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Conference Agenda at a glance 

 

Friday October 2nd 

7:00 pm – 8:30 pm.  Panel discussion centered on the Klamath Basin resource management issues highlighted in 

the documentary film “A River Between Us”.  The panel will be moderated by Chrysten Lambert, Director of Oregon 

Water Project for Trout Unlimited, and will discuss water resources, fisheries, tribal, and landowner perspectives.   

 

Saturday October 3rd  

7:00 – 8:00 am.   Conference registration 

8:00 – 8:10 am.   Conference welcome, Steve Wille, Oregon Lakes Association President Emeritus 

8:00 – 9:00 am.   Plenary presentation by Dr. Dennis D. Lynch, Associate Regional Director for the USGS NW 

Region and Program Manager for the Klamath Dam Removal Secretarial Determination 

9:00 - 10:00 am.   Session 1: Phytoplankton Ecology 

10:00 – 10:05 am.  Presentation of OLA Scholarship to Sarah Burnet 

10:05 – 10:30 am.  Poster Session Break 

10:30 – 11:50 am.  Session 2: Algal Biology 

11:50 – 1:20 pm.   Lunch Break 

1:05 – 1:20 pm.   Oregon Lakes Association Board Member business meeting 

1:20 – 3:00 pm.   Session 3: General Lake Topics 

3:00 – 3:10 pm.   Break 

3:10 – 4:50 pm.   Session 4: Lake Management 

5:00 – 6:00 pm.   Happy hour  

6:00 – 8:30 pm.   Dinner and a Movie: “A River Between Us” 

 

Sunday October 4th  

9:00 am – noon.  Guided canoe tour of the Upper Klamath Canoe Trail.  Rental spots in shared tandem/triple 

canoes available, or Bring Your Own Vessel.   Rental spots limited to a maximum of 24 spots, and must register before 

September 15th to guarantee availability.  Transportation to/from Rocky Point Resort is not included.  
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About the Saturday plenary speaker 

Dennis Lynch has worked as a hydrologist for the USGS for over 30 years in Richmond, VA, and Portland, OR.  Dennis 

is currently an Associate Regional Director for the USGS NW Region and has also been Program Manager for the 

Klamath Dam Removal Secretarial Determination since 2009.  As Klamath Program Manager he oversaw the 

preparation of an Environmental Impact Statement (EIS) for this Determination along with 50 new Federal studies to 

develop a plan for dam removal and to determine the potential effects of dam removal on the environment and local 

communities.  Prior to this, Dennis was the Director of the USGS Oregon Water Science Center from 1993 to 2009, 

overseeing preparation of scientific studies on hydrology, including water quality, ground-water, and surface water.  

Over his 30 plus years with the USGS, Dennis' areas of scientific research have included: (1) quantifying the effects of 

acid deposition in Shenandoah National Park, VA; (2) assessing the loads and impacts of nutrients and pesticides 

entering the Chesapeake Bay; (3) modeling nutrient and flow management actions on the water quality and biota in 

the Tualatin River, OR; and (4) determining the status and trends of water quality in Upper Klamath Lake, OR, with an 

emphasis on internal loading of nutrients to the lake. 

 

About the Friday night panel members 

Chrysten Lambert currently serves as the Director of Trout Unlimited’s (TU) Oregon Water Project and was recently 

appointed as the Federal Representative to the Klamath River Compact Commission. Prior to joining TU, she worked 

for the Klamath Basin Rangeland Trust (KBRT) as the founding Executive Director (2002-2005) and Director of Water 

Transactions (2009-2015). KBRT is a small non-profit focused on ecologic restoration and sustainable water use in the 

Klamath Basin of Oregon and California. Chrysten led KBRT’s efforts to restore instream flow in critically dry drainages 

of the upper Klamath Basin through partnerships with private ranchers. Chrysten holds a M.Sc. in Geology from the 

University of Washington, and degrees in Geology and Environmental Sciences from Duke University’s Nicholas 

School of the Environment. 

 

Dave Hewitt  is a Ph.D. research fishery biologist at the US Geological Survey Klamath Falls field station in Klamath 

Falls, Oregon.  Dave helps guide a research and monitoring program for two endangered suckers (catostomids), the 

Lost River and shortnose suckers, in the Upper Klamath Basin. Dave and his team have also done considerable work 

with age and growth analysis using hard parts from these species and have begun evaluating the extent of predation 

by piscivirous birds. Dave is involved with work on bull trout recovery in the Sprague River watershed and fish 

monitoring activities in the Mekong River of Southeast Asia.  Dave has a Ph.D in Marine Science (Fisheries 

Science/Crustacean Ecology), from the Virginia Institute of Marine Science. He has a M.S. degree in Fisheries and 

Wildlife Sciences and a B.S. degree in Fisheries Science.   

 

Scott White.  In the spring of 2011, Scott White came to the Klamath Basin to tackle the role of Watermaster for the 

Oregon Water Resources Department. With the upcoming adjudication, extremely complex water system and the 

somewhat confrontational water culture in the basin, White felt that this would be a great opportunity to challenge 

himself both personally and professionally. 

Preceding White’s tenure in the Klamath Basin, he was the Watermaster in Condon, Oregon and a Well Inspector in 

Pendleton, Oregon. Prior to coming on with the Oregon Water Resources Department, White was the Biosolids 

Manager for the City of Albany, Oregon. White earned a master’s degree from Corban University in Business 

Administration and also received a Bachelor of Science degree in Environmental Studies from Oregon State University.  

White enjoys working with basin water users to help solve their water challenges. When not in the office, White 

spends as much time as possible with his wife, son and two daughters. He also spends time coaching baseball, 

watching wildlife, fishing and praying for rain. 

 

About A River Between Us, a film by Jason A. Atkinson and Jeff Martin. 

“A River Between Us isn’t simply a feature documentary, it’s a cinematic call to action on behalf of the largest 

restoration project in American history. And by restoration, the film’s first priority is people-restoring and rebuilding 

relationships amongst the vast communities living throughout the Klamath River basin, and hopefully, far beyond its 

borders. Because ultimately, A River Between Us isn’t about fish or water rights or even a forty-year water war, it’s 

about the harm people do to each other, and by extension, the damage people have done to one of this country’s 

greatest wild rivers.” www.ariverbetweenus.com 
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Technical Session Agenda for October 3, 2015 
Session 1: Phytoplankton Ecology  

9:00-9:20 

Upper Klamath Lake phytoplankton dynamics with an 

emphasis on recent blooms of toxigenic Microcystis 

aeruginosa. 

Jacob Kann1, Sara Eldridge2, and Eli Asarian3. 1Aquatic Ecosystem 

Sciences LLC, 2US Geological Survey, 3Riverbend Sciences 

9:20-9:40 
Long-term phytoplankton dynamics in Upper Klamath 

Lake with consideration of climate change 

Nadia Gillett1, Yangdong Pan1, John Rueter1, Angela Strecker1, Heejun 

Chang1, Gene Foster2, and Jacob Kann3. 1Portland State University, 
2Oregon Department of Environmental Quality, 3Aquatic Ecosystem 

Sciences LLC 

9:40-10:00 The molecular ecology of Klamath Microcystis blooms Tim Otten and Theo Dreher. Oregon State University 

10:00-10:05 Presentation of OLA Scholarship to Sarah Burnet   

10:05-10:30 Poster and Information Booth Break  

Session 2: Algal Biology  

10:30-10:50 
Genomic sequencing and metagenomic analysis of 

Aphanizomenon flos-aquae in Upper Klamath Lake, OR 

Connor Driscoll, Tim Otten, Nathan Brown, and Theo Dreher. Oregon 

State University 

10:50-11:10 

Development of a Molecular Toolbox for Analyses of 

Bloom-Forming and Toxin-Producing Cyanobacteria in 

Upper Klamath Lake, Oregon, 2013-2014 

Sara L. Eldridge. U.S. Geological Survey 

11:10-11:30 

Buoyancy of Aphanizomenon flos-aquae is disrupted 

when humic-rich weltand water is mixed with lake water 

in Upper Klamath Lake, Oregon. 

Arick “Kit” Rouhe. Portland State University 

11:30-11:50 
Biology and Cultural Use of the Cyanoprokaryota species 

Nostoc pruniforme: Mares Eggs of the Klamath Basin 

Wayne W. Carmichael1,2 and Stephen Wille2. 1Professor Emeritus, 
2Oregon Lakes Association Board of Directors 

11:50-13:20  Lunch Break   

13:05-13:20 Oregon Lakes Association Board Member business meeting 

Session 3: General Lake Topics  

13:20-13:40 30 years of the Atlas of Oregon Lakes 
Andy Schaedel1 and Richard Lycan2. 1Oregon DEQ (ret.), 2Portland State 

University 

13:40-14:00 
Different worldviews may desire different outcomes from 

lake restoration 
John Rueter. Portland State University 

14:00-14:20 
Large variance in internal loading rates from spatially 

separated sediment cores in Willow Creek Reservoir, OR 

Sarah H. Burnet1,2 and Frank M. Wilhelm1. 1University of Idaho, 2OLA 

scholarship winner 

14:20-14:40 

Modeling a Population of Invasive Common Carp 

(Cyprinus Carpio) in Malheur Lake: The Potential for 

Commercial Harvest to Promote Long-term Ecological 

Restoration 

James Pearson and Jason Dunham. Oregon State University, USGS 

14:40-15:00 
How new innovations in toxin testing allow for flexibility 

in OHA’s advisory process 
Rebecca Hillwig. Oregon Health Authority 

15:00-15:10 Break   

Session 4:  Lake Management  

15:10-15:30 
Wetland Restoration at a Freshwater River Delta in Upper 

Klamath Lake - Exportable Lessons 
Heather Hendrixson. The Nature Conservancy 

15:30-15:50 
PacifiCorp’s Role in Investigating Water Quality Issues 

and Solutions in the Klamath Basin 
Tim Hemstreet. PacifiCorp 

15:50-16:10 

Whole-lake metabolism as a substitute for cyanobacterial 

growth and respiration in a phosphorus total maximum 

daily load (TMDL) model for Upper Klamath Lake, Oregon 

Susan Wherry and Tamara Wood. USGS Oregon Water Science Center 

16:10-16:30 

Evaluating Nutrient Loads to Upper Klamath Lake Using 

Real-Time Turbidity and Streamflow Datasets for 

Surrogate Regressions 

Liam Schenk, Chauncey Anderson and Marc Stewart. U.S. Geological 

Survey 

16:30-16:50 
Commercial Harvesting and Use of Cyanoprokaryonta 

Waterblooms from Upper Klamath Lake 

Wayne W. Carmichael. Professor Emeritus, Oregon Lakes Association 

Board of Directors 

Posters  

 
Trout stocking and harmful algal blooms in a remote 

forest lake from the Southern Oregon Coast 

Daniel Sobota1, Anna Pereira de Schmidt2, Pam Blake1, and Gene 

Foster1. 1Oregon Department of Environmental Quality, 2Portland State 

University 

 Oregon Lakes, Reservoirs, Ponds, and Puddles Roger Edwards, Oregon Lake Watch Volunteer 

 
Quality Control of Klamath Lake Aphanizomenon flos-

aquae Harvest 
Jerry Anderson and Justine Hanson, New Algae Company 
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Presentation Abstracts 

Upper Klamath Lake phytoplankton dynamics with an emphasis on recent blooms of toxigenic Microcystis 

aeruginosa.  Jacob Kann1, Sara Eldridge2, Eli Asarian3, 1Aquatic Ecosystem Sciences LLC, Ashland, OR; 2US Geological 

Survey, Klamath Falls, OR; 3Riverbend Sciences, Weaverville, CA, jacob@aquatic-ecosciences.com 

Upper Klamath Lake (UKL) is known for its large annual blooms of the cyanobacterium Aphanizomenon flos-aquae 

(AFA). The growth and decline cycles of these blooms cause degraded water quality (e.g., high pH and low dissolved 

oxygen) that is linked to morbidity and mortality of endangered fish in Upper Klamath Lake. In addition, nutrient 

dynamics associated with the AFA cycles strongly influences the presence of toxin-producing Microcystis aeruginosa 

in UKL. Microcystin toxin in UKL not only provides another potential stressor affecting endangered fish health, but 

levels also pose a potential health threat to humans and pets leading to the issuance of public health advisories for 

UKL by the Oregon Health Authority.  High microcystin levels (>30,000 ppb) were previously noted in Agency Lake in 

1996, and more recent research by the U.S. Geological Survey has shown highly variable concentrations in both 

dissolved and particulate microcystin toxin in water column samples from UKL.  Given low inorganic nitrogen relative 

to inorganic phosphorus in UKL tributaries, early season blooms are dominated by N-fixing AFA, which then provide 

an influx of ammonia and nitrate to fuel the non-N-fixing M. aeruginosa later in the season. The relative dominance of 

AFA and M. aeruginosa appears to be controlled by a suite of environmental conditions that includes nutrients, 

temperature, water column stability, and light. Mann-Kendall trend analysis of the Klamath Tribes long-term (1990-

2013) phytoplankton database indicates increasing biomass and/or relative biomass of Microcystis aeruginosa during 

July-October, and observations in 2014 and 2015 indicate that late-summer M. aeruginosa blooms that historically 

were more dominant in Agency Lake have dominated both lakes over the past two years.  In light of climate change 

scenarios that favor cyanobacteria, continued research to understand M. aeruginosa and microcystin dynamics in UKL 

is critical from both ecosystem and public health perspectives. 

Long-term phytoplankton dynamics in Upper Klamath Lake with consideration of climate change.  Nadia 

Gillett1, Yangdong Pan1, John Rueter1, Angela Strecker1, Heejun Chang1, Gene Foster2, and Jake Kann3, 1Portland State 

University, 2Oregon DEQ, 3Aquatic Ecosystem Sciences, nadezhds@pdx.edu 

Upper Klamath Lake (UKL), the largest freshwater body in the Pacific Northwest, has economic, cultural, and ecological 

importance for the area. However, the lake has been placed on the Oregon 303(d) list for impaired resident fish and 

aquatic life due to high pH and low dissolved oxygen resulting from severe algal blooms.  These blooms are a result 

of excessive internal and external nutrient loading, removal of wetlands, and hydrological alteration (e.g., 

channelization, damming). To improve UKL’s water quality, a number of restoration measures (e.g., dredging, 

filtration, treatment wetlands) have been proposed and it is of interest to incorporate changing climate in evaluations 

of restoration success.  Climate change in the Pacific Northwest is predicted to result in increased air temperature, 

higher number of extreme heat days, heavier precipitation, and increase in the frequency, severity, and duration of 

algal blooms. To identify environmental factors that can be used to predict algal blooms, we used long-term (years 

1990-2013) climate and water quality data collected throughout the year (January-December) at twelve sampling 

locations in the lake (n>3,000). Classification and regression tree analysis predicted increasing phytoplankton biomass 

with increasing nutrient concentrations and maximum air temperatures. The phytoplankton biomass was significantly 

higher (p<0.05) on days after 7-day maximum air temperatures averaged > 20oC than on days with < 20oC. In 

addition, when phytoplankton biomass was split in categories based on precipitation and air temperature, the highest 

biomass (110.5 μg/L) was observed 7 days after average precipitation was < 2.45 mm and air temperature was > 

20oC. On the contrary, the lowest phytoplankton biomass (38.7 μg/L) was observed 7 days after average precipitation 

was > 2.45 mm and air temperature was < 20oC. Given the large scale importance of climate change, it will likely 

interact with nutrient control measures to determine algal bloom dynamics and trophic status of UKL. 

The molecular ecology of Klamath Microcystis blooms.  Tim Otten and Theo Dreher, Oregon State University, 

ottent@onid.orst.edu 

Microcystis blooms are a common summer occurrence throughout the Klamath River system; previous work of ours 

has determined that this population is comprised of both microcystin-producing and nontoxic strains. Using a suite of 

genetic tools, including shotgun metagenomics and quantitative PCR, the spatiotemporal patterns of toxic and 

nontoxic strains can be delineated.  Intriguingly, over a period of several years spanning 2007 - 2013, the Microcystis 

population in both Copco and Iron Gate Reservoir exhibited a change in bloom composition whereby nontoxic strains 

became absent from the system and only a single toxigenic strain was observed.  In October (2014), a survey of 
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benthic sediment samples was conducted throughout Copco Reservoir and the Microcystis population structure was 

quantitatively defined.  These data were compared with historical and contemporary assessments of bloom 

population structure in order to determine if there were still remnants of nontoxic strains present in the sediments 

from previous years which could serve as an inoculation source capable of supplanting the toxic genotype in the 

future.  The results of this study will be presented and the water quality management implications will be discussed. 

Genomic sequencing and metagenomic analysis of Aphanizomenon flos-aquae in Upper Klamath Lake, OR.  

Connor Driscoll, Tim Otten, Nathan Brown, and Theo Dreher, Oregon State University, connor.driscoll88@gmail.com 

Aphanizomenon flos-aquae is a bloom-forming cyanobacterium harvested from Upper Klamath Lake and sold as a 

nutritional supplement. Here we present genome sequence data from an A. flos-aquae culture and an environmental 

metagenome from an A. flos-aquae bloom, isolated from Upper Klamath Lake in 2013 and 2014, respectively. Our 

analysis reveals the absence of toxin biosynthetic genes in both cultured and environmental Aphanizomenon. 

Consistent with previous studies, phylogenomic analysis of the Nostocaceae family is unable to clearly separate 

Aphanizomenon and Anabaena genomes. In addition, Aphanizomenon genomes from Upper Klamath Lake and 

Anderson Lake, WA group together, whereas Aphanizomenon genomes from Japan and the Baltic Sea group with 

Anabaena genomes from lakes in Washington state.  These results suggest closely related cyanobacteria   reside in 

geographically distant locations, and also corroborates the unclear distinction between Aphanizomenon and 

Anabaena, which is not apparent from colony morphology comparisons alone. Student Presentation 

Development of a Molecular Toolbox for Analyses of Bloom-Forming and Toxin-Producing Cyanobacteria in 

Upper Klamath Lake, Oregon, 2013-2014.  Sara L. Eldridge, U.S. Geological Survey, seldridge@usgs.gov 

Upper Klamath Lake experiences a seasonal progression of cyanobacteria-dominated and toxic blooms, creating poor 

water quality that may be detrimental to humans and local wildlife. A recent U.S. Geological Survey study of total 

microcystins, produced primarily by Microcystis aeruginosa, and associated nutrient dynamics indicated that 

microcystin occurrence in Upper Klamath Lake is supported by the growth and decline of non-toxin-producing 

Aphanizomenon flos-aquae; the study highlighted the significance of understanding the ecological interactions 

between phytoplankton species for predicting periods of elevated cyanotoxin concentrations. Historically, this has 

been accomplished by identification and enumeration of visible colonies with microscopy alone, which does not 

reveal which cells are potentially toxigenic. DNA-based, molecular methods are increasingly popular for detecting and 

enumerating toxic cyanobacteria. The purpose of this project is to analyze the cyanobacterial community structure 

and to detect microcystin-producing strains of M. aeruginosa in water-column samples from UKL at the following 

levels: 1) Analysis of the cyanobacterial community structure using DNA sequencing, 2) detection and quantification 

of toxic and nontoxic strains of M. aeruginosa using qPCR, and 3) quantification of A. flos-aquae, M. aeruginosa, and 

total cyanobacteria using qPCR and determination of the relative abundance ratios of these taxonomic groups across 

a temporal gradient of water-quality conditions in the lake. Results of qPCR analysis and high-throughput Illumina 

sequencing of the V3/V4 region of the 16S rRNA gene indicated a dramatic and unexpected shift from an A. flos-

aquae-dominant, low microcystin-level regime in 2013 (characteristic of previous years) to one dominated at mid-

season by microcystin-producing strains of M. aeruginosa in 2014. This shift is likely a consequence of different 

nutrient dynamics in the 2 years, and it may signify the onset of a climate change scenario favoring increased growth 

of toxic cyanobacteria. 

Buoyancy of Aphanizomenon flos-aquae is disrupted when humic-rich weltand water is mixed with lake water 

in Upper Klamath Lake, Oregon.  Arick "Kit" Rouhe, Portland State University, arouhe@pdx.edu 

The ability to regulate floating and sinking is an advantage that allows buoyant taxa of Cyanobacteria to dominate 

lentic systems. The mechanism involved in controlling buoyancy relies heavily on cellular turgor pressure to induce 

sinking.  Due to cellular processes that effect turgor pressure, changes in extracellular water chemistry can induce cell 

turgidity, and diminish the ability of buoyant cyanobacteria to control sinking and floating.  I conducted a series of 

experiments on Aphanizomenon flos-aquae rafts from Upper Klamath Lake in Oregon to test the influence of humic-

rich water from a local wetland on cellular turgor pressure and buoyancy control.  I hypothesized that humic-rich 

water would disrupt buoyancy by increasing internal cell turgor pressure and thus, as the percent of wetland water 

increased, the ability of the rafts to control buoyancy would decrease.  My experiment consisted of mixing 

Aphanizomenon flos-aquae rafts with varying percentages of humic-rich wetland water for short periods of time (2 h) 

in small volumes (70 mL) and for longer periods of time (2 d) in large volumes (~35 gallons) in Upper Klamath Lake. 
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Treatment groups were compared using a measurement of cellular turgor pressure. Using this technique, my research 

goal is to determine an effective dose of wetland water that will disrupt buoyancy control by Aphanizomenon flos-

aquae rafts in Upper Klamath Lake in order to diminish blooms and lower surface accumulation.  My results indicate 

that an effective dose of wetland water is between 10-15% by volume. Student Presentation 

Biology and Cultural Use of the Cyanoprokaryota species Nostoc pruniforme: Mares Eggs of the Klamath 

Basin.  Wayne W. Carmichael and Stephen Wille, Prof Emeritus, wayne.carmichael@wright.edu 

The unique geology and hydrology of Upper Klamath Lake provides excellent habitat not only for large waterblooms 

of planktic cyanobacteria such as Aphanizomenon flos-aquae but also a macroscopic colonial species called Nostoc 

pruniforme (Linneaus) Agardh ex Bornet et Flahault 1888. It’s morphology is described as perfectly spherical dark 

green colonies up to 6 cm in diameter. It is found in large, shallow usually alkaline lakes and large ponds especially in 

clear/cold spring waters. When large numbers of these grapefruit sized colonies occur in one location they become a 

popular public attraction. In Upper Klamath Lake one such location is called Mares Egg Springs, located on the east 

side of Klamath Lake’s west side road, north of Rocky Point Lodge. Spring waters north of Klamath Lake on National 

Forest road 9732 also harbor large numbers of N. pruniforme. Worldwide this species has significant use as food. For 

example in Peru it is known as “cushuro” and is now used in upscale restaurant dishes. A related species Nostoc 

flagelliforme has been harvested in China for some two thousand years. 

Because of its popularity and unique growth form its future existence in Klamath Lake basin is questionable and deserving of some 

additional management focus. The Forest Service recognizes the uniqueness of the cold spring habitats by designating waters where 

it occurs as ‘special use’ areas. Past efforts, though well intended, have met with mixed results in these fragile ecosystems.  

References: Komárek J. (2013): Cyanoprokaryota. 3. Heterocytous genera. – In: Budel B., Gärtner G., Krienitz L.&Schagerl M. (eds), 

Suswasserflora von Mitteleuropa/Freshwater flora of Central Europe, p. 1130, Springer Spektrum Berlin, Heidelberg. Page 963. Web 

site for Mares Egg Springs, Klamath Lake Oregon: http://www.pointcomfortlodge.com/mares-eggs/ 

30 years of the Atlas of Oregon Lakes.  Andy Schaedel1, Dick Lycan2, and Richard Petersen3. 1Oregon DEQ (retired), 

OLA board member, OLA past president, 2Portland State University.  schaedel4@comcast.net 

2015 marks the thirtieth anniversary of the publication of the Atlas of Oregon Lakes by Oregon State University Press. 

The atlas was produced under a contract with Oregon DEQ as part of a national program to inventory water quality in 

the nation’s lakes. Since water quality data did not exist for many Oregon lakes Portland State field crews visited most 

of the 202 lakes included in the study and mapped 50 of them. The contract required a technical report, but the 

project biologists and geographers decided that it was important to share the data with the public. Oregon State 

University Press agreed to publish the results of the project in book form. Nearly 7,000 copies were sold from 1985 

until it went out of print in 2001. Similar inventories of lake water quality were collected by many other states under 

the Clean Lakes program but Oregon’s was the only one made available to the public in book form. Initial discussions 

on publishing an updated atlas occurred at the 2003 OLA annual meeting in Lakeside, Or and later in that year initial 

discussions began with Oregon DEQ about a new lakes atlas. Five years later in 2008 a contract was signed with DEQ 

to develop a new on-line resource on Oregon Lakes, largely structured around sharing lake water quality data 

through the Pacific Northwest Water Quality Exchange. The purposes were to support scientific research but also to 

increase public awareness of lake water quality issues. The web-site initially went on line in 2011. Since the website 

went on line in 2011 new features have been added such as cataloging observations of invasive species. Progress has 

been made in improving the representation of lakes in the National Hydro Database. We are looking at adding more 

content and improving the user interface in the next year. We plan use on-line tools to survey users to find out what 

parts of the site are being used, what problems users note, and what features they would like to see added. We 

encourage those of you at this OLA meeting to respond and to give us your advice at this meeting. 

Different worldviews may desire different outcomes from lake restoration.  John Rueter, PSU, ESM Program, 

rueterj@pdx.edu 

Lake management requires dealing with issues of uncertainty, degree of control over technical aspects, and 

conflicting values for the lake as a resource. Although these aspects are sometimes treated separately, it is important 

to deal with knowledge, control and values in an integrated manner.  In particular, a better understanding of the 

range of values in the community will help avoid surprises.  I have constructed a set of scenarios of different types of 

lakefront use. These scenarios are based on five worldviews and there is a range of opinions about which outcome is 
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best. Each worldview has strengths and liabilities.  The challenge for all of us is how to work with the combination of 

worldviews in the context of an engaged, liberal democracy. 

Large variance in internal loading rates from spatially separated sediment cores in Willow Creek Reservoir, OR.  

Sarah H. Burnet and Frank M. Wilhelm, University of Idaho, shburnet@gmail.com. Student Presentation 

The increasing occurrence of harmful algal blooms (HABs) in waters world-wide not only decreases the aesthetic and 

recreational value of surface waters, but also their use as potable source waters.  This is especially important in the 

face of the expanding human population that relies on access to clean water.  In many stratified lakes and reservoirs, 

internal loading from an anoxic hypolimnion can be a significant contribution to the annual mass balance of 

phosphorus (P) and can fuel summer HABs.  Programs to remediate HABs require an understanding of the whole-lake 

mass balance including the internal loading component.  The latter is often determined using laboratory-incubated 

sediment cores.  A question that has not been thoroughly investigated is where to collect cores to obtain 

representative rates.  To address this, we collected triplicate sediment cores from six sites in Willow Creek Reservoir, 

OR to measure sediment-P release under anoxia.  Rates differed widely ranging from 3.2 to 12.6 mg P·m-2·d-1 even 

among similarly deep sites. This variation shows that incubating cores from only a single site could induce large errors 

in estimates of internal loading.  Managers should ensure that an adequate number of sites are used to calculate 

internal loadings rates. 

Modeling a Population of Invasive Common Carp (Cyprinus Carpio) in Malheur Lake: The Potential for 

Commercial Harvest to Promote Long-term Ecological Restoration.  James Pearson and Jason Dunham, Oregon 

State University and USGS, pearsjam@onid.oregonstate.edu 

The introduction of Common carp (Cyprinus carpio; hereafter “carp”) into North American waterways has led to the 

destruction of aquatic habitats as well as the loss of native aquatic species. An example can be found in Malheur Lake, 

located on Malheur National Wildlife Refuge (MNWR) in eastern Oregon.  Invasion of carp is believed to be 

responsible for the loss of aquatic vegetation and associated declines in waterfowl production.  Over the past 65 

years, efforts to remove carp and restore the ecosystem have included eight rotenone treatments, which lead to an 

immediate decline in the carp population, however these results were short lived.  Accordingly, MNWR has sought to 

identify new alternatives to control carp and better understand population dynamics.  My objectives are to address 

this need by 1) developing a novel model of the carp population dynamics which can be used to explore the efficacy 

of alternative control measures, and 2) to apply the model to explore how alternative environmental conditions in the 

future will influence carp and our ability to control them.  I will present a working draft of the model and demonstrate 

its basic utility for projecting population dynamics.  With this, I will evaluate three alternatives for carp control: 

mortality imposed by commercial fishing of adults, isolation of carp from sources of immigration, and a combination 

of these tactics.  I focus on how these control measures work under conditions observed historically within Malheur 

Lake, and describe how I will consider future scenarios to emulate various conditions related to the potential effects of 

climate change on the system.  Collectively, results of these model simulations represent a realistic assessment of 

multiple factors that influence the success of carp control on the Refuge, and the ability to use carp control as a 

means of restoring aquatic health in the system. Student Presentation 

Wetland Restoration at a Freshwater River Delta in Upper Klamath Lake - Exportable Lessons.  Heather 

Hendrixson, The Nature Conservancy, hhendrixson@tnc.org 

Wetland loss around Upper Klamath Lake since the early 1900s, through mainly disconnection by levees and then 

draining the land behind them, has led to approximately 34,000 acres of former wetland now isolated from the lake. 

Restoring these wetlands is a major focus of efforts in many organizations because of the role they serve in providing 

rearing habitat for fish, reducing nutrient loading to the lake, and providing other beneficial ecological services. In 

2008 The Nature Conservancy completed a three year, $ 9 million wetland restoration project that removed levees 

surrounding the Williamson River Delta and re-established the hydrologic reconnection between the delta and both 

the Williamson River and Upper Klamath Lake. The restoration of these deltaic lake-fringe wetlands provides a model 

for future restoration projects of similar scope and scale in other lake-shore wetlands in the Klamath Basin and 

throughout the west. Lessons learned that can be exported to other wetlands surrounding the lake will be explored. 
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How new innovations in toxin testing allow for flexibility in OHA’s advisory process.  Rebecca Hillwig, Oregon 

Health Authority, rebecca.hillwig@state.or.us 

Two issues have made it very difficult for water body managers to continue to monitor blooms in Oregon. One is 

reduced staff and resources, the other; the cost of sample analysis, especially for toxins. With the help of new field kit 

screening tool innovations developed by Abraxis, managers are better able to understand the dynamics of a bloom 

on a more consistent basis, because the tools help to determine the presence or absence of specific cyanotoxins. 

Screening tools can reduce the cost of toxin monitoring by helping managers to know when more expensive 

confirmatory lab sampling is necessary. Although the Oregon Health Authority cannot issue or lift advisories based on 

these assays, in 2015 staff began using the information gathered to make advisories more geographically “flexible.” 

This flexibility can be used on large bodies of water with more than one arm, in river systems where cells and toxins 

may or may not migrate, and in water bodies popular for swimming and high speed water sports. In the future, OHA 

hopes that this flexibility will not only help to ease the economic burden for businesses who rely on these lakes, but 

that the reduced cost for these assays will encourage more managers to sample. 

PacifiCorp’s Role in Investigating Water Quality Issues and Solutions in the Klamath Basin.  Tim Hemstreet, 

PacifiCorp, tim.hemstreet@pacificorp.com 

Large loads of nutrients and organic matter from hypereutrophic Upper Klamath Lake are a significant “driver” of 

water quality conditions and seasonal impairments in the Klamath River, including within downstream reservoirs. 

PacifiCorp owns and operates the Klamath Hydroelectric Project located along about 60 miles of the Klamath River 

downstream of Upper Klamath Lake. The project is capable of generating 167 megawatts of low-cost, emissions-free 

energy. In 2010, PacifiCorp joined the Secretary of the Interior, the governors of Oregon and California, and other 

stakeholders to sign the Klamath Hydroelectric Settlement Agreement (KHSA) which provides for the potential 

removal of these facilities.  

PacifiCorp has been intensively investigating water quality in the upper Klamath River since 1999, first as part of relicensing studies 

and more recently pursuant to the KHSA. Over this time, PacifiCorp’s efforts have led to the development of an extensive data set 

and a comprehensive water quality model of the entire mainstem Klamath River. PacifiCorp continues to fund ongoing long-term 

baseline water quality monitoring of 254 miles of the Klamath River and reservoirs from the outlet of Upper Klamath Lake to the 

Klamath River estuary. PacifiCorp has also separately funded research to characterize Microcystis populations and toxigenicity in the 

Klamath River system and to investigate potential technologies and nutrient reduction projects in the watershed to improve water 

quality in the Klamath River and in PacifiCorp’s reservoirs.  

PacifiCorp-supported water quality monitoring and study efforts are making significant contributions to the growing understanding 

of the water quality issues in the upper Klamath Basin and potential solutions. PacifiCorp remains firmly committed to 

implementation of the KHSA, which reflects years of collaboration with our many partners in the Klamath Basin to constructively 

resolve issues and address multiple interests. 

Whole-lake metabolism as a substitute for cyanobacterial growth and respiration in a phosphorus total 

maximum daily load (TMDL) model for Upper Klamath Lake, Oregon.  Susan Wherry and Tamara Wood, USGS 

Oregon Water Science Center, swherry@usgs.gov 

The Upper Klamath Lake (UKL) total maximum daily load (TMDL) volume-averaged model for phosphorus was 

developed to inform the establishment of water quality goals in 2001. Poor water quality conditions that are a direct 

result of massive annual cyanobacterial blooms, with lakewide average chlorophyll a concentrations reaching 380 

ppb, are a threat to the viability of the endangered suckers in the lake, and restoration efforts designed to reduce 

external nutrient loads in order to reduce the size of annual blooms are part of the recovery plan for the species. 

These actions are greatly enhanced and supported by a quantitative model that can be used for testing restoration 

scenarios that play out over many decades. The UKL TMDL model uses a cyanobacterial growth subroutine that 

employs limitation factors representing spatio-temporally averaged (over 14 days and the entirety of UKL) light, 

temperature, and nutrients.  Error is introduced by calculating limitation factors as spatio-temporal averages in this 

highly variable system.  The model was unable to capture the short-term variability observed in seasonal 

cyanobacterial bloom cycles, including dramatic mid-season declines. This work improves that aspect of the UKL 

TMDL model by replacing light-, temperature-, and nutrient-limited growth and respiration rates with whole-lake 

gross primary production and community respiration terms as predicted by independent meteorological variables 

and water quality model state variables.  The UKL TMDL model run with this updated cyanobacterial subroutine can 
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more accurately capture bloom dynamics, which improves the description of nutrient mass balances and evaluation of 

the effect of management options. 

Evaluating Nutrinet Loads to Upper Klamath Lake Using Real-Time Turbidity and Streamflow Datasets for 

Surrogate Regressions.  Liam Schenk, Chauncey Anderson, and Marc Stewart, U.S. Geological Survey, 

lschenk@usgs.gov 

We collected discrete nutrient and suspended-sediment concentration samples concurrent with continuous turbidity 

and streamflow data at two sites on the Wood and Williamson Rivers to develop surrogate regressions that will 

enable continuous load estimates of nutrients and suspended-sediment to Upper Klamath Lake.  Tributary loads are 

an important source of phosphorus to Upper Klamath Lake, and, together with internal loading, contribute to the 

overall loading of the lake.  A Total Maximum Daily Load for Upper Klamath and Agency Lakes completed in 2002 

targeted a 40 percent reduction in phosphorus loads to help reduce algal growth that prevents chlorophyll a, pH, and 

dissolved-oxygen levels from meeting water quality standards.  Regressions for the Williamson River site resulted in 

strong correlations of turbidity with total phosphorus and total suspended sediment concentrations (r2=0.78 and 

0.95, respectively).  Hydrologic conditions on the Wood River are notably different from the Williamson River since it 

is more influenced by groundwater sources.  As such, streamflow was at times a better surrogate for both suspended-

sediment and total phosphorus.  These surrogate regressions will contribute resolution to the tools already in use for 

estimating concentrations and loads of suspended sediment and phosphorus to Upper Klamath Lake for these two 

important tributaries, complementing the computation of nutrient loads that use bi-weekly nutrient and streamflow 

data collected by the Klamath Tribes.  In addition, the regressions will help address the timing and importance of 

episodic hydrologic pulses and/or snowmelt as loading mechanisms for sediment and nutrients to the lake.  Finally, 

we expect that these tools can be used to generate a baseline data set to assess inter-annual variations in nutrient 

and sediment loads at the basin scale, which may give insight into the efficacy of future restoration actions aimed at 

reducing sediment and nutrient loads to the lake. 

Commercial Harvesting and Use of Cyanoprokaryonta Waterblooms from Upper Klamath Lake.  Wayne W. 

Carmichael, Professor Emeritus, Oregon Lakes Association Board of Directors, Prof Emeritus, 

wayne.carmichael@wright.edu 

Upper Klamath and contiguous Agency Lake is the largest freshwater lake system (surface area 324 km2; mean 

shoreline length 161 km) in Oregon, draining a watershed of 9800 km2. Upper Klamath Lake is shallow, with a mean 

depth of 2.4 m, and is flanked by the Cascade Mountains to the west and the Great Basin to the east. Klamath Lake is 

fed by two major tributaries, the Williamson and Wood Rivers, as well as many smaller springs and stream inflows.  

Historic accounts, dating back over 100 years, indicate that the lake has always been productive, supporting not only 

a high biomass of microalgae, especially Cyanoprokaryonta (cyanobacteria or blue-green algae), but also fish, 

waterfowl and predatory bird species. The annual high biomass occurrence of cyanobacteria genera dominated by the 

species Aphanizomenon flos-aquae (AFA) Ralfs ex Bornet et Flahault allows for the commercial harvesting by at times 

5 different harvesters. Harvesting began in the early 1980s and commercial use of the biomass has grown since that 

time to include products used as health food suppliments, neutraceuticals, cosmetics, antiaging sunblock compounds 

and cyanotoxin reference standards. Since this biomass is not cultured like other microalgae in outdoor ponds or 

raceways, it requires very different procedures for harvesting and processing. While harvesting used to include 

extensive off-lake screens, it now relies almost exclusively on in-lake motorized vessels, which dewater, concentrate 

cells and even select for certain genera of cyanoprokaryonta. Other procedures, such as those for removal of detritus 

and mineral materials, and those for monitoring and selectively separating different cyanobacteria, which can produce 

cyanotoxins, have also become important in quality control and marketing. 

References: Carmichael, W.W., C. Drapeau, D.M. Anderson. 2000. Harvesting and Quality Control of Aphanizomenon 

flos-aquae from Klamath Lake for Human Dietary Use. J. Applied Phycology. 12: 585-59 Carmichael, W.W., Stukenberg, 

M.C. 2006 Blue-green algae (Cyanobacteria). In: Encyclopedia of Dietary Supplements 2nd Edition. 2006. Coates, P.M., 

Blackman, M.R., Cragg, G.M., Levine, M., Moss, J., White, J. (eds.) New York: Marcel Dekker, Inc. (a div. of) Taylor and 

Francis Books.ISBN# 0-8247-5504-9 (paper) ISBN# 0-8247-5503-0 (electronic). 
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Trout stocking and harmful algal blooms in a remote forest lake from the Southern Oregon Coast.  Daniel 

Sobota1, Anna Pereira de Schmidt2, Pam Blake1, and Gene Foster1, 1Oregon Department of Environmental Quality, 
2Portland State University, sobota.daniel@deq.state.or.us. Poster Presentation 

Nutrient enrichment can cause harmful algal blooms (HABs) in freshwater ecosystems.  Here we examine linkages 

between nutrient enrichment associated with trout stocking and HABs in a remote forest lake located in the 

headwaters of the South Fork Coquille River, Oregon.  Sru Lake was historically non fish bearing; the Oregon 

Department of Fish and Wildlife (ODFW) initiated trout stocking in the 1950s to provide recreational fishing 

opportunities. Sru Lake currently experiences frequent HABs, with health advisories related to the presence of 

Anabaena circinalis and Aphanizomenon flos-aquae recorded since 2009.  We quantified natural and human-caused 

sources of nutrients (nitrogen (N) and phosphorus (P)) to the Sru Lake Watershed to assess effects on HAB occurrence 

in the lake.  We hypothesized that 50 years of Sru Lake trout stocking has led to net annual accrual of nutrients in the 

lake and has shifted the system toward N-limitation due to disproportionally higher inputs of P relative to N in trout 

biomass.  We estimated annual inputs of N and P from watershed level data developed by the US Geological Survey, 

forest data developed by the US Forest Service, and Sru Lake trout stocking records secured from ODFW.  Estimates 

of annual nutrient inputs suggest that N from trout stocking currently doubles watershed N inputs while P from trout 

increases watershed P inputs by 50%.  Winter hold over of trout is negligible and nutrients from trout not harvested 

increase N and P loading to the lake. Annual watershed export of N has also increased with trout stocking, mainly 

through increased aquatic denitrification, leading to little or no net annual accrual of N in the lake.  However, annual 

watershed export of P has not increased linearly with P inputs from trout, leading to a net annual accrual of P in the 

lake.  These results are consistent with phytoplankton and nutrient data collected during summer and fall 2009 – 

2013, which showed low atomic ratios of N to P and the proliferation of N-fixing cyanobacteria species.  This suggests 

that trout stocking has driven the lake toward N-limitation, making conditions favorable for cyanobacteria blooms.  

Reductions in trout stocking will be needed to decrease human-caused P loads in order to decrease frequency and 

severity of HABs in this remote forest lake.  This information will support the development of a Total Maximum Daily 

Load (TMDL) for Sru Lake.  Fish stocking levels will need to be managed based on harvest rates and adjusted stocking 

rates will be applied as a TMDL surrogate measure. 

Oregon Lakes, Reservoirs, Ponds, and Puddles.  Roger Edwards, Oregon Lake Watch volunteer, 

rrredwards@frontier.com. Poster Presentation 

A dataset describing 6000 Oregon Lakes, Reservoirs, Ponds, and puddles is now posted on the Oregon Explorer 

website, http://oregonexplorer.info.  One route of access is as follows: 1)  Search for "oregonexplorer".  2)  Open the 

Oregon Explorer home page.  3)  Select the "Data" menu option. 4)  Scroll down the dataset list to Oregon Lakes, 

Reservoirs, Ponds, and Puddles Database. 5)  Do take note of the database preface before clicking on the database 

title, or selecting the "Open" option. 6)  Select the only option, "Lakes_Database…". 7)  Select the 2nd option, 

"RealL_2015-05-20".  The first option re-displays the database preface. 8)  On the first Access screen, open the drop-

down menu of Tables. 9)  Select "Reports". 10)  Select "Conference Report". 11)  Scroll through the alphabetical list to 

find the water body of interest. 

Quality Control of Klamath Lake Aphanizomenon flos-aquae Harvest.  Jerry Anderson and Justine Hanson, New 

Algae Company, justineh@newearth.com, jerry@newearth.com. Poster Presentation 

Cyanobacteria can be found in almost every terrestrial and aquatic habitat—oceans, fresh water, damp soil, 

temporarily moistened rocks in deserts, bare rock and soil, and even Antarctic rocks.  Aquatic cyanobacteria are 

known for their extensive and highly visible blooms that can form in both freshwater and marine environments.  

Globally, cyanobacteria have been an accepted source of algal biomass for human consumption in the form of food 

and dietary supplements for about 50 years.  Beginning in the early 1980’s Aphanizomenon flos-aquae (AFA) was 

adopted for similar use.  The only known commercial harvesting of AFA is from Klamath Lake, the largest freshwater 

lake in Oregon.  Because AFA is harvested from a natural setting, procedures for monitoring the species of algal 

biomass and testing for cyanobacteria toxins and other contaminants, including bacteria, fungi and pesticides are an 

important part of The New Algae Company’s harvesting and quality control process. Though Klamath Lake AFA has 

never been documented to produce a cyanotoxin, there are other cyanotoxin-producing cyanobacteria that may be 

present in the lake biomass.  In particular, the cyanobacteria Microcystis aeruginosa is known to exist in Klamath Lake 

and produces the toxin microcystin.  A comprehensive Quality Assurance Program is employed by The New Algae 

Company to harvest AFA and manufacture safe and healthy dietary supplement products. 
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