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Section 10. Narrative

This last section of your proposal is for text responses, explanations, and justifications that support the previous nine sections of the online form.

The Narrative is provided as a Word document that can be completed by inserting responses where indicated. The document will be submitted to the Council when completed.

To complete and return Section 10:

1. Please read both the Narrative Instructions and the Guide at www.nwcouncil.org/fw/budget/innovate before continuing. It explains what the reviewers are expecting in your narrative section, and greatly affects how your proposal is reviewed.

2. Provide sufficient detail to justify your proposal in the spaces marked “(Replace this text with your response in paragraph form)” but please note that the page limit for sections A-F is 15 pages. Do not leave parentheses around your response. 

3. You can insert tables, graphics, or maps into this document. For help in adding graphics, contact Eric Schrepel at 503-222-5161 or eschrepel@nwcouncil.org. 

4. This document will be viewed on the Internet. If you refer to online documents, include web addresses and use Word’s hyperlink tool to make those addresses active links in the document. Contact Eric Schrepel for help.

5. Please use Word’s spell-check tool before submitting this document.

6. Return this document by browsing to your online proposal (www.nwcouncil.org/fw/budget/innovate), editing Section 10, then following the “Upload” instructions.

A. Abstract and statement of innovation 
We propose to evaluate the utility of microchemical analysis of otoliths of post-spawn adult spring chinook (spc, Oncorhynchus tshawytscha) as a tool for identifying the principal overwintering habitats of juveniles prior to their outmigration as smolts the following spring. The focal population for this evaluation is natural origin spc in the Chiwawa River basin. Otolith microchemistry analysis has been successfully employed for similar purposes with Atlantic salmon (Salmo salar) in the Connecticut River basin by Dr. Brian Kennedy and colleagues (Kennedy et al. 1997, 2000, 2002) but has not yet been employed with anadromous salmonids in the Columbia Basin. Dr. Kennedy would be the PI for this project under a sub-contract to Wild Fish Conservancy. While managers have some information that indicates that the majority of natural origin (NOR) juvenile spring chinook leave the Chiwawa River in the fall to overwinter in the mainstem Wenatchee river in Tumwater Canyon prior to the spring in which they smolt, it is unknown whether the two life histories (Chiwawa-overwintering vs. Wenatchee-overwintering) experience differential survival to adult-return-and-spawning. The proposed project would lay the methodological foundation for addressing this issue. Since adult spc die after spawning, no lethal sampling would be required to obtain the otoliths. Extracting previously unattainable juvenile life history information from reproductively successful individuals after they have completed the entire life cycle is an important, new, and risk-free monitoring tool that can enhance conservation efforts. Application of this approach would be novel in the Columbia Basin. On-the-ground work would include (a) collecting water samples during summer baseflow from the Chiwawa River mainstem and tributaries, the Wenatchee River mainstem and the Columbia downstream of the Wenatchee, and (b) collection of otoliths from post-spawn NOR adults from spawning grounds in the Chiwawa River. Analytic methods would include analysis of water samples and adult otoliths for the concentrations and ratios of alkali earth elements. Otolith analyses would be contingent on the results of water sample analyses. If results from water sample analyses show that there are significant differences in water chemistry between the Chiwawa River and its tributaries on the one hand and the mainstem Wenatchee on the other that can reasonably be expected to be reflected in otolith microchemistry
, we would proceed to analyze otolith microchemistry using laser ablation coupled with mass spectroscopy. Water samples would be collected in the summer of 2008 during baseflow conditions and analyzed by
 December 2008. A total of 13 water samples (8 within the Chiwawa basin, 4 within the mainstem Wenatchee, 1 in the Columbia downstream of the Wenatchee) would be collected and analyzed. Adult otoliths would be collected in August and September 2008. Otoliths would be analyzed in January through March 2009
. We would collect 50 adult otoliths and analyze as many as required to obtain two otoliths from both life histories or all 50, whichever occurs first. The final project report would be completed and submitted in June 2009. 

B. Technical and/or scientific background

Spring chinook (spc) salmon (Oncorhynchus tshawytscha) in the Wenatchee River basin are listed as Endangered under the ESA. The Chiwawa River population is central to the recovery of spring chinook in the Wenatchee basin and, therefore, the entire ESU (Wenatchee Subbasin Plan, ICTRT 2007). Currently, the Chiwawa River population is the largest of the five major spawning populations that make up the Wenatchee population and the Chiwawa River basin has the greatest amount of intrinsic potential habitat of all spawning areas in the Wenatchee basin (ICTRT 2007, Attachment 3, Figure 4, page 4). Nonetheless, the Chiwawa population is severely depressed, averaging fewer than 200 adult spawners annually since 1990 (Chiwawa River Spring Chinook HGMP 2005, Table 8, page 25, assuming 2.2 adults per redd calculated from NMFS 2007, Tables 1 and 2 pp. 19-20), compared to a potential capacity of approximately 500 (based upon an ICTRT-estimated intrinsic potential spawning area of 1.53 million m2, a threshold abundance of 13.8 spawners/10000 m2, and an estimate that the Chiwawa River basin contains between 20 and 25% of the total potential spawning area in the Wenatchee basin). Further, the Chiwawa River population is also the subject of a supplementation hatchery program started in 1991 whose effectiveness is still largely unknown (ISAB 2003, Appendix A-3). Currently, it is estimated that returns from the supplementation program account for approximately one-half of the adults spawners (Chiwawa River Spring Chinook HGMP 2005, page 20). 

Juvenile spc leave the Chiwawa River as parr in the summer and fall and as (yearling) smolts in the spring (ICTRT 2007. Attachment 3, “Wenatchee River spring chinook salmon population – current status assessment”). Juveniles that emigrate as summer or fall parr are believed to overwinter in Tumwater Canyon on the mainstem Wenatchee River immediately downstream of the confluence of the Chiwawa with the Wenatchee and to emigrate from there as smolts the following spring (March - May). The majority of each juvenile year class is believed to exhibit this behavior (Wenatchee Subbasin Plan, Chapter 4), termed here the Wenatchee-overwintering life history. A smaller but unknown percentage of each year class remains in the Chiwawa until it is time to emigrate as smolts (Peven 2005). Thus, there appears to be two juvenile overwintering life history strategies exhibited by Chiwawa River spc. The subsequent contribution of each of these life histories to the adult population is unknown. Knowledge of the relative contributions of Chiwawa-overwintering parr and Wenatchee-overwintering parr to the portion of the adult population that succeeds in returning to spawn is essential for understanding how juvenile life history is related to adult recruitment. Such knowledge would help to improve management decisions affecting the preservation and restoration of tributary and mainstem habitats and would help to frame new questions regarding the kinds of research and monitoring needed to support recovery of the Chiwawa population. Otolith analysis provides a critical tool for yielding this information. 
Stemming from major advances in the identification of geochemical fingerprints, isotopic and elemental signatures increasingly have been used to study habitat use and life history for a variety of organisms, including elephants (Koch et al.1995), birds (Marra et al. 1998), and fish (Kennedy et al. 1997).  In fish, the use of geochemical fingerprints has been an exciting new approach for studying homing, juvenile movements, migration, and life history choices (Limburg 1995, Campana 1999, Kennedy et al. 2000, Thorrold et al. 2001). Otoliths are calcium carbonate structures in the inner ear that grow in proportion to the overall growth of the fish. The otoliths of juvenile salmon also incorporate earth elements other than calcium and their isotopes (such as strontium, barium, potassium, and magnesium) in the carbonate structure of the otoliths are? in constant proportions to calcium that are determined predominately by the bedrock geology of the waters in which the fish rear. Isotope ratios of these elements – most importantly strontium –likewise reflect bedrock geology. The ratios of these elements and isotopes therefore provide daily records of the elemental and isotopic chemistry of the water in which juveniles live (Kalish 1989, Radtke and Shafer 1992, Campana 1999, Campana and Thorrold 2001, Kennedy et al. 2000, 2002, 2005). 

We expect to find measurable differences in the isotopic and elemental composition of otoliths from fish residing in the Chiwawa and in the mainstem Wenatchee in Tumwater Canyon that result from differences in the elemental and isotopic composition of the two water bodies, in turn arising from differences in the bedrock geochemistry. To verify this expectation we would first collect water samples during summer baseflow from several locations in the Chiwawa River mainstem and tributaries, the mainstem Wenatchee upstream of the mouth of the Chiwawa and downstream of the mouth in Tumwater Canyon, and in the mainstem of the Columbia upstream of Rock Island Dam and downstream of the mouth of the Wenatchee. We would analyze these samples to determine the concentrations and ratios of rare earth elements and isotopes. If these analyses indicate that significant geochemical differences exist between waters in the Chiwawa Basin
 and waters in the mainstem Wenatchee to produce detectable differences in the otoliths of juvenile spc residing for extended periods (several weeks) in those waters, we would proceed to analyze adult otoliths using laser ablation coupled with high-resolution mass spectrometry. Using this technique we would scan transects from the otolith primordium to the point at which a chemical signature of the Columbia River is first encountered (indicating that the fish had left the Wenatchee). We will separate and analyze the time-specific signatures of stable isotopes (e.g. Sr and/or C and O), as well as minor trace elements, such as K, Mg, Mn, and Ba, that both exhibit a high degree of geographic variability based upon watershed geology (Kennedy et al. 1997, Thorrold et al. 1998a) and lend themselves to measurement with a high degree of precision in adult (and juvenile) fish otoliths (Kennedy et al. 1997, 2000, 2002, 2005). Specifically, we would identify the region of the otolith at which the transition from rearing and residence in the Chiwawa River basin to rearing/residence (including migration) in the mainstem Wenatchee occurs. Fall parr migrant life histories would be distinguished from Chiwawa-overwintering life histories by an earlier transition point (closer to the primordium) to the Wenatchee microchemical signal. These analyses would be performed on one of the two otoliths from each adult sampled. Subsequent to these analyses more specific temporal information regarding the transition could be determined by examining the analyzed otolith or the other member of the otolith pair to determine daily growth rings. Preparation and examination of otoliths for daily growth would not be required for the immediate purposes of this project.

Because we would be dealing with chinook with yearling life histories we do not expect to have to analyze the otoliths of juveniles because the periods of residency in the two overwintering environments are of sufficient duration (three months or longer) that distinct elemental/isotopic signatures will be recorded in regions of the otolith beyond the primoridum that will be discernable without having first to identified daily growth circuli. These regions will be clearly revealed in the laser ablation transects of the adult otoliths, provided that the water sample analyses show that the requisite geochemical signature differences exist between waters in the Chiwawa River basin and those in Tumwater Canyon. We are engaged in a similar project on the Cedar River in Puget Sound (Lake Washington Basin) involving ocean-type chinook that have a much shorter residence time in one of the two pre-smolt rearing habitats (Cedar River vs. Lake Washington) prior to migrating directly to saltwater. In this circumstance otoliths of juveniles residing in each of the two habitats must be collected and analyzed in order to determine whether the geochemical differences in the two water bodies can be distinguished in the otoliths of post-spawn adults. That will not be required for the project we are proposing here.

Assessing life history strategies through otolith analysis is valuable because it can obviate the need for traditional mark-recapture methods that are extremely expensive, often biased or infeasible, and do not directly reveal the importance of the life history for adult recruitment (i.e., they do not account for differential survival after fish enter the migration corridor or the ocean).  The contribution to adult production defines the value of different life history strategies to the population, and provides a key component for estimating stage-specific survival rates if life-cycle modeling is desired.  

The overall vision for the Council’s Fish and Wildlife Plan for the? Columbia River is “a Columbia River ecosystem that sustains an abundant, productive, and diverse community of fish and wildlife…” (FWP page 13). In pursuing this vision, preference is given to “protecting and restoring the natural ecological functions, habitats, and biological diversity of the Columbia River Basin” and to do so in a manner that avoids “adverse impacts to native fish and wildlife species” (ibid). Much remains unknown about specific ecosystems and the life histories of native fish and wildlife species that are most adaptive
. Consequently, one of the central principles contributing to the Program’s scientific foundation is ecosystem management that is “adaptive and experimental”, by which is meant “a directed program aimed at understanding key ecosystem dynamics and the impacts of human actions using scientific experimentation and inquiry” (ibid. page 15). Acquiring basic information about the life histories of extant native species of concern, such as ESA-listed spring chinook salmon, is fundamental to framing appropriate research questions, the answer to which can help resolve key questions regarding the prioritization of habitat preservation and restoration activities. 

C. Rationale and significance to the Council’s Fish and Wildlife Program

By validating the ability of otolith microchemical analysis to identify different juvenile rearing life histories from successful (post-spawn) natural origin adults the project would establish a monitoring and assessment tool that can complement or substitute for genetic and tag-based methods for identifying distinct life histories. This tool would have multiple potential applications for evaluating at-risk species throughout the Columbia Basin.

D. Relationships to other projects

The project would complement research and recovery actions directed at spring chinook in the Chiwawa River basin and the upper Wenatchee basin. Specifically, it would provide information that may be useful in furthering the goals of NOAA Fisheries’ (Dr. Mike Ford) reproductive success study and the evaluation of the Chiwawa supplementation program. Upon establishing the utility of otolith microchemistry in identifying distinct juvenile overwintering life histories, a logical next step would be to identify the minimum sample size necessary to estimate (within desired confidence limits) the proportion of each juvenile life history represented in annual spawning populations and to then determine whether there are juvenile life history differences between NOR adult spawners whose parents were F1 supplementation fish and those whose parents were not F1s.

E. Proposal objectives, work elements, methods, and monitoring and evaluation

Objective: evaluate the utility of microchemical analysis of otoliths of post-spawn adult natural-origin spring chinook salmon in identifying distinct juvenile rearing strategies.

Work element 1: August 2008: Collect water samples for analysis of elemental and isotopic composition of alkali earth elements (Ca, Na, K, Mn, Mg, Sr, Ba) during summer baseflow. Samples would be collected from: mainstem Chiwawa River (n = 4) and tributaries including Meadow, Chickamin, Rock, and Phelps Creeks (n = 1 each); mainstem Wenatchee River downstream of the mouth of Nason Creek (above the mouth of Chiwawa) (n = 1); two locations in Tumwater Canyon, and one location downstream of the town of Monitor; and one location in the Rock Island Pool in the mainstem Columbia. (n = 13 water samples total). Deliver samples to Dr. Brian Kennedy, University of Idaho, Moscow, Idaho for Work element 3.

Work element 2: August/September 2008. Collect (from WDFW, coordinating with Andrew Murdoch) otolith pairs from 50 post-spawn NOR adult spring chinook recovered on the spawning grounds in the Chiwawa River basin in the late summer of 2008.

Work element 3: November/December 2008. Analyze elemental and isotopic composition of water samples. Determine if differences exist between Chiwawa River (including tributary) samples and mainstem Wenatchee River samples that are of sufficient magnitude to produce detectable differences (using laser ablation and high resolution mass spectrometry) in the otoliths of juvenile spring chinook overwintering in each habitat. If NO, terminate project and write final report. If YES, proceed to Work element 4.

Work element 4: January 1 to March 31, 2009. Prepare and analyze microchemical composition of up to 50 adult otoliths (one of each pair) to identify the overwintering habitat (Chiwawa River basin or mainstem Wenatchee River) used by each adult as a parr prior to its smolt transformation and outmigration the following spring (March – May). For each otolith analyzed a transect would be laser ablated starting from the outer edge of the primordium and terminating when the distinct spectral signal of the mainstem Columbia River or the signal of saltwater entry is encountered. 

Determination of number of otoliths to analyze: We would analyze individual otoliths until we obtain two of each of the two primary juvenile overwintering life histories or all 50, whichever occurs first. This sampling scheme would provide a reasonable probability
 of identifying that both life histories are present if one of the two represented as little as 5% of the population while using a minimum number of samples. With this sampling scheme the number of samples from the majority life history (failures) that would be encountered before the second sample from the minority life history was obtained (success
es) would follow a negative binomial distribution with the number of successes = 2 and the probability of success P: #Failures ~ NB
(2, P). For P = 0.10, the median number of failures (samples with the majority life history) before encountering the second success is 15. The probability that the number of failures is less than or equal to 48 (total otoliths analyzed = 50) is 0.97. For P = 0.05, the median number of failures is 32 and the probability that the number of failures is less than 48 is 0.72. For NB(1, .05) the probability that the number of failures is less than or equal to 49 is 0.92. Consequently, if we analyzed all 50 otoliths and found only one juvenile overwintering life history, we could conclude that the probability that there was a second overwintering life history individual present in the population (the annual spawning population in 2008) is less than 0.08. If the minority life history represented as much as 10% of the population it is unlikely that we would have to analyze more than 20 of the 50 otoliths.

Work element 5: Final project report writing and submission. April 1, 2009 to May 31, 2009. Conduct statistical analyses of the results of microchemical analyses of water and otolith samples and evaluate the significance of these results for the hypothesis that there are two primary juvenile overwintering life histories represented in the natural origin adult spring chinook spawning population in the Chiwawa River basin. Based upon these results, make recommendations for future research on the life history of juvenile spring chinook in the Chiwawa and other Wenatchee basin tributaries. Based on these results evaluate the efficacy of microchemical analysis of adult otoliths to address life history questions that may be relevant to the recovery of salmon and steelhead in the Columbia basin.

Work element 6: Prepare publication of results and submit to one of the principal fisheries research journals (Journal of Fish Biology, Canadian Journal of Fisheries and Aquatic Sciences, North American Journal of Fisheries Management, Transactions of the American Fisheries Society).

F. Facilities and equipment 

Wild Fish Conservancy possesses the vehicles, equipment, and facilities needed to collect, properly store, and deliver the water and otoliths samples to Dr. Kennedy.

Kennedy has been analyzing geochemical tracers in fish tissues for over 10 years.  He will oversee all analytical analyses and has direct supervision, open access or emerging relationships with people and analytical facilities at the following institutions.  All the facilities and major equipment necessary to carry out the proposed chemical and isotopic sample preparations and analyses are housed either in the College of Natural Resources, University of Idaho; the Department of Geological Sciences at the University of Michigan (with whom Kennedy actively participates), or the School of Earth and Environmental Sciences at Washington State University (with whom Kennedy is developing local relationships). These laboratories include the following instruments and facilities:

College of Natural Resources (University of Idaho):
· Wet aquatic lab and fish otolith preparation facility for preparation, mounting and digestion of biological material.

· Finnigan Delta Plus isotope ratio mass spectrometer and Delta XP IRMS, H-device and TC/EA (Bremen, Germany), a continuous flow isotope ratio mass spectrometer (CF-IRMS) dedicated to the analysis of 15N and 13C analysis and interfaced to CE Instrument's NC 2500 elemental analyzer (EA), interfaced through the Conflo IIa (Lakewood, New Jersey) under the supervision of Dr. John D Marshall.

Radiogenic Isotope Geochemistry Laboratory (RIGL) and W.M. Keck Environmental Geochemistry Laboratory (KECK) in the Department of Geological Sciences (U. Mich.):

Geochemical Analysis

· Finnigan MAT 262 Multi-Collector Thermal Ionization Mass Spectrometer (TIMS). The 262 has been used to look at a number of isotopic system but is particularly well suited for analyzing Sr and other radiogenic isotopes.  Multiple Faraday cups allow very high precision and sensitivity at even very low elemental levels.

· Perkin-Elmer “Optima” 3300DV Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES)

· Finnigan MAT ELEMENT I AND II magnetic sector (high-resolution) ICPMS: The ELEMENT with now over 160 installations worldwide represents the most sensitive ICPMS instrumentation currently available. The instrument at the KECK laboratory was installed in 1997. This particular instrument offers superior sensitivities even compared to the latest ELEMENT2 instruments, exceeding current specifications of new instruments by a factor of 5. With ion transmission efficiencies in the 0.2 – 0.5 % range (or accounting for every 500 – 2000th atom introduced into the plasma) the detection limits for almost all elemental analysis are truly blank limited. 

Geoanalytical Laboratory (Washington State University):
· High resolution Thermo-Finnigan ICP-MS for ultra low trace element analysis and a multicollector Thermo-Finnigan ICP-MS with laser ablation for radiogenic and stable isotope ratios.
Class 100 clean room facilities for extremely low trace element blank levels on all processed
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H. Key personnel

Nick Gayeski, Project Director. Resource Analyst, Wild Fish Conservancy, Duvall, Washington
Degrees Earned: Masters in Philosophy, University of Washington 1975.

I have worked as a Resource Analyst for Wild Fish Conservancy (formerly Washington Trout) since 1996. My principal duties and responsibilities include evaluating salmon and steelhead harvest management plans, activities, and data; and salmon and steelhead hatchery activities, plans, and data with respect to the impacts of harvest and hatchery activities on natural populations of salmon and steelhead. This includes keeping current with peer-reviewed scientific literature on salmonid genetics, particularly the genetic effects of hatchery salmon spawning with wild salmon.

From 1999 to 2005 I was an active participant in a joint U.S./Russian scientific research and conservation initiative focused on steelhead populations on the west coast of the Kamchatka Peninsula in eastern Russia. The US Scientific lead of this research initiative is Dr. Jack Stanford, Director of the Flathead Lake Biological Station, University of Montana. 

I have been the Project Director on four previous BPA funded projects in the Columbia Basin. Three projects involved the photo-documentation of phenotypic characters of native resident trout, principally westslope cutthroat (O. clarki lewisi) in head water tributaries in the Yakima/Naches, Wenatchee, Entiat, Colville, and Pend O’Reille subbasins. These projects also included non-lethal genetic sampling of native resident westslope cutthroat  to determine presence and extent of introgression of hybridization with non-native coastal rainbow trout. I was the project lead on the fourth project, to develop and validate a Benthic Index of Biotic Integrity for the Upper Yakima and Naches River subbasins.

My duties under the proposed project would include project administration, communication and coordination with the principal investigator, Dr. Brian Kennedy, collaboration in study  and sampling design, participation in the majority of the field work involving collection of water and otolith samples, and collaboration with Dr. Kennedy in the statistical analyses of the microchemisty data and the writing of the results for the final project report and for peer-reviewed publication.

My participation in all of these project activities would amount to approximately 0.5 months of my time.

Dr. Brian Kennedy, Principal Investigator and Sub-Contractor. Assistant Professor, Dept. of Fish and Wildlife Resource, College of Natural Resources, University of Idaho. B.S. (1991) in Biological Sciences, Colgate University; Ph.D. (2000) in Ecology and Evolutionary Biology, Dartmouth College; Postdoctoral research scientist and visiting assistant instructor, (2001-2005) Dept. of Geological Sciences, University of Michigan. Brian’s research interests are on the foraging, bioenergetics and community ecology of freshwater fishes. Brian’s work uses a combination of biological, physiological and geochemical techniques to study the habitat relationships, population regulation and movements of fish, primarily juvenile salmonids. His work on the development and application of otolith microchemistry techniques has made unique and novel contributions to the international field of fisheries. Dr. Kennedy would be responsible for conducting and overseeing the microchemical analyses of all water samples and otoliths and would collaborate with the Project Lead on data analysis, interpretation of results, and report writing. The project would require 1.0 months of Dr. Kennedy’s time.

























�Perhaps omit yellow text to keep things simple here – it begs the question: “How can it be reasonably expected?” Which there isn’t room to address in the abstract.


�Work element 3 below says “November/December 2008”


�As per Work element 4 below.


�Capitalized?  It’s not elsewhere in the doc.


�What does it mean for a species to be “adaptive”?  Adaptable to environmental variability, like salmonids?


�Can we put a number to this probability?


�I don’t understand why one life history is equated with failure and the other with success.  Something to do with binomial distrib?


�I’m exposing my ignorance of this kind of probability theory, but what’s NB?  Is this part of an equation? 


i.e. P equals the number of failures etc…….?
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