a. Abstract and statement of innovation 
The recent construction of hydropower dams throughout the Columbia River basin has fragmented the river mainstem and inundated critical fish habitat.  Habitat and population fragmentation by dams is considered responsible for declines in sturgeon Acipenser transmontanus populations in many large river systems.  It is widely believed that river connectivity enhances the viability of fish populations, and that achieving a certain level of population connectivity is critical to increasing the productivity and abundance of white sturgeon throughout the Columbia River basin. Unfortunately, movement of white sturgeon past mainstem dams, and the subsequent degree of connectivity among sturgeon subpopulations, remains one of the least understood aspects of hydrosystem development in the basin.  
Quantifying trace elements in calcified structures is a powerful tool for discerning migration pathways and stock connectivity, and may allow for the accurate assessment of current sturgeon subpopulation isolation within the Columbia River basin.  The structure of choice for determining elemental composition is the otolith.  For some species however, use of the otolith is not an option.  In these cases, it would be ideal to have available an alternate calcified structure that would not only offer a nonlethal alternative to otoliths, but would also provide spatial and temporal elemental data comparable to that of the otolith. 
Recent work identifying alternate calcified structures as natural biochemical markers in fish suggests that fin rays may provide an excellent alternative to otoliths.  However, before applying elemental analyses to fin rays, it is critical that the function of fin rays as biochemical markers be validated at both the species and basin level.  Therefore, this project will investigate the utility of fin rays as biochemical markers in white sturgeon, and the potential use of fin ray microchemistry to describe movement of white sturgeon within the lower and mid-Columbia River basin.  To date there has been no work to (1) validate white sturgeon fin ray microchemistry, or (2) examine life history characteristics of white sturgeon in the Columbia River basin using fin ray microchemistry.

Specific objectives of this project will be to (1) quantify the elemental composition of the mainstem Columbia River at multiple locations between Priest Rapids Dam (Rkm 639) and the ocean (Rkm 0), (2) quantify the elemental composition at the outermost edge of the fin ray of sturgeon sampled from the mainstem Columbia River between Priest Rapids Dam and the ocean, (3) validate that white sturgeon fin rays record and preserve ambient environmental history by relating observed water chemistry to observed fin ray chemistry, (4) quantify the elemental composition along the growth transect of fin rays of sturgeon sampled from the mainstem Columbia River between Priest Rapids Dam and the ocean, and (5) determine if movement of sturgeon throughout the basin is discernable by assessing observed variability in the elemental composition along the growth transect of fin rays.

A comprehensive understanding regarding the relative isolation of sturgeon impounded behind mainstem dams is critical to assessing population productivity.  In turn, the accurate assessment of productivity is vital to effective management of the resource within the basin.  Upon completion, this project will (1) provide definitive evidence to either accept or reject the use of fin rays from white sturgeon as natural biochemical markers, and (2) determine if potential exists to use fin ray microchemistry to assess patterns of movement and the degree of isolation among subpopulations of sturgeon inhabiting mainstem Columbia River reservoirs.  
b. Technical and/or scientific background
In the Columbia River basin there remain several critical uncertainties related to the biology and ecology of white sturgeon, a “species of ecological significance” under the Lower Columbia Subbasin Plan, and a “focal species” under the Lower Mid-Columbia Subbasin Plan.  One of the most pressing questions regarding white sturgeon throughout basin is the degree of population isolation as a result of dam construction.
Historically, the majority of white sturgeon in the Columbia River were anadromous, inhabiting the Columbia River from the mouth upstream into Canada, the Snake River upstream to Shoshone Falls and the Kootenai River upstream to Kootenai Falls (Scott and Crossman 1973).  However, the recent construction of hydropower dams throughout the basin has fragmented the once free-flowing river and inundated critical white sturgeon habitat.  One important result of such river fragmentation for white sturgeon may have been the creation of a series of relatively isolated sub-populations (Jager 2006). These sub-populations inhabit the inundated areas between mainstem dams (i.e. reservoirs).  

Although work to evaluate and mitigate the effects of the hydropower system on white sturgeon has been systematic and comprehensive, studies designed to specifically investigate sturgeon population connectivity and movement past mainstem dams are severely lacking throughout the basin.  Anecdotal evidence of sturgeon movement comes from mark-recapture studies conducted by state agencies over the past two decades (Hughes et al. 2006, Kern et al. 2005).  Data from these studies suggest that, in the short term, the majority of sturgeon restrict movement to within a given reservoir.  The small number of recaptured sturgeon that had moved between reservoirs, suggest the majority move downstream, and few move upstream.  It is important to note that these studies were not designed to evaluate movement of sturgeon between discontinuous river segments.  Rather, they were designed to estimate the abundance of sub-adult and adult white sturgeon within a given reservoir, within a given year.  Also, the distribution of the sampling efforts makes observations of downstream movements more likely than upstream movements (North et al. 1993).  The small recapture rates of marked individuals in these studies preclude any extrapolation of observed individual movement to the population level.  Additionally, the size bias of the marking protocol in these studies (only sturgeon >70 cm fork length were marked), provides no information regarding the most abundant, and possibly the most mobile segment of impounded sturgeon populations (i.e. fish <70 cm fork length) (Hughes et al. 2006, Kern et al. 2005).  The fact that these studies, which were not designed to detect movement among reservoirs, recaptured sturgeon in reservoirs both upstream and downstream of their original marking location, suggests that sturgeon can move past the dams, and that movement may be occurring at rates higher than currently presumed.
In a study focused on fish passage at mainstem dams, Warren and Beckman (1993) counted 3,464 sturgeon passing viewing windows at Bonneville, The Dalles, and John Day dams from 1986-1991. Over 90% (3,181 fish) of these observations occurred at The Dalles Dam. Total length of sturgeon using ladders ranged from 1 to 7 feet.  Interestingly, the majority of passage was reported to have been upstream in direction. These data suggest that sturgeon can negotiate the dams, and that the idea of negligible upstream movement may not be accurate.  
Only one recent study specifically designed to investigate activity of sturgeon around mainstem dams has been conducted. In 2003 the United States Geological Service (USGS), with funding from the USACE, Monitored the movements of sturgeon immediately below and above The Dalles Dam.  This work documented 26 passage events by 19 tagged sturgeon; eight upstream via fish ladders and 18 downstream, mostly through open spill gates (personal communication with Mike Parsley, USGS). This work also showed the affinity of some individual fish to cycle up and down between the adjacent reservoirs. As with the mark-recapture studies mentioned above, the small scope of this study precludes expanding conclusions to the population as a whole.  However, these results again suggest that sturgeon may be able to navigate past dams, in both an upstream and downstream direction, at rates greater than currently assumed.
Studies such as these are of limited value when attempting to examine the overall pattern of sturgeon subpopulation connectivity in the basin.  However, they are the only known studies to date that either directly or indirectly provide information regarding sturgeon passage at mainstem dams in the lower and mid-Columbia River basin.  Traditional mark-recapture methods, as well as radio or acoustic tracking studies, are logistically and financially impractical to apply on a large enough scale for a long enough time to generate enough data to address the question of population connectivity in the basin.  The ability to track large numbers of individual sturgeon, representing various size/age classes, in multiple areas of the basin, throughout the entire life of the fish, would significantly improve our understanding regarding dam passage and the current level of subpopulation isolation within the basin.  This information would, in turn, be extremely useful for guiding restoration and management of the species in the basin.
Over the past several years, numerous studies have demonstrated the utility of elemental analysis of calcified structures to discern small and large scale movements over an individual’s life.  Extensive research strongly supports the theory that some calcified structures act as passive “tags”, continuously recording environmental conditions encountered by the fish throughout its life (Kalish 1989, Kennedy et al. 2000, Campana and Thorrold 2001, Gillanders and Kingsford 1996, Campana 1999, Kennedy et al. 2002).  Due to regional geologic variation, different areas can exhibit important differences in water chemistry (Kenedy et al. 2000, Kenedy et al. 2002, Ingram and Weber 1999).  The strontium isotopic composition (87Sr/86Sr) of surface waters is based primarily on the underlying bedrock geology, which can vary both across and within basins.  These location-specific differences in water chemistry are incorporated into the growing surface of calcified tissues, such as otoliths, thus imparting a chemical “fingerprint” in fish inhabiting a given area (Kennedy et al. 2000).  If the elemental composition of the structure remains relatively unaltered after deposition, those values can be referenced to specific ages, and information recovered at different locations within the structure can be used to reconstruct events throughout the lifetime of a fish (Kennedy et al. 2000, Weber et al. 2002).

Unlocking the wealth of chemical information in calcified structures has become easier and more precise with new technologies now widely available to fisheries biologists.  Recent developments of new analytical instrumentation have enhanced the information potentially available from calcified structures. Probe-based techniques, such as laser ablation inductively coupled plasma mass spectrometry (LA-ICPMS) offer the ability to sample specific parts of an individual structure with extreme precision and limits of elemental detection less than 100 (g/g (Campana et al.1997).  Temporal resolution of a single spot analysis is now routinely measured in days or weeks (Barnett-Johnson et al. 2005).  Specifically, elemental assays of calcified structures have been used to reconstruct the environmental history of individual fish (Panfili and Troadec 1993), distinguish among populations (Secor et al. 1995), determine natal stream origin (Marotz and Muhlfeld 2000, Ingram and Weber 1999), infer migration pathways (Thorrold et al. 1997), differentiate among fish stocks (Edmonds et al. 1989, Thresher et al. 1994, Severin et al. 1995), reconstruct temperature history (Patterson et al. 1993, Townsend et al. 1995), differentiate between hatchery and wild fish (Weber et al. 2002), validate age interpretations (Campana and Moksnes, 1991), detect anadromy (Kalish 1990, Halden et al. 1995, Zimmerman and Reeves 2000), and identify the scale of connectivity among fish populations (Campana and Thorrold 2001, Miller at al.  2005).

The current structure of choice for determining elemental composition is the otolith.  For some species, however, use of the otolith is not an option; either because the otolith itself is not suitable for elemental analyses (i.e. vaterite otoliths in white sturgeon), or because the requisite sacrifice of the fish to obtain the otoliths is undesirable (sacrificing large numbers of sturgeon for scientific research is no longer acceptable).  In these cases, it would be ideal to have available an alternate calcified structure that would not only offer a nonlethal alternative to otoliths, but would also provide spatial and temporal elemental data comparable to that of the otolith. Because of the focus on otoliths, relatively little work has been conducted using alternate calcified structures as natural biochemical markers in fish (e.g. vertebrae- Mulligan et al. 1983; Behrens Yamada et al. 1987; scales- Bagenal et al. 1973; Lapi and Mulligan 1981; eye lenses- Dove and Kingsford 1998; soft tissue- Hellou et al. 1992; fin rays- Gillanders 2001; Clarke et al. 2007).  From the studies that have been conducted, evidence suggests that fin rays may provide an excellent alternative to otoliths.
 Gillanders (2001) used solution-based inductively coupled plasma mass spectrometry to compare the bulk elemental signatures of four structures (otoliths, scales, eye lenses, and fin rays) from a territorial reef fish (damselfish, Parma microleptis) to determine whether there were correlations between otoliths and each of the other structures.  Results showed significant correlations between otolith chemistry and fin ray chemistry for both adult and juvenile fish.  In univariate analyses, concentrations of otolith strontium (Sr) and barium (Ba), two widely used elements to track movement and discriminate among stocks, showed significant correlations with Sr and Ba in fin rays. Similarly, multivariate analyses showed that the highest rank correlation was found between otolith chemistry and fin ray chemistry for both adult and juvenile fish.  Gillanders 2001 concluded that the use of fin rays may provide a nonlethal alternative to the use of otoliths for elemental analyses.

Similarly, Clarke et al. (2007) used laser ablation inductively coupled plasma mass spectrometry to compare the elemental composition of otoliths, fin rays, and scales from artic grayling Thymallus articus.  Elemental concentrations (of Sr, Mg, Ba, and Mn) measured in the otoliths and fin rays showed a significant positive correlation to each other and to the stream chemistries where the fish were captured. A surprising result of this study was that fin rays showed the strongest relationship with water chemistry for strontium.  Linear discriminant function analyses for both otolith and fin ray elemental signatures effectively separated fish from the different areas of capture.  Clarke et al. (2007) concluded that elemental signatures in fin rays effectively provide life-history information on individual fish important for management of grayling, and potentially other freshwater fish.

The use of fin rays as natural biochemical markers in fish appears to be promising.  However, given that fin rays are comprised of bone, they are therefore susceptible to mobilization and resorbtion, both of which may change the fin rays original chemical composition.  Large-scale resorbtion of ions after initial deposition would severely limit or negate their utility as a biochemical marker.  For white sturgeon, important foundational work in this regard has been conducted.  Veinott and Evans (1999) examined the elemental composition and stability of pectoral fin rays of white sturgeon from the Columbia River. The authors examined sturgeon that were captured on two separate occasions.   On the first capture each individual was tagged and a portion of the leading pectoral fin ray was removed.  On the second capture a portion of the leading pectoral fin ray was removed from the opposite pectoral fin.  The second capture occurred two to six years later for all fish.  The change in elemental composition of each fin ray, between the first and second capture, was then determined using laser ablation inductively coupled plasma mass spectrometry.  Results showed that ten elements (besides calcium) were consistently detected in the fin rays of white sturgeon (Sr, Mg, Ca, Pb, Br, Zn, Ba, Sn, Mn, k, Na) and that resorbtion of ions was minimal for Sr, Mg, Ba, and Mn. Other elements, such as Sn and K, revealed high rates of resorbtion.  These results support the findings of both Gillanders (2001) and Clarke et al. (2007), suggesting that for certain elements, especially Sr, fin ray chemistry is stable over time and comparable to the chemistry of otoliths.
Using the results from Veinott and Evans (1999) as a foundation, Veinott et al. (1999) examined seasonal migration patterns and the frequency and duration of marine migrations in white sturgeon from the Fraser River, BC.  The authors used laser ablation inductively coupled plasma mass spectrometry to quantify the relative concentration of Sr:Ca across the surface of the sectioned fin rays.  Three of 29 Fraser River white sturgeon (10%) showed significantly higher Sr:Ca concentrations in at least one annulus.  Due to the large difference in Sr concentration between fresh and saltwater, this was interpreted as evidence of marine migration.  The authors noted, however, that the changes in the Sr:Ca concentrations in the fin rays could not be attributed, with complete certainty, to any specific cause since none of the fish in this study had a known exposure history.  Future studies using fin rays from white sturgeon should validate the relationship between water chemistry and fin ray chemistry.
Similar to Veinott et al. (1999), Arai et al. (2002) examined ontogenic patterns of change in pectoral fin ray Sr:Ca ratios in Russian sturgeon Acipenser guldenstadti.  This study used sturgeon captured from the Caspian Sea with a known migration history.  Results showed that pectoral fin ray Sr:Ca ratios fluctuated strongly in accordance with the migration pattern from freshwater to saltwater.  The observed patterns of Sr:Ca ratios in the samples demonstrated that both subadult and adult Russian sturgeon migrate to the sea, and that Russian sturgeon of all sizes exhibit a flexible migration strategy (i.e. migrating to the sea multiple times after spawning).  The authors concluded that pectoral fin ray Sr:Ca ratios in Russian sturgeon reflected changes in ambient environmental conditions and could thus indicate habitat transitions.

Many recent studies have demonstrated the ability to use the geochemical signature of strontium isotope ratios (i.e. 87Sr/86Sr) to identify natal stream habitats (Ingram and Weber 1999; Kennedy et al. 2000, 2002), discern small scale movements over an individuals life (Kennedy et al. 2000; Thorrold et al. 2001), and track migration between marine and freshwater environments (Outridge et al. 2002; Bacon et al. 2004; Woodhead et al. 2005).  By analyzing strontium isotope ratios, it is possible to overcome three major obstacles that have prevented the use of other geochemical tracers in calcified structures.  First, strontium concentrations in freshwater often exhibit relatively low spatial variability and comparatively high temporal variability. This can preclude their use as a predictable and unique geographic marker among multiple locations or over long time periods (Gillanders 2000). However, Sr isotope ratios of surface waters are controlled by the age and composition of the underlying bedrock, which can vary significantly, even among adjacent watersheds (Kennedy et al. 2002, Ingram and Weber 1999). They also provide extremely stable signatures across ecological time (Kennedy et al. 2000). Second, elemental markers in calcified structures are often affected by physiological factors experienced by individual fish. This limits their utility in distinguishing populations or locations (Kalish 1989). In contrast, 87Sr/86Sr is not altered by either biotic (trophic dynamics) or abiotic (temperature, salinity, stress) mechanisms.  Third, the concentration of some elements in calcified structures can be extremely low, limiting their analytical resolution. Yet, the high concentration of Sr in otoliths and bone enables elemental analysis of tiny subsamples of material and allows for resolution over comparatively short time intervals (Campana 1999).  Several studies have demonstrated the ability of LA-ICPMS to accurately and precisely quantify both strontium elemental concentrations and isotope ratios in calcified structures of fish (Clarke et al. 2007, Barnett-Johnson et al. 2005, Wells et al. 2000, Wells et al. 2003, Campana and Thorrold 2001).  
As mentioned above, the primary factor behind most of the studies utilizing microchemistry is the strong association between the chemistry of the water and the chemistry of the calcified structure. If different areas within a basin exhibit a different chemical composition, and that difference is preserved in the fin ray, it may then be possible to use microchemistry to determine movements of fish among the chemically distinct regions and within the basin as a whole.  Given the varied geology of the lower and mid-Columbia River basin, it may be possible to identify a chemical “fingerprint” unique to various reaches of the basin.  Although much work has been done to characterize the geology and basic water chemistry of the Columbia River basin, there exists no comprehensive Sr isotope profile of the river (personal communication with Dr. Michael L. Cummings, Department of Geology, Portland State University).  Development of a Sr isotope profile for the Columbia River between Priest Rapids Dam and the ocean would not only act as the foundation for this project, but would also be useful for examining the movement of other species that migrate through the Columbia River, such as salmon, steelhead, and shad.     
This proposal attempts to build on recent studies (Clarke et al. 2007, Arai et al. 2002, Gillanders 2001, Veinott and Evans 1999, and Veinott et al. 1999) by assessing the potential of fin ray microchemistry to provide information on the movement and connectivity of sturgeon within the lower and mid-Columbia River basin. This project will determine (1) if there are chemically distinct regions of Columbia River between Priest Rapids Dam and the ocean, and (2) if the fin rays of white sturgeon are able to record and preserve these geochemical “fingerprints”, as recent work suggests.  If so, then any variation in the chemical composition along the growth transect of a fin ray, outside the range of observed variability in a chemically distinct region, would suggest movement of that individual among the chemically distinct regions of the basin.  If the technique proposed here is successful, this project will act as the foundation for future studies aimed at reconstructing the life-long migration history of individual sturgeon to determining the rate and direction of passage at mainstem dams, and assessing the relative connectivity of impounded sturgeon subpopulations in the lower and mid-Columbia River basin. 
c. Rationale and significance to the Council’s Fish and Wildlife Program
Fish and Wildlife Program:  This project addresses the Fish and Wildlife Program objectives for biological performance related to resident fish losses (although white sturgeon can be anadromous, they are considered resident fish within the NWPCC process):  (1) complete assessments of resident fish losses throughout the basin resulting from the hydrosystem, expressed in terms of the various critical population characteristics of key resident fish species, (2) maintain and restore healthy ecosystems and watersheds, which preserve functional links among ecosystem elements to ensure continued persistence, health and diversity of all species including game fish species, non-game fish species, and other organisms, (3) protect and expand habitat and ecosystem functions as the means to significantly increase abundance, productivity, and life history diversity of resident fish, at least to extent they have been negatively affected by hydrosystem, development and operations; and (4) achieve population characteristics of these species within 100 years that, while fluctuating due to natural variability, represent on average full mitigation for losses of resident fish.
In the 2003 Amendments to the Columbia Basin Fish and Wildlife Program, Appendix B., the council adopted at least two recommendations from the states of Oregon and Washington pertaining to Columbia River white sturgeon.  The council adopted a recommendation from WDFW to “include objectives and strategies for protecting and enhancing abundance and productivity of white sturgeon populations throughout the mainstem, including the discontinuous populations above Bonneville [Dam]”, (pg. 73).  The council also adopted an objective based on recommendations from ODFW of “enhancing the abundance and productivity of white sturgeon to rebuild and sustain naturally spawning populations and harvest, including operating the hydrosystem to maximize spawning and rearing success”, (pg. 74).
Subbasin Planning:  The list of fish and wildlife needs identified for the Columbia Plateau Province include (1) determine the hydropower system operation program that will maximize the productivity of white sturgeon in reservoirs while also supporting salmonid recovery in the Columbia River Basin, (2) determine appropriate stocks and mechanisms for supplementing white sturgeon populations in reservoirs, (3) develop both short-term and long-term strategies for white sturgeon supplementation, and (4) develop, implement, and evaluate a management plan for white sturgeon in Columbia River reservoirs.
Biological objectives from recently completed subbasin plans recognized several key objectives for white sturgeon protection and restoration.  These include: achieve regular annual recruitment to young-of-year (YOY; Columbia Gorge), increase juvenile survival to YOY and decrease predation on juvenile white sturgeon (Lower Middle Columbia), continue progress towards Tribal population goals (Columbia Gorge, Lower Snake), increase population abundance (Lower Middle Columbia), increase population abundance to provide some harvest (Lower Middle Columbia), increase population abundance to provide sustainable harvest (Lower Middle Columbia), manage populations for optimum sustainable yield (Columbia Gorge), identify habitat requirements (Columbia Gorge), increase population productivity (Columbia Gorge), and reduce population fragmentation (Lower Middle Columbia).  
The Columbia Gorge Subbasin Plan identifies white sturgeon as a focal species, and states that “Connectivity and passage issues are likely limiting factors for nearly all life stages of white sturgeon.”  The Plan identifies research, monitoring, and evaluation (RM&E) needs related to each focal species to ensure that critical assumptions are addressed and data gaps filled.  One of the many RM&E needs identified for white sturgeon, is to “Investigate the need and potential measures for restoring sturgeon passage upstream and downstream at mainstem dam facilities.”
The Lower Mid-Columbia Subbasin Plan identifies two “key findings” related to white sturgeon habitat and population fragmentation: (1) white sturgeon populations are fragmented, there is little assumed passage upstream but some downstream passage; and (2) there is thought to be a net downstream displacement of sturgeon from upstream reservoirs.  These “key findings” highlight the current level of uncertainty regarding passage of sturgeon at the dams and the degree of isolation.  The Subbasin Plan then identifies a biological objective related to the key finding and a strategy to accomplish the objective.  For these key findings, the stated biological objectives are to increase white sturgeon population abundance, and decrease fragmentation of the white sturgeon population in the lower mid-Columbia mainstem.  The stated strategies to accomplish these objectives are to improve upstream passage, and research possible improvements to fish ladders to allow upstream passage of juveniles.  
In both Subbasin Plans mentioned above, connectivity among subpopulations is cited as a limiting factor for white sturgeon in the basin.  Similarly, both Plan’s biological objectives and strategies to accomplish the objectives call for work to be conducted aimed at improving upstream passage.  However, before considering and researching modifications to existing dam infrastructure, resource and industry managers alike would benefit from knowing the current rate, direction, and location of passage.  Without a comprehensive understanding of the current situation regarding sturgeon passage and population connectivity, we have no baseline by which to assess any future actions designed to improve passage and subsequent population connectivity.  Furthermore, if these fish are shown to be currently navigating the dams at rates adequate to maintain population connectivity and gene flow, then modifications to dam infrastructure may not be necessary.  This outcome could preclude spending millions of dollars on fish passage at dams.  
This proposal will test an innovative method to discern movement of white sturgeon in the Columbia River.  If successful, this method would be an extremely cost effective and powerful tool to accurately assess the rate and direction of sturgeon passage at mainstem dams, the relative connectivity among sturgeon subpopulations, and in turn, the need for further mitigation in the basin (such as modification to dam infrastructure to improve passage).
d. Relationships to other projects 

The objectives of the proposed project are aimed at evaluating a potential tool that would allow for a comprehensive assessment of (1) white sturgeon passage at mainstem dams, and (2) the current level of connectivity among sturgeon subpopulations.  Such an assessment is not only central to the stated goals of the Northwest Power and Conservation Council’s Fish and Wildlife Program, but also to the stated goals of the BPA-funded Project 198605000, White Sturgeon Mitigation and Restoration in the Columbia and Snake Rivers Upstream from Bonneville Dam.  These goals are to: (1) ensure persistence of white sturgeon populations, (2) restore and maintain population productivity in impounded areas to levels similar to that in the unimpounded Lower Columbia River, and (3) restore and ensure sustainable white sturgeon fisheries.  Resolving the current level of uncertainty regarding sturgeon passage at mainstem dams and the relative connectivity among sturgeon subpopulations will address each of the goals stated above, and improve our ability to manage the species throughout the basin.

Sample collection for the proposed project is also complimentary to and coordinated with Project 198605000.  White sturgeon fin ray samples have been collected for aging purposes by the Oregon Department of Fish and Wildlife (ODFW) since the mid 1970’s.  Collection of fin rays became more extensive with the inception of Project 198605000 in 1986.  This has resulted in an extensive archive of Columbia River white sturgeon fin ray samples housed at the ODFW Northwest Regional Office in Clackamas, OR.  This archive is both temporally and spatially comprehensive.  The archive contains samples spanning multiple years (from the mid 1970’s through 2006).  The archive contains samples obtained from all areas in the lower, lower mid, and mid-Columbia River basin (i.e. from below Rock Island Dam to the mouth) and from several locations on the coast.  This archive will serve as the primary source of fin sine samples for the proposed project.  Therefore, any additional sampling, if necessary, will be limited and will take place simultaneous to and in conjunction with work already being conducted for Project 198605000.  
The results of the proposed project are not only important to BPA’s Project 198605000, but are also extremely relevant to ongoing sturgeon projects in other areas of the basin.  Project 198806400, Kootenai River White Sturgeon Studies and Conservation Aquaculture; Project 198806500, Kootenai River Fisheries Investigations; Project 199700900, Evaluate Potential Means of Rebuilding White Sturgeon Populations in the Snake River Between Lower Granite and Hells Canyon Dams, and Project 199502700, Develop and Implement Recovery Plan for Depressed Lake Roosevelt White Sturgeon Populations, are all designed to study and restore sturgeon populations outside the geographic scope of this project; therefore, these projects are all complementary.   In each of these areas, dam construction has fragmented river habitat and sturgeon populations.  Successful completion of this project will provide definitive evidence to either accept or reject the use of fin rays from white sturgeon as nonlethal biochemical markers suitable for elemental analyses.  Validation of this potentially powerful technique would be extremely useful to sturgeon researchers everywhere, as most white sturgeon are currently aged by examining the microstructure of thin-sectioned pectoral fin rays.  Therefore, it is likely that fin ray archives exist elsewhere, both in and out of the region.  Fin ray microchemistry could provide answers to many outstanding questions hindering sturgeon management and conservation in other regions and in other basins.
The proposed project will be a collaborative effort between ODFW and Oregon State University (OSU).  Staff involved in the proposed project form ODFW have expertise in (1) sturgeon biology and ecology, (2) field sampling for white sturgeon, (3) collecting, processing, and interpreting the microstructure of pectoral fin rays, and (4) experimental design and statistical analyses. Staff involved in the proposed project form OSU have expertise in (1) elemental analyses of calcified structures (2) use of LA_ICPMS equipment, (3) fish population connectivity and structure, and (4) ecology of anadromous fishes.  Fin ray samples will be obtained and processed by ODFW.  Fin ray samples (and a limited number of water samples) will be sent to OSU for elemental analyses and interpretation of elemental data.  Final data analysis will be conducted by jointly by ODFW and OSU.  Responsibility for dissemination of project results will be shared between OSU and ODFW. 
It is important to note that a proposal titled Use of LA-ICPMS and fin ray microchemistry to examine historic and present movement patterns in Upper Columbia River white sturgeon is also being submitted for funding consideration under this Innovative Project category for fiscal years 2007-2009.  Proponents for the two projects have discussed their applications, and generally agree that the two projects are complementary.  While these two projects are both investigating the use of fin ray microchemistry, they are quite different in their regional applicability, and are therefore complimentary.  Elemental composition of surface waters is based primarily on the underlying bedrock geology.  Due to regional geologic variation, different areas, both across and within basins, can exhibit important differences in water chemistry.  The geology of the upper Columbia River basin is likely very different than the geology of the lower Columbia River basin.  The geology of one region may allow for utilization of microchemical techniques to examine movement patterns, while the geology of a different region may preclude the use of microchemical techniques to examine movement patterns.  Therefore, the function of fin rays as biochemical markers must be validated at both the species and basin level.  Because of the cost effectiveness and potential power of fin ray microchemistry toward conservation and management of sturgeon in the Columbia River basin, the consideration of one proposal is not intended to affect the consideration of the other proposal. 

e. Proposal objectives, work elements, methods, and monitoring and evaluation
Objective 1.0
Determine if there are chemically distinct reaches of the Columbia River between McNary Dam and the downstream extent of freshwater riverine habitat
Task 1.1  
Data Collection


Activity 1.1.1
Collect water samples from multiple locations in the lower and mid-Columbia River
Approximately 500 ml of surface water will be collected from approximately 20 locations in the lower and mid-Columbia River between McNary Dam (Rkm 639) and the ocean (Rkm 0). Water samples will be taken approximately 1 Rkm below all major tributaries and from immediately above and below the mainstem dams. Water samples will be collected in acid-washed polyethylene bottles, filtered with a 0.45 (m filter, and acidified with high purity nitric acid.  Samples will be kept refrigerated until shipment to the analytical laboratories for subsequent elemental analyses. 

Activity 1.1.2
Determine the elemental and isotopic composition of water samples collected from the lower and mid-Columbia River

A subsample of approximately 100 ml of water collected from each location will be sent to the Saskatchewan Isotope Laboratory at the University of Saskatchewan (Saskatchewan, Canada) to be analyzed by thermal ionization mass spectrometry (TIMS) to quantify the strontium isotopic ratio (87Sr/86Sr) of the sample. Another subsample of approximately 50 ml of water collected from each location will be sent to the W.M. Keck Collaboratory for Plasma Spectrometry at Oregon State University (Corvallis, OR) to be analyzed by inductively coupled plasma optical emission spectrometry (ICP-OES) to quantify the elemental concentration of Mg, Ca, and Sr in the sample.  
Task 1.2
Data Analysis


Activity 1.2.1
Conduct statistical analyses of elemental and isotopic data to determine if there are chemically unique reaches of the Columbia River between Priest Rapids Dam and the ocean

Water chemistry data will be examined for normality and homogeneity of variance and, if needed, data will be transformed for parametric analyses. Multivariate analysis of variance (MANOVA) will be used to determine if there are significant differences in 87Sr/86Sr, Mg, Ca, or Sr among river regions.  
Objective 2.0
Determine if observed water chemistry can be related to observed fin ray chemistry

Task 2.1
Data Collection


Activity 2.1.1
Obtain fin spines samples from the ODFW sturgeon pectoral fin spine archive

Fin spines from white sturgeon will be obtained from an archive maintained by ODFW.  From the archive, ODFW will supply 50 fin spine samples collected between 1995 and 2006 from each of four reaches (Below Bonneville Dam, Bonneville Reservoir, The Dalles Reservoir, and John Day Reservoir) within the Columbia River Basin.  Ancillary data for each fin spine sample will include capture location (reservoir and Rkm), capture date, fork length, and age.  To the extent possible, all fin spines used in the analyses will be stratified by: (i) space, over the longitudinal axis of the reach; and (ii) fish size and age, providing a representative sample of the subpopulation. Any fin spines that are unable to be used for analysis will be returned to the ODFW fin spine archive, and a suitable replacement will be provided.

Activity 2.1.2  
Process fin spines for microchemical analyses

Each fin ray will be cleansed of tissue and rinsed repeatedly in milli-Q water.  Using an Isomet low-speed diamond blade saw, fin rays will be thin-sectioned along the transverse plane. A 500 µm spacer will be placed between the two diamond blades, producing a 400-500 µm fin ray thin-section.  The sectioned portion of the fin ray will then be polished with sequentially finer grades (50, 20, and 5 micron) of Buhler lapping paper. Sections will then be polished with alumina slurry (0.1 micron), cleaned ultrasonically in milli-Q water for 15 min., dried in a positive flow, laminar clean bench, and stored in clean plastic bags for transport to the W.M. Keck Collaboratory for Plasma Spectrometry at Oregon State University (Corvallis, OR).

Activity 2.1.2
Quantify elemental composition at outer margin fin rays
All fin rays will be taken to the Keck Collaboratory for chemical analyses.  The strontium isotopic ratio (87Sr/86Sr) at the outer margin of the fin ray will be quantified using a Nu Plasma multi-collector ICP-MS and a New Wave 193 nm laser (LA-MC-ICPMS).  Ongoing work at the Collaboratory has involved instrument optimization for strontium isotopic measurements and the use of an in-house marine standard for 87Sr/86Sr, i.e., a deep sea marine gastropod. Additionally, the elemental concentrations of Mg, Ca, and Sr at the outer margin of the fin ray will be quantified using laser ablation inductively coupled plasma mass spectrometry (LA-ICPMS). Measurements will be converted to molar ratios using National Institute of Standards and Technology (NIST 612) glass slides and verified with an in-house carbonate.
Task 2.2
Data Analysis


Activity 2.2.1
Determine if fin rays incorporate trace elements into their matrix in proportion to the concentration of trace elements in the environment
Weighted least-squares regression, which corrects for biases associated with heteroscedasticity, will be used to quantify the relationship between the strontium isotopic ratio (87Sr/86Sr) at the outer margin of the fin rays of sturgeon from each region, and the isotopic ratio (87Sr/86Sr) of the water from that region. 


Activity 2.2.2
Conduct statistical analyses to classify fish to area of capture based on fin ray chemistry 

Fin ray chemistry data will be examined for normality and homogeneity of variance and, if needed, data will be transformed for parametric analyses. Multivariate analysis of variance (MANOVA) will be used to determine if there are significant differences in the 87Sr/86Sr ratios at the outer margin of fin rays among river regions. If significant variation is observed, discriminant function analysis will be used to determine if fish can be classified to collection location based on fin ray chemistry.
Objective 3.0
Evaluate the potential of using fin ray microchemistry to discern movement of sturgeon within the lower and mid-Columbia River basin 

Task 3.1
Data Collection


Activity 3.1.1
Quantify the elemental composition across the growth transect of the fin ray
All fin rays will be taken to the W.M. Keck Collaboratory for Plasma Spectrometry at Oregon State University (Corvallis, OR) for microchemical analyses.  The strontium isotopic ratio (87Sr/86Sr) from the core to the outer margin of the fin ray will be quantified along a single growth transect using laser ablation multi-collector inductively coupled plasma mass spectrometry (LA-MC-ICPMS), producing a spatially and temporally resolved 87Sr/86Sr profile.  Additionally, the elemental concentrations of Mg. Ca, and Sr from the core to the outer margin of the fin ray will be quantified along a single growth transect using laser ablation inductively coupled plasma mass spectrometry (LA-ICPMS), producing a spatially and temporally resolved elemental profile.
Task 3.2
Data Analysis


Activity 3.2.1
Examine variability in elemental composition across growth transect of fin rays.

Variability in the strontium isotopic ratio will be examined along the entire growth axis. If chemically distinct regions of the river area identified and if there is a positive relationship between water and fin ray isotopic composition, we will determine if variation in fin ray chemistry can be related to observed water chemistry. 

Objective 4.0
Manage project to ensure that all objectives and reporting requirements are met on time and within budget

Task 1.1

Project management

ODFW will be responsible for overall project management and administrative activities.  Project management will consist of managing the contract, submitting progress reports, budget tracking, and invoicing. The work products for this task will consist of contracts, monthly invoices, and quarterly fiscal and programmatic reports that will be submitted to the funding agency.

Activity 1.1.1
Execute contract with funding agency and sub-contractors
ODFW will sign and execute the contract with the funding agency and submit additional information, if required. ODFW will also execute a contract with the sub-contractor, Oregon State University (OSU), and submit a copy of this contract to the funding agency within ninety (90) days of execution.


Activity 1.1.2
Manage project funds
ODFW will prepare and submit invoices inclusive of subcontractor services to the funding agency on a monthly basis. Three copies of the invoice will be provided to the funding agency, including one signed invoice and two duplicate copies. Activity reports will accompany each monthly invoice and will describe the work conducted by ODFW and OSU during the month.


Activity 1.1.4
Compile research findings into a comprehensive final report of study findings

ODFW and OSU will jointly prepare and distribute a comprehensive written report to the funding agency and to resource managers in the Columbia River Basin describing study findings. The final report will be made available for download in Adobe Acrobat format on the ODFW Columbia River Investigations website developed and maintained by ODFW at www.dfw.state.or.us/OSCRP/CRI/main.html
Task 1.2  
Participate at workshops, seminars, and conferences

ODFW and/or OSU will prepare and deliver at least one PowerPoint presentation of study findings and project status to a scientific or resource group (e.g., American Fisheries Society, etc.). ODFW and OSU have regularly attended the American Fisheries Society regional and annual meetings and delivered several presentations at each forum.

Task 1.3  
Submit findings to peer-reviewed journals for publication

Because this project will synthesize large amounts of new data and information, a number of results worthy of publication in scientific journals are likely to emerge.  We propose to submit at least two manuscripts for publication in a peer-reviewed journal(s).  Likely topics for publication may include:


(
Validation of pectoral fin spines as natural biochemical markers in white sturgeon
· Creation of a strontium isotope profile of the lower and mid-Columbia River

(
Using fin spine microchemistry to discern movement of sturgeon throughout the basin


(
Using fin spine microchemistry to assess the current level of sturgeon subpopulation fragmentation


(
Extent, frequency, and duration of marine migrations of sturgeon below Bonneville Dam
· Difference in extent, frequency, and duration of marine migrations between impounded and unimpounded sturgeon populations in the Columbia River

(
Historic migration patterns of sturgeon from the Columbia River basin before hydrosystem development  
f. Facilities and equipment
All major facilities and equipment to be used in the project currently exist and are functional.  The project will be headquartered in existing offices of the lead agency (ODFW).  Staff and facilities associated with ODFW provide a long history of white sturgeon research and management expertise in the Columbia River basin.  Facilities are suitable for project needs relating to office, laboratory (excluding elemental analyses), and storage requirements.  Offices are all equipped with computers to process and transmit data.  All computers have Pentium processors, and are capable of processing large data sets.  Software used for data analyses include SAS, SigmaPlot, Microsoft Excel, and Microsoft Access.

Elemental analysis of water samples will be conducted at the Saskatchewan Isotope Laboratory at the University of Saskatchewan in Saskatchewan, Canada.  The Saskatchewan Isotope Laboratory (SIL) has facilities for the analysis of a wide range of stable and radiogenic isotopes for use in environmental, palaeoclimate and geological investigations.  The SIL possesses a range of modern equipment, providing analyses in many isotope systems, including Rb-Sr, Sm-Nd and Pb-Pb analyses of rocks, minerals, ores and other samples; H, C, O and/or N analyses of water, carbonates, phosphates and organic materials.  All pertinent equipment is available for use on this project.  Analysis of all water samples will be completed in a time frame that will allow for project completion within the prescribed 18-month period. 
Elemental analyses of fin rays will be conducted at the W.M. Keck Collaboratory for Plasma Spectrometry at Oregon State University, in Corvallis OR. The Keck Collaboratory maintains four types of plasma spectrometers: quadrupole ICP-MS, high-resolution ICP-MS, multi-collector ICP-MS, and optical emission ICP. These state of the art instruments accommodate a wide range of elemental characterization, including isotopic analysis.  All pertinent equipment is available for use on this project.  Analysis of all fin ray samples will be completed in a time frame that will allow for project completion within the prescribed 18-month period.
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Oregon Department of Fish and Wildlife, Fisheries Research Assistant Project Leader, white sturgeon studies.  Current responsibilities: Conduct studies on the early life history, population dynamics, and habitat use of white sturgeon in the Columbia River.  Plan, coordinate, and oversee field sampling and lab analyses.  Summarize data, conduct statistical analyses, prepare reports. Prepare project reports and manuscripts. Oversee the work of three project biologists.  2001-2005: Fisheries Biologist, S.P. Cramer and Associates, Inc.; 1998-2001: Graduate Research Associate, Coastal Oregon Marine Experiment Station, Oregon State University.
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2006-present: Oregon State University, Assistant Professor, Department of Fisheries and Wildlife. Current Responsibilities: Develop and implement externally-funded research program on fish ecology, specifically focusing on marine and anadromous species. Collaborate with state, federal, industry, and non-profit entities in research activities. Supervise graduate students and teach course in field of expertise. 2004-2006: Post-Doctoral Research Associate University of Oregon, 1999-2004: Graduate Research Fellow, University of Oregon; 1998-2002: Graduate Teaching Fellow, University of Oregon; 1996-1998: Aquatic Ecologist & Project Manager, The Willapa Alliance, South Bend, WA; 1994-1996: Extension Faculty Research Assistant, Oregon State University & Tillamook Bay National Estuary Project, Garibaldi, OR; 1994: Fishery Biologist II, University of Washington. 
Duties as Principal Investigator: Conduct microchemical analyses, interpret microchemical data. Data summary and statistical analyses. Report and manuscript preparation.
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