (5 
km) of the Lake, Lewis, and Cowlitz rivers.  The nodes will be serviced as part of SPE-P-08-03.  The 
approach may be summarized as follows: 


• Time of year:  late April through August 2012 study period. 


• Species:  yearling and subyearling Chinook salmon and steelhead (>95 mm) captured at John Day 
Dam and tagged as part of SPE-P-08-03. 
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• Recapture:  Autonomous Juvenile Salmon Acoustic Telemetry System (JSATS) receiving nodes will 
be placed in the lower Lake, Lewis, and Cowlitz rivers (rkm 0–5); four receivers in each tributary.  
Data will be downloaded monthly during regular node servicing trips for SPE-P-08-03. 


• Number:  Not known because it depends on the migration patterns of tagged fish in the mainstem 
Columbia River.   


• Size:  Greater than 95 mm FL. 


• Source of Fish:  John Day Dam Smolt Monitoring Facility (tagged by others under SPE-P-08-03). 


• Measurements:  All tagged fish will be measured and weighed. 


• Tags:  Micro-transmitters 0.43 g in air, 417 kHz, 3-sec transmit interval, manufactured by Advanced 
Telemetry Systems. 


• Tagging:  After being anesthetized, a tag will be surgically implanted in the fish.  After surgery, fish 
will be held overnight in live boxes at the site of capture (see Ploskey et al. 2008 for details on 
tagging procedures). 


• Release Strategy:  Determined by the survival study design for SPE-P-08-03. 


Assumptions/Limitations:  Acoustically tagged juvenile and Chinook salmon steelhead will migrate 
from the main channel into tributary channels.  Tagging and node placement by other research programs 
(SPE-P-08-03) will be conducted in such a manner that our study can address research questions 
pertaining to alternative migration pathways and behavior of juvenile salmon in tidal freshwater habitats.  


Monitored indicator(s):  Residence time. 


Task 2c.  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. 


Methods:  This investigation into the residence times of overwintering juvenile Chinook salmon in 
tidal freshwater will involve inserting acoustic telemetry tags in fish captured during regular sampling 
events at the fixed sites.  Appropriate sized Chinook salmon will be obtained from the regular beach seine 
samples and implanted with JSATS (Juvenile Salmon Acoustic Telemetry System) transmitters in the 
field.  The approach may be summarized as follows:  


• Time of year:  Two months in early 2012 (tentatively January and February). 


• Species:  Unmarked, uninjured Chinook salmon (> 95 mm). 


• Recapture:  Autonomous JSATS receiving nodes on loan from the USACE will be placed in the 
lower Lewis River (rkm 0–5).  Data will be downloaded monthly during regular beach seine sampling 
trips. 


• Number:  ~50 fisha


• Size:  The target size of fish will be determined by tag burden rates.  However, based on recent 
JSATS work, this typically equates to juvenile salmon that are greater than 95 mm FL. 


. 


                                                           
a This sample size should be sufficient for the purpose of estimating mean residence time.  Results from a 
similar study in January–March 2011 (~50 fish obtained from beach seines samples and tagged) are currently 
being analyzed and will be used to assess the sample size question. 
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• Source of Fish:  Beach seine samples from our study. 


• Measurements:  All tagged fish will be measured, weighed, and a fin clip taken for genetic stock 
identification. 


• Tags:  Same as above.   


• Micro-transmitters 0.43 g in air, 417 kHz, 10-sec transmit interval, manufactured by Advanced 
Telemetry Systems. 


• Tagging:  Same as above. 


• Release Strategy:  Fish will be released in the vicinity of the Columbia/Lewis confluence near the site 
of initial capture. 


Analysis Methods:  Acoustic receiving nodes in the lower Lewis River will be used to estimate 
average residence time in that area.  For fish known to have traversed the area (i.e., detected both 
upstream and downstream), average residence time will be computed as the arithmetic average 
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Assumptions/Limitations:  Tagged fish present in the study area can be detected by the acoustic 
receivers.  Tag life is longer than residence time.  Tagging and the presence of a tag implanted in the 
fish’s body do not affect behavior.  This study is limited to the large (>95 mm) Chinook salmon that are 
found in the landscape study area (Longview–St. Helens) in early winter. 


Monitored indicator(s):  Not applicable. 


Task 2d. Develop design criteria for landscape scale application of PIT-tag antenna arrays to examine 
migratory patterns and residence time of run-of the river juvenile salmon in the LCRE   


Methods:  Conduct topic-focused meetings to guide the design criteria of landscape-scale application 
of PIT-tag antenna arrays.  Develop a protocol for implementing this task within the LCRE.  


Assumptions/Limitations:  None. 
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Task 2e.  Maintain communication with PNNL staff engineering the next-generation acoustic microtags 
currently under development by other Corps studies. 


Monitored indicator(s):  Not applicable. 


  


Methods:  Review and comment on the periodic engineering updates that are provided to PNNL and 
Corps staff and meet with engineers as necessary.  


Assumptions/Limitations:  None. 


C.7.3  Specific Methods and Tasks for Objective 3 Estuary Scale:  Prepare for levels-of-evidence 
evaluations of the cumulative effects of multiple restorations actions 


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.  


Monitored indicator(s):  Not applicable (there are no monitored indicators associated with this task). 


Task 3a.  Update and integrate study designs, methods, and sampling protocols, across site, landscape, 
and estuary scales, including identification of reference/control sites.  


Methods:  Conduct quarterly team meetings and collaborate with other researchers in the LCRE.  


Assumptions/Limitations:  Integrated study designs will incorporate by reference the Columbia River 
Estuary Conceptual Model and a levels-of-evidence analytical approach (Diefenderfer et al. 2011).  Refer 
to Methods, General Approach (above) for details. 


Monitored indicator(s):  Not applicable. 


Task 3b.  Coordinate tasks, data collection, analysis, and management with other relevant research in the 
estuary as they supports meta-analysis of action effectiveness data in the estuary. 


Methods: Attend RME Coordination Meetings. 


Assumptions/Limitations:  Tasks and data collection will be coordinated with other relevant research 
in the estuary, as identified under Project Description. 
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II.  Project Summary 
A.  Goal:  Synthesis and evaluation of research, monitoring, and evaluation (RME) studies using a web-
based, geospatial database management and analysis system developed and implemented within the 
Columbia Estuary Ecosystem Restoration Program’s (CEERP’s) existing adaptive management 
framework and used for comprehensive reporting mandated in the hydrosystem biological opinion. 
B.  Objectives:  The overall (2012 through 2014) objectives for the study are as follows: 


1. Coordinate with CEERP funding agencies and regional stakeholders to ensure the database 
system will meet management’s needs for ecosystem restoration throughout the floodplain study 
area of the lower Columbia River and estuary (LCRE). 


2. Develop and populate a web-based, publicly accessible geospatial database management and 
analysis system to support CEERP action planning, RME, synthesis and evaluation, strategy 
development, reporting, public communication, regional and basin review processes, information 
dissemination, and decision-making; i.e., support CEERP adaptive management. 


3. Apply data and information within the CEERP adaptive management process.   
The focus for the 2012 study-year is to: 


1. Coordinate with CEERP funding agencies and regional stakeholders to finalize key management 
questions and database needs for RME and ecosystem restoration in the LCRE within CEERP’s 
adaptive management framework. 


2. Develop and demonstrate a proof-of-concept geospatial database management and analysis 
system. 


3. Draft the CEERP 2012 Strategy Report, 2012 Action Plan, and 2013 Synthesis and Evaluation 
Memorandum, and provide other analytical and programmatic support. 


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 will entail proof-of-concept database development and 
synthesis and evaluation.  These tools will be further refined in the second year.  The third and final year 
will involve training and hand-off of the database and analytical tool set to a designated regional entity to 
carry forward.  All years will involve coordination and input from practitioners, database experts, spatial 
analysts, and end users.  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 may include draft CEERP Synthesis and Evaluation Memoranda, Strategy Report, and Action 
Plan to implement CEERP adaptive management. 


D.  Relevance to the 2010 FCRPS Biological Opinion:  RPA 3, Comprehensive Reporting; RPA 
60, Action Effectiveness Research. 


E.  Expected Results and Applicability:  This study will help assess CEERP progress respective to 
key management questions:  1) What are the limiting factors in the estuary preventing the achievement of 
desired habitat or fish performance?  2) Are the estuary habitat actions achieving the expected 
performance targets, i.e., targets for assigned survival benefit units (ASBUs)?  3) Are the offsite habitat 
actions in the estuary improving juvenile salmon performance (in terms of ASBUs) and which actions are 
most effective?  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. 
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III.  Project Descr iption  
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., PNAMP, CMOP) 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 
demonstrate adaptive management and collaboration of research, monitoring and evaluation and habitat 
restoration project development among regional managers (Bonneville Power Administration Fish and 
Wildlife (BPA F&W) Program, Lower Columbia River Estuary Partnership (LCREP), National Oceanic 
and Atmospheric Administration (NOAA), Oregon, and Washington) and stakeholders. 


Numerous efforts are underway to increase the survivorship 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 
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 
research (AER) and monitoring of LCRE habitat restoration projects. 


The LCRE is a 235-km region of the mainstem 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 
associated tributary habitats.  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 mainstem river by breaching dikes and 
removing/replacing culverts and tidegates 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 
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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. 2010).  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 themselves are even more immune to a simple measurement metric in the LCRE, 
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. 2011).  The survival benefit estimator described in the FCRPS BiOp (NMFS 2008) has been 
modified in the past year by the Expert Regional Technical Group (established under RPA 37) to include 
quantitative 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 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 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 thus call for an extensive 
habitat restoration program in the LCRE that is currently underway sponsored by the Action Agencies. 


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 Habitat Restoration Monitoring 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 AER 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 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 will be coordinated with BPA F&W Program 
studies, such as the LCREP’s Ecosystem Monitoring Project (BPA 2003-007-00) and Action 
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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-04-04:  Evaluating Cumulative Ecosystem Response to Restoration Projects in the CRE:  Our 
study will incorporate metrics, protocols, analytical approaches, geodatabase, and other products of 
the Cumulative Effects study.  (Project closing out in 2011.) 


• EST-P-05-01:  Action Effectiveness Research and Monitoring of Ecosystem Restoration Actions 
within the CRE Julia Butler Hansen (JBH) National Wildlife Refuge:  Our study will include action 
effectiveness data from the JBH study. 


• EST-P-09-01:  Evaluation of Life History Diversity, Habitat Connectivity, and Survival Benefits 
Associated with Habitat Restoration Action in the CRE:  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.   


• 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. Coordinate with CEERP funding agencies and regional stakeholders to ensure the database 
system will meet management’s needs for ecosystem restoration throughout the floodplain study 
area of the LCRE. 


2. Develop and populate a web-based, publicly-accessible geospatial database management and 
analysis system to support CEERP action planning, RME, synthesis and evaluation, strategy 
development, reporting, public communication, regional and basin review processes, information 
dissemination, and decision-making, i.e., CEERP adaptive management. 


3. Apply data and information within the CEERP adaptive management process.   


The focus for the 2012 study-year is to: 


1. Coordinate with CEERP funding agencies and regional stakeholders to finalize key management 
questions and database needs for RME and ecosystem restoration in the LCRE within CEERP’s 
adaptive management framework. 


2. Develop and demonstrate a web-based proof-of-concept geospatial database management system 
and analysis system for CEERP. 


3. Draft the CEERP 2012 Strategy Report, 2012 Action Plan, and 2013 Synthesis and Evaluation 
Memorandum, and provide other analytical and programmatic support. 
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C. Methods   
This is a tools-development and analytical study to support the Action Agencies’ implementation of 


LCRE ecosystem restoration called for in the BiOp.  The study is intended to be a finite, 3-year effort.  
The first year will entail the identification of key management questions and supporting data, prototype 
database schema/Estuary Data Model development, and synthesis and evaluation.  The second and third 
years will involve deployment and refinement of the Estuary Data Model, and development and testing of 
analysis 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, and end 
users.  State-of-the-art geospatial database technology will be applied and implemented within the 
CEERP adaptive management process (see Synthesize and Evaluate; 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. 


 
Figure 1. CEERP Adaptive Management Process.  Green and blue boxes signify adaptive management 


phases and deliverables, respectively.  Modified from Thom et al. (2011). 


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. (2011) 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. 
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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 2012 Focus 1:  Coordinate with CEERP funding agencies and regional 
stakeholders to finalize key management questions and database needs for RME and ecosystem 
restoration in the LCRE within CEERP’s adaptive management framework. 


Task 1.1


Approach:  The model (Thom et al. 2004) brings together into one easily navigated electronic tool the 
information provided by existing models of subcomponents of the estuary, as well as the state of the 
science and knowledge of general estuarine controlling factors, stressors, structures, processes, and 
functions (Figure 2).  It provides a basis for and structure in which knowledge about the LCRE can be 
incorporated through updates to a spreadsheet, as the knowledge becomes available, such as new 
information from Borde et al. (2010), Bottom et al. (2005, 2008), Diefenderfer et al. (2008), Diefenderfer 
and Montgomery (2009), Roegner et al. (2008, 2010), Sather et al. (2011), Storch (2011), and Storch and 
Sather (2011).  The existing conceptual ecosystem model of the Columbia River estuary is useful, but 
needs to be reviewed structurally and updated with new empirical data.  For the Columbia River estuary 
conceptual model to maintain currency as a tool, a database system and data model also needs to be 
implemented (see Objective 2) that allows the model to be easily updated whenever relevant data are 
published in the future.  Finally, with the framework in place, the design principles should be refined to 
accommodate 1) relationship “discovery,” 2) navigation for the professional user with knowledge of 
desired endpoints; and 3) display feature updates indicating linkages and at what level(s) linkages are 
accessible.  The LCRE conceptual ecosystem model (current version) will be used to inform the Estuary 
Data Model for the geospatial database system described below for Focus Area 2.  The FY12 effort for 
Task 1.1 will involve consultation with scientists working on the Salmonid Benefits project and preparing 
to update the LCRE conceptual model by identifying areas in the model where new data from the Salmon 
Benefits project would apply. 


.  Using information compiled as part of the modeling effort in the Salmonid Benefits project 
(EST-P-09-01), prepare for future work (FY13) to update underlying data, information, and citations in 
the LCRE conceptual ecosystem model. 


Deliverable and Due Date:  FY12 -- Based on information from the Salmon Benefits project, a list of 
proposed updates for the LCRE conceptual model by January 31, 2013.  FY13/14 -- updated LCRE 
conceptual ecosystem model. 
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Figure 2. USACE Columbia River estuary conceptual model home page.  Available at  


http://lcrep.org/conceptual_model/START.htm. 


Task 1.2


Approach.  We propose the initiation of a process involving funding agencies and regional 
stakeholders to finalize key management questions


.  Convene quarterly meetings of CEERP funding agencies and regional stakeholders. 


(a


Deliverable and Due Date:  FY12 -- four quarterly meetings, finalized list of key LCRE management 
questions, database metrics, and potential analytical outcomes by November 2012.  FY 13/14 – Continued 
quarterly coordination meetings. 


) and database needs for RME and ecosystem 
restoration in the LCRE within CEERP’s adaptive management framework.  The Estuary/Ocean 
Subgroup for federal BiOp RME, with representatives of BPA, the U.S. Army Corps of Engineers 
(USACE or Corps), National Marine Fisheries Service, and Northwest Power and Conservation Council 
could be used in this process.  The Action Agencies lead the subgroup and, thus, would be in position to 
implement the proposed quarterly stakeholders meetings.  The coordination task will also reach out to 
database and adaptive management efforts ongoing elsewhere in the Columbia basin, many of which are 
conducted under federal BiOp RME and salmon recovery.  Task 1.2 will need to be interwoven with 
Task 1.3 and will be undertaken in the context of the CEERP adaptive management process. 


Task 1.3


                                                           
(a) Management questions for the estuary, which necessarily evolve over time, were stated by Johnson et al. (2008). 


.  Inventory existing, publicly available datasets and coordinate with restoration and RME 
practitioners in the estuary and regional database development efforts (e.g., Pacific Northwest Aquatic 
Monitoring Partnership [PNAMP]) to determine which data might be included in the database. 
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Approach:  This task could also be accomplished in conjunction with Task 1.2 through the 
Estuary/Ocean Subgroup.  We would include it as a regular agenda item early in the series of meetings so 
that results may be used to inform the database development effort in Objective 2.  Findings and 
recommendations will be documented in meeting notes.  Coordination with PNAMP and other regional 
database efforts will also be conducted.  This is related to Task 2.3. 


Deliverable and Due Date:  FY12 -- Official inventory of key estuary data sets and their tie to key 
management questions by December 2012.  FY13/14 – Coordinate possible retrieval and sharing of data 
from regional stakeholders. 


Task 1.4


Approach:  The coordination focus area will also reach out to adaptive management efforts ongoing 
elsewhere in the Columbia basin, many of which are conducted under federal BiOp RME and salmon 
recovery.  For example, the Upper Columbia Salmon Recovery Board is implementing an adaptive 
management process similar to CEERP’s.  A conference call and one meeting will be convened to 
exchange information between the adaptive management efforts.  Lessons learned will inform design of 
the estuary geospatial database system.   


.  Conduct outreach and communication with other Columbia basin adaptive 
management/database efforts to exchange lessons learned. 


Deliverable and Due Date:  FY12 -- Conduct outreach and communication with other Columbia 
basin adaptive management/database efforts by January 2013.  FY 13/14 – Continue outreach work in the 
context of regional adaptive management efforts. 


Task 1.5


Approach:  We will work with the funding agencies and stakeholders to draft data use and access 
guidelines.  For data included in the geodatabase, data characteristics will be established describing the 
intended and appropriate use, scale, data sensitivity, planned update frequency, etc.  As the data is 
assembled, multiple classes of data will resolve (i.e., historic, monitoring, forecast, general use, restricted 
use,  researcher use, manager use, species specific, etc.). For each of these classes, we will work with 
from 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.      


.  Draft data use and access guidelines. 


Deliverable and Due Date:  FY 12 -- Draft guidelines by January 2013.  FY 13/14 – Finalize data use 
and access guidelines. 


C.2  Specific Methods for 2012 Focus 2:  Develop and demonstrate a proof-of-concept geospatial 
database management and analysis system for CEERP. 


Task 2.1


Approach:  There is a gap between the Roegner et al. (2009) Protocols, which cover data collection, 
and the creation of a relational database as is suggested for 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, 


.  Develop draft Protocols for Habitat Restoration Monitoring Data Reduction and Analysis in 
the Lower Columbia River and Estuary (“Data Reduction Protocols”) for key indicators from Roegner et 
al. (2009). 







AFEP 2012 Preliminary Proposal 
Synthesis and Evaluation of Research, Monitoring and Evaluation and Restoration  


Effectiveness Data in the Lower Columbia River and Estuary 
EST-P-12-01 


 


10 


an essential element of standardizing a database for comprehensive reporting.  Therefore, it is anticipated 
that this project would produce a draft companion document, including example spreadsheets, to the 
Protocols for Habitat Restoration Monitoring Data Reduction and Analysis in the Lower Columbia River 
and Estuary.  This would have the potential to greatly increase the efficiency of individual project 
monitoring and is fundamental to estuary-wide aggregation of the data for comprehensive standardized 
reporting and adaptive management.  


Deliverable and Due Date:  FY12 – Draft Data Reduction Protocols by January 2013.  FY13/14 – 
Finalize the Data Reduction Protocols. 


Task 2.2


Approach:  One of the main tasks will be in the development of the Estuary Data Model to create a 
standardized data structure for past and future data.  The draft Estuary Data Model will be adaptive to 
new types of data and data structures from other entities.  Raw and summary data for this effort would be 
generated previously or concurrently by other projects and would include restoration habitat monitoring 
reports produced by the LCREP, the Columbia Land Trust, the Columbia River Estuary Study Taskforce 
(CREST), and their associated subcontractors, and other AER research.  It is expected that the 
stakeholders (Task 1.2) would recommend aggregating existing data into a common relational database 
usable for BiOp comprehensive reporting related queries, and made accessible to the public.  While the 
tributary and mainstem data are being aggregated through PNAMP and StreamNet processes, such a data 
management method has not been implemented in the estuary.  This project could build on the database 
and data model development that was completed by the Corps’ Anadromous (AFEP) Fish Evaluation 
Program Cumulative Effects project (EST-P-04-04) in the 2011 project year.  That prototype database 
includes three paired restoration and reference sites (Vera Slough and Reference, Kandoll Farm and 
Reference, and Crims Island and Reference) using data collected 2005–2009 according to the Habitat 
Restoration Monitoring Protocols.  The Cumulative Effects project database prototype was developed at 
Pacific Northwest National Laboratory (PNNL) as a web-enabled ArcGIS Server instance that makes 
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.  


.  Using existing data PNNL collected that was identified under Task 1.3, develop a draft 
scalable Estuary Data Model to support current and future data development by multiple entities and 
connection with regional data management systems. 


Deliverable and Due Date:  FY 12 -- Using data collected by PNNL for LCRE research efforts, a 
draft database schema will be designed and implemented into the Estuary Data Model by December 2012.  
FY 13/14 – Incorporate all available data types as appropriate into the Estuary Data Model. 


Task 2.3.  Using existing data PNNL collected that was identified under Task 1.3, determine which are 
not currently in the form required by the Data Reduction Protocols, and where sufficient data exist, begin 
preliminary data reduction and quality assurance as needed to normalize data sets for entry in the 
database; this is expected to continue in fiscal year 2013.   
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Approach:  An in-depth review of official data sets identified in Task 1.3, 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 will determine, 
case by case, whether or not existing data can be fit into the existing Estuary Data Model or if the data 
model needs to be expanded/adapted to include new data types.  In addition, an assessment, 
recommendation, and knowledge exchange will be made to the 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 Estuary Data Model, thus allowing the greatest flexibility for 
new data to be easily integrated and providing a robust analysis environment.  This is related to Task 1.3. 


Deliverable and Due Date:  FY 12 – For data PNNL collected, data reduction and normalization will 
be completed for inclusion in the Estuary Data Model.  FY 13/14 – Using data inventoried in Task 1.3, as 
appropriate, complete data reduction and normalization for inclusion in the Estuary Data Model. 


Task 2.4


Approach:  Building from all previous tasks, the Estuary Data Model will be implemented into the 
ArcGIS Server/Spatial Database Engine-based geodatabase, official data will be structured following 
draft Data Reduction Protocols and checked into the geodatabase, web-based map services will be turned 
on to allow direct access to the official data sets via OpenGIS-compliant GIS software, and a basic web-
based interactive map  and data visualization environment will be implemented..  Periodic internal 
reviews, invited reviews from outside experts, and coordinated reviews through the Estuary/Ocean 
Subgroup will ensure the development trajectory is meeting original objectives.  


.  Develop a prototype enterprise geodatabase containing PNNL data sets identified in Tasks 1.3 
and 2.3, and make them accessible to Corps of Engineers staff for review and use by restoration project 
Product Development Teams. 


Deliverable and Due Date:  FY 12 -- A prototype web-accessible geospatial database management 
system will be released and made available to Corps staff for review by December 2013.  FY 13/14 – 
Based on management questions and requirements identified under Task 1.1, a custom web-based data 
visualization and analysis environment will be built. Continued testing, feedback, and refinement will be 
implemented. 


C.3  Specific Methods for 2012 Focus 3:  Draft CEERP 2012 Strategy Report, 2012 Action Plan, and 
2013 Synthesis and Evaluation Memorandum, and provide other analytical and programmatic support. 


Task 3.1


Approach:  We propose to follow the recommendations of Thom et al. (2011) and their draft outlines 
for the Strategy Report, Action Plan, and Synthesis Memorandum (see Tables 3.4, 3.2, and 3.3, 
respectively in Thom et al. 2011).  Task 3.1’s Synthesis Memorandum would update using new, recent 
information the Synthesis of Findings effort planned for 2011/2012 by the Corps. 


.  Draft a CEERP 2012 Strategy Report, 2012 Action Plan, and 2013 Synthesis and Evaluation 
Memorandum. 


Deliverable and Due Date:  FY 12 -- Draft 2012 Strategy Report by March 1, 2012, 2012 Action Plan 
by March 8, 2012, and 2013 Synthesis and Evaluation Memorandum by March 31, 2013.  FY 13/14 – 
Analogous annual documents. 
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Task 3.2


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).  This task will require close coordination among PNNL, Corps staff in 
program management, and Corps staff in environmental resources. 


.  Provide analytic and programmatic support to the CEERP adaptive management processes in 
the LCRE. 


Deliverables and Due Dates:  FY 12 – Work products to be determined.  FY 13/14 – Continued 
programmatic support. 


D. Expected Results and Applicability   
This study will provide the Action Agencies, resource managers, and stakeholders the first-ever, web-


accessible, geospatial database for ecosystem restoration and associated RME in the LCRE.  Analyses 
produced by 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 2012 study 


• January 1, 2012 to December 31, 2012 – Coordination and database development 


• April 1 – Quarterly progress report to the Corps 


• July 1 – Quarterly progress report to the Corps 


• October 1 -- Quarterly progress report to the Corps 


• October 2012 to March 2013 – Data analysis for the Synthesis and Evaluation (S&E) Memorandum 
(data from period = October 2011 through September 2012) 


• December 2012 – AFEP Annual Review presentation (deliverable) 


• January 3 – Quarterly progress report to the Corps 


• January to May 2013 – Database documentation and report writing 


• May 31, 2013 – Submit annual summary of findings (deliverable) (reporting period = January 2012 
through December 2012) 


Out-Year Plan 
 2012 2013 2014 


Objective 1 
Coordination 


Stakeholder input and 
guidance during design 


Stakeholder review and 
feedback on prototype database 


Stakeholder coordination for 
eventual transfer of technology 


Objective 2 
Database 


Estuary Data Model and 
prototype database 
development (PNNL-


Continued development, testing, 
and populating of the database 
(all data, as appropriate) 


Finalization of the geospatial 
database management and 
analysis system 
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collected data) 


Objective. 3 
Analysis 


Draft 2012 Strategy Report, 
2012 Action Plan, and 2013 
S&E Memo 


Draft 2013 Strategy Report, 
2013 Action Plan, and 2014 
S&E Memo 


Draft 2014 Strategy Report, 
2014 Action Plan, and 2015 
S&E Memo 


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.  


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 Project Manager  1-3 
Heida Diefenderfer PNNL Restoration Ecologist  1-3 
Andre Coleman PNNL Geospatial Engineer  2 
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  1-3 
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V.  Technology Transfer   
This study will help assess progress of the CEERP respective to key management questions:  1) What 


are the limiting factors or threats in the estuary/ocean preventing the achievement of desired habitat or 
fish performance?  2) Are the estuary habitat actions achieving the expected biological and environmental 
performance targets, i.e., targets for assigned survival benefit units (ASBUs)?  3) Are the offsite habitat 
actions in the estuary improving juvenile salmon performance (in terms of ASBUs) and which actions are 
most effective at addressing the limiting factors preventing achievement of habitat, fish, or wildlife 
performance objectives?  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 
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, CREST, the LCREP, NMFS, and others for biennial Columbia River 
Estuary Conferences (www.cerc.laborks.org). 
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