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SUMMARY/ABSTRACT: As water temperatures rise and nutrient runoff continues unabated, 
the frequency, duration, and severity of Harmful Algal Blooms (HABs) are rising globally, 
threatening human and ecosystem health. The majority of HABs research has focused on their 
detection and far less is known about the effective control of blooms in situ. Of the few control 
strategies available for short time management, artificial mixing has the fewest unintended 
environmental impacts and represents the most promising solution in many waterways. 
However, the lack of detailed understanding on how hydraulics and cyanobacterial growth 
interact, and how those interactions are impacted by artificial mixing, has resulted in regular 
examples of mixing systems that fail to control HABs. Detailed understanding on how 
destratification and turbulence features influence cyanobacterial growth is needed, as is 
engineering guidance on how to produce the hydraulic conditions that make cyanobacteria less 
competitive.  

This project integrated field observations and a coupled 2D hydrodynamic, water 
quality, and algal growth models of the Ross Island Lagoon (RIL), Willamette River, Oregon 
(USA) to understand how wind, tide, aeration, and mechanical mixing impacted cyanobacterial 
and diatom growth. Wind, tide, and aeration mixing impacted various turbulent mixing depths 
for suppressing the diurnal vertical migration of cyanobacteria relative to the depth of the 
photic zone. Mechanical pumping suppressed stratification and decreased surface 
temperatures by bringing up cold hypolimnetic water. For the range of conditions examined, 
results indicate that natural (wind, tide) and aeration mixing alone were not enough to 
suppress the bloom at RIL. Tidal and wind mixing did not have enough energy to mix more than 
the surface of the lagoon, whereas the depths and extents of aeration needed suppress blooms 
(via achieving the vertical velocities needed to overcome cyanobacterial migration across the 
lagoon) were practically infeasible. Instead, aggressive mechanical mixing (~3000 gpm @ 30m 
of head) was needed to reduce productivity of all phytoplankton via colder surface 
temperatures. The results provide mechanistic insight on why aeration mixing has been 
ineffective at multiple sites globally, the relative importance of different hydraulic mechanisms 
in suppression of HABs, and the scale of engineered mixing needed to effectively control HABs 
in reservoirs and rivers.  

In addition, this project helped establish the PI (Tullos) and OSU as scientific leads on 
HAB analysis and control. Dissemination of project results occurred via presentations at 
international (AGU) and regional (OLA) conferences, participation in HAB workshops and 



meetings, and direct meetings with the Governor’s office, State (Power) and Federal (Merkeley, 
Wyden) legislators and their staffers, and agency directors (ODEQ, BES, DSL). Finally, we 
engaged and trained three undergraduate students in mentored experiences that contributed 
to the analysis of project data.  
 
OBJECTIVES:  The objectives of this project were to apply innovative measurements of the 
chemical, biological, and hydraulic conditions of Ross Island Lagoon (RIL) prior to, during, and 
following a bloom in order to: 1) support RIL stakeholders in understanding the environmental 
conditions contributing to the HAB and in identifying solutions that are likely to be most effective; 
2) advance fundamental science on how the interactions between microbes, water quality, and 
hydraulics lead to HAB growth and collapse. 
 
PROCEDURES: The Ross Island Lagoon was accessed by boat on roughly two-week intervals 
from May to August, and samples were collected at three locations: 1) The north end of the 
lagoon, where the blooms are first observed and flow is tidally influenced, 2) the south end of 
the lagoon, where currents are especially low and restoration efforts have produced more 
shallow depths, and 3) at the deepest spot, where mixing is lowest and blooms were expected 
to be most severe. In addition, we characterized the water quality and microbial community at 
a site in the river above the lagoon as a control. Sample collections and measurements were 
made at three depths in each location: 1) the surface, 2) the location of peak chlorophyll A, and 
3) just above the bed. Water quality was sampled to characterize temperature, dissolved 
oxygen, turbidity, conductivity, chlorophyll A, phycocyanin, total dissolved nitrogen, and total 
dissolved phosphorus. Non-target mass spec samples were collected. Plankton tows were used 
to identify the dominant phytoplankton and rDNA samples of the plankton were collected and 
processed at the OSU Center for Genome Research and Biocomputing. Water samples were 
processed for chemical analysis in the lab and analyzed at OSU’s Mass Spectrometry Center in 
2021. These data were processed by Daphne Guo, a PhD student in PI Jones’ lab, and are 
currently being analyzed as a class project for BOT 570 (Community Structure and Analysis). 
Statistical analysis is ongoing. Specifically, non-metric multidimensional analysis and canonical 
correspondence analysis have been used to identify the specific chemical and water quality 
variables the drive the microbial community composition. This anlaysis will be completed in 
March 2022. We hope to submit a manuscript by the end of June 2022. 
 
SIGNIFICANT ACCOMPLISHMENTS:   

1) We completed a major field sampling campaign during the summer of 2020, despite 
significant challenges due to COVID social distancing restrictions;  

2) Results were presented to a diverse set of stakeholders;  
3) Key scientific contributions include identifying how:  

a. cold water pools can be a significant resource for managing HABs, and  
b. current modeling tools are not adequate for simulating the effect of mixing for 

HAB control; 
4) Graduate and undergraduate students were trained on field, lab, and analysis methods. 
5) Graduate students are being trained in advanced multivariate statistical analyses. 

 



BENEFITS & IMPACT:  By establishing Tullos as a scientific lead in HAB control and fostering 
trusted relationships with directors at key management agencies, this project directly impacted 
management decisions by those agencies. Real solutions to the HAB in downtown problem are 
identified and moving toward implementation.  
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM:  Tullos received a $17,253 grant 
from OSU’s research office to purchase a water quality sonde, which greatly expanded the 
characterization of variables relevant to HAB dynamics. In addition, the Department of State 
Lands (DSL) and Human Access Project (HAP) have committed another $40,000 to continue the 
modeling, research, and design activities and contracting for those funds is currently underway.  
 
FUTURE FUNDING POSSIBILITIES: Three unsuccessful proposals (USGS, Water Research 
Foundation, PG&E) are being revised to prepare a broader science proposal to NSF for 
examining and modeling the physics and microbiology of mixing HABs.  
 
 


