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A. Abstract and statement of innovation 
Tree-ring chronologies have been widely used to reconstruct over long timescales various aspects of terrestrial climate such as precipitation and temperature.  Many aquatic organisms also form annual growth increments and could be used to address analogous issues in aquatic ecosystems.  In recent years chronologies have been successfully developed for marine bivalve and fish species, which have been used to reconstruct environmental variability in marine ecosystems.  To explore this potential in freshwater systems, we propose to apply tree-ring techniques to develop chronologies for long-lived freshwater mussels and use those chronologies to reconstruct such climatic variables such as water temperature and flow.  This is especially relevant for freshwater systems considering that instrumental records of environmental variability in streams and rivers are often quite short and fragmented.  Thus if freshwater mussels, which can live up to 100 years, can be used as proxies for flow and / or temperature, existing records could be greatly lengthened and expanded.  This longer perspective would provide baseline data on the historical range of variability in stream conditions and targets for restoration efforts.  Such data will also provide context for interpreting contemporary stream conditions as well as projected changes in future climate.  We will also evaluate whether a combination of freshwater mussel and tree-ring chronologies improves reconstructions of aquatic variables over those developed from mussels alone.  Many tree-ring chronologies are available for the region through the International Tree-Ring Data Bank and may complement our freshwater mussel chronologies.  If this pilot project for mussel chronologies is successful, the approach could be much more widely applied to reconstruct aquatic ecosystem variability throughout the Columbia River Basin and provide a data source for freshwater systems comparable to that provided by tree-ring data for terrestrial systems.  

In total, we will build three mussel chronologies, and for each develop climate reconstructions.  All mussel specimens necessary for the project have already been collected from eight sites.  From these eight sites we will choose three sites for chronology development based on criteria of mussel age, available instrumental records, and inclusion of several different habitats.  Chronologies and reconstructions will be completed by the end of the first year.  All chronology development will be completed by Black at the Hatfield Marine Science Center, Dunham at the USGS in Corvallis will acquire flow and temperature data, Black will acquire tree-ring data, and Black and Dunham will both complete climate reconstructions.  A final report including chronologies, reconstructions, and descriptions of our findings will be submitted by the end of 18 months.  
B. Technical and/or scientific background

Introduction.  Throughout the Columbia River Basin, climatic variability significantly affects ecosystem structure, function, and productivity.  Yet despite the importance of variables such as temperature and flow, very little is known about their historical range of variability, especially on multi-decadal timescales.  Such a longer-term view would provide valuable insight on evaluating current stream conditions as well as valuable baseline data for restoration efforts.  
A long-term view of temperature and flow will also be critical for interpreting the significance of projected climate changes in the coming decades, as highlighted in a recent report released by the Northwest Power and Conservation Council’s Independent Scientific Advisory Board (ISAB; http://www.nwcouncil.org/library/isab/isab2007-2.htm).  This report summarized several possible future scenarios, emphasizing changes in precipitation, river flows, and water temperature, including a generalized shift toward more precipitation falling as rain rather than snow, a decrease in snow pack and corresponding changes to flow regimes, an increase in peak flows and rising water temperatures.  These changes to the basin are unprecedented within the environmental histories directly recorded by humans, and are likely well outside historical patterns of natural variability.  
To better establish baseline conditions, longer-term records of environmental histories may be available if we are able to reconstruct historical environmental conditions from physical evidence (e.g., lake cores, middens, debris fans) or from biological chronologies, such as tree rings.  In this proposed study we highlight some innovative opportunities to perform such environmental reconstructions from biological chronologies of both terrestrial and aquatic species.  

Limitations of instrumental records.  Knowledge of long-term dynamics would greatly help in establishing the baseline conditions and historical range of variability associated with “natural” stream conditions, which is crucial for setting restoration goals and evaluating restoration success.  Temperature and flow records provide some insight, but such data sets are scarce, particularly those exceeding 20 years in length, and are often very fragmented with missing years of data (e.g., USGS Water Resources Reports for Oregon; http://pubs.usgs.gov/wdr/2004/wdr-or-04/).  Thus instrumental records, while critically important, can provide only a limited snapshot of stream conditions over time and are unsuitable for quantifying longer-term patterns of variability.  Due to limited resources, continuous instrumental records are unavailable for the vast majority of water bodies in the region.  Worse yet, in many locations gauges are being decommissioned due to lack of funding.

Tree rings and biological chronologies.  Whereas instrumental records of environmental variability are typically limited in availability, there are opportunities in many environments to reconstruct historical conditions through analyses of age and growth of long-lived organisms.  Tree rings are the archetypal example, and have been widely used to reconstruct terrestrial environmental variables including air temperature, precipitation, snow pack, drought events, wind storms, insect outbreaks, and fire frequency (Fritts et al. 1976, Cook and Kairiukstis 1990).  Spatial and temporal scales of the variability captured by these tree-ring reconstructions range from interannual to intercentennial and from small forest stands to continents (Cook et al. 1999, Black and Abrams 2003).  Indeed the extensive network of high-quality chronologies that now exists is one of the most important data sources for quantifying long-term, global patterns of climate variability and change, particularly relating to temperature and precipitation (Mann et al. 1998, Esper et al. 2002, Moberg et al. 2005).  

From trees to other biological chronologies.  Beyond tree rings, growth chronologies and climate reconstructions could be developed from a wide array of long-lived animals that form annual growth increments.  Of particular interest are long-lived fish and bivalves in both freshwater and marine environments.  Over the past decade several studies have developed chronologies from the growth increments of such organisms.  Often these studies analyze the isotopic or chemical composition of subfossil specimens to evaluate climate variability over extremely long timescales.  Chronologies are often not of annual resolution, and if they are, data accuracy is not verified.  Alternative methods developed for tree rings can, however, provide exact dating of growth increments.

In the analysis of tree rings, a dating control technique called crossdating is used to identify any missed (or false) rings.  This method ensures that each growth increment has been correctly identified and assigned the correct calendar year.  Crossdating can be statistically checked to verify absolute accuracy in the dating of all growth increments in the data set.  This procedure is universally applied in all tree-ring studies and is crucial for the development of annually resolved chronologies capable of capturing climate variability on a variety of timescales.  

Only in recent years has crossdating been adapted to develop high-resolution chronologies outside the tree species.  For example, multi-decadal growth chronologies have been developed for several species of Pacific rockfish, and correlate strongly with measures of ocean circulation such as upwelling and the El Nino Southern Oscillation (Black et al. 2005).  Pacific geoduck clams and Atlantic quahog crossdated chronologies also closely record environmental variability, capturing 60% or more of variance in sea surface temperatures and allowing for reconstructions that extend many decades prior to the start of instrumental records (Strom et al. 2004, Helama et al. 2006, Black et al. 2006).  In all of these species, growth increment chronologies are of annual accuracy with crossdating statistically verified to be as high of quality as that of tree-ring chronologies.  

Whereas crossdating has proved useful for applications within species (e.g., trees), efforts to examine patterns of age and growth among species in different systems are just beginning.  In one recent example, marine rockfish chronologies significantly (negatively) correlate with tree ring chronologies at high elevation in the Cascade Mountains and Sierra Nevada Mountains, also corroborating accuracy and demonstrating the interrelatedness of ecosystems in the Pacific Northwest (BA Black, unpublished data).  Application of crossdating to compare growth increments among species in different ecosystems offers a powerful opportunity to understand how they respond to climate change.  In more specific terms, application of crossdating allows us to ask questions such as “how do marine, terrestrial, and freshwater species respond to common climatic cycles?” or “what are the spatial and temporal patterns of synchrony in climate responses of organisms from different locations or ecosystems?”  These are fundamental questions about climate change about which we have a major stake in, given the likely future of the Columbia River Basin and region in general.

Biological chronologies in freshwaters.  Thus far, cross-dating has been applied to compare species in marine and terrestrial ecosystems in this region (Black et al. 2005).  Comparative work on species in freshwaters has yet to be completed.  In freshwaters, unionid mussels may provide long-term records of their surroundings much as tree-ring data do for terrestrial systems.  Like trees, freshwater mussels are long lived, form annual growth increments, and preliminary studies indicate that crossdating may be applied to develop high resolution growth chronologies that reflect environmental variability (Figure 1).  In Europe, growth increment chronologies from pearl mussel shells (Margaritifera margaritifera) have been calibrated against water and air temperatures, allowing reconstruction of temperatures over the past 200 years (Schoene et al. 2005).  Unpublished results from work in the Columbia River basin (cited in Chatters et al. 1995) have been applied to reconstruct thermal regimes from growth chronologies of unionid mussels (M. falcata and Gonidea angulata).  Also, pilot studies in Vancouver British Columbia and the Willamette River indicate that a similar approach may be possible in Oregon streams using the closely related western pearlshell (M. falcata) mussel, which can live to at least 100 years of age (B. Schoene, personal communication; B. Black and J. Dunham, unpublished).  In our own pilot study in the Middle Fork of the Willamette River, we found that freshwater mussels show strong crossdating and that a preliminary chronology captures instrumental records of flow and maximum temperatures during drought conditions.  All of this work suggests important possibilities, but a more formal and complete investigation is necessary to develop the technique and evaluate its potential utility in the Pacific Northwest.  
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Figure 1.  Thin section of Margaritifera falcata from the Willamette River, Oregon.  Note the clarity of annual growth increments.  As in trees, ring width is a function of environmental variability and can be used to reconstruct environmental histories predating instrumental records.
In this study, we propose to demonstrate that crossdating and related techniques from analysis of tree rings can be adapted and applied to develop freshwater mussel chronologies at three diverse locations in the Columbia River Basin.  All freshwater mussels necessary for this project have been collected and thin-sectioned with approximately $99,527 in funds from the U.S. Geological Survey (J. Dunham).  From this sample set of live-collected mussels, we will identify the three most promising locations for reconstructions, based on availability of instrumental data, age of mussel individuals, and including the greatest diversity of habitats.  Our objectives for this study will be to use these collections to:

· Demonstrate that the dendrochronology technique of crossdating can be applied to develop high resolution, multi-decadal chronologies that capture variability on a range (inter-annual to decadal) of timescales.
· Establish climate-growth relationships using available records of stream temperature and flow as well as regional measures of air temperature and precipitation.  
· Use mussel chronologies and climate-growth relationships to reconstruct temperature and / or flow regimes over periods longer than those provided by instrumental records. 

· Describe the historical range of variability using the mussel chronologies and climate reconstructions

· Compare growth chronologies among all three sites to evaluate synchrony in growth patterns across space and time.  

· Compare mussel chronologies with existing tree-ring chronologies to i) establish relationships between the terrestrial and aquatic ecosystems and ii) determine whether combining tree-ring data with mussel chronologies improved flow or temperature reconstructions.  Both trees and mussels will likely be affected by at least some of the same elements of environmental variability, but each will record those elements from somewhat different perspectives. Thus when combined, both tree rings and mussels may provide a more complete picture of environmental variability than either data type analyzed separately.  

Ultimately this study will explore the most effective means of reconstructing variability in aquatic systems from freshwater mussels as well as a combination of all available proxy data.  As deliverables, we will provide the final mussel chronologies, reconstructions of flow and /or temperature, and a final report of our findings as related to the stated objectives.  

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

Habitat is a centerpiece of the Columbia Basin Fish and Wildlife Program, as directed by the Northwest Power Act of 1980 (http://www.nwcouncil.org/library/2003/2003-20/default.htm).  Two major habitat factors that are frequently cited as important for both terrestrial and aquatic species in relation to hydropower operations are stream discharge and water temperature.  

To better manage stream discharge and water temperatures, the fish and wildlife program has invested heavily in modifying hydrosystem operations.  As flow changes, so does the energy budget of streams, including water temperatures.  Water temperature is one of the top reasons for water quality impairment of streams in the region, and is a critical factor influencing federally listed fishes such as salmon, trout, and charr (Poole et al. 2001, 2004).  

Due to the fundamental importance of both stream flow and water temperature, they are often the focus of efforts to actively restore habitat for both fish and wildlife within the Columbia basin.  Over the past 20 years, the fish and wildlife program has invested billions of dollars in a variety of efforts to improve these habitat conditions to benefit fish and wildlife.  In association with these concerns a large number of monitoring and evaluation efforts have been launched within the basin to better document spatial patterns of variability in habitat, as well as trends over time in relation to both natural influences and human activities (e.g., http://www.streamnet.org).

Our contemporary efforts to understand and manage stream flow and water temperature lie within a broader context of historical conditions that were present in both terrestrial and aquatic ecosystems (e.g., decades to thousands of years) and conditions that may result as both local and regional climates change in the future.  Within this context, major questions and uncertainties persist.  

A major uncertainty in terms of understanding historical conditions is a lack of continuous instrumental records for habitat conditions (e.g., flow, water temperature) throughout most of the Columbia basin.  Whereas there are massive volumes of data from contemporary instrumental records, we have very little information on historical stream flows and water temperatures.  Only a few locations are well-known, and that information has been used heavily to understand conditions we observe and measure today.

Given lack of these measurements, is it possible to use other means to understand historical habitat conditions?  An answer to this question would be of critical importance for understanding current status and trends of habitat, and also for understanding how systems may respond to future changes.  For both stream flow and water temperature, biological chronologies from long-lived organisms, such as trees and freshwater mussels offer a potential opportunity to learn more about historical conditions and to potentially reconstruct them.  If this potential is realized as it has been in other areas, the current fish and wildlife program and all of its associated efforts (protection, restoration, monitoring) would benefit greatly.  Finally, the recently released report on climate change by the ISAB also highlights these fundamental concerns in the Columbia River Basin. 
D. Relationships to other projects

Projects related to freshwater mussels in the Columbia basin.  Our work is not focused solely on the ecology of freshwater mussels, but mussels have been a focus of past funded and currently proposed research in the fish and wildlife program.  The table below lists several projects that we are aware of.  We have coordinated closely with Drs. Jeanette Howard and Karen Mock, both key players in the work below.  Our existing collections of mussels across the Columbia basin have archived tissue samples that will be shared to provide DNA for molecular genetic studies.  We also have samples collected and provided by Dr. Howard and her colleagues working in the John Day River basin.  Dr. Dunham is also an active member of the Pacific Northwest Mussel Working Group (http://www.fws.gov/columbiariver/musselwg.htm).  A major focus of the group is to coordinate among projects in the region.

	FY
	Project/Abstract

	FY 2007-2009 Solicitation 
	Project 200203700 - Freshwater Mussel Research and Restoration Project
Abstract: The purpose of this study is to provide information essential for restoration of freshwater mussels in the Umatilla River. Mussel restoration complements the Tribe’s efforts to rebuild ecosystem diversity, and traditional and cultural opportunities.


	FY 2007-2009 Solicitation 
	Project 200717600 - A Freshwater Mussel Watch for Biomonitoring in the Columbia River Basin
Abstract: We propose to establish a long-term, basinwide ecosystem biomonitoring program in the Columbia River Basin using freshwater mussels as bioindicators – The Freshwater Mussel Watch.


	FY 2007-2009 Solicitation 
	Project 200729100 - Developing and Assessing Freshwater Mussel Distribution, Abundance and Life History Survey Methods in the Columbia Basin in Washington.
Abstract: We propose to conduct a pilot survey of freshwater mussels in a subdrainage of the Columbia River to develop methods to collect data necessary for sound management and to gain experience at conducting such surveys for likely future work.


	FY 2002 Columbia Plateau 
	Project 200203700 - Characterize Genetic Differences and Distribution of Freshwater Mussels
Abstract: Conduct freshwater mussel surveys to assess their status and test for geographical genetic differences among the western pearlshell mussel, Margaritifera falcata.


	FY 2001 Innovative 
	Project 22051 - Characterize Genetic Differences and Distribution of Freshwater Mussels
Abstract: Conduct freshwater mussel surveys to assess their status and test for geographical genetic differences among the western pearlshell mussel, Margaritifera falcata.



Projects related to climate.  The results of work from this proposal will have important implications for understanding the basic biology of freshwater mussels (e.g., growth and life span).  Our focus here is on using bio-chronologies from mussels and other long-lived organisms (trees) to better understand and reconstruct historical environmental conditions and responses of species in terrestrial and aquatic ecosystems.  In terms of existing projects funded to study climate in the Columbia basin, we found one project to be of potential interest: Project 200723600 - Strategic Adaptation of the Federal Columbia River Power System to Climate Variability and Change.  This proposal seeks to understand how the FCRPS may respond to different possible climate scenarios, whereas our project is focused on how to reconstruct past climates and organism responses.

Of course we found scores of proposals on water temperature and stream flows, and all of these projects would be benefited as described above from our work.  Our work will benefit from using some of the datasets provided from these projects and archived on Streamnet.  As far as we could determine from searching the CBFWA site, and from our regular participation in the Pacific Northwest Mussel Working Group and interaction with BPA-funded projects (see above), it appears that our work is a very novel effort with results that have broad implications for a variety of interests.
E. Proposal objectives, work elements, methods, and monitoring and evaluation

1. Objective:  At three sites, demonstrate crossdating in freshwater mussel growth increment data

Work element: Measure freshwater mussel growth increments

Work element: Statistically validate crossdating accuracy

Methods:

Crossdating is the procedure by which dendrochronologists identify any missed (or false) growth increments, thereby ensuring that each growth increment has been correctly identified and assigned the correct calendar year.  Developed by A.E. Douglass at the University of Arizona early in the twentieth century, crossdating is the process of cross-matching synchronous growth patterns among samples.  The procedure is based on the principles that at least one climatic variable limits growth and values of these climatic variables fluctuate over time.  Under these conditions, climatic variability induces synchronous growth patterns in all individuals within a given region.  These synchronous growth patterns, much like growth ‘bar codes’, can then be matched among all individuals to verify that all growth increments have been identified.  For example, in the desert southwest of the United States trees are limited by moisture such that growth increment width is positively associated with precipitation.  Relatively narrow rings are formed in drought years and relatively wide growth rings are formed in years with adequate moisture.  As annual precipitation varies over time, synchronous growth pattern ‘bar codes’ are formed in each tree that can be crossmatched among all individuals in the sample set.  If the growth pattern, or bar code, of one individual is offset by a year in comparison to the other samples, the point at which the offset occurs indicates a potential error where a growth increment has been missed or falsely added.  When all growth increments have been correctly identified growth pattern ‘bar codes’ will align among all individuals.  The correct calendar year can be assigned to each growth increment in each individual by back calculating from the outermost ring, which is known to have formed during the year of sampling.  In addition, crossdating to the innermost ring allows for the precise ageing of the specimen.  

All specimens will be visually crossdated by mentally learning the common growth pattern, which helps distinguish true growth increments from any “noise” (i.e. checks) in the mussel growth patterns.  After visual crossdating, images of mussel thin sections will be captured with a Leica DC300 7.2 megapixel digital camera attached a Leica MZ95 dissection scope with maximum magnification of 75x.  Growth increment widths will then be measured along a continuous axis, oriented perpendicular to the direction of growth using the program ImagePro Plus v. 6.0 (Media Cybernetics, Silver Spring, MD).  Once measured, visual crossdating will be statistically validated by cross-correlating the growth patters of all mussels in the sample.  But before correlations can be performed, age-related growth declines must be removed from each set of measurements.  As in trees, Pacific geoduck, or Pacific rockfish, growth increments in mussels become increasingly narrow as the organism ages.  These growth trends must be removed with the added requirement that the measurement data must also meet the assumption of independence before correlations can be performed.  To accomplish both these tasks, long-term trends (autocorrelation) are removed by the process of detrending (Grissino-Mayer 2001, Black et al. 2005).  In detrending, each set of mussel measurements is fit with a mathematical function that follows long-term trends, particularly age-related growth declines.  Then each set of mussel measurements is divided by the values predicted by the function, thereby removing low-frequency variability including age-related trends and equally weighting each set of measurements to a mean of one (Fritts 1976).  We have found that detrending with highly flexible cubic splines (22-year wavelength) effectively removes all long-term trends in mussel measurements, leaving only independent, high-frequency variability suitable for correlation analysis (B. Black, personal observations).  

Each detrended set of mussel measurements will be correlated with the average of all other detrended mussel measurements in the sample set.  In other words we will be comparing the growth pattern of one individual to the average growth pattern of all other members of the sample set.  A high correlation between one mussel and the average of the others indicates that all growth ‘bar codes’ are properly aligned.  A low correlation indicates a potential error, and the individual should be checked for potential mistakes.  To facilitate finding potential errors, correlations will be performed in 25-year moving windows along the length of each set of detrended mussel measurements.  For example, correlations between an individual and the average growth patterns of all other individuals between 1900 and 1925, then from 1925 to 1950, 1950 to 1975, and so forth.  These windows will be lagged by plus and minus zero to ten years.  If lagged segments correlate more strongly with the growth patterns of all other mussels, the number of lags indicates the number of rings missed or falsely added, and the window at which the correlation statistic first decreases indicates the approximate location of the error.  All aspects of statistical verification of crossdating will be conducted using COFECHA, a crossdating program written in 1982 by Richard Holmes of the Laboratory of Tree-Ring research at the University of Arizona (available through the International Tree-Ring Data Bank Program Library [ITRDBL] at the University of Arizona Laboratory of Tree-Ring Research website http://www.ltrr.arizona.edu/software.html [Holmes 1983, Grissino-Mayer 2001]).  

2. Sub-objective: At each site, develop a freshwater mussel chronologies using crossdated growth increment data

Work element: Remove age-related growth trends from growth increment data (detrending)

Work element: Compile detrended growth increment data into a final chronology (three total).  

Methods:

Correctly crossdated mussels will be used to develop a master growth chronology for each site.  As a first step to developing the master chronology, original measurements of mussel ring width will be detrended using negative exponential functions (as opposed to the highly flexible cubic splines used to detrend measurement data during crossdating validation).  Negative exponential functions are much more rigid than the highly flexible cubic splines used for crossdating validation and will only remove age-related growth trends while leaving other low-frequency signals such as the El Nino Southern Oscillation or Pacific Decadal Oscillation.  For each site, measurements detrended by negative exponential curves will be averaged into a master chronology using a robust biweight mean, which reduces the effects of outliers.  All chronology development will be conducted using the program ARSTAN developed by Ed Cook and Paul Krusic and available at http://www.ldeo.columbia.edu/res/fac/trl/public/publicSoftware.html.  

Once completed, the quality of the chronology will be quantified using the Expressed Population Signal (EPS) statistic.  EPS expresses the strength of the common climate signal along the length of the chronology.  Though there is no significant threshold for this statistic, an EPS value of 0.85 or greater is considered adequate by dendrochronologists for climate reconstruction (Wigley et al. 1984).  Thus we will only use those portions of the chronology that exceed 0.85 for the final climate reconstructions.  

3. Objective: At each site, relate freshwater mussel chronologies to indices of environmental variability

Work element:  Correlate instrumental records of climate with freshwater mussel chronologies

Methods:

We will correlate each mussel chronology with a number of climate variables including regional precipitation and air temperature available through the NOAA NCDC Climate Visualization website at http://www.ncdc.noaa.gov/oa/climate/onlineprod/drought/xmgrg3.html as well as records of stream temperature and flow.  Our primary focus is on using growth increments as an indicator of changes in water temperatures, but we will also examine correlations with associated variables, as data are available (e.g., stream flow records, climatic variables).  For our collections of mussels from the Middle Fork Willamette River (Figure 2), we have long-term (>30 years) instrumental temperature and stream discharge records available from nearby sampling stations (within 2 km).  For other collections, we will attempt to use long-term records of water quality and discharge from sites more distant from the collections, as well as climate proxies.  In addition to the Middle Fork Willamette collection, we will analyze collections from at least two other sites, depending on the quality and quantity of available environmental data.  
Annual averages of environmental conditions will be related to the chronologies as well as seasonal or monthly averages.  Environment during one month of the year may have a profound effect on the entire year’s worth of mussel growth.  For example in trees, a warm March extends the growing season by melting snow and allowing photosynthesis to resume early.  As a consequence, the ring width for that year is wide.  In a chronology of splitnose rockfish, over half the variance is explained by February upwelling alone (Black et al. 2005).  Mussels may also be most sensitive to the environment as certain times of the year and determining that seasonality is necessary to learn which aspects of the physical environment the mussels are recording. 
4. Objective: At each site, reconstruct environmental variability prior to the beginning of instrumental records

Work element: Build reconstructions of the environmental variable(s) most closely related to mussel growth. 

Methods:

The environmental variable(s) that most strongly relate to the mussel chronology will be reconstructed using linear (and possibly non-linear) regression.  To perform the reconstructions, the environmental variable(s) will be regressed against the mussel chronology during the time period common to both, and the regression relationship will be used to reconstruct the environmental variable along the length of the mussel chronology.  The skill of all models will be tested by repeating our analysis on a subset of the available climate data and using the remaining withheld data for independent validation.  The R2 of the dependent and independent data sets will be calculated as well as the Reduction of Error coefficient (RE).  The RE statistic provides a rigorous test of model stability, and though there is no test for significance, a positive value indicates good agreement between the results of the model and an independent data set (Fritts 1976).  A bootstrapping approach in which various portions of the data are selected for independent verification will be applied to determine the mean and standard deviation of model parameters and R2 and RE values for the dependent and independent verification data in each model.  Any model with poor diagnostics will be reevaluated.  

5. Objective: Describe patterns of synchrony in the three mussel chronologies.  

Work element: Quantify synchronous growth patterns in the three freshwater mussel chronologies.  

Methods

The three final mussel chronologies will be correlated with one another across the time period common to all three chronologies.  We will also perform correlations in twenty-year moving windows along the length of the chronologies to determine whether the degree of correlation varies over time.  Synchrony will be interpreted with respect to the environmental variables captured by each chronology and the coherence of those environmental variables across the landscape.  

6. Objective: Determine whether reconstructions of environmental variability can be improved by incorporating tree ring data.  

Work element: Obtain existing tree-ring chronologies for the region from the International Tree-Ring Data Bank

Work element: Use correlation and regression techniques to identify the interrelationships among tree-ring chronologies, freshwater mussel chronologies, and instrumental records of environmental variability.  

Work element: Build improved reconstructions in those locations where tree-ring data contribute significantly more variance in instrumental records than mussel data alone.  

Methods

A large network of tree-ring chronologies already exists for the Columbia River Basin and can be accessed through the NOAA International Tree-Ring Data Bank (ITRDB) at http://www.ncdc.noaa.gov/paleo/treering.html .  We have additional chronologies available from the OR Coast Range and OR western Cascade Mountains (developed by BA Black).  
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Figure 2.  Locations of ITRDB tree-ring chronologies (green triangles) in the Pacific Northwest region.  Circles indicate locations of collections for Margaritifera falcata throughout the Columbia River Basin, including multiple collections from the Willamette River basin (n=4), the Similkameen River, John Day River, Malheur River, Payette River, and Salmon River (n=2).  Within each site, we have collected at least 30 individuals, attempting to sample older age classes to maximize the time series of information from growth increments.

At each site where a mussel chronology is developed, local tree-ring chronologies will be correlated with those environmental variables to which mussel growth is most sensitive.  Those tree-ring chronologies that significantly correlate will then be screened to determine whether they improve climatic reconstructions.  This process could follow one of several procedures.  Tree-ring chronologies may be used in a multiple regression with the mussel chronology to reconstruct the given environmental variable.  If many tree ring chronologies are candidates for the reconstruction, they may be averaged and the average included in the regression with the freshwater mussel chronology.  Finally, a principal components regression may be a more appropriate technique for developing the reconstruction.  The technique we ultimately use will depend on data characteristics and the outcome of several diagnostics.  For all multiple regressions, Mallow’s Cp, variance inflation factor, and Akaike Information Criteria will be used to choose the most parsimonious model.  The skill of all models will be tested by repeating our analysis on a subset of the available climate data and using the remaining withheld data for independent validation.  The R2 of the dependent and independent data sets will be calculated as well as the Reduction of Error coefficient.  
F. Facilities and equipment 

All samples necessary to conduct this study have been collected and thin-sectioned by J. Dunham.  Both Black and Dunham have fully equipped laboratories for the measurement and analysis of the growth increment data.  Necessary equipment (available at both labs) includes dissecting microscopes with attached digital cameras for image capture of mussel thin sections.  Both labs also have Image Pro Plus v. 6.0 for measuring increments using the captured images.  Black is also fully equipped with software for crossdating validation, chronology development, and development of climate reconstructions (COFECHA, ARSTAN, SAS, and Sigma Plot).   
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Bryan A. Black, Ph.D. 

Hatfield Marine Science Center, Oregon State University

2030 Marine Science Drive, Newport, OR, 97365. 

Phone:  (541) 867-0283

Email: bryan.black@oregonstate.edu.

Current Appointment

Assistant Professor, Senior Research. Hatfield Marine Science Center

Adjunct Assistant Professor. Oregon State University Dept. of Forest Science

Professional Preparation

	Westminster College, New Wilmington, PA
	Biology
	B.S. 1996 

	Pennsylvania State University, State College, PA
	Forest Resources
	Ph.D. 2003

	Cooperative Institute for Marine Resources Studies,

Oregon State University Hatfield Marine Science Center, Newport, OR. Postdoctoral Researcher
	Fisheries Ecology
	Post-doc 2003-2005


Duties in proposed project

Black will be responsible for crossdating, measuring, and developing mussel chronologies.  He will also be primarily responsible for obtaining various climatic indices and developing climate reconstructions from the mussel data.  Finally, Black will obtain all necessary tree-ring data and perform multiproxy reconstructions using tree ring and mussel data.  

Current responsibilities

Black is a research professor at Oregon State University and is responsible for conducting funded projects through the Hatfield Marine Science Center.  He is completing a funded project on developing growth chronologies for a species of rockfish in the North Atlantic and will soon begin a four-month project developing chronologies for a long-lived fish species in the Gulf of Mexico.  As for teaching responsibilities, Black will be mentoring a Research Experience for Undergraduates student this summer in his lab.  

Expertise

I am originally trained as a dendrochronologist and have been active in developing new techniques for reconstructing climate and disturbance events (windstorms, fires, insect outbreaks, etc.) using tree ring data.  Over the past three years, I have applied tree-ring techniques to the growth increments of long-lived aquatic organisms in order to reconstruct climate and evaluate the effects of climate on growth.  To date I have developed multidecadal chronologies for splitnose rockfish, yelloweye rockfish and canary rockfish in the northeast Pacific.  These chronologies strongly correlate with ocean variability and clearly show the effects of climate on rockfish growth.  This past summer I led a workshop in which we reconstructed sea surface temperatures over the past 150 years using the growth increments of Pacific geoduck.  
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Jason B. Dunham, Ph.D., Aquatic Ecologist, U.S. Geological Survey Forest and Rangeland Ecosystem Science Center, 3200 SW Jefferson Way, Corvallis, OR 97331; 541-750-7397; jdunham@usgs.gov

Previous employment (last 5yr):

2000-2005:  Research Fishery Biologist, U.S. Forest Service, Rocky Mountain Research Station

Education: 

Ph.D., Ecology, Evolution, and Conservation Biology, University of Nevada-Reno (1997)

M.S., Zoology, Arizona State University (1995)

B.S., Zoology, Oregon State University (1987)

Current responsibilities:

Lead an independent research program to pursue applied issues in aquatic resource stewardship and integration across disciplines.  Supervise postdoctoral scientists, graduate students, permanent full-time, and term employees.  Key activities include transfer and adoption of science-based management concepts and tools, maintaining relationships and communication with managers at all levels, publication of peer-reviewed research, and supporting a team-based interdisciplinary research effort.

Expertise:  Active participation in research and technical support of management activities for native fishes and watershed health for the past 15 years.  Publication of over 40 peer reviewed articles on topics ranging from conservation genetics to water quality criteria.
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