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PART 2 of 2. Narrative

Title
:
Analyze the historic productivity of Wallowa Lake and its implications for sockeye reintroduction and water quality management.

Section 3. Project description

Provide project detail for headings a through g. 

a. Wallowa Lake is a large oligotrophic glacial lake currently used for recreation and irrigation. Over the past 100+ years, several changes have occurred within the lake and its watershed that may have affected productivity.  Natural runs of Wallowa Lake were exterminated in the early 1900s. Mysid shrimp have been introduced. Water levels have been artifically raised. Recreational use has burgeoned. 

The effects of these changes on the productivity of Wallowa Lake are not known. However, an understanding of the consequences of these activities on Wallowa Lake would benefit both fisheries managers and water quality managers We propose to investigate recent productivity trajectories at Wallowa Lake using stratigraphic techniques (stable isotope analysis, algal microfossils). Stable carbon ratios have been shown to be a valid proxy for historic productivity of large lakes (Schelske and Hodell, 1995).  Second, the accuracy of the isotope record at Wallowa Lake will be calibrated by in-lake studies of isotope ratios and chlorophyll a.  Finally, stratigraphic analysis of sedimentary algal remains will be used to cross-validate inferences from stable isotope stratigraphy, and to provide a richer understanding of recent limnological change than can be gained by simple chemical proxies. 

We believe this research is innovative for the family of BPA/NWPPC studies because, to our knowledge, such coupled chemical/biological stratigraphic analyses have not been used to examine historical changes in primary productivity and their implications for fisheries management in BPA/NWPPC systems. For Wallowa Lake, there is reason to believe that modern productivity has increased over historical levels due to anthropogenic activities. However, whether these activities have taken lake productivity outside the bounds of natural variability, which historically included fertilization by spawning sockeye, is unknown. Understanding this recent history of productivity clearly has implications for future fisheries management at Wallowa Lake, including activities to re-establish sockeye returns.
b. Technical and/or scientific background

Wallowa Lake is a large (>600 ha), deep (zmean =49.1m, zmax =91.1m) oligotrophic lake located in Northeast Oregon within the Snake River drainage basin.  The lake is 792 miles upstream from, and 4,383 feet above, the Pacific Ocean.  The lake was once used as a nursery for juvenile Snake River sockeye (Johnson et al., 1985). In 1991 the National Marine Fisheries Service listed the Snake River stock of sockeye salmon as endangered under the Endangered Species Act.  This population is now relegated to Redfish Lake in the upper Salmon River basin (Gustafson et al., 1997). Prior to 1900, Wallowa Lake hosted a peak run of between 24,000 and 30,000 adult sockeye.  Natural sockeye runs were extirpated from the lake sometime between 1904 and 1916 as a result of damming, over-harvest, unscreened irrigation ditches, and fish culture activities (Cramer and Witty, 1997; Johnson et al., 1985).

The Tribal Recovery Plan of The Nez Perce Tribe, co-managers of salmon in Wallowa County with the Oregon Department of Wildlife, calls for the initiation of a program to reestablish sockeye to Wallowa Lake  (CRITFIC , 1996). In addition, The Snake River Salmon Recovery Team Recommendations to the National Marine Fisheries Service states that Warm or Wallowa Lakes should prove to be substantial contributors to sockeye recovery (Bevan et al., 1994). According to Cramer and Witty (1997), prospects for reintroduction are fair but there are four major challenges that must be overcome for reintroduction to succeed.  Two of these challenges deal with migration issues, one with donor stocks, and the other with the forage base for juvenile sockeye within Wallowa Lake.  The introduced opossum shrimp, Mysis relicta  is known to compete with age 0+ sockeye, although sockeye are also known to feed on the copepod Diaptomous, which are too large for opossum shrimp to graze on (Koenings et al., 1987).

Knowledge of the productivity conditions that once supported juvenile sockeye salmon and the contribution to production by adult carcasses would be useful baseline information for fisheries managers. Similarly, it would be useful to know whether the 

One of the issues that must be addressed should sockeye restoration planning go forward at Wallowa Lake is whether current productivity is sufficient for recovery of the population. The sockeye forage base ultimately depends on nutrient availability as well as physical factors regulating primary productivity (Koenings et al., 1987).  In Redfish Lake, as well as other Canadian and Alaskan  sockeye nursery lakes, managers have successfully used whole lake nutrient additions to bolster juvenile sockeye production (Kyle et al. , 1988; Kyle, 1996; LeBrasseur et al., 1978; Luecke et al., 1996). However, Gross and Wurtsbaugh (1994) concluded from nutrient modeling that under pre-dam conditions when adult salmon returns to Redfish Lake may have exceeded 20,000 individuals, nutrients from salmon carcasses contributed less than 20% of the nutrient budgets for the Sawtooth Valley lakes.  Further, Leucke et. al.’s (1996) simulations indicated that at current migration and marine survival rates, more nutrients leave Redfish Lake as smolts than return as adult carcasses. Finally, the relatively recent introduction of Mysis relicta may have stimulated a cascade of limnological effects in this lake, the results of which it would be wise to understand before undertaking any further salmonid-related management activities.

Our proposal to use a stratigraphic approach for this long-term study of productivity at Wallowa Lake is based on the power of paleolimnological analyses to (1) provide a longer and more internally consistent record than can be acquired from modern studies coupled with past, then-modern limnological studies, and (2) integrate over both space and time. This integration damps particular “spikes” that might be observed in real-time monitoring, and so to some degree records only changes that are spatially and/or temporally persistent – i.e., that are of some larger significance to the lake ecosystem. We couple both chemical (stable carbon isotope) and biological (diatom community composition) proxies of productivity in order to bring rigor to productivity reconstructions.  We will calibrate the stable isotope proxy by contemporary analyses of the isotope signal of planktonic organic carbon and water column chlorophyll a (Gu et al., 1996). 

The use of  stratigraphic changes in 13C/12C ratios as a proxy of recent trends in primary production was proposed on theoretical grounds by Hollander and McKenzie (Hollander, 1991) and recently applied to Lake Ontario (Schelske and Hodell, 1991), Lake Erie (Schelske and Hodell, 1995), and Florida lakes (Gu et al., 1996). Useful calibration information includes analysis of the relationship of modern sedimenting material and water-column chlorophyll a to sedimentary 13C/12C ratios in surface sediments. Use of stratigraphic changes in diatom community structure to analyze paleoproductivities has a long history and many modern applications (e.g., (Anderson et al., 1994; Dixit et al., 1992; Dixit and Smol, 1994; Leavitt et al., 1994)). Direct quantitative methods for inferring trophic status based on diatom assemblages are now available (e.g., Agbeti, 1992). This more sophisticated approach may or may not be possible, as it critically depends on the availability of locally relevant calibration training sets -- i.e., regional collections of surface water chemistry and surface sediment diatom assemblages from similar lakes. It would appear that there are not enough “similar” lakes in this climatic region to permit the construction of such a calibration training set, although this will be investigated as part of the project and applied if possible. 

Field work

Sediment cores. Satisfactory cores for paleolimnological analysis have already been taken from Wallowa Lake by Dr. Bruce Finney (U. Alaska – Fairbanks), who has agreed to make these cores available to us for the purposes of this research. This is not trivial, as Wallowa Lake is so deep that it requires deep-water coring technology. Thus, a substantial portion of the most time-consuming and expensive field work has already been undertaken. The focus for our study will be the short core collected by Finney and co-workers in summer 1998 along with the upper portion of the long (173 cm) core collected at the same time. 

Water chemistry and sediment trap studies.  Twelve sampling visits will be made to Wallowa Lake over the period 1 July 2001 – 30 December 2002 for the purpose of studying the relationship between stable C in contemporary planktonic and sedimenting materials, water column chlorophyll a, and sedimentary isotopic signatures. The budget includes 12 trips to Wallowa Lake from Oregon State University for this purpose. 

Laboratory work

Stable isotope analysis. Stable isotope analysis will be undertaken by an Oregon State University graduate student (MS) who will travel to Dr. Finney’s laboratory at U. Alaska, Fairbanks as part of their OSU thesis work. The budget includes two trips by this student to Dr. Finney’s. Dr. Finney will provide the MS student appropriate direction for this phase of the research. 

Radiometric dating. Both the short core and the upper portion of the long core will be dated using the 210Pb technique. This work will be performed by one of a number of researchers who provide such analyses as part of multidisciplinary paleolimnological teams. 


Analysis of algal microfossils. Diatom analysis will be performed by Dr. Jesse Ford, Oregon State University. Diatom work depends critically on taxonomic references and expertise. Dr. Ford was a member of the PIRLA (Paleolimnological Investigations of Recent Lake Acidification) group that produced a collaborative monograph on soft-water diatom assemblages (Camburn et al., 1986), and has produced and used stratigraphic diatom data in work related to acidification of soft water lakes (e.g., Anderson et al., 1993; Davis et al., 1994; Ford, 1986; Ford, 1990).  In recent years, Ford has been active in encouraging the Oregon State University to continue to acquire modern taxonomic references. It may be relevant to note that Dr. Ford also holds an adjunct appointment as Associate Professor of Research in the Dept. Fisheries and Oceans, U. Alaska – Fairbanks, and assisted Finney in acquiring sediment cores from several PNW lakes during summer 1998. 

Data analysis and publication


All data analysis will be accomplished at Oregon State University, either as part of the MS thesis (stable isotope/modern limnological data) or as part of Dr. Ford’s research program in the Pacific Northwest. Dr. Ford has a variety of software available on both PC and Mac platforms to aid in the analysis and display of stratigraphic information. Aside from the graduate thesis and a report to BPA, at least one major peer-reviewed publication integrating the results from all these studies is expected, with authors to include Ford, Finney, and the graduate student. 

Scope of effort by year


It is estimated that satisfactory completion of this project will take two calendar years. The first year will be devoted to (1) performing stable isotope work on the sediment cores (grad student, working in Finney’s lab) (2) acquiring 210Pb results (collaboration with 210Pb colleague) (3) beginning the series of 12 visits to Wallowa Lake for acquiring contemporary information on stable carbon isotope signatures and chlorophyll a in the water column (Ford and grad student), and (4) performing the diatom counts (Ford). The second year will be devoted to (1) completing the series of 12 visits to Wallawa Lake for contemporary studies of carbon isotope signatures and chlorophyll a (grad student), (2) analyzing the results of the contemporary limnological studies (grad student and Ford), (2) analyzing data (all studies)(grad student and Ford),  (3) thesis preparation (grad student), and (4) manuscript preparation (Ford and grad student). The approximate budgetary split between Year 1 and Year 2 is 56%/44%. Finney does not require support for this project, as the OSU grad student will be performing the analyses.

c. Rationale and significance to Regional Programs

This research would be an important first step for furthering The Snake River Salmon Recovery Team Recommendations to the National Marine Fisheries (Bevan et al., 1994), and the Tribal Recovery Plan (CRITFIC, 1996).  This project would collect valuable baseline information applicable to the reintroduction of sockeye to Wallowa Lake, which is deemed a potential important contributor to recovery of Snake River sockeye. Managers can use this information to determine the carrying capacity of the lake, determine whether fertilization is necessary, and address concerns over in situ and downstream nutrient loading.  Knowledge of the historical primary productivity that once supported juvenile sockeye, the amount of productivity that was lost with the extinction of the run, and the influences of human development of the watershed on productivity would all be useful in making informed decisions about reintroduction. 

Several of the salmon and steelhead rebuilding principles listed in the 1994 Fish and Wildlife Program’s salmon and steelhead goal and framework (Section 4.1A) are addressed by this research.  These include:

1. Priority should be given to activities that aim to rebuild weak upriver populations, including populations listed under the Endangered Species Act.  This project provides information to further the goal of rebuilding the endangered Snake River Sockeye. 

2. The region should approach habitat and production activities from a total watershed perspective, not as activities that occur in isolation from land and water conditions in the watersheds.  The nature of the information gained from lake sediments is that it provides integrative measures of impact of all the activities that have occurred in the watershed over particular time periods.

3. It is important not to lose sight of this region’s obligations to fulfill Indian treaties and provide fish for Indian and non-Indian harvesters.  Investments and adjustments should be made to provide harvest opportunities in tributaries or other areas and to facilitate rebuilding weak populations.  The Nez Perce Tribe had a historical ceremonial and subsistence fishery based on sockeye from the Wallowa Valley (Gustafson et al. 1997).  The treaty of 1877 secures the rights of the tribe to this fishery. This research is likely to provide a useful addition to the information base used by the Nez Perce sockeye restoration team for management purposes (Becky Ashe, Nez Perce sockeye restoration team, pers. comm.)

4. Consistent with the Council’s adaptive management policy, priority should be given to activities that address critical uncertainties and/or test important hypotheses.  This project would certainly address critical uncertainties related to the productivity of Wallowa Lake, such as whether the demise of historic sockeye runs significantly decreased productivity, or recent watershed development has significantly increased it. We may also be able to assess whether the sewer system that came on line in the late 1980s to tie the south and west ends of the lake into the Joseph treatment facility had an effect in heading off increases in lake productivity. Local fisheries managers believe that our project would in fact address critical uncertainties related to productivity that could affect both management of the resident kokanee fishery and prospective sockeye reintroductions (B. Smith, ODFW – Enterprise, pers. comm. 10/00; B. Ashe, Nez Perce Tribe, pers. comm. 10/00). 

Other 

d. Relationships to other projects 

This project most closely relates to the Nez Perce Tribe’s sockeye salmon master plan for Wallowa Lake. It also relates to Dr. Bruce Finney’s ongoing research analyzing the whole lake consequences of changes in sockeye abundance on lakes in the Sawtooth system. Dr. Finney is aware of and supportive of this proposal (see attachment), which does not duplicate any of his currently funding ongoing studies.

e. Proposal objectives, tasks and methods

Objectives
 

Ho1:  There has been no significant change in productivity or algal community structure over the last several hundred years.

Ha1:  productivity decreased with the extinction of sockeye

Ha2:  productivity has increased with increased usage of the watershed, and subsequently decreased with establishment of sewage treatment facilities in the late 1980s.

Objective 1.  Analyze dated Wallowa Lake sediment cores for relevant target variables related to paleo productivity and algal community structure

Objective 2. Calibrate stable isotope stratigraphy with modern limnological measurements

Objective 3. Provide integrated analysis of results of modern and stratigraphic data


Tasks and Methods
 

Objective 1

Task 1.  Measure d13C in two sediment cores from Wallowa Lake (0.5 cm intervals; measurements on dry, homogenized samples on automated Europa 20/20 (d15-N, d13-C) mass spectrometer. For d13-C analysis, acid washing is commonly used to remove carbonates).

Task 2. Determine 210-Pb stratigraphy for two cores from Wallowa Lake (cumulative dry weight basis to correct for sediment compaction; data to be evaluated for each core in terms of which type of model (i.e., constant sedimentation, constant flux, variable sedimentation rate and flux) best explains the profile.

Task 3. Digest sediment, count diatoms (Chromurge digestions; clean/rinse/deflocculate with distilled water, 95% ethanol, weak base; settle on cover slips; count under 1000X (oil immersion); scanning electron microscopy on difficult taxa if necessary)

Objective 2

Task 1.  Collect a temporal series of plankton and chlorophyll a samples over 18 months in Wallowa Lake (integrated vertical samples using smallest available diameter Tygon tubing; complementary collections using 80u plankton net nested within 10u plankton net, horizontal and vertical tows.  

Task 2.  Deploy sediment traps and measure stable isotope signatures of sedimented material and planktonic collections (see Objective 1, Task 1)

Task 3. Analyze chlorophyll a in water samples (after Standard Methods)

Objective 3. 



Task 1. Analyze/interpret stratigraphic stable isotope data with respect to modern limnological data (Time series analysis on stratigraphic data using Blackman-Tukey analysis of auto-correlation after removing long-term linear trend;  comparison with modern data including and excluding modern data sets; ancillary analysis using ordination techniques)



Task 2. Analyze/interpret diatom stratigraphy and relate to stable isotope results (diatoms: ordination and cluster analysis to group like samples, comparison of diatom assemblages to various regional calibration training sets for western US (quantitate if appropriate); if quantitations possible, regression analysis for stable isotope/diatom-inferred productivity. If quantitations not possible, zone both stable isotope and diatom diagrams using objective techniques and look for cross-correlations).



Task 3. Prepare reports and publications on results

f. Facilities and equipment

Oregon State University (Corvallis, OR): 

Weniger 451: Macintosh and PC computers and software, Leitz/Wetzlar compound microscope (10x/40x/100x(oil)(NA=1.30)


Weniger 443: Cold room/walk-in freezer


Weniger 416 and Oak Creek facility: Miscellaneous laboratory space for routine laboratory work. 


Valley Library: Good diatom reference library, including many of the most recent relevant monographs for this work.

US EPA-WED/CEB (Newport, OR):  Rooms L107/L119. Guest worker: Laboratory facilities for chemically rigorous sediment digestion for diatom analyses; Zeiss compound microscope.

U. Alaska – Fairbanks (Fairbanks, AK)(laboratory of B. Finney, Institute of Marine Science): Two stable isotope ratio mass spectrometers (Europa 20/20 automated ratio mass spec for _13-C, _15-N, C(%), and N(%)). Other routine laboratory equipment includes muffle furnaces and atomic absorption spectrophotometers. 
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EDUCATION and PROFESSIONAL EXPERIENCE

Ph.D
1984 U. Minnesota Dept. Ecology and Behavioral Biology, Minneapolis, Mn

Dissertation title: “The influence of lithology on ecosystem in New England: A comparative paleoecological study”

M.S.
1976 Yale University, New Haven, Ct

B.A.
1973 (With Distinction)  Swarthmore College, Swarthmore, Pa.

Research Associate Professor, Dept. Fisheries and Wildlife, Oregon State University, 
Corvallis, OR. 1991-present

Senior Scientist, National Council for Air and Stream Improvement, 1987-1990

Research Associate, Ecosystems Research Center, Cornell University 1984-1987

Research interests


(1) Long-term patterns of linked aquatic/terrestrial ecosystem development


(2) Atmosphere-biosphere interactions

Related professional activity

1995 Algal bibliographic database for USDA Forest Service Eastside Ecosystem Management Project


1984-1986
Member of 8-investigator diatom group for the EPRI-funded project “Paleolimnological Investigations of Recent Lake Acidification”. Project included extended taxonomic grappling with little-described soft-water diatoms.
Related research support


2/84 - 7/86
“Paleolimnological Investigations of Recent Lake Acidification: 

Regional studies in northern New England”, Electric Power Research 

Institute. $8,000.

4/96 - 6/97
“Paleolimnological investigations of salmonid abundance in the 

Pacific Northwest”, Oregon State University Research Council. $8,000
Invited papers (selected)


2000
Relevance of indigenous knowledge to contemporary sustainability. International Institute of Fisheries, Economics, and Trade. July. Corvallis


1998
Contaminant landscapes of arctic Alaska and Siberia. Keynote for symposium on arctic contaminants, ASLO/ESA, June, St. Louis, MO


1992
Visiting Scholar, Institute for Quaternary Studies, U. Alaska - Fairbanks

(1) “Sleuthing the past at Cone Pond, N.H.: A case study in integrated paleoecological reconstructions” (2) “Regional water quality assessments and water resource management: An Alaskan application”, (3) Contamination of arctic environments by long-range atmospheric transport”


1985
Long-term acidification of upland and associated aquatic ecosystems: using the stratigraphic record. ASLO Symp. on Land-Water Interactions, June, Minneapolis, MN

PUBLICATIONS

Related to proposed work:

Ford, J. 1990. A 10,000 year history of natural ecosystem acidification. Ecol. Monogr 60:57-89


Ford, J. 1986. The recent history of a naturally acidic lake (Cone Pond, N.H.) pp. 131-148 in: J.P. Smol et al. (eds.) Diatoms and Lake Acidification. Dr W. Junk Publishers, Boston.


Ford, J. 1989. Effects of chemical stress on aquatic species composition and community structure. pp. 99-144 in: S. Levin et al. (eds.) Ecotoxicology: Problems and Approaches. Springer-Verlag. New York.


Anderson, D.S., R.B. Davis, and M.S. (J.) Ford. 1993. Relationships of sedimented diatom species (Bacillariophyceae) to environmental gradients in dilute northern New England lakes. J. Phycol. 29:264-277


Davis, M.B. and J. Ford. 1982. Sediment focusing in Mirror Lake, New Hampshire. Limnol. Oceanogr. 23:137-150.

Other recent significant publications:


Ford, J. (in press). The relevance of indigenous knowledge for contemporary sustainability. Northwest Science. 75(1).


Ford, J. and D. Martinez. 2000. Traditional Ecological Knowledge, ecosystem science, and environmental management. Ecological Applications 10:1249-1250.


Ford, J., and C. Rose. 2000. Characterizing small subbasins: A case study from coastal Oregon. Environm. Monitor. Assess. 64:359-377.


Ford, J., D. Landers, D. Kugler, B. Lasorsa, S. Allen-Gil, E. Crecelius, and J. Martinson. 1995. Inorganic contaminants in arctic Alaskan ecosystems: Long-range atmospheric transport or local point sources? Sci. Tot. Environ 160/161:323-335


Ford, J. and T.C. Young. 1994. Trace organic contaminants in anthropogenically acidified surface waters. pp 165-182 in C. Steinberg and R. Wrights, eds. Acidification of Freshwater Ecosystems: Implications for the Future Dahlem Konferenzen. John Wiley & Sons, New York.


Ford, J., J. Stoddard, and C. Powers. 1993. Perpectives on environmental monitoring: An introduction to the U.S. EPA Long-Term Monitoring Project. Water, Air, and Soil Poll. 67:247-255.


Landers, D.H., J. Ford, C. Gubala, M. Monetti, B.K. Lasorsa, and J. Martinson. 1995. Mercury in vegetation and lake sediments from the U.S. Arctic. Water, Air, Soil Poll. 80:591-601.


Eilers, J.M., D.H. Landers, A.D. Newell, M.E. Mitch, M. Morrison, and J. Ford. 1993. Major ion chemistry of lakes on the Kenai Peninsula, Alaska. Can. J. Fish. Aquat. Sci. 50:816-826.

***************

BRUCE PRESTON FINNEY 

Institute of Marine Science

Birthdate: 30 April 1957

School of Fisheries and Ocean 





Sciences

Birthplace: Chillicothe, OH  USA

University of Alaska Fairbanks

Social Security Number: 473-72-3045

Fairbanks, Alaska 99775



(907)474-7724



finney@ims.alaska.edu

EDUCATION

Ph.D. Geological Oceanography, Oregon State University, Corvallis
1986

B.S. Geology (with honors), University of Minnesota, Minneapolis
1979

PROFESSIONAL EXPERIENCE

Associate Professor, Institute of Marine Science, University of Alaska Fairbanks
1998-

Assistant Professor, Institute of Marine Science, University of Alaska Fairbanks
1991-1998

Research Associate, Duke University, Marine Laboratory
1989-1991

Research Associate, Marine Chemistry, Oregon State University
1987-1988

Research Assistant, Geological Oceanography, Oregon State University
1980-1986

Limnological field worker, Minnesota Department of Natural Resources
1979

RESEARCH
Research Experience

Stable isotope and chemical analysis of sediments. Quaternary dating techniques including radiocarbon, 210Pb, 137Cs, tephrochronology and uranium-series. Determination of organic carbon, calcium carbonate and biogenic silica abundances. Sedimentology. Mineralogical studies, including quantitative approaches, using X-ray diffraction. Diatom analysis and biostratigraphy.


Field experience in box, gravity and piston coring, limnological and water quality surveys, and hydrologic monitoring. Description and curation of geological samples. Statistical applications to geological data sets including time-series analysis and multivariate statistics. Partitioning models of chemical composition using linear programming, factor analysis and chemical leaching studies.

Research Interests
Paleolimnology, Paleoceanography, Paleoclimatology, Sedimentation Processes, Biogeochemical cycles

• Paleoclimatology, geochronology, paleoenvironmental reconstruction

• Late Quaternary climatic history of the North Pacific and adjacent land areas

• Comparison of climatic reconstructions with climate models

• Factors controlling the isotopic, chemical and mineralogical composition of sediments

• Long-term variability in Pacific salmon abundance and relation to oceanographic and climatic changes

• Influence of climate change on aquatic and terrestrial carbon cycling

• Paleohydrology and impacts of changes in the hydrologic cycle on terrestrial vegetation

• Sedimentary geochemistry, diagenesis of sediments, formation of authigenic phases in sediments

• Sediment trap studies of sedimentation processes, anthropogenic influence on sedimentation
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Education   

MICHIGAN TECHNOLOGICAL UNIVERSITY · Houghton, MI. 

Postgraduate environmental engineering coursework, Fall 1997.

CALIFORNIA STATE UNIVERSITY, HUMBOLDT · Arcata, CA.  

B.S., Aquatic Systems Analysis, May 1997.

LIMNOLOGI INSTITUT, Uppsala, Sweden. 

Aquatic Ecology Exchange Program, July 1990-May 1991.

Work Experience
NEZ PERCE TRIBE FISHERIES RESOURCES MANAGEMENT · Enterprise, OR

Fisheries Technician · April 1999 –Present · Responsible for data collection, data analysis, technical writing, and supervision of one employee.

INSTITUTE OF ECOSYSTEM STUDIES · Millbrook, NY 

Research Assistant · June 1994 - October 1996 and June 1991 – September 1992 · Assisted with aquatic ecology field surveys, field experiments, and lab experiments.  

HARZA NORTHWEST · Portland, OR

Fisheries Consultant · October 1993 - February 1994 · Organized and analyzed water quality data concerning hydroelectric relicensing.  Wrote portions of a technical report.   

ARIZONA STATE UNIVERSITY · Tempe, AZ


Research Experience for Undergraduates Intern · June 1993 - September 1993 · Conducted research on microbial food web dynamics in lakes.

THOMAS R. PAYNE AND ASSOCIATES · Arcata, CA.

Biological Technician · Summers 1989/1990 · Provided technical field and office assistance with assessment of hydroelectric project effects on fish habitat. 

Publications/Presentations

Caraco, N.F. and Miller, R., 1998: Effects of CO2 on competition between a cyanobacterium and eukaryotic phytoplankton.  Can. J. Fish. Aquat. Sci. 55: 54-62.

ASLO/AGU San Diego Conference Poster Session, 1996 "CO2/pH Effects on Blue Green Algal Biomass"
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