FY 2007-09 F&W Program Innovative Project Solicitation

Section 10. Narrative

Use of LA-ICPMS to examine movement patterns in an upstream population of white sturgeon
A. Abstract and statement of innovation 
Historic habitat use of white sturgeon throughout the Columbia Basin provides a useful indicator of basic biological requirements of this species.  Understanding historic patterns and how they have changed in conjunction with the presence of dams and flow regulation will improve our understanding of recruitment declines and our ability to undertake effective restoration. Laser ablation combined with inductively coupled plasma mass spectrometry (LA-ICPMS) provides an innovative means to understand historic habitat utilization using archived fin ray samples.  This technique will be applied to the transboundary population in the Upper Columbia River in order to identify historic and contemporary movement patterns.  Prior identification of geographic groups based upon capture history and genetic analysis suggests the presence of historic differential movement patterns within this population.  Significant tributary inflows from the Kootenay and Pend Oreille rivers, which join the Columbia River between geographically distinct holding sites in this reach suggest that LA-ICPMS will be able to discern movements between these distinct areas, and any alterations in such patterns after upstream impoundment.  Results of this investigation will be compared to results of concurrent genetic investigations and will allow inference about the applicability of the LA-ICPMS technique for other white sturgeon populations throughout the Columbia Basin.
This technique has great potential to develop time series data for investigation of past and present habitat usage (Campana and Thorrold 2001) (e.g. marine migrations, movement patterns between tributaries or river sections) and potential alterations to habitat use patterns associated with dam construction (e.g. lack of migratory ability, shift in spawning locations).  This potential is especially true for white sturgeon given their longevity. Only a limited amount of LA-ICPMS work has been done on white sturgeon to date (e.g. Veinott et al. 1999).  Application of LA-ICPMS techniques to the analysis of finer scale (200 km) movements is being attempted for other watersheds containing white sturgeon (Upper Fraser River), but has not been attempted within the Columbia basin.  Application of this sort of technique to the transboundary section of the Columbia River offers the greatest possibility of a successful innovative application due to the presence of significant tributary inflows entering the river between the three main holding areas in this reach.  In addition this work will be combined with research on the geographic and genetic population segregation which will provide particularly powerful comparisons that are expected to support similar future studies.
B. Technical and/or scientific background

The analysis of trace elements in fin rays and otoliths presents a valuable source of information about historical habitat use (Campana and Thorrold 2001).  Analysis of otoliths is much more common due to their generally more stable chemical structure. However, otolith acquisition requires lethal sampling and therefore the analysis of fin rays is much preferred for white sturgeon.  While there are few studies of trace element analysis of fin rays (though see Veinott et al. 1999), Clarke et al. (2007) found that fin ray elemental composition showed a closer relationship to water chemistry than otoliths for Arctic grayling. Preliminary investigations on the use of white sturgeon fin rays from the Nechako River (British Columbia) indicate the feasibility of this method (Clarke, McAdam, McAllister – present study team).  The present project represents the first broad utilization of this technique on white sturgeon within the Columbia Basin (Note: see section D regarding other project proposals.).  As such it will provide important information concerning the applicability of this technique to discern different movement patterns amongst non-anadromous populations.   This information would in turn support future habitat restoration efforts since understanding historic movement patterns will support current conservation efforts which include population assessment and management, and the potential future restoration of recruitment via habitat management.
Previous analysis of white sturgeon fin rays (Veinott et al. 1999) analyzed strontium levels to identify patterns of marine residence using fish from the Fraser and Columbia Rivers.  Both the variation in strontium levels, and maintenance of a similar “base” level over longer periods in the chemical time series indicate the utility of this method for detecting variations in habitat use using white sturgeon fin rays.  Similar results have now been achieved using another landlocked population from British Columbia (Clarke  pers. comm., see Figure 1).   Improvements to the precision of lasers and elemental measurement tools (ICP-MS) since previous white sturgeon studies by Veinott et al. (1999) and Veinott and Evans (1999) should improve overall results by decreasing variation (e.g. averaging errors due to the larger ablation craters).
Analysis of fin ray microchemistry offers the only means of understanding historic movements for white sturgeon populations now affected by dam construction and flow regulation, such as the transboundary population from Grand Coulee Dam upstream to Keenleyside Dam in Canada. The Canadian portion of this population has recently been classified as endangered and is legally listed under the Canadian Species at Risk Act in 2006.  Conservation efforts for this population are being pursued through efforts of the Upper Columbia River White Sturgeon Recovery Initiative (UCRWSRI), which is a collaborative cross border recovery effort involving personnel from the US and Canada (see UCWSRI 2002). Populations in that portion of the river are undergoing nearly complete recruitment failure (Hildebrand et al. 1999, UCWSRI 2002), which has been occurring since the 1970’s.  
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Figure 1. Image showing fin ray cross section with elemental composition overlain (red=Sr, blue=-Zn).  Arrow indicates a distinct transition from one habitat area to another.  The Zn spike at ~260 seconds is also of interest, but of unknown cause.  Stability of values coupled with stepped variation are indicative of habitat shifts and the utility of this technique.

Recent genetic analysis suggests that the white sturgeon in this section of the river are not a single homogenous breeding population (Nelson and McAdam 2006).  Two spawning sites have now been identified for this population (one upstream and one downstream of the border) and a third is located upstream of Keenleyside Dam at Revelstoke.  More sites may have existed historically.  Genetic analysis of two non disjunct geographic groups (HKD and BRL groups- see Figure 2) shows these two groups were not in Hardy Weinberg equilibrium  (Nelson et al. 1999).  Broader subsequent analysis using samples from 5 putative geographic groups identified differences amongst at least 2 of the groups based on analysis of mitochondrial DNA (Nelson and McAdam 2006).  Spawning site fidelity of sturgeon populations is an important question and recent studies from other sturgeon species have identified genetically distinct groups from adjacent rivers at similar spatial scales to these groups from the Upper Columbia River (see Stabile et al. 1996, Wirgin et al. 2000), suggesting that for some populations reproduction and movement may be more locally restricted than previously thought. In the Upper Columbia River this could be a combination of natural effects and range shifts due to construction of dams and impoundments.

LA-ICPMS has been successfully used to identify movement patterns at relatively fine spatial scales in other species (e.g. Clarke et al. 2005) and preliminary tests examining fish from the Upper Fraser watershed indicate the utility of this technique for white sturgeon (Clarke, McAdam, McAllister unpubl.).  In the Upper Columbia River the presence of some geographic fidelity to overwintering areas (below Keenleyside Dam, Waneta, Lake Roosevelt) separated by
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Figure 2.  Map showing the general locations of samples along different sections of the Columbia River.  Overwintering sites are located at downstream of Keenleyside Dam (HKD), Waneta (WAN), and Lake Roosevelt (ROOS) which are separated by major tributary confluences.

large tributary confluences (Kootenay River, Pend Oreille River) in the transboundary area suggests LA-ICPMS techniques should be able to identify movement between the river reaches separated by these tributary confluences. In addition due to the longevity of white sturgeon, this analysis will be able to investigate alterations in habitat utilization that may have occurred in conjunction with the construction of mainstem dams and flow regulation from dams in Canada, and particularly Keenleyside Dam.  For example fish residing upstream and downstream of Keenleyside Dam are genetically similar to fish found downstream, yet due the presence of the dam they now spawn in different locations.  Investigation of the historic movement patterns of these fish will aim to identify whether historic spawning location was upstream or downstream of the current barrier, which will help to guide restoration efforts. 
This analysis builds on genetic (Nelson and McAdam 2006) and recapture (McAdam unpubl.) data which is suggestive of finer scale population segregation than has previously been demonstrated for white sturgeon.  This application therefore proposes the application of a novel technique to advance our understanding of both historic and present movement as well as the spatial scale of population mixing. The transboundary reach population is the focus of this analysis since the presence of significant tributary inputs within the range of this population should provide sufficient contrast in water chemistry capable of distinguishing movement patterns within this area.  Testing the application of this technique as suggested here, will be able to demonstrate its feasibility for application to other areas where water chemistry may show less distinct changes.
C. Rationale and significance to the Council’s Fish and Wildlife Program
The project addresses needs identified in several regional programs, including the Northwest Power and Conservation Council’s Fish and Wildlife Program (NPPC 2000), the U.S. Fish and Wildlife Service’s Recovery Plan for federally endangered Kootenai River White Sturgeon (U.S. Fish and Wildlife Service 1999), the Upper Columbia White Sturgeon Recovery Initiative (UCWSRI 2002), and Wy-Kan-Us-Mi Wa-Kish-Wit developed by the Umatilla, Yakima, Warm Springs, and Nez Perce tribes.

This project addresses needs outlined in recovery plans for endangered species in the Columbia Basin.  Section 7.3 of the NMFS Biological Opinion requires agencies to 1) Halt the decline of salmon, lamprey, and sturgeon populations above Bonneville Dam within 7 years, and 2) Increase lamprey and sturgeon to naturally sustaining levels within 25 years in a manner that supports Tribal harvest.  Findings from the project will support the analysis of recruitment failure in the Upper Columbia River, and tolls developed in that area could provides useful applications for the endangered Kootenai River white sturgeon as well as other populations in the Columbia Basin.
This project addresses priority needs identified by the Action Agencies review of program summaries based on the NMFS Biological Opinion and the Fish and Wildlife Program.  Tasks identified that need immediate implementation that are addressed by this project include assessing the impact of hydropower development and operation on white sturgeon.  

Because this project may provide a method for the evaluation of white sturgeon habitat utilization that could be used throughout the Columbia River Basin, this project serves the needs outlined in the White Sturgeon Program Summary for the Mainstem and System wide Province.  In addition, it will add value to projects investigating white sturgeon population status that are identified in the recently completed sub basin summaries by providing a means of comparison of populations among the sub basins.  

D. Relationships to other projects

The relevance of this analysis on the transboundary white sturgeon population is supported by prior geographic and genetic (mDNA) investigations of population structure, and both of these previous investigations are being prepared for primary publication.  In addition the Upper Columbia White Sturgeon Recovery Initiative will also be funding an investigation of the population genetics (nDNA) of this population in 2007.  The present LA-ICPMS study is designed to complement these existing and upcoming studies and refine our understanding of the historic and present movement patterns and breeding structure of this population.  The combined set of genetic studies and this LA-ICPMS based study of historic movement should provide a very useful combination for understanding historic conditions of this population.
Projects in the Upper Columbia River are also part of a larger initiative investigating recruitment failure of this white sturgeon population, based on techniques used to diagnose causes of recruitment failure for the Nechako white sturgeon (see McAdam et al. 2005).  Understanding the historic movement patterns and potential differences between past and present patterns will provide very important information for this larger analysis.  The combined set of analyses will then provide a clear and relatively simple means of analysis that could be applied to other populations of white sturgeon in the Columbia Basin, and elsewhere.
It is important to note that a proposal titled “Elemental analysis of fin rays: A potential tool for assessing movement of white sturgeon within the Lower and Mid-Columbia River basin” 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 Undertake LA-ICPMS on currently available samples 
Work element – Collect/Generate/Validate Field and Lab Data

Previously collected fin ray cross sections from archived collections held by the BC Ministry of Environment and Washington Department of Fish and Wildlife will be used in this analysis.  Samples from each potential population sub group (upstream of Keenleyside Dam (HLK), directly downstream of HLK, directly downstream of Brilliant Dam, Waneta (near the international border), and Northport/Marcus Flats (upper Lake Roosevelt)) will be sorted to identify samples from old and younger fish.  Twenty samples for each age-area combination will be analyzed.  
In addition samples from previously radiotagged fish may be available, and all such samples will be included in the analysis to allow comparison between LA-ICPMS results and known movement patterns in this river section.
Identified samples will then be polished and mounted in preparation for LA-ICPMS analysis. LA-ICPMS techniques being proposed here have become relatively standardized and could be undertaken by a variety of laboratories providing contract services.  The intent within this project is to collaborate with academic research labs using this technique, which should both diminish costs and to ensure a high caliber of analysis.  The laboratory of Dr. Kevin Telmer at the University of Victoria has previously collaborated with a member of the project team (Clarke) on this sort of work, and our intention is to pursue further collaboration with Dr. Telmer.  Since he is currently out of the country this arrangement will be verified after submission of this application.  A broad array of elements and isotopes will be analyzed in order to support subsequent analysis of finer scale movement patterns using multivariate and Bayesian analysis (see Fablet et al. 2007).  
Objective 2 Investigate past and present movement patterns of Upper Columbia white sturgeon
Work element – Collect/Generate/Validate Field and Lab Data

Compile time series of existing water chemistry information for various reaches and tributaries of the Columbia River, including Arrow Lakes Reservoir, Columbia River mainstem at various locations, Kootenay River (downstream of Kootenay Lake), Pend d’Oreille (Pend Oreille) River, Spokane River, Lake Roosevelt.  Attempt to include data from before and after 1970, when recruitment failure apparently began.   Further water sampling will be undertaken if existing data are insufficient.
Digitize fin rays and translate microchemistry (MC) transect data into a time series based upon identified annuli.  This step converts microchemistry signature to a time series related to fish age for analysis of changes related to age/life history.
Work element – Analyze/Interpret Data

Using data compiled for water quality and the large volume of fin ray elemental composition data undertake general examination of the data and exploratory data analysis.  Initial data explorations will ultimately lead to the construction of a model for multivariate and Bayesian analysis of MC signature data based on Fablet et al. (2007).  This will yield a habitat map for individual fish, and support the classification of fish into distinct categories of movement patterns over their life span. If suitable samples are available comparison between past habitat use based on radio tracking and microchemistry signature data will provide a means of ground truthing.  Failing that a reasonable alternative is to use the large capture database for this population, which records the capture history of individually tagged fish.  Since about 60% of the population is tagged and fish have been recaptured up to 12 times this provides another reasonable ground truthing for the microchemistry signature analysis. 
This work element will also include evaluation of the relationship between fish currently in Arrow Lakes Reservoir and those residing downstream of HLK with respect to likely historic spawning locations for these two groups of genetically similar fish. 

Work element – Manage and Administer Projects

Overall project management will be conducted by Steve McAdam (principal investigator), in close collaboration with Murdoch McAllister the academic lead to the UBC project team.

Work element – Produce Environmental Compliance Documentation

Since this projects will use existing samples environmental compliance applications should be required.  No difficulties with obtaining any such permission are anticipated.
Work element – Produce Pisces Status Report 

Periodic Pisces status reports will be produced as required

Work element – Produce/Submit Scientific Findings Report

Provide a draft manuscript which describes the findings of this project with respect to the use of LA-ICPMS for the analysis of historic and present movement patterns of white sturgeon.  This report will also include evaluation of whether the Bayesian analysis is a suitable technique for distinguishing different movement patterns.  Outcomes of the study will also evaluate the relationship between movement patterns and potential population sub groups identified based upon capture history and genetic (mDNA) comparisons. 

F. Facilities and equipment 

There are two principal components to the equipment needs for this project. 

The LA-ICPMS is an expensive and complex piece of equipment.  These machines are available at a variety of laboratories (e.g. government, university).  The intent of this project is to contract out the LA-ICPMS work to a lab with up to date equipment suitable for this sort of analysis.  Dr. Telmer’s lab at the University of Victoria is equipped with suitable equipment, and at present is the preferred collaborator.
The analysis of data derived from the LA-ICPMS will require standard computing equipment and software which is readily available at the University of British Columbia Fisheries Centre and the USGS office where this data will be analyzed.
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H. Key personnel

The principal investigator for the project is: 

Steven McAdam
Hydro Impacts/Sturgeon Specialist 
BC Ministry of Environment / UBC Fisheries Centre
2202 Main Mall

University of British Columbia

Vancouver, BC

Research Team 

Project implementation will be conducted in conjunction with a research team at the University of British Columbia which has significant experience with these methods and the proposed analytical methods.  This project team includes: 

Dr. Murdoch McAllister (Academic lead for project team)

Associate Professor
Dr. McAllister is an Associate Professor at the Fisheries Centre at the University of British Columbia.  His specialty is fisheries population assessment, and the use of Bayesian analysis in fisheries science.  In addition to research on bluefin tuna, Dr. McAllister and his students have been involved in population assessments for white sturgeon in the Fraser and Nechako Rivers.  He is also involved in the design and analysis of fin ray microchemistry studies of Nechako white sturgeon. 

Dr. Nathan Taylor (lead data analyst for project team)
Post docotoral fellow 
Data analysis and reporting of the finer scale movement analysis will be conducted by Dr. Nathan Taylor, a post doctorate fellow who will be working with Murdoch McAllister.  Dr. Taylor is a fisheries biologist who completed his Ph.D. with Dr. Carl Walters (UBC) studying length weight relationships.  He is currently engaged in post doctoral work with Ray Hilborn (U Washington) on a large scale modeling project of North Pacific salmon fisheries. 
Adrian Clarke (project advisor)

Research Biologist
Adrian Clarke works with the Freshwater Fisheries Society of BC at the University of British Columbia.  Through his masters work he applied LA-ICPMS to analyze the movement patterns of artic grayling and has recently completed further work on other species, including ongoing pilot evaluations of white sturgeon from the Nechako River, BC.

Steven O McAdam

BC Ministry of Environment / UBC Fisheries Centre

University of British Columbia

2202 Main Mall

Vancouver, BC

V6T 1Z4
Education:






University of British Columbia


B.Sc. Biology, 1987
University of British Columbia


M. Sc. Fisheries, 1994




University of British Columbia


Ph.D. candidate
Experience
1994-Present
BC Ministry of Environment – Hydro impacts/white sturgeon specialist

Duties have varied and included impact assessment of large scale hydro projects, implementation of multistakeholder planning processes for evaluation of hydroelectric operations (Water Use Planning).  Current activities address recovery planning for white sturgeon throughout British Columbia.  Current Ph.D. research is specifically focusing on the diagnosis and restoration of recruitment of white sturgeon in the Columbia and Nechako Rivers.
Duties as Principal Investigator on this proposal.  Participate in and oversee the overall project management and liaison between funding agencies and contract researchers. Provide direction with respect to sample selection and overall study design.  Provide day to day direction to the research team. Review findings of research team and assist with manuscript preparation for submission to journals.  

Expertise.  Expertise in the analysis of the impacts of hydroelectric dams and flow regulation through the application broad knowledge in related fields (e.g. hydrology, reproductive physiology), as well as modeling and experimental evaluations.  Experience in the laboratory investigation of fish ecology through investigation of behavioral reactions to altered environmental conditions.
Selected  Recent Publications

Hamblin, P.F. and S.O. McAdam. 2003. Impoundment effects on the thermal regimes of Kootenay Lake, the Arrow Lakes Reservoir and Upper Columbia River. Hydrobiologia 504: 3-19.

McAdam, S.O., C.J. Walters, and C. Nistor. 2005. Linkages between white sturgeon (Acipenser transmontanus) recruitment and altered bed substrates in the Nechako River, Canada. Trans. Am. Fish. Soc. 134:1448–1456.

Nelson, R.J. and S. McAdam. 2006. Use of mitochondrial DNA analysis to assess genetic heterogeneity of white sturgeon (Acipenser transmontanus) from the Columbia and Kootenay Rivers in British Columbia. Report submitted to BC Hydro and the Upper Columbia White Sturgeon Recovery Initiative.  19 pp.

Walters, C., J. Korman and S. McAdam. 2005. An assessment of white sturgeon stock status and trends in the lower Fraser River. Prepared for: BC Ministry of Water, Land and Air Protection Fisheries and Oceans Canada.

Murdoch K. McAllister, PhD, Canada Research Chair in Fisheries Assessment, UBC

Qualifications: PhD, Fisheries Science - 1995, University of Washington Seattle, WA, USA; MSc, Natural Resource Management - 1990, Simon Fraser University Burnaby, B.C., Canada, Honours B.Sc., Behavioural Ecology - 1987, S.F.U. 

Professional Associations: Scientific Adviser to Deepwater Fisheries Working Group, Namibia 1997-2000, US scientific delegation to the International Commission for the Conservation of Atlantic Tunas 1999-2006,  ICES scientific working group on Baltic salmon and sea trout 2002-3, US National Marine Fisheries Service Shark Evaluation Workshop 1998, 2002, ICES Scientific Working Group on Methods of Stock Assessment 2004.  US SEDAR Gulf of Mexico Red Snapper Stock Assessment Workshop Panel 2004.  

Research and Teaching:  Developing and applying Bayesian statistical methods for fisheries risk assessment, estimation, decision analysis and management strategy evaluation. Applying Bayesian methods to fisheries stock assessment and providing quantitative decision support to non-governmental organizations, corporate clients, intergovernmental organizations, and government agencies.  Lectures in applying conventional and Bayesian statistical methods and quantitative decision analysis methods to fisheries management, ecological, and environmental and resource management problems.  Currently supervising seven PhD students and past supervision of eight successfully graduated PhD students.  

Appointments


2006-present
Associate Professor & Canada Research Chair in Fisheries Assessment and Statistics, University of British Columbia Fisheries Centre

2002-2006
Senior Lecturer - Statistical Risk Assessment, Division of Biology, Imperial College

1997 -2002
Lecturer in Statistical Risk Assessment, Dept of Env. Science and Technology, Imperial College

1995-1997
Post Doctoral Fellow, Centre for Environmental Technology, Imperial College

Experience: Nearly two decades of quantitative statistical modeling.  Experience includes: fisheries stock assessment expert for the National Marine Fisheries Service in stock assessments of large coastal sharks on the U.S. east coast (1998, 2002) and Atlantic swordfish and bluefin tuna from 1999-2006; advisor to Department of Fisheries and Oceans, Canada, scientists, on Pacific Cod in British Columbia (1994-1995);  fisheries science and management expert for the U.S. Government on a panel to review fishery management plans for red snapper in the Gulf of Mexico (1997); stock assessment expert in reviews of US stock assessments of Atlantic bottlenose dolphin and eastern tropical Pacific dolphins (March, April, August 2002) and the New England groundfish trawl survey and stock assessment February 2003.    

Selected Bibliography.

McAllister, M.K., Starr, P.J., Restrepo, V., and Kirkwood, G.P. 1999. "Formulating quantitative methods to evaluate fishery management systems: what fishery processes should be modeled and what trade-offs should be made?" ICES J. Mar. Sci. 56, 900-916.

McAllister, M.K., Hill, S., Agnew, D., Kirkwood, G., and Beddington, J. 2004. “A Bayesian hierarchical formulation of the De Lury stock assessment model for abundance estimation of Falklands squid”.  Can. J. Fish. Aquat. Sci. 61:1048-1059.

Michielsens, C. and McAllister, M.K. 2004. "A Bayesian hierarchical meta-analysis of stock-recruitment functions for Atlantic salmon: quantifying structural and parameter uncertainties”. Can. J. Fish. Aquat. Sci. 61:1032-1047.

Michielsens, C. G.J. McAllister, M.K., Kuikka, S., Pakarinen, T., Karlsson, L. Romakkaniemi, A., Perä, I., and Mäntyniemi, S. A. 2006. “Bayesian state-space mark-recapture model to estimate exploitation rates in mixed stock fisheries”.  Can. J. Fish Aquat. Sci. 63:321-334 

























FY 2007-09 Innovative Project Selection
3

